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Impact  
Shoulder disorders are the third most common reason patients seek health care treatment for 
musculoskeletal pain. (Urwin 98; Chard 91; Bongers 01; Speed 01; Dinnes, HTA 03) These disorders are also 
among the five most common causes of reported work-related musculoskeletal disorders 
(MSDs) in workers’ compensation claims in the United States. (Silverstein 02, Silverstein 98; Punnett 99; 

Waehrer 05; Brown 03) Annual health care costs for shoulder pain in the United States in 2000 have 
been estimated at more than $7 billion. (Meislin 05) Musculoskeletal shoulder disorders account for 
about 3 to 5% of total lost workdays and 10 to 11% of claims and costs in workers’ 
compensation, ranking them in the top five for financial severity, although much of the total 
expense is related to surgical procedures. (Silverstein 98a, Silverstein 98b) Workers’ compensation 
status is associated with higher costs, worse prognosis, and worse outcomes than patients 
without workers’ compensation status or litigation. (Holtby 10; Frieman 95; Misamore 95; Koljonen 09; Smith 00; 

Henn 08) In general, shoulder disorders are prone to recur, (Croft 96; van der Windt Ann Rheum Dis 95; van 

der Windt 99; Winters 96), and are often associated with actual or perceived worse general health 
status. (Gartsman 98; Largacha 06; Viikari-Juntura 08; Harryman 03; Largacha 06; Kaergaard 00; Silverstein 06; Green 98) 

Overview  
This clinical practice guideline presents recommendations on assessing and treating adults with 
shoulder disorders. Topics include the initial assessment and diagnosis of patients with acute, 
subacute, and chronic shoulder disorders with particular emphasis on work related factors; 
identification of red flags that may indicate the presence of a serious underlying medical 
condition; initial management, diagnostic considerations, and special studies for identifying 
clinical pathology; work-relatedness, return to work, modified duty and activity; and further 
management considerations, including the management of delayed recovery. 
 

Algorithms for patient management are included. The guideline’s master algorithm schematizes 
the manner in which practitioners may generally manage patients with shoulder problems. The 
following text, tables, and numbered algorithms expand upon the master algorithm. 

General Approach  
The principle recommendations for assessing and treating patients with shoulder disorders are 
as follows: 

◼ The initial assessment focuses on detecting indicators of potentially serious disease, “red 
flags,” and making an accurate diagnosis. 

◼ In the absence of red flags, work-related shoulder disorders may generally be safely and 
effectively managed by non-operative means. The focus is on using the most efficacious 
treatment strategy(ies), monitoring for progression and complications, modifying treatment to 
facilitate the healing process, and facilitating return to work in a modified- or full-duty 
capacity. Including patient’s treatment preferences may be helpful. (Thomas 04) 

◼ Nonprescription analgesics (NSAIDS and acetaminophen) may provide sufficient pain relief 
for most patients. If treatment response is inadequate (i.e., if symptoms and activity 
limitations continue), incrementally expand treatment to include prescription medications, 
treatment modalities such as physical or occupational therapy, steroid injections, and/or 
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surgery. Pain relief may be accomplished by activity modification, commonly limiting 
shoulder activities to below shoulder level for those significant exposure activities.i 

◼ Identifying the worker’s job tasks and functional goals, including return to work, can aid the 
formulation of an appropriate treatment plan and work restrictions. 

◼ Patients recovering from work-related shoulder injuries are encouraged to return to modified 
work and normal activity levels as soon as their condition permits. 

◼ Nonphysical factors such as psychosocial, workplace, or socioeconomic problems should be 
assessed early in and over the course of care and addressed in an effort to prevent or 
resolve delayed recovery. (Main/Williams BMJ 02) 

Overview of Shoulder Disorders 

This guideline addresses the following shoulder disorders which might present to the health care 
provider – acromioclavicular arthrosis and glenohumeral arthrosis; acromioclavicular sprain, 
separation or dislocation; adhesive capsulitis; bicipital tendinitis and tears; brachial plexus 
injuries; calcific tendinitis; degenerative joint disease (including osteoarthrosis); dislocation 
(glenohumeral); fractures; instability; labral tear; non-specific shoulder pain; osteonecrosis; 
rotator cuff syndromes; rotator cuff tears; thoracic outlet syndrome; and trigger points/myofascial 
pain. 
 

Acromioclavicular (AC) Arthrosis, Glenohumeral Arthrosis 
Arthroses in the acromioclavicular and glenohumeral joints are common, although less common 
than those of the hand, knees and hips. Radiographs show degenerative joint disease and may 
suggest an etiology. Etiologies for arthroses include developmental anomalies, rheumatoid 
arthritis, other rheumatological disorders, crystal diseases, post-infectious complications and 
systemic factors. Most cases are assumed to be degenerative osteoarthroses, although 
inherited tendencies appear common. 
 

Acromioclavicular (AC) Sprain, Separation, Dislocation 
Sprains involve high force falls and accidents that produce a disruption of the ligaments about a 
joint. Commonly, these injuries occur by direct blow from a fall onto the shoulder or a fall on an 
outstretched hand or direct trauma to the joint. AC joint separation (“shoulder separation”) and 
dislocation are more severe than a Grade I AC joint sprain. 
 

Adhesive Capsulitis (Frozen Shoulder)ii 
Adhesive capsulitis involves a reduction in passive range of motion of the shoulder in three or 
more directions. As range of motion (ROM) differs widely in the population, the affected 
shoulder’s ROM should be compared with the unaffected side. Frozen shoulder causes can be 
classified as idiopathic adhesive capsulitis or secondary to trauma or underlying shoulder 
pathology. The most common cause is idiopathic and associations with diabetes mellitus, 
hypothyroidism and female gender have been reported. Glenohumeral contracture can also 
occur after traumatic injury, in association with rotator cuff disorders, or after shoulder surgery. 
 

 
iNinety to 120 of abduction and forward flexion is the most compromised biomechanical position for the shoulder in biomechanical 

experimental studies. Maintaining higher overhead height is less compromising to the shoulder than lowering to 90 if the object 
cannot be lowered substantially. (Garg 02, 05, 06) 
iiNomenclature has long been problematic and the term periarthritis has also been used. (Dickson 32; Lippmann 43) 
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Bicipital Tendinitis and Tears 
Anterior shoulder pain may be caused by bicipital tendinitis. Bicipital tears are believed to result 
from mechanisms similar to rotator cuff tears. Many are thought to be a result of chronic 
tendinopathy followed by tears while others are a result of an acute traumatic event. They 
generally occur in conjunction with rotator cuff pathology. Another sometimes related but 
infrequent entity is biceps subluxation and dislocation. 
 

Brachial Plexus Injuries 
Brachial plexopathies might be caused by forceful stretching of the nerves that travel from the 
spine to the upper extremity and are thought to occur after accidents, falls from heights, and 
sports (e.g., “stingers”). However, reliable etiological and epidemiological data are not available. 
Idiopathic brachial plexopathy occurs infrequently, and parsonage tumor syndrome should be 
considered. 
 

Calcific Tendinitis 
Calcium deposits in the rotator cuff tendons as degeneration progresses. The course of onset is 
similar to rotator cuff syndromes in those with chronic non-severe pain. It can also present as 
acute severe onset of atraumatic shoulder pain, an unusual presentation for rotator cuff 
syndromes. The risk factors, evaluation, diagnosis, and some treatments tend to be similar to 
rotator cuff tendinopathies although there are differences (Jim 93). 
 

Degenerative Joint Disease (including Osteoarthrosis) 
Degenerative joint disease involves any degenerative or age-related changes in any joint. While 
osteoarthritis (OA) is the more common name for this entity, osteoarthrosis is more technically 
precise as there is no overt inflammation with redness, swelling, and palpable warmth. Other 
arthritic disorders that cause joint degeneration include inflammatory disorders (e.g., rheumatoid 
arthritis, systemic lupus erythematosus, and psoriasis) and crystalline arthropathies (e.g., gout, 
pseudogout, apatites). As inflammatory and crystalline arthropies are non-occupational, they are 
not included in this discussion. 
 

Other than intervertebral discs, joints in the body are typically synovial fluid filled, synovium 
lined, ligamentously encapsulated joints that allow for low friction movement between adjacent 
bones. OA, an age-related degenerative change in the joint particularly affecting the cartilage on 
the articular surface, is marked by thinning of that cartilage, osteophyte formation, and 
subchondral sclerosis. Pain on movement and stiffness develop. OA may develop in only one 
joint after a significant traumatic injury (e.g., fracture), in which case it is often delayed by many 
years. If this injury was occupational, then the subsequent osteoarthrosis is also considered, at 
least in part, occupational. 
 

Dislocation (Glenohumeral) 
Shoulder dislocation occurs when such high force is applied that the shoulder musculature and 
joint capsule are unable to resist, resulting in stretching and partial rupture of the joint capsule. 
Labral tearing also usually accompanies this injury. As this injury involves disrupting ligaments, 
it is technically a true sprain. Frequently, the shoulder will require relocation, although 
sometimes the patient accomplishes this prior to seeking medical care. Once dislocated, the 
shoulder is prone to feel unstable and to re-dislocate. Older patients frequently have associated 
rotator cuff tears and fractures. 
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Fractures 
Fractures occur due to trauma from many causes including falls and motor vehicle accidents. 
Pathologic fractures are the primary exception as minimal force may be required for these 
fractures. 
 

Instability 
Shoulder instability is associated with a tendency to sublux or dislocate, a feeling of instability, 
and concerns about potential dislocation. Instability is a frequent sequelae of dislocation. 
Instability can be classified as traumatic, atraumatic instability or multi-directional instability. 
Instability can be a result of congenital laxity or micro-trauma to the shoulder over time as well 
as high force acute trauma. 
 

Labral Tear 
The labrum is a wedged-shaped fibrocartilaginous structure at the rim of the glenoid that is a transitional 
tissue from the articular cartilage of the glenoid to the capsuloligamentous tissue/structures of the 
glenohumeral joint. The two commonly reported types of tears along the superior labrum (SLAP) and the 
anterior inferior portion (Bankart) are discussed below, although the labrum may tear at any point. The 
long head of the biceps attaches to the superior labrum, and therefore biceps pathology can be 
concomitant pathology with superior labral tears. The labrum is intimately involved in mechanisms of 
shoulder stability. The labrum is susceptible to age-related degeneration and it may be that acute injuries 
can occur superimposed on a degenerative process. A labral tear can be associated with shoulder 
instability or dislocation.  
 

Non-Specific Shoulder Pain 
Some cases of shoulder pain do not clearly fit diagnostic criteria and are considered non-
specific. These cases may resolve prior to identifying a clear diagnosis or a specific diagnosis 
may become clear with time. 
 

Osteonecrosis 
Osteonecrosis (avascular necrosis) is particularly likely to occur in areas of tenuous blood 
supply that lacks collateral blood flow. It most commonly affects the femoral head. Shoulder 
osteonecrosis involves impairment of the blood supply to the humeral head. It can progress to 
degeneration and ultimately humeral had collapse. Reported risk factors for osteonecrosis in 
any region of the body include male gender, (Talamo 05) diabetes mellitus, glucocorticosteroid 
treatment or excess, (Talamo 05) sickle cell anemia or trait, alcohol, organ transplantation, (Helenius 

06) and multiple myeloma. (Talamo 05) The most prominent occupational risk factors are proximal 
humerus fractures and barotrauma (the bends), which may occur both in diving, as well as 
working in compressed air environments (e.g., certain types of tunneling projects through 
unstable sediments requiring compressed air to maintain the workspace). Trauma is a risk 
factor. Non-traumatic job physical factors are controversial, and there is no evidence to support 
this link.  
 

Rotator Cuff Syndromes (including rotator cuff tendinosis, rotator cuff tendinitis, 
supraspinatus tendinitis, rotator cuff partial tears, impingement syndrome, bursitis) 
Rotator cuff-related disorders as listed above are generally considered closely related if not the 
same degenerative condition, and the various entities are not well distinguished. (Codman 11a,b,27,34, 

Wilson 43; Olsson 53; Keyes 33, 35; von Meyer 37; Skinner 37; Cotton 64; Macnab 73; Fu 91; Schellingerhout 08; Neer 82; Hijioka 93; Ishii 97; 

Chard 94; Belling Sorensen 00; Itoi 06) There has long been evidence of insufficient blood supply in the 
typical area(s) of rupture (Lindblom 39; Rathbun 70; Moseley 63; Rothman 65; Chansky 91; Brooks 92) and recent 
evidence points to numerous atherosclerotic disease risk factors (Viikari-Juntura 08; Morken 00; Silverstein 08; 

Miranda 01, 05; Luime 04; Wendelboe 04; Skov 96; Stenlund 93; Kane 06; Kaergaard 00) strongly suggesting a primarily 
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pathophysiological mechanism of atherosclerosis of the arterial supply to the tendons.iii The 
other primary competing theory is biomechanical, particularly with impingement of the acromion 
first described in the 1920s by Meyer (Meyer 21; Meyer 24; Meyer 26) and advanced by Neer (Neer 72, 82) 

that develops as a consequence of the age-related degenerative processes. (Milgrom 95; Worland 03; 

Zuckerman 94; Bigliani 91; Neer 72; Bonsell 00) Both theories may play a role, although the atherosclerotic 
vascular supply mechanism appears of primary importance. (Viikari-Juntura 08; Hegmann 98) Patients 
with tendon pathology often have shoulder pain that radiates to the upper arm and deltoid 
region, and some even report more distal radiation without paresthesias. Bursitis tends to have 
non-radiating shoulder joint pain, although it too may present with deltoid region pain. Partial-
thickness tears cannot reliably be distinguished from the other rotator cuff entities clinically or 
with imaging. Many of the symptoms and examination maneuvers used to assign a diagnosis of 
“rotator cuff syndrome” are not specific to a cause. The supraspinatus tendon is the most 
commonly affected tendon in the rotator cuff. Tendon pathology most commonly progresses 
posteriorly to the infraspinatus. Tendonopathies are generally considered the most important of 
the occupational shoulder disorders based on high prevalence. (Needell 96; Reilly 06) 
 

Rotator Cuff Tears (including supraspinatus, other full-thickness tears and bicipital tears) 
Rotator cuff tears appear to predominantly occur over years of degenerative rotator cuff 
tendinopathy, culminating in a full-thickness rotator cuff tear and presentations vary from severe 
symptoms to asymptomatic despite presence of a tear. (Lewis 09a, b) It is not clear if or to what 
extent tears are caused by trauma. Most rotator cuff tears develop at the anterior aspect of the 
midsubstance of the supraspinatus tendon and progress posteriorly. Full-thickness rotator cuff 
tears predominantly develop first in the supraspinatus and can progress to tears of the 
infraspinatus and teres minor. Involvement of the subscapularis is less common, but should 
always be considered. The prevalence of rotator cuff tears is 6-51% for full-thickness tears in 
asymptomatic patients over age 50. (Worland 03; Sher 95; Yamamoto 09;Yamamoto 10; Reilly 06; Tempelhof 99; 

Schibany 04; Sakurai 98; Linsell 06; Cassou 02; Roquelaure 06; Clayton 08; Yamaguchi 06; Miranda 05; Siverstein 08; Wilson 
43; Moosmayer 09; Neer 72; Milgrom 95; Miniaci 95; Codman 34; Keyes 35; Cotton 64) 
 

Thoracic Outlet Syndrome 
Thoracic outlet syndrome (TOS) involves compression of the neurological and/or vascular 
supply to the upper extremity. A few cases involve discrete compression by the first thoracic rib 
or cervical rib. Scalene muscle tightness has been described as a cause. Other causes of what 
could be termed physiologic TOS are controversial regarding whether there is true compression 
of structures. 
 

Trigger Points/Myofascial Pain, Muscle Tension Syndrome 
Myofascial pain syndrome involves trigger points, which are tender areas that with palpation feel 
dense and can elicit pain locally and distally. Patients with muscle tenderness are diagnosed 
with “myofascial pain.” Prolonged muscular pain is often linked to underlying psychosocial 
issues that foster inactivity and dependence on passive modalities and pharmacologic 
interventions. Most randomized control trials (RCTs) have not distinguished between tender and 
trigger points, though they frequently note pain limited to muscles of a body region. 

 
iiiThis does not rule out contributing mechanical factor(s). 
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Summary of Recommendations and Evidence 
All Guidelines include analyses of numerous interventions, whether or not they are approved by 
the U.S. Food and Drug Administration (FDA). For non-FDA-approved interventions, 
recommendations are based on available evidence, and this is not an endorsement of their use. 
Many of the medications recommended are utilized off-label. 
 

The following is a general summary of the recommendations contained in this Guideline: 

Occupational Issues 
◼ Identifying the worker’s job tasks and functional goals, including return to work, can aid the 

formulation of an appropriate treatment plan and work restrictions. 

◼ Patients recovering from work-related shoulder injuries are encouraged to return to modified 
work and normal activity levels as soon as their condition permits.  

◼ Ergonomic interventions and training may reduce the risk for shoulder disorders and 
symptoms.  

Diagnostic Testing 

◼ Shoulder x-rays for diagnosis in traumatic injuries and as an initial study, if diagnostic 
imaging is needed, for non-traumatic shoulder problems is recommended (Insufficient 
Evidence (I)).  

◼ Magnetic resonance imaging (MRI) is recommended (Insufficient Evidence (I) and some 
evidence for advanced imaging of soft tissues such as rotator cuff tears, particularly in 
patients who are not recovering as expected or where additional diagnostic information 
would change the treatment plan).  

◼ MR arthrography is recommended (Insufficient Evidence (I) and some evidence to diagnose 
labral tears in patients who are not recovering as expected or where additional diagnostic 
information would change the treatment plan).  

◼ Computerized Tomography (CT) is recommended (Insufficient Evidence (I)) for advanced 
imaging of bone, if needed, particularly if fractures are suspected but not seen on x-ray. CT 
or CT arthrography may be used for advanced imaging when MRI is contraindicated. 

Adaptive Equipment/Assistive Devices and Other Physical Methods 
◼ There is little quality evidence for use of heat or cold, although many patients find these 

treatments helpful for symptom management particularly in acute shoulder pain. Patients’ at 
home applications of heat or cold packs may be used before or after exercises and are likely 
as effective as those performed by a therapist. 

◼ Some quality studies have supported using acupuncture especially for treatment of 
myofascial pain and shoulder girdle pain (see below), but referral appears dependent on the 
availability of experienced providers with consistently good outcomes. 

◼ Mobilization has been described as effective for patients with adhesive capsulitis (frozen 
shoulders), rotator cuff tendinopathies, (Bang 00; Senbursa 07; Conroy 98) and general shoulder pain. 
(Bergman 04) The period of treatment is limited to a few weeks, as results decrease with time. 
Scalene-stretching and trapezius-strengthening exercises have been reportedly effective in 
relieving thoracic outlet compression symptoms. 
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◼ Slings are recommended (Insufficient Evidence (I)) for initial treatment and pain control of 
glenohumeral dislocation and acromioclavicular severe sprain or separation.  

◼ Physical modalities, such as massage, diathermy, laser treatment, ultrasound treatment, 
transcutaneous electrical neurostimulation (TENS) units, biofeedback, and acupuncture are 
mostly unsupported by moderate- or high-quality studies, but some of these may be useful in 
the treatment of shoulder symptoms. 

◼ Significant differences between traditional approaches and various alternative and 
multidisciplinary intervention programs for chronic shoulder pain have not been 
demonstrated in the medical literature to date. Recommendations, prescription, or referral 
regarding such multidisciplinary programs or alternative care can be based on the 
practitioner’s professional judgment and the patient’s individual condition or situation 
(psychosocial, workplace and socioeconomic). 

Exercise Issues 
◼ Rehabilitation or exercise programs are recommended (Insufficient Evidence (I) and some 

evidence to progress from ROM to strengthening exercises after injury and/or surgery). 
Exercise initiation (passive and active) is delayed depending on the injury (e.g. unstable 
fracture) or repair (rotator cuff tear) to allow for healing or protect the repair. 

◼ Instruction in home exercise is recommended. Except in cases such as unstable fractures, 
patients can be advised to do early pendulum or passive range of motion (ROM) exercises at 
home. 

◼ Active exercises are advocated over passive for longer term functional restoration. Passive 
exercises are much better in early phases to prevent shoulder stiffness and overcome 
stiffness. 

◼ A quality exercise program is generally recommended for most patients with rotator cuff 
tendonopathies or impingement syndrome prior to considering surgical repair. (Brox 93, Haahr 

05, 06) 

Medications 
◼ High quality evidence supports NSAIDs for treatment of shoulder disorders with concomitant 

cytoprotective medications. High quality of evidence supports proton pump inhibitors and 
misoprostol to treat patients at risk for gastrointestinal bleeding. Low to moderate quality 
evidence supports treatment with sucralfate and H2 blockers for cytoprotection. 

◼ Moderate-quality evidence supports treating rotator cuff tendinopathies with subacromial 
glucocorticoid injection usually combined with a local anesthetic. This may be indicated if 
there is insufficient improvement after other non-invasive therapy (e.g., strengthening 
exercises and NSAIDs) for 2 to 3 weeks. 

◼ Judicious short term use of opioids to treat acute severe shoulder pain or severe post-
operative pain are recommended (Insufficient Evidence (I)) when NSAIDS, acetaminophen 
or aspirin are inadequate or inappropriate (e.g., potential bleeding complications). 

Surgical Issues 
◼ Moderate-quality evidence documents success of surgical rotator cuff repairs, whether 

arthroscopic or open. 
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◼ Moderate-quality evidence supports the efficacy of surgical subacromial decompression to 
treat impingement syndrome that has not improved sufficiently with NSAIDs and a quality 
exercise program. 

◼ High quality evidence supports surgery for treatment of select initial acute, traumatic anterior 
shoulder dislocation.  

◼ Low quality evidence supports surgical repair of high grade acromioclavicular joint 
separation and select patients with displaced proximal humeral or clavicular fractures. 

Basic Principles and Definitions 
Acute, Subacute, or Chronic Pain: For purposes of identifying interventions at different stages 
of diseases, acute pain is defined as pain for up to 1 month; subacute is pain from 1 to 3 
months; and chronic is pain of more than 3 months duration (see Chronic Pain Guidelines for 
additional information). 
 

Active Therapy: The term “active therapy” is commonly used to describe treatment that 
requires the patient to assume an active role in rehabilitative treatment. Although there is no one 
specific treatment defined by this term, it most commonly includes therapeutic exercises 
(particularly aerobic activities), functional activities, and muscle reconditioning (weight lifting or 
resistance training). (Mannion 01) Some studies have included active stretching and treatment with 
psychological, social, and/or educational components requiring active participation from the 
patient. (Kankaanpää 99) 
 

Active Exercise Therapy: Active exercise therapy typically consists of cardiovascular training 
and muscle strengthening, (Cohen 02; Danielsen 00) although it may also include progressive or 
occasionally active stretching, especially in patients with substantially reduced ranges of motion. 
Active exercise therapy is used as a primary treatment for chronic pain, is frequently initiated in 
the course of treating subacute pain, and is a primary treatment after various surgeries. The 
goal of active exercise therapy is to improve function. (Cohen 02) The word “active” is used to 
differentiate individualized exercise programs designed to address and rehabilitate specific 
functional, anatomic or physiologic deficits from passive treatment modalities or from forms of 
“exercise” that require little effort or investment on the part of the patient or provider. 
 

Brachial Plexus: The nerves traveling from the spinal cord levels C5 to T1 ventral rami to the 
upper extremity in aggregate are termed the brachial plexus. This includes subdivisions of these 
nerves that are anatomically labeled roots, trunks, divisions, cords, and branches. The anatomic 
region the plexus involves extends from the tissue adjacent to the spinal cord to the axilla, or 
arm pit. Injuries to these structures are frequently termed brachial plexopathy. 
 

Bursae: Bursae are small, fluid-filled sacs within the body that are typically located adjacent to 
bones where movement occurs such as between overlying muscles, tendons, or skin. These 
fluid filled structures reduce the friction as movement occurs.  
 

Bursitis: Bursitis is inflammation of a bursa, and may be marked by pain when the proximate 
tissue is used or the bursa is compressed. 
 

Delayed Recovery: Delayed recovery is an increase in the period of time prior to returning to 
work or to usual activities, when compared with the length of time expected, based on 
reasonable expectations, disorder severity, age, and treatments provided. 
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Functional Capacity Evaluation (FCE): A comprehensive battery of performance-based tests 
used to attempt to assess an individual’s ability for work and activities of daily living. (Gross 06) An 
FCE may be done to identify an evaluee’s ability to perform specific job tasks associated with a 
job – a job-specific FCE, or his or her ability to perform physical activities associated with any 
job – a general FCE (see Chronic Pain Guidelines and Low Back Complaints). Results should 
be interpreted with caution. The testing should be preferably conducted by someone (e.g., 
occupational or physical therapist) well experienced in dealing with patients who may self-limit 
due to pain.” 
 

Functional Improvement (especially objective evidence): Functional improvement entails 
tracking and recording evidence that the patient is making progress toward increasing his or her 
functional state (validated tools preferred). 
 

Functional Restoration: Functional restoration is a term initially used for a variant of 
interdisciplinary pain alleviation or at least amelioration characterized by objective physical 
function measures, intensive graded exercise, and multi-modal pain/disability management with 
both psychological and case management features. (Mayer 85, Mayer 86, Mayer 87, Mayer 88, Rainville 07, Jousset 

04, Hildebrandt 97) The term has become popular as a philosophy and an approach to medical care 
and rehabilitation. In that sense, it refers to a blend of various techniques (physical and 
psychosocial) for evaluating and treating the chronic non-malignant pain patient, particularly in 
the workers’ compensation setting (see Chronic Pain Guidelines). 
 

Pain Behavior: Pain behavior includes verbal and non-verbal actions (e.g., grimacing, 
groaning, limping, using pain relieving or support devices/slings, requesting pain medications, 
etc.) which communicate the concept of pain. 
 

Passive Modality: Passive modality refers to various types of provider-given treatments in 
which the patient is not an active participant. These treatments include medication, injection, 
surgery, allied health therapies (e.g., massage, acupuncture, and manipulation), and various 
physical modalities such as hydrotherapy (e.g., whirlpools, hot tubs, spas, etc.), ultrasound, 
TENS, other electrical therapies, heat, and cryotherapies. 
 

Rehabilitation: The term “rehabilitation” is used in these Guidelines to mean physical medicine, 
therapeutic and rehabilitative evaluations, and procedures. Rehabilitation services are delivered 
under the direction of trained licensed individuals such as physicians, occupational therapists, or 
physical therapists. Mental health professionals may also be incorporated in the treatment team, 
particularly for select chronic pain patients. Jurisdictions may differ on qualifications for licensure 
to perform rehabilitative evaluations and interventions. 
 

Shoulder Impingement: A theoretical construct advanced over the past 40 years proposing 
that the supraspinatus tendon is compressed between the acromion and humeral head, 
resulting in degenerative tendinopathy and tears. 
 

Shoulder Joint: The shoulder (glenohumeral) joint is a shallow synovial ball-and-socket joint 
based on the articulation of the head of the humeral head and glenoid fossa of the scapula. The 
supraspinatus, infraspinatus, teres minor, and subscapularis muscles and their tendons 
comprise the rotator cuff, and contribute to holding the humeral head in the glenoid fossa. 
 

Tendinitis: Inflammation within the tendon or tendon insertion with the clinical signs of redness, 
heat, and swelling accompanied by pain and decreased range of movement. While “tendinitis” is 
a widely used term diagnostically, there is a general supposition that inflammation is present. 
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Tendinosis: Tendinosis is a chronic degenerative tendon injury, unaccompanied by redness or 
heat. It is associated with pain and limited movement. (Kahn 00) Tendinosis may be due to an 
interaction of individual and physical factors, which may include vocational and avocational 
activities. In theory, micro-injuries gradually accumulate faster than they can heal and become 
clinically apparent when the area becomes painful (see Elbow Disorders for severity and 
susceptibility). 
 

Sprain: A sprain is the disruption of a ligament. Sprains are typically graded I-III, ranging from 
modest ligamentous tears but no laxity (I) to complete disruption of the ligament (III). 
 

Strain: Strain is the disruption of a myotendinous junction or sometimes of a muscle, usually 
from a high-force unaccustomed exertion. It may also occur during an accident. This term is 
occasionally used to describe non-specific muscle pain in the absence of knowledge of an 
anatomic pathophysiological correlate. 

S, grade I: overstretching or slight tearing. 
S, grade II: incomplete tearing. 
S, grade III: complete tear or rupture. 

Initial Assessment 
Thorough medical and work histories and a focused physical examination (see General 
Approach to Initial Assessment and Documentation) are sufficient for the initial assessment of 
most workers with potentially work-related shoulder symptoms. The medical history and physical 
examination include evaluations for serious underlying conditions, red flags, and consideration 
for possible referred shoulder pain due to a disorder in another part of the body (most commonly 
from the cervical spine and sometimes viscera). The absence of red flags largely rules out the 
need for special studies, referral, or inpatient care during the first 4 to 6 weeks for most patients, 
by when spontaneous recovery is expected. Shoulder disorders may be classified into one of 
three somewhat arbitrary categories: 

▪ Potentially serious conditions: including fractures, glenohumeral dislocation, infection, or 
neurological or circulatory conditions, including referred cervical, cardiac, or intra-abdominal 
pain. Glenohumeral dislocations are considered here, until it is confirmed there is not 
concomitant fracture or nerve damage. 

▪ Specific shoulder disorders: including full-thickness rotator cuff tears, rotator cuff 
syndromes (impingement syndrome, rotator cuff tendinoses, rotator cuff tendinitis and 
tendinopathy, supraspinatus tendinitis, partial-thickness rotator cuff tears, bursitis), bicipital 
tendonitis, acromioclavicular (AC) joint sprain or separation, labral tears, thoracic outlet 
syndrome (TOS), brachial plexus injury, adhesive capsulitis (frozen shoulder), calcific 
tendinitis, and instability. 

▪ Nonspecific shoulder disorders: suggesting neither internal derangement nor referred 
pain including trigger points/myofascial pain (including muscle tension syndrome), 
fibromyalgia (see Chronic Pain Guidelines), degenerative joint disease (including 
osteoarthrosis), and nonspecific pain. 

Medical History 
The initial evaluation of patients with shoulder pain should include a thorough medical history, 
as the vast majority of data to successfully evaluate and treat these patients is found in the 
history. A complete occupational history is necessary to assist the patient with successful 
accommodation and rehabilitation, as well as to determine work-relatedness (see General 
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Approach to Initial Assessment and Documentation). Standardized questionnaires of functional 
loss and disability are often utilized to adequately assess shoulder function and disability (e.g., 
Disability of the Arm, Shoulder and Hand (DASH) questionnaire, Shoulder Pain and Disability 
Index (SPADI) questionnaire). (Constant 87; Williams 99; Godfrey 07; Beaton 96, 98, 01, 03; Bot 04; Cook 01; Kirkley 03; Kocher 

05; L’Insalata 97; Lippitt 93; Lohr 96; Ohlsson 94; Michener 02; Roach 91; Roddey 00; Leggin 06; Gabel 06; Gabel 09; Dawson 99; Richards 99) 
 

Asking the patient open-ended questions, such as those listed below, allows the physician to 
gauge the need for further discussion or specific inquiries to obtain more detailed information. 
Start eliciting a history with open-ended questions, such as: “What may I do for you today?” This 
approach helps to frame the discussion towards what the patient feels is the main purpose of 
the visit. Elicitation of the patient’s concerns may include issues seemingly tangential in the 
initially, but may prove important later and helps ensure that the physician is able to address 
issues important to patient satisfaction. 
 

1. PREVIOUS SHOULDER PROBLEMS 
▪ Have you had similar episodes previously? 
▪ Have you had previous testing or treatment? What treatment? What were the results? 

With whom? How long did it take to get back to work? To light duty? (Was recovery 
similarly delayed?) 

▪ Did this previous shoulder problem resolve completely? (Did you get a disability award?) 
 

2. SYMPTOM ONSET 
▪ What were your symptoms? 
▪ Where did symptoms first occur? Were there symptoms down the arm, hand or up in the 

neck? 
▪ When did your symptoms begin? 
▪ What do you think caused the problem? How did it occur? Do you recall a specific inciting 

event?  
▪ How do you think it is related to work? (It is important to obtain all information necessary 

to document the circumstances and biomechanical factors of injury to assist the patient in 
obtaining compensation, where appropriate.) 

▪ Was there acute or gradual onset of pain or limitation of motion? For traumatic injuries: 
Was the area deformed? 

▪ What is the day pattern to your pain? When is it worst? Do you have a problem sleeping? 
▪ How does having this pain affect your life? 

 

3. PROGRESS OF SHOULDER CONDITION 
▪ Since these symptoms began, have your symptoms changed? How? 
▪ Have your activities been limited? How long have your activities of daily living been limited? 

For how long? 
▪ What tests or imaging have you had? 
▪ Have you had specialist consultations? 
▪ What treatments have you had so far, including over the counter and prescription 

medication? 
 

4. PRESENT SYMPTOMS 
▪ What are your symptoms currently? How does the worker act when describing them (may 

help ascertain the expression of and meaning of pain to the worker, while simple hand 
gestures and postures taken while describing the pain are often highly useful for 
diagnosis)? 

▪ Are you experiencing pain, weakness, or limited motion (stiffness) in your shoulder? 
▪ Are you experiencing popping, clicking, or catching in your shoulder? 
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▪ Does your shoulder feel unstable? 
▪ Are your symptoms currently located primarily in the shoulder joint? 
▪ Is your shoulder pain associated with pain, numbness, tingling, swelling, or color change in 

the hand or arm? 
▪ Are your symptoms constant or intermittent? 
▪ What makes the problem worse or better? 
▪ Do you have pain or other symptoms elsewhere (e.g., neck, chest, or abdomen)? Do you 

have fever, night sweats, or weight loss? 
 

5.  PRESENT SHOULDER CAPABILITIES 
▪ Can you move your arm over your head? 
▪ Can you tuck in your shirt, reach your back pocket, or put on a jacket? 
▪ Can you do overhead activities or work? For how long? 
▪ Can you wash your hair? 
▪ How much weight can you lift? What could you have lifted before? 
▪ Can you move your shoulder without pain? 
▪ Can you sleep on the affected shoulder? 
▪ Does wearing a bra, suspenders, or tool belt harness make your shoulder pain worse or 

cause pain? 
▪ How heavy is your purse/shoulder bag? Have you changed purses/bag (lightened) or 

changed how you carry it (to the other shoulder or rolling bag)? 
▪ Do you have weakness in your hand, arm, or shoulder? 
▪ Have you noticed any loss of muscle mass? 
 

6. JOB DEMANDS 
▪ What are your specific job duties? Do you rotate jobs? 
▪ What does your work require you to do with your shoulder? 
▪ What postures and activities are required at work? How much do you lift at work as a 

maximum? Usual lift? 
▪ Do you have assistance of other people or lifting devices? 
▪ How often are shoulder activities required? 

 

7. OFF-THE-JOB ACTIVITIES (AVOCATIONAL ACTIVITIES) 
▪ What other activities (hobbies, workouts, sports) do you engage in at home or elsewhere 

(outside of work)? 
▪ Do you use your shoulder to perform these activities? 
▪ Do you do any overhead arm actions? How? How often? 
▪ Can you perform activities of daily living (e.g., dressing, bathing, grooming, etc.) or 

instrumental activities of daily living (e.g., shopping, food preparation, housekeeping, 
etc.)? 

 

8.  DO YOU HAVE OTHER MEDICAL PROBLEMS? 
▪ Osteoarthrosis, rheumatoid arthritis or other arthritides or auto-immune disorders (lupus, 

psoriasis)? 
▪ Fractures, upper extremity surgeries? 
▪ Cardiovascular disease? 
▪ Pulmonary disease? Do you smoke? Did you smoke? How much? 
▪ Gastrointestinal problems or liver disorder? 
▪ Diabetes mellitus? Thyroid disorder? 
▪ Do you have neck pain or trauma? 
▪ Neurological disorders (including neuropathies, radiculopathies, headaches)? 



Copyright ©2020 Reed Group, Ltd.  Page | 17 
 

▪ Psychophysiologic disorders (e.g., irritable bowel syndrome, chronic fatigue syndrome, 
sick building syndrome, fibromyalgia, or multiple chemical sensitivities)? 

▪ Do you have symptoms of infection? Fever, chills, symptoms of infection elsewhere? 
▪ Have you ever had cancer? 
▪ Medications: 
▪ Over the counter medications? 

▪ Narcotics or prescription medications? 
▪ Injections into the shoulder? 
▪ Steroids and immunosuppressants? 

 

9. IS THERE ANY PSYCHOLOGICAL, PSYCHIATRIC, MENTAL HEALTH, SUBSTANCE 
USE, OR ALCOHOL HISTORY? 
▪ Have you ever had a substance use problem? Driving while under the influence of 
alcohol? Detoxification? 
▪ Have you ever had an alcohol problem? (CAGE or MAST screening especially required 

for possible osteonecrosis) 
▪ Is there use of other drugs? (Current and prior use) 

 

10. WHAT IS THE OCCUPATIONAL PSYCHOSOCIAL CONTEXT? 
▪ Do you like your job? 
▪ What is your relationship with your co-workers and supervisor and how do they treat you? 

 

11. ASSESS WHETHER THERE ARE PROBLEMS AT HOME/SOCIAL LIFE. DOES THE 
PATIENT FEEL IN CONTROL OF MOST SITUATIONS? IS THERE SUPPORT? 
▪ How do your family members get along with each other? 
▪ How do they help and support you, including assistance with chores? 
▪ Does your family treat you differently now that you are in pain? Have your roles at home 

changed because of your injury? 
▪ How do your friends treat you differently? 
▪ Do you get increased symptoms when you are dealing with problems with your family 

and friends? How often? When? Why? 
 

12. ARE THERE ADVOCAGENIC (LITIGIOUS) INFLUENCES? 
▪ Do you have a workers’ compensation claim for this injury? Do you have a lawsuit or 

other legal action involving this pain problem? 

13. WHAT ARE YOUR GOALS IN RELATION TO THIS SHOULDER PROBLEM? 

Physical Examination 
The objective of the physical examination of the shoulder is to define physical abnormalities, 
narrow the diagnostic considerations, and focus the treatment plan. (Tennent 03; Mirkovic 05; Walton 08; 

Wilk 05; Berg 98; Holtby 04; Ben Kibler 09; Myers 05; Mimori 99; Ebinger 08; Stetson 02; Liu 96; Swaringen 06; Green 08; Jones 

07; Dessaur 08; Calvert 09; Oh 08; Rhee 09; McCaughey 09; Kim 07) Physical examination data, including vital 
signs, should be reviewed for potential inferences regarding infectious or neoplastic origins. 
 
 

The physical examination should begin the moment the physician sees the patient. Observing 
how the patient holds the shoulder, uses the shoulder, sits, walks, and moves is of major 
importance, often more important than any other aspect of the exam. It also helps to have the 
patient demonstrate what positions seem to provoke or cause the symptoms as the 
demonstration is invariably of greater help than verbal descriptions. 
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Guided by the medical history, the physical examination includes: 

▪ General observation of the patient; 

▪ General level of fitness and physical condition; 

▪ Upper quarter screen for neck involvement, and other upper extremity disorders, including 
elbow; 

▪ Neurovascular screening; 

▪ Testing for various specific shoulder disorders as appropriate to the history; and 

▪ Monitoring for pain behavior during range of motion, changing postures as a clue to origin of 
the problem. 

A. Regional Shoulder Examination 
The entire shoulder girdle should be visible and viewed from all angles. Asking the patient to point 
to the area of discomfort may be helpful for discrete entities such as AC joint or long head biceps 
pathology. Pointing helps determine if the discomfort is at the shoulder joint or if the patient is 
referring to the shoulder in general (e.g., the upper trapezius). Many shoulder disorders present 
with pain that is too diffuse to point to with one finger. Observe asymmetry or deformity at rest 
and during movement. Atrophy of the deltoid or scapular muscles is an objective finding, but 
arises only after weeks to months of symptoms; atrophy of the spinati muscles is the most 
clinically relevant. Deformities due to acromioclavicular separation are visible (scapular winging at 
rest, shoulder girdle ptosis), as are many signs of infection (elevated temperature, redness, heat, 
fluctuance) or gross tumor (visible vessels, palpable mass). Palpate neck, shoulder and arm 
structures, noting patient’s behavior and tenderness. 
 

Shoulder range of motion (ROM) should be determined actively and passively. Active ROM should be 
performed before passive to determine how far the patient can move prior to applying overpressure. 
Essential active motions to assess are shoulder elevation in flexion and abduction, external rotation, and 

internal rotation with the arm at the side and at 90 of abduction. (Green 98) Passive ROM should be 
performed for the same motions. Passive motion is best assessed with the patient supine. The examiner 
may also determine passive ROM by eliminating gravity with overpressure, having the patient in the 
pendulum position or by the patient using his or her other arm to aid elevation. While checking ROM, watch 
for scapular mobility and stability. Movement of the scapula should be observed for winging or dysrhythmia 
during active elevation in flexion and/or abduction. (McClure 09; Uhl 09) Both can be enhanced by fatiguing the 
shoulder with repeated active range of elevation and lowering the arm. Strength should be assessed, 
resisting isometric contractions of the same essential motions for ROM described above, including 
supraspinatus and infraspinatus assessment. The choice of which specific tests (see Table 1. Common 

Physical Examination Maneuvers*‡) to use may be guided by the synthesis of the information obtained from 
the history and physical examination. However, many examination maneuvers have not been validated in 
quality clinical trials, and do not have well established sensitivities and specificities. Many exam 
maneuvers are also reportedly non-specific and of questionable value. (Dinnes, HTA 03; Luime 04; Hegedus 08; 

Munro 09; Beaudreuil 09; Hughes 08; Beaudreuil 09; Park 05; Silva 08; Hanchard 08) It is important to correlate data from 
history (demographics, type and location of symptoms, mechanism of injury) with findings on physical 
examination. For example, findings of instability maneuvers are irrelevant if instability is not the problem. 
If certain shoulder problems (pain) are sufficiently severe, other diagnostic tests may not be helpful, e.g., 
in the presence of substantial joint stiffness and capsulitis, impingement maneuvers are invalid. 

 
The following table includes common tests and citations for accuracy when available. 
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Table 1. Common Physical Examination Maneuvers*‡ 
Test Shoulder 

Area 
Examining 

Maneuver Positive criteria Issues and 
Interpretation† 

Apprehension 
(Farber 06; Lo 04) 

GH joint 
instability 

Anterior directed force is applied to 
proximal humerus in shoulder 
abduction and external rotation. 

Subjective feeling of 
anterior instability and 
fear of anterior 
glenohumeral 
(re)dislocation. 

Subjective test 
interpretation although 
thought to be accurate. 

Posterior 
Drawer/Relocatio
n (Gerber JBJS 

1984) 

GH joint 
instability 

Patient is supine with shoulder 
abducted and externally rotated 
(Anterior apprehension position). 
Force on anterior humerus is 
directed posteriorly.  

Pain or apprehension. 
May appreciate 
posterior laxity in thin 

patients. It 
eliminates the 
positive findings on 
anterior 
apprehension 
maneuver. 

Relatively uncommon 
type of instability. 
Operant characteristics 
of the test are unclear. 

Anterior Release 
Test 
(Gross 97) 

GH joint 
instability 

Posterior directed force is released 
from the humerus with shoulder in 
abduction and external rotation. 

Subjective feeling of 
anterior instability and 
fear of anterior 
glenohumeral 
(re)dislocation when 
pressure is released. 

May be positive with an 
increase in sensation of 
anterior instability when 
pressure is released. 

Anterior Slide 
Test (Ben Kibler 09) 

GH joint 
instability 

Applying an anteriorly and 
superiorly directed force on 
glenohumeral joint while patient 
rests hand on ipsilateral hip, thumb 
posterior. 

Pain or painful click 
on the anterior or 
posterior joint line. 

Positive test associated 
with labral tears. 

Sulcus 
(Nakagawa 05) 

GH joint 
instability 

Apply an inferior traction to the 
humerus at the elbow (Pull 
humerus downward). 

Visible or palpable 
inferior translation of 
the humeral head. 

Positive confirms 
possible glenohumeral 
joint instability. Suggests 
multidirectional instability 
in some patients. 
Objective finding not 
dependent upon patient 
response. 

Relocation Test 
(Speer AJSM 94) 

Jobe Relocation 
(Speer 94; Pandya 
Arthroscop 08) 

GH joint 
instability 

Shoulder is placed in abduction 
and external rotation then posterior 
directed force applied to humeral 
head. 

Subjective feeling of 
instability or fear of 
re-dislocation 
reduced or abolished 
when anterior 
pressure applied. 

Test for instability. May 
be positive with reduction 
of sensation of anterior 
instability when pressure 
is applied. 

Wright’s Test  
(Safran AJSM 04; 

Mackinnon CPS 02) 

Thoracic 
outlet 
syndrome 

Shoulder gradually hyperabducted, 
externally rotated. Assess effect on 
radial pulse. 

Symptoms are 
reproduced and/or 
radial pulse ablated. 
Should compare with 
asymptomatic 
shoulder. 

Definition of a positive 
test varies between 
studies and reports. Test 
used to infer thoracic 
outlet syndrome. Many 
asymptomatics have 
pulse diminuation or 
ablation. 

Adson  
(Safran AJSM 04; 
Mackinnon CPS 02) 

Thoracic 
outlet 
syndrome 

Shoulder abducted about 90 and 
externally rotated. Patient extends 
and rotates cervical spine towards 
affected hand. Patient then takes a 
deep breath and holds his or her 
breath. 

Reproduction of 
symptoms and radial 
pulse diminution or 
ablation. Should 
compare with 
asymptomatic 
shoulder. 

Some variability in 
description of this 
maneuver (e.g., whether 
to extend neck). Test 
used for thoracic outlet 
syndrome. High rate of 
pulse ablation in normal 
population. 
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Test Shoulder 
Area 
Examining 

Maneuver Positive criteria Issues and 
Interpretation† 

Roos (elevated 
arm stress test) 
(Safran AJSM 04; 
Mackinnon CPS 02; 
Nord 08) 

Thoracic 
outlet 
syndrome 

Patient assumes position of 90° 
shoulder abduction and external 
rotation with 90° elbow flexion. 
Patient opens and closes fists for 
several minutes. 

Reproduction of 
symptoms or sense of 
heaviness or fatigue. 

Operant characteristics 
unclear. Should be 
carefully compared with 
contralateral extremity. 

Active 
Compression/ 
O’Brien  
(O’Brien 98) 

Labrum, AC 
joint 

Patient stands, shoulder forward 
flexed 90° with elbow extended, 
then arm adducted 10° to 15° 
medial to body’s sagittal plane and 
internally rotated so thumb pointed 
downward. Examiner stands 
behind patient, applies uniform 
downward force to arm. With arm in 
same position, palm then fully 
supinated and maneuver repeated. 

Pain elicited during 
first maneuver, 
reduced or eliminated 
with second. Pain at 
acromioclavicular joint 
or “on top,” diagnostic 
of AC joint 
abnormality. Pain or 
painful clicking 
described as “inside” 
shoulder considered 
positive for labral 
disorder. 

Test used for both AC 
joint and SLAP lesions. 
Frequently positive with 
rotator cuff syndromes 
and tears 

Clunk Sign  
(Nakagawa 05) 

Labrum Rotation of loaded shoulder from 
extension to forward flexion. 

Painful clunk Felt to suggest labral 
disorder; non-specific. 
May be positive with 
rotator cuff related 
disorder or glenohumeral 
arthrosis, and AC joint 
arthrosis. 

Cross-arm  
(Park 05; 
Chronopoulos 04) 

AC joint Forward flexion to 90º and active 
adduction usually adducted 
passively. 

Pain in 
acromioclavicular 
joint 

Positive thought to 
suggest degenerative 
arthrosis in AC joint. May 
be positive with rotator 
cuff tendinosis and 
glenohumeral arthrosis. 

Painful Arc  
(Park 05; 

Chronopoulos 04; 
Calis 00; Michener 
09; (McGee 07)) 

Non-specific 
shoulder 
pain, rotator 
cuff 
syndrome 

Patient is asked to raise their arm 
into full shoulder abduction. 
  

Pain in shoulder joint 
with active elevation 
and lowering of arm 
in mid range of 
elevation (60-120)  

While a functional test, it 
is typically painful with 
any shoulder condition. 
Likely not helpful to 
diagnose a specific 
shoulder pathology as an 
individual test. 

Internal Rotation 
Resistance 
Strength Test 
(Zaslav 01) 

Non-specific 
shoulder 
pain 

Resist external rotation then 
internal rotation with arm at 90º 
external rotation and 85º internal 
rotations. 

Pain and/or 
weakness. 

Differentiation of 
impingement/rotator cuff 
tendinopathy from other 
joint pathology. Not 
widely investigated; 
limited data. 

Drop-arm 
(Park 05; Murrell 01; 

Hertel 96; 
Chronopoulos 04; 
(McGee 07)) 

Supraspinat
us tendon 

Arm raised and held in 90 of 
abduction then released. 

Inability to hold the 
arm in place or 
inability to 
subsequently lower 
the arm smoothly. 

Positive helpful to confirm 
rotator cuff full-thickness 
tear. Most likely to be 
positive in context of a 
massive tear and weak 
deltoid. (See below). 

Hawkins 
(Park 05; MacDonald 
00; Parentis 06; Calis 
00; Nakagawa 05; 
Chronopoulos 04; 
Michener 09; McGee 
07) 

Supraspinat
us tendon 

Arm internally rotated while 
shoulder flexed to 90º with elbow 
flexed 90º. 

Pain in shoulder joint 
and/or reduced ROM. 

May be positive with 
arthrosis. As an individual 
test, is helpful to screen 
(rule out) but not confirm 
presence of rotator cuff 
tendinopathy. 
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Test Shoulder 
Area 
Examining 

Maneuver Positive criteria Issues and 
Interpretation† 

Supraspinatus/ 
Jobe Empty Can 
Test 
(Park 05; Boileau 04; 
Holtby 04; Litaker 00; 
Itoi 99, 06; Hertel 96; 
Leroux 95; Michener 
09) 

Supraspinat
us tendon 

Resisted arm elevation with 

shoulder in 90 scapular place 
elevation and internal rotation. 

Reproduction of pain 
in shoulder joint or 
weakness due to pain 
in the shoulder 
compared with the 
unaffected side. 

Positive for painful 
superspinatus pathology. 
 
 
 
 
 
  

Rent test 
(Wolf 01; Lyons 92; 
Codman 34; McGee 
07) 

Supraspinat
us tendon 

Transdeltoid palpation with feeling 
of a rent, sulcus or depression 
where the supraspinatus tear is 
present. 

Rent in rotator cuff 
consistent. 

Positive rent consistent 
with large superspinatus 
tear. Utility likely reduced 
with obesity. 

Internal Rotation 
Lag Sign 
(Scheibel 05; Hertel 96; 
Miller 08) 

Lift-off 
(Barth 06; Scheibel 05; 
Hertel 96; Itoi 06; Gill 
07; Leroux 95; Gerber 
91) 

Subscapulari
s tendon 

Patient places hand over posterior 
lumbar region, hand passively lifted 
away from back. Patient to 
maintain position. Attempted lifting 
of arm off back at level of the waist. 

Inability to maintain 
position or pain or 
weakness. 

Rotator cuff tears, 
thought to be specific for 
subscapularis. 
Confounded by limitation 
of passive shoulder 
internal rotation.  

Belly Press 
(Tokish 03) 

Subscapulari
s strength 

Performed particularly on patients 
who cannot fully internally rotate. 
Patient pushes against their belly 

(approximately 45 shoulder 

abduction, internally rotated with 90 
elbow flexion). Sometimes 
performed with examiner pushing 
posteriorly on elbow. 

Arm drops posteriorly 
or unable to elbow 
maintain in plane of 
body. 

Inferred weakness of 
subscapularis. Operant 
characteristics unclear. 

External Rotation 
Resistance Test 
(Park 05; Michener 09; 
Litaker 00; Murrell 01) 

Infraspinatus 
and teres 
minor 

Resist isometric contraction of 
shoulder external rotation 

Pain or weakness Marked weakness has 
ability to confirm and 
screen for full-thickness 
RC tears while milder 
weakness indicates 
rotator cuff tendinopathy. 
Limited ability to screen 
for and confirm rotator 
cuff tendinopathy. 

External Rotation 
Lag Sign  
(Walch 98; Miller 08; 
Hertel 96; Castoldi 
09) 

Infraspinatus 
and teres 
minor 

Shoulder maximally externally 
rotated when examiner behind 
patient, elbow flexed 90º and 
shoulder forward flexed 20º. 
Examiner releases arm. 

Positive test is 
inability to maintain 
the position. 

Rotator cuff full-thickness 
tears, particularly 
involving infraspinatus or 
teres minor. Stiffness 
(adhesive capsulitis) may 
confound exam.  

Posterior 
Impingement 
Sign 
(Heyworth 09; 
Meister 04) 

Infraspinatus 
tendon or 
supraspinatu
s tendon 

Arm is brought into a position 
similar to that noted during the late 
cocking phase of throwing – 
abduction to 90° to 110°, extension 
to 10° to 15°, and maximal external 
rotation. 

Presence of deep 
posterior shoulder 
pain 

Used to detect presence 
of articular-sided rotator 
cuff tears and posterior 
labrum lesions in patients 
with posterior shoulder 
pain. 

Neer 
(Neer 72; Park 05; 
Guanche 03; Calis 00; 
Parentis 06; Nakagawa 
05; MacDonald 00; 
Michener 09; McGee 
07) 

Impingement Arm raised in forward flexion by 
examiner who holds down the 
spine of the scapula 

Pain in the shoulder 
joint. Thought 
consistent with 
impingement 
syndrome. 

May be positive with 
arthrosis. As an 
individual test, is 
contributes to ruling out, 
but not confirm or 
eliminate presence of 
rotator cuff tendinopathy. 
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Test Shoulder 
Area 
Examining 

Maneuver Positive criteria Issues and 
Interpretation† 

Speed 
(Chronopoulos 04; 
Ardic 06; Gill 07; 
Guanche 03; Parentis 
06; Nakagawa 05; 
Holtby 04; Ben Kibler 
09; Morgan 98) 

Biceps 
tendon 

Resisted shoulder elevation with 
the shoulder in 90º of forward 
elevation and forearm in 
supination. 

Pain in the bicipital 
tendon area. 

Positive pain infers 
bicipital tendinosis or 
biceps tendon instability. 
Biceps tendinosis and 
elbow disorders may 
confound test. Can be 
positive with a labral tear 
and rotator cuff 
tendinopathy. 

Yergason’s 
(Guanche 03; Ben 
Kibler 09; Parentis 06; 
Nakagawa 05; Holtby 
04; Morgan 98; McGee 
07) 

Biceps 
tendon 

Resisted elbow flexion and forearm 
supination. 

Pain in the bicipital 
tendon area signifying 
biceps or rotator cuff 
origin of pain. 

Positive infers bicipital 
tendinosis or instability. 
Helpful to confirm rotator 
cuff tendonitis – not 
shoulder instability. 
Biceps tendinoses and 
elbow disorders may 
confound test. 

Spurling’s 
(Tong 02) 

Neurological
: neck 

Neck extension with head rotated 
towards affected extremity. As 
traditionally taught, axial load is 
applied by the examiner.ǁ 

Reproduction of 
radicular pain into the 
extremity. 

Helpful to confirm, but 
not helpful to screen (rule 
out) cervical 
radiculopathy. 

Hoffmann-Tinel’s 
(or “Tinel’s”) 

Peripheral 
neuropathy 

Tapping approximately 3-4 times 
over a peripheral nerve (or brachial 
plexus), generally with a reflex 
hammer. Most classically performed 
over discrete location such as carpal 
tunnel, but can be performed over 
any nerve or location. 

Distal dysesthesias in 
the distribution of the 
nerve being tapped. 

Thought to denote 
peripheral neuropathy. 
Increasing concerns it 
has too many false 
positives to be useful; 
and may be a normal 
finding. 

 

*Adapted particularly from Woodward 2000 and Dinnes, HTA 2003. 
‡Some caution is warranted as there are considerable methodological weaknesses of studies evaluating utility of clinical 
examination maneuvers, including poor descriptions of tests performed, lack of blinding, small sample sizes and evaluation in select 
populations. (Dinnes, HTA 03; Luime 04; Hegedus 08; Munro 09; Beaudreuil 09; Hughes 08; Beaudreuil 09; Park 05; Silva 08; Hanchard 08; Kim 

07; Hughes 08; Miller 08; Jia 08) 
†Column added to above references. 
ǁCaution is warranted as some patients have neck pain after this maneuver. Some examiners omit active compression of the 
head-neck. 

B. Neurologic and Vascular Screening 
As C5 or C6 radiculopathy may present as shoulder pain or dysfunction, and soft tissue 
disorders of the neck also sometimes present as shoulder pain. Examine the neck and cervical 
nerve root function with palpation, reflexes, strength (motor), and sensitivity to touch (sensory), 
guided by history and previous exam findings. Assess the vascular status of the shoulder, 
proximal upper extremity, and neck by checking peripheral pulses in neutral and stress 
positions, and edema and/or color changes. Thoracic outlet syndrome (TOS) has signs and 
symptoms of scalene tenderness and positive maneuvers that provoke neurovascular signs and 
symptoms; for example, Hofmann-Tinel’s sign may be positive over the brachial plexus. Tests 
for TOS are most useful in the correct context. . Once all other diagnoses have been ruled out 
and TOS is suspected, referral to a surgeon is recommended if entertaining an option of 
invasive treatment. 

C. Assessing Red Flags 
Physical examination evidence of septic arthritis, neurologic compromise, cardiac disease, or 
intra-abdominal pathology that correlates with the medical history and test results may indicate a 
need for immediate consultation. Consultation may further reinforce or reduce suspicions of 
tumor, infection, fracture, or dislocation. A medical history that suggests pathology originating in 
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a part of the body other than the shoulder might warrant examining the cardiovascular and 
respiratory systems, abdomen, or other areas. Painless full ROM of the shoulder suggests 
referred pain. 
 

Table 2. Red Flags for Potentially Serious Shoulder Conditions 
Disorder Medical History Physical Examination 

Fractures History of significant trauma (e.g., direct, 
deceleration, slip, trip, fall, motor vehicles) 

Severe pain and inability to move the shoulder 

Generally severe pain 

Inability to move or use the arm and shoulder 

Significant bruising or hemarthrosis 

Deformity consistent with displaced fracture (with 
fracture, check for pulmonary injury and rib fracture 
as well) 

Significant swelling 

Dislocation 
(glenohumeral 
joint) 

History of significant trauma 

History of prior dislocation 

Presence of deformity, some with history of 
spontaneous reduction or self-reduction 

Severe pain and inability to move the shoulder 

Deformity consistent with unreduced dislocation 
Anterior more common than posterior  

Inability or reduced ability to move the shoulder 

 

  

Infection History of systemic symptoms of infection (e.g., 
fevers, chills) 

Persistent, severe shoulder pain 

May have other, distant sites with symptoms of 
infection 

Diabetes mellitus 

History of immunosuppression (e.g., transplant, 
chemotherapy, HIV) 

Limited range of motion due to severe pain 

Systemic signs of sepsis (elevated temperature, 
chills, hypotension, tachycardia) 

If AC joint, will usually have effusion, tenderness 
and may have overlying erythema. 

If subacromial, may have erythema and swelling. 

If glenohumeral joint, often no findings other than 
limited shoulder range of motion and pain. 

Tumor Pain at rest 

History of smoking or other risk factor 

History of any cancer present or prior (especially 
lung) 

History of immunosuppression (transplant, 
chemotherapy, HIV) 

Palpable mass 

Tumor vessels 

Distant findings of cancer 

Compression neuropathy (see Neurologic 
compromise, below) 

Progressive or 
acute 
neurologic 
compromise 

Progressive or acute decreased sensation and 
weakness 

History of neurologic disease 

History of diabetes mellitus  

Degenerative disk disease or disk herniation with 
cervical root impingement(s) or spinal stenosis 

History of trauma 

Decreased upper-extremity sensation, strength, 
and/or reflexes with peripheral neuropathy. 
Possibly pain.  

Myotomal and dermatomal deficits and reduced 
reflexes if nerve root(s) involvement 

Progressive 
vascular 
compromise 

Generally unrelenting painful and cold extremity 

History of vascular disease  

History of diabetes mellitus 

History of atherosclerosis (or usually multiple 
cardiovascular disease risk factors) 

History of syphilis 

History of dislocation, fracture, etc. 

History of high-impact collision 

Decreased pulses in the upper extremities 

Cold, pulseless extremity 

Pain-free full shoulder range of motion 

Differential blood pressure in upper extremities 

Bruit (e.g., with thoracic aortic aneurysm) 
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Disorder Medical History Physical Examination 

Cardiac 
condition 

History of angina or coronary disease 

History of cardiac risk factors (smoking, high 
cholesterol, high blood pressure, obesity) 

Family history of heart disease, especially under age 
55 in affected relatives 

S3 or S4 heart sounds 

Dysrhythmia 

Cold, clammy skin 

Mood appears apprehensive 

Hypotension 

Pain-free full shoulder range of motion 

Subdiaphragma
tic conditions 

History of subdiaphragmatic condition (gallbladder, 
pancreatic or liver disorder, perihepatic, pelvic 
inflammatory disease, or cervicitis) 

Perforated viscus 

Tender right upper quadrant 

Palpable mass in right upper quadrant 

Evidence of pelvic infection 

Evidence of perforated viscus, free abdominal air 

Diagnostic Criteria 
The cause of patient’s shoulder complaints should be determined as accurately as clinically possible at 
the time the patient presents. Some imaging may be appropriate acutely – e.g., x-ray in trauma cases. 
(Consensus recommendations for imaging can be found on the American College of Radiology 
Appropriateness Criteria web site at 
www.acr.org/secondarymainmenucategories/quality_safety/app_criteria.aspx.) If red flags are present 
(see above), enact or arrange definitive care or treatment. (Brox 03; Linsell 06) If no red flags for serious 
conditions are present, then develop a plan of care. As many patients will have significant and sufficient 
improvement in the first weeks, only some will need additional examination and imaging to confirm or 
refine the diagnosis, prognosis, and surgery or further treatment or MRI showing a labral or rotator cuff 
tear. The criteria presented in Table 3 follow the clinical thought process for non-red flag conditions, from 
the mechanism of illness or injury to unique symptoms and signs of a particular disorder, and to test 
results, if any tests are needed to guide treatment at this stage. 
 

Table 3. Diagnostic Criteria for Non-red Flag Shoulder Disorders 
Probable Diagnosis 

or Injury 
Mechanism Unique Symptoms Unique Signs Tests and Results 

Nonspecific shoulder 
pain 

No known specific 
mechanism. 

No unique 
symptoms. Pain in 
shoulder 
musculature. 

None None indicated for 
most acute 
presentations. 

All with persistent 
symptoms should 
have plain 
radiographs to rule 
out occult tumor. 

https://www.acr.org/secondarymainmenucategories/quality_safety/app_criteria.aspx
https://www.acr.org/secondarymainmenucategories/quality_safety/app_criteria.aspx
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Probable Diagnosis 
or Injury 

Mechanism Unique Symptoms Unique Signs Tests and Results 

Impingement/Rotator 
Cuff Tendinopathy; 
rotator cuff 
tendinosis, including 
partial thickness 
tears 

Generally gradual onset of 
shoulder pain. May have 
more acute presentation. 
Pain becomes symptomatic 
or increases with overhead 
use. 

No unique symptom. 

Non-radiating pain in 
shoulder and/or 
deltoid area. 

Night pain in 
shoulder joint. 

Negative Neer and 
Hawkins 
impingement sign 
are helpful to rule 
out/screen. 
Many non-specific 
signs, such as 
Neer’s and Hawkins’ 
impingement signs 
and painful arc may 
be positive.  

Initial imaging 
should be plain 
radiographs to 
evaluate for 
glenohumeral 
arthritis, 
degenerative 
changes associated 
with rotator cuff 
pathology, calcific 
tendinitis, 
degenerative 
acromial changes 
(type II or III). MRI 
with chronic rotator 
cuff degenerative 
changes. 

Many patients with 
rotator cuff 
disorders can have 
normal or non-
specific MRI 
findings. 

Calcific tendinitis Degeneration 

Chronic pain: some present 
with acute onset of severe 
atraumatic pain.  

Location of pain and 
physical exam findings 
relate to the location of the 
calcific lesion. Most 
commonly in supraspinatus 
tendon but can also present 
in subscapularis, 
infraspinatus and teres 
minor, much less commonly 
in biceps long head. 

Chronic non-severe 
pain: no unique 
symptom. Onset 
similar to rotator cuff 
syndromes. 

Acute severe pain: 
severe onset of 
atraumatic shoulder 
pain 

When calcific lesion 
is in supraspinatus, 
patients often have 
pain with abduction 
and limitation of 
motion, but not with 
scapular plain 
elevation (atypical 
presentation for 
rotator cuff 
syndrome). 
Subscapularis lesion 
more likely to have 
pain anteriorly. 

Plain radiographs 
able to identify 
calcium in tendon. 

Chronic pain: 
calcium in tendon(s) 

Acute severe pain: 
often large well-
defined lesions 
although some have 
more diffuse 
calcification that 
probably represents 
rupture of the 
lesion. 

Occasionally, 
patients with rotator 
cuff syndromes 
have small 
incidental 
calcifications in the 
mid-substance or 
near the cuff 
insertion. 

Subacromial Bursitis No different than 
impingement and rotator cuff 
syndromes. Possibly due to 
forceful or unaccustomed 
use. Commonly occurs in 
conjunction with 
degenerative rotator cuff 
tendinopathies. Rheumatoid 
arthritis, other systemic 
rheumatological disorders. 

No unique 
symptoms. Night 
pain thought to be 
more common with 
this disorder. 

No unique sign. 
Tenderness over 
subacromial bursa. 
See also above 
regarding rotator cuff 
tendinopathy. 

Same as other 
rotator cuff 
syndromes. None 
usually indicated. 
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Probable Diagnosis 
or Injury 

Mechanism Unique Symptoms Unique Signs Tests and Results 

Rotator cuff tear, 
acute and chronic 

Degenerative condition with 
superimposed forceful use. 
May occur without any 
inciting event. 

Inciting events include 
heavy lifting, sudden pull, 
fall on outstretched arm. 

Symptom 
presentation is 
dependent on many 
factors including 
speed of tear 
(acuity) and size 
along with 
compensatory 
mechanisms. Acute 
moderate to large 
tears: marked 
decreased ability to 
abduct arm and 
moderately painful, 
non-radiating 
shoulder pain. 
Symptoms may be 
less pronounced or 
absent. 

  

To support 
diagnosis, weakness 
of shoulder in 
“thumbs down” 
abduction (Empty 
can test), weak 
external rotation, lag 
sign, and lift-off test 
may be helpful, but 
specificity is 
questionable. May 
have normal or near 
normal strength. 
Positive drop-arm 
test is most specific 
examination finding 
for large tears. 

MRI positive for 
acute tears in 
younger workers. 

Arthrography 
positive for full 
thickness tears (if 
MRI or CT 
arthrography 
unavailable). 

MRI may show 
partial-thickness 
tears. 

Ultrasound exam  

Labral tear  Direct trauma laterally to 
shoulder. 

Fall on outstretched hand. 

Dislocation. 

Throwing motions. 

May occur without specific 
injury. 

Mechanical 
symptoms, painful 
catching sensation. 

Usually also have 
nonspecific, non-
radiating shoulder 
joint pain. 

Pain with 
movement.  
Labral tear 
presentation can 
depend on kind of 
tear: SLAP tear, tear 
of other parts of 
labrum without 
instability, labral tear 
with instability. 

Anterior slide test is 
reportedly 78.4% 
sensitive and 91.5% 
specific. (Kibler 95) 

Sensitivity of 
O’Brien’s test 90%, 
Mayo shear 
(Dynamic Labral 
Shear test) 80% and 
Jobe’s relocation test 
76% when compared 
with arthroscopy. 
(Pandya 08; Ben Kibler 
09) 

MRI, MR 
arthrography. Often 
accompanied by 
other shoulder 
pathology. 

Shoulder instability Trauma  

Acquired non-traumatic 

Congenital anatomic 
problem or laxity 

Slipping 

Popping 

Feeling of instability 

“Dead arm” 
syndrome 

Positive 
apprehension test, 
relocation and 
anterior release test 
for anterior stability. 
 

Positive sulcus test 
with multidirectional 
instability (MDI) 

Plain radiographs to 
demonstrate glenoid 
rim fracture or Hill-
Sachs lesion. 

CT arthrogram 
evaluates bone 
lesions and labral 
pathology. 

MRI/MR 
arthrogram. 

Recurrent dislocation 
(nonacute) 

Previous dislocation from 
any cause. May recur due to 
a fall or direct impact or 
without significant event. 

Recurrent 
dislocation. 

Fear of dislocation 
when shoulder is 
abducted in external 
rotation. 

Positive 
apprehension test, 
relocation, and 
anterior release test 
with anterior 
instability 

Radiographic films 
(including lateral 
axillary) positive for 
dislocation if 
humerus has not 
spontaneously 
reduced. 

AC joint sprain Fall on top of shoulder. Pain over AC joint. Tender over AC joint. 
May have swelling of 
joint, but not 
deformity as with AC 
separation. 

Consider 
radiographic films to 
rule out fracture.  
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Probable Diagnosis 
or Injury 

Mechanism Unique Symptoms Unique Signs Tests and Results 

AC joint separation Fall on top of shoulder. 

Object falling from above 
onto shoulder. 

Severe pain over AC 
joint. 

Deformity over AC 
joint (i.e., high-riding 
distal clavicle) 

Plain radiographs 
with separation 
(>5mm). 

Osteonecrosis Multifactorial. Occupational 
factors include 
compression/decompression 
(dysbarism). Non-
occupational factors include 
glucocorticoids, alcohol, 
diabetes, and smoking. 

Progressive, non-
radiating pain in 
head of humerus. 
Pain tends to be at 
rest as well as with 
use. 

May have pain with 
use of movement, 
but exam may also 
be relatively normal. 
If bony collapse, 
marked pain with 
movement. 

Plain radiographs. 
MRI usually used 
and shows 
diagnostic findings. 

Adhesive capsulitis Idiopathic 

Failed treatment or inactivity 

Diabetes mellitus 

Hypothyroidism  

Limited range of 
motion. Pain end 
range of all motions. 
May have night pain 
in shoulder joint. 

Limited passive 
range of motion in 3 
or more directions, 
as well as active 
ranges of motion. 

Plain radiographs to 
rule out 
glenohumeral 
arthritis, calcific 
tendinitis. MRI if 
indication of red flag 
(infection, tumor) or 
if initial non-
operative treatment 
fails. 

 

Work-Relatedness  
A thorough work history is important to establish work-relatedness (see General Approach to 
Initial Assessment and Documentation Guidelines for components of work history). Acute 
occupational shoulder injuries are related to a specific acute traumatic event – the location of the 
event determines work-relatedness and is non-controversial if the effects are immediate and 
visible. Most jurisdictions also request an expert opinion as to whether a disease or disorder 
should be considered work-related for the purpose of workers’ compensation. The physician’s role 
is to supply opinion based on medical evidence. The “medical/scientific” answer and the “legal” 
answer as determined by regulations and case law precedents in a particular jurisdiction (workers’ 
compensation system) are different physicians have an ethical responsibility not to simply 
advocate for their patients. (AMA Council Ethical Judicial Aff 02) Despite the fact that most physicians 
should not be expected to know details of the law in the jurisdiction in which they render an 
opinion, they should know most shoulder disorders involve underlying chronic disease conditions 
and work-relatedness is often unclear. 
 

Most epidemiological studies of shoulder disorders are retrospective and either include body 
regions beyond the shoulder such as the interscapular region, (Harkness 03; Andersen 93a, 03, Bernard 

94; Burdorf 91; Burt 90; Chiang 93; Flodmark 92; Hales 89; Hoekstra 94; Hughes 97; Ignatius 93; Jonsson 88; Kiken 90; Kilbom 
86; Kvarnstrom 83; Magnusson 96; Milerad 90; Ohara 76; Ohlsson 89; Onishi 76; Ostergren 05; Picavet 03; Punnett 85; 

Rossignol 87; Sakakibara 87, 95; Schibye 95; Partridge 68; Ekberg 95; Sweeney 94; Wells 83) combine shoulder pain 
with neck pain, (Aaras 94; Alipour 09; Andersen 93a,b, 03; Bergqvist 95a,b; Bjelle 81; Blader 91; Brandt 04; Ekberg 94, 95; 

Eltayeb 09; Feveile 02; Fredriksson 2000; Ghaffari 06; Grooten 07; Hagberg 87; Holmstrom 92a,b; Hooftman 09; Hunting 81; 
Jonsson 88; Kaergaard 00; Kilbom 86, 87; Lapointe 09; Linton 89; Luime 04; Milerad 90; Nyman 09; Ohara 76; Ohlsson 95; 

Punnett 91; Rossignol 87; Ryan 88; Tola 88; Tornqvist 09; van den Heuvel 06; Vihma 82; Viikari-Juntura 91) rely solely on 
subjective data (such as questionnaires for disease and/or exposure data), and fail to measure 
job physical factors. (Bernard NIOSH 97; Kuorinka 95; Welch 95; Kamwendo 91; Punnett 85; Trinkoff 02; Roquelaure 02; 

Frost 99) This produces considerable uncertainty in these data; statements referable to or actions 
resulting from these studies should reflect the weakness of the evidence. For most disorders, 
there is insufficient evidence to conclude causal occupational associations. 
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No quality ergonomic assessment tools have been developed or validated to establish work-
relatedness. For the distal upper extremity, the Strain Index (Moore 95) appears to be the most 
reliable tool. It has been reported to have some predictive power for shoulder disorders (Hegmann 

06) despite including some components such as hand/wrist posture that are presumably 
irrelevant. Force is believed to be the major risk for shoulder disorders, (Silverstein 08; Garg 02, 05, 06) 
which may provide some basis for ergonomic assessments of jobs. The lack of quality 
ergonomic-epidemiological studies combined with the lack of quality ergonomic job assessment 
tools is markedly limiting for purposes of both prevention of disorders as well as assessments of 
work-relatedness of individual cases. 

Rotator Cuff-related Disorders (including tendinoses, partial- and full-thickness tears, 
impingement syndrome and subacromial bursitis) 
Risk factors for rotator-cuff related disorders are not well defined. There are no large 
prospective cohort studies that include physical examinations and detailed job physical 
exposure measurements to compare, contrast, or quantify purported job physical factor risks. 
There also are no quality studies of bursitis and few of impingement syndrome. In the absence 
of other evidence or disorders (e.g., rheumatoid arthritis), it is suggested the following 
discussion of shoulder tendinoses applies to those conditions. 
 

Shoulder tendinitis was found to be elevated in a cross-sectional study of shipyard welders 
(Herberts 81) and another study of shipyard plate workers. (Herberts 84) However, both studies were 
limited by retrospective methods without adjustments for potential confounders. EMG evidence 
of supraspinatus fatigue was found with overhead shipyard welding. (Herberts 76) A small case-
control study of shoulder tendinitis cases found elevated risks among those with hand use at or 
above the shoulder. (Bjelle 79) Another case-control study which measured job physical factors 
found elevated risks among those with frequent activity and abduction or forward flexion more 
than 60º (Bjelle 81); another found force to be associated with increased risk. (Roquelaure 02) A 
moderately large cross-sectional study reported 5-fold increased risks for a composite of 
multiple shoulder disorders (rotator cuff tendinosis, frozen shoulder, acromioclavicular and 
glenohumeral degenerative joint disease) among those with using high force or high repetition. 
(Silverstein 85) Other cross-sectional studies found elevated risks of rotator cuff syndrome among 
sewing machine operators, (Andersen AmJIndMed 93b) grocery checkers, (Baron 91) and fish processing 
workers. (Ohlsson 94) A population-based registry study of fishery workers found elevated risks for 
rotator cuff syndrome. (Kaerlev 08) A cross sectional study from a retrospective cohort found 
elevated risks of shoulder impingement syndrome among meat processing workers. (Frost 99) 
Another large cross sectional study that included ergonomic assessments found high force and 
repetition to be associated factors of up to 3- to 4-fold magnitudes. (Frost 02) Workers with higher 
force requirements appear to have increased risk of shoulder tendinosis and rotator cuff tears 
when identified in large administrative databases. (Silverstein 02; Zakaria 04) 

 
One prospective cohort study suggested high-hand force was associated with an increased risk 
of rotator cuff tendinosis. (Silverstein 06, 08, 09) However, not all data support that supposition. 
(Miranda 05; Yamamoto 09) High force and high repetition, and repetition alone (Descatha 09) are 
reported risk factors. (Melchior 06; Roquelaure 06) Other data suggest working with the hands above 
the shoulder is a risk factor (Miranda 05) and another suggested long duration of shoulder flexion. 
(Silverstein 08) However, these results are not consistent among studies. Other studies have not 
found elevated risks of shoulder tendinitis, including one of assembly line packers (Luopajarvi 79) 
and others of manufacturing workers, (McCormack 90) sewing machine workers, (McCormack 90) heavy 
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work, (Bergenudd 88) bricklayers, (Stenlund 93) rockblasters, (Stenlund 93) and data entry workers.iv 
(Kukkonen 83) A prospective cohort study to evaluate risks of shoulder postures found large within-
group variance in exposures and an inability to detect postural risks for shoulder disorders. 
(Fallentin 01) Unaccustomed use is believed to be a risk factor, particularly involving forceful use 
that the individual does not normally perform. 
 

Psychosocial factors have been associated with the presentation of rotator cuff tendinitis, 
including self perception of poor health. (Kaergaard 00; van Eijsden-Besseling 10; Macfarlane 08) However, 
most studies of psychosocial factors evaluated combined neck-shoulder disorders or shoulder 
girdle pain. These studies found risks that included stress, (Kaergaard 00; Bernard 94) job demand, 
(Johansson 94; Cassou 02; Andersen 03; Eltayeb 09; ven den Heuvel Pain 05) high distress,(Andersen 03; Manninen 97) 
high psychological demand, (Leroyer 06; Roquelaure 09) low job control, (Cassou 02; Andersen 03; Skov 96; 

Silverstein 08) job strain, (Grooten 07; Tornqvist 09; Östergren 05) low social support, (Kaergaard 00; Andersen 03; 

Harkness 04) job dissatisfaction, (Andersen 07; Harkness 04) depressive symptoms, (Mäntyselkä 10) low job 
security, (Silverstein 08; Cassou 02) smoking, (Kane 06; Kaergaard 00) living alone with children, (Kaergaard 00) 

low socioeconomic status, (van Eijsden-Besseling 10), and work organizational issues. (Myers 02) Risks of 
disability were higher among foreign-born workers and women in a Swedish population-based 
prospective cohort study. (Borg 01) Reduction in risk of shoulder and neck pain has been reported 
with regular leisure time physical activity. (van den Heuvel 05) However, another study suggested 
inconclusive evidence of the relationship between physical capacity and risk of shoulder pain. 
(Hamberg-van Reenen 07) A Finnish study reported increased risk of early retirement particularly 
among those with both heavy physical work combined with low cardiorespiratory fitness. 
(Karpansalo 02) 
 

Non-occupational risks for rotator cuff-related disorders: Rotator cuff disorders are not 
characterized by frank inflammation; however, inflammatory mediators may be present in rotator 
cuff tear, tendinitis and impingement patients. These include increased: interleukin-1, (Sakai 01; 

Gotoh 01; Voloshin 05) interleukin-6, (Voloshin 05) tumor necrosis factor-alpha, (Voloshin 05; Sakai 01) basic 
fibroblast growth factor, (Sakai 01) transforming growth factor, (Sakai 01) metalloproteinases, (Voloshin 

05) CD2-positive T-lymphocytes, (Santavirta 92) tenascin-C, (Hyvönen 03) substance P (Gotoh 98) and 
vascular endothelial growth factor. (Yanagisawa 01) It is unknown whether these factors precede or 
are a consequence of the disease processes. Associations have been found between severity 
of musculoskeletal disorders (MSDs) and inflammatory mediators. (Carp 07) 
 

Some factors increase risk for shoulder pain, rotator cuff related disease, and atherosclerosis, 
(Wendelboe 04; Viikari-Juntura 08) including obesity (Morken 00; Silverstein 08; Miranda 01; Luime 04; Wendelboe 04; 

Roquelaure 09) smoking, (Skov 96; Morken 00; Stenlund 93; Kane 06; Kaergaard 00; Baumgarten 10; Leino-Arjas 98), 
hypercholesterolemia (Abboud 10), and diabetes mellitus. (Miranda 05; Roquelaure 09; Cole 09) These 
factors may be reduced with active exercise. (Miranda 01) Genetic factors are also reported risks 
(Nyman 09; Tashjian 09). 
 

The prevalence of full-thickness rotator cuff tears in asymptomatic individuals over age 50 is 
reported to be 6 to 51%. (Worland 03; Sher 95; Yamamoto 10) In cadavers, 23.1% had partial or full-
thickness tears. (Reilly 06) Age is a major risk factor for tendinitis and full and partial-thickness 
rotator cuff tears. (Worland 2003; Sher 95; Tempelhof 99; Schibany 04; Sakurai 98; Yamamoto 09, 10; Linsell 06; Cassou 02; 

Roquelaure 06; Clayton 08; Yamaguchi 06; Miranda 05; Silverstein 08; Wilson 43; Moosmayer 09; Neer 72; Milgrom 95; Miniaci 95; Reilly 06; 

 
iv Many of the epidemiological studies are sufficiently old that the work tasks likely are no longer performed or are 
substantially different today. Regardless, these studies are included to provide the references of the exposures, not the 
job tasks per se. 
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Codman 34; Keyes 35; Cotton 64) Risk is greater on the dominant side, (Yamamoto 09, 10; Silverstein 08) although 
that is not a universal finding (Milgrom 95). 

 

FIGURE 1. PREVALENCE OF ROTATOR CUFF ABNORMALITIES ON MRI BY AGE 

 
 

Adapted from Needell S, Zlatkin M, Sher J, Murphy B, Uribe J. MR imaging of the rotator cuff: peritendinous and bone 
abnormalities in an asymptomatic population. Am J Roentgenol. 1996;166(4):863-7. 

 
Tears of the supraspinatus tendon have been associated with tears of the remaining rotator cuff 
tendons, including the subscapularis, (Sakurai 98) as well as bicipital tendon tears. (Beall 03) The 
prevalence of Type II and III acromions rises with age and is associated with rotator cuff 
pathology and tears in asymptomatic (Worland 03; Zuckerman 94) and symptomatic patients. (Gill 02) 
Over age 70, the prevalence of Type II and III acromions is 80 to 93%. (Worland 03; Milgrom 95) 

Evidence also suggests a relatively weak association between cuff tears and acromial types. 
The reliability of classifying acromial type is poor, although large spurs have been associated 
with a higher risk of tear. (Ogawa 05) 

 

Degenerative processes tend to occur in both shoulders. (Yamaguchi 06) Risk factors reported for 
degenerative processes include heredity, (Tashjian 09) ankylosing spondylitis, (Lambert 04) 
rheumatoid arthritis, crystal diseases (gout, pseudogout, hydroxyapatite), trauma, (Yamamoto 09) 
and sports activities. (Stenlund 93) 

Acromioclavicular (AC) Sprain, Separation and Dislocation 
AC joint sprains and separations are mostly reported in sports from blows to the shoulder or falls 
(Stuart 95; Dohjima 01; Webb 92; Nordqvist 95); predominately among young males in the second and third 
decades of life. (Clayton 08) Some AC injuries may occur as a result of occupational injuries 
including falls. Shoulder separation should be visible, or at least documentable, by radiographic 
study. 

Acromioclavicular (AC) and Glenohumeral Arthrosis 
The shoulder is sometimes clinically affected by arthrosis. (Petersson 83) In symmetrical cases, an 
occupational basis is difficult to identify. There are no consistent findings of one job type or class 
to be associated with shoulder arthroses involving either joint. There is also an unfortunate 
propensity towards osteoarthrosis to develop in other joints in the body once an individual has 
already developed symmetrical arthrosis in another body region, likely signifying genetic or other 
systemic predispositions (systemic osteoarthrosis). Age is a clear osteoarthrosis risk. (Bonsell 00) 
All joints are susceptible to involvement with systemic rheumatological conditions, including 
rheumatoid arthritis. (Lehtinen 99) These joints are also affected by crystal arthropathies including 
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gout and pseudogout. Obesity may act through a systemic mechanism. (Felson 00, 88; Oliveria 99; 

Acheson 75) Anatomic evidence of AC joint arthrosis is common with an estimated prevalence of 
29% of cadavers that included apparent age-related effects (Bonsell 00) as well as more AC 
arthrosis on the right side. (Mahakkanukrauh 03) Elevated risks of acromioclavicular arthrosis have 
been reported in fish-processing workers, (Ohlsson 94) bricklayers, (Stenlund 92) and those active in 
sports. (Stenlund 93) Glenohumeral arthroses are much less investigated for work-relatedness, 
although some cases likely occur after work-related fractures and are thus occupational.  

Adhesive Capsulitis 
Most cases of adhesive capsulitis are idiopathic. Although some persons may claim to develop 
pain or limited mobility after a minor injury, and subsequently be assigned a diagnosis of 
adhesive capsulitis, there are currently no quality studies demonstrating cause and effect. 
Adhesive capsulitis may occur due to systemic risk factors. Some patients develop adhesive 
capsulitis based on systemic risks such as diabetes mellitus and hypothyroidism. (Balci 99; Arkkila 

96) Shoulder contracture after surgery may present similarly to adhesive capsulitis. 

Fractures 
All shoulder fractures, except for pathologic fractures, are the result of trauma. Fractures can 
occur due to sporting or occupational accidents. Fractures in younger adults are more likely to 
involve higher energy trauma than those in the elderly, potentially due to osteoporotic changes 
with aging. Falls are the most common cause of shoulder fractures among the elderly. (Lind 89)  

Glenohumeral Dislocation, Instability 
A first-time occurrence of dislocation in the context of a discrete violently-traumatic event is 
work-related. In individuals with a prior history of dislocation, there is an increased risk of re-
dislocation and/or instability. Redislocation in the absence of a significant work accident or event 
is non-occupational. There are less clear cases in which there is prior instability but an 
occupational event that sometimes results in the cases being considered work-related, 
depending on the magnitude of the event. Multiple studies show that recurrence of shoulder 
dislocation is common in multiple population and clinical studies, (Hovelius 08; Griffith 08; Owens 07; 

Headey 07; Cho 06; Vermeiren 93) with some studies of shoulder dislocation showing the majority of 
persons who experienced shoulder dislocation had recurrence, (Headey 07; Vermeiren 93; Myers 04; 

Moreau 01) with re-dislocation rates up to 62% (Myers 04) and 68%, (Moreau 01) depending on the 
population. Overall, the earlier (younger) the initial dislocation, the likelier re-dislocation. (Hovelius 

08) Depending upon the age of the patient, glenohumeral dislocation can cause substantial 
rotator cuff injury. Proprioceptive (position-sense) deficits might contribute to shoulder instability 
and injury. (Myers 04; Shibata 04; Moreau 01) It is unknown whether proprioceptive deficits precede and 
dispose to injury or result from injury.  

Labral Tears 
There are no quality epidemiological studies of causes of labral tears or the reasons labral tears 
become symptomatic. Labral tears frequently accompany glenohumeral dislocation (dislocated 
shoulder). Aging may be a risk factor. (DePalma 49)  

Trigger Points/Myofascial Pain/Muscle Tension Syndromes 
No quality epidemiological studies demonstrate a work relationship for myofascial pain and 
trigger points. There is epidemiological evidence that certain cases of muscle tension syndrome 
may be occupational and that this disorder may be related to myofascial pain. (Kuorinka 79; Knave 85; 
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Rossignol 87; Viikari-Juntura 83; Yu 96; Milerad 90; Onishi 76; Kaergaard 00) However, the quality of studies 
reported has been suboptimal. True risk factors are not well defined. (Rudolph 97) Myofascial pain is 
often determined to be work-related when the pain arises in a body part subject to a clear 
occupational injury or when there is an inciting event without prior history, the pain and signs are 
limited to one body region, and are not bilateral or disseminated. Myofascial pain syndrome has 
been reported to be related to years of sewing with higher prevalence in those inexperienced 
and those with long years on the job, i.e., a U-shaped relationship. (Kaergaard 00) Stress has also 
been associated with myofascial pain syndrome. (Kaergaard 00) Fibromyalgia is a non-occupational 
condition and is reviewed in the  Chronic Pain Guidelines (see Appendix 1. Thoracic Outlet 
Compression Syndrome (TOS)). 

Thoracic Outlet Syndrome 
There are no quality studies that address thoracic outlet syndrome. Thus, work-relatedness is 
unknown and cases without an identifiable cause of compression are controversial. (Sheth 01; 

Wilbourn 90) Some cases occur due to neurovascular compression, including cervical ribs, and 
thus are congenital. Others occur due to sequelae of trauma (e.g., scar tissue) or secondary to 
another shoulder disorder. Many occur without a clear provoking cause, although some patients 
report worse symptoms at work. (Wilbourn 90; Watson 09) However, reported worsening with activities 
or at work does not show a cause-and-effect relationship. 

Nonspecific Shoulder Pain 
There are no quality studies documenting that non-specific shoulder pain is or is not an 
occupational condition. Non-specific pain has been associated with keyboarding. (Yu 96) In non-
specific shoulder pain, psychosocial issues including depression and stress are more prevalent. 
(Miranda 05) There is evidence that non-specific shoulder pain is also commonly related to sports, 
particularly swimming. (McMaster 93; Rupp 95; Richardson 80; Penny 80; Kennedy 78; Bak 97; Stocker 95) 

Ergonomic Interventions for Shoulder Disorders with an Occupational Basis 
In order to facilitate recovery and prevent recurrence of shoulder disorders, the physician may 
recommend work and activity modifications or ergonomic redesign of the workplace. (Keogh 00) The 
employer’s role in accommodating activity limitations and preventing further problems through 
ergonomic changes is believed to be crucial in hastening the employee’s return to full activity. It 
may be desirable to conduct an ergonomic analysis of the activities that may be contributing to 
the symptoms. There are no quality validated ergonomic surveys or instruments available at this 
time for evaluating shoulder exposures. (Garg 02, 05, 06; Cann 08; Stephens 06; Rucker 02) Evaluations of force 
(weights of parts and tools lifted, moment arms, torque), duration of exertion, and shoulder 
posture (forward flexion, abduction, horizontal reach) should be assessed. (Garg 02, 05, 06; Hughes 96) 
Psychological factors such as organizational relationships and job satisfaction should also be 
assessed. Modifications of activity, workstation redesign, or organizational and management 
changes may be considered. Consultation with a certified ergonomist, occupational or physical 
therapist, human factors engineer, or occupational medicine physician is suggested. 
 

1. Recommendation: Ergonomic Interventions for Shoulder Disorders, Particularly Rotator Cuff 
Tendinopathies 
Ergonomic interventions are recommended in settings with combinations of risk 
factors (e.g., high force combined with forward flexion and/or abduction and high 
repetition) to reduce risk factors for rotator cuff tendinopathies. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
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2. Recommendation: Typing Posture for Prevention and Treatment of Shoulder Disorders 
Mandating the traditional sitting posture at a keyboard or desk with elbows, hips, and 

knees at 90 of flexion is not recommended for prevention or treatment of 
shoulder/neck disorders. 

 

Strength of Evidence – Not Recommended, Evidence (C) – Prevention 
Not Recommended, Insufficient Evidence (I) – Treatment 

 
 

3. Recommendation: Keyboarding Breaks for Patients with Shoulder Disorders and for Primary 
Prevention 
Keyboarding and computer (mousing) breaks are recommended for primary 
prevention and for patients with symptoms of shoulder disorders. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Forearm Support for Typing to Prevent Neck/Shoulder Symptoms 
Forearm support for frequent computer keyboard users is recommended for potential 
prevention of neck and/or shoulder symptoms. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

5. Recommendation: Ergonomics Training in Moderate- or High-risk Manufacturing Settings 
Ergonomics training is recommended in moderate- or high-risk manufacturing 
settings. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

6. Recommendation: Ergonomics Training for Prevention of Musculoskeletal Disorders (MSDs) 
in Office Settings 
There is no recommendation for or against the use of ergonomics training for the 
prevention of MSDs in office settings. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Quality studies of ergonomics interventions have been reported only for office settings. (Verhagen 

06; Rempel 99, Rempel 06; Gerr 05; Tittiranonda 99) Nevertheless, in jobs with high ergonomic factors, 

particularly combined high force, shoulder postures between 90 and 120 of forward flexion or 
abduction and high-repetition, interventions are recommended to reduce exposures (Garg 02, 05, 

06; Herbert 00)  
 

Quality evidence has reported no beneficial effects of the 90 typing posture (seated erect; feet 

on floor; knees, hips, and elbow joints all at 90 angles), instead it has the same injury rates as a 
laid-back posture when examining distal upper extremity disorders of neck/shoulder symptoms. 
(Gerr 05) Quality evidence suggests reductions in neck/shoulder symptoms might be realized 
through utilization of a forearm support. (Rempel 06) 
 

Breaks from computer typing have been addressed in a low-quality study that reported reductions in 
symptoms, but no additional benefit from utilizing exercise during breaks. (van den Heuvel 03) Various types 
of breaks have been utilized including stretching breaks and exercise programs. (Lee 92; Galinsky 00, 07; 

Carter 94; Silverstein 88; Feuerstein 04; Fenety 02; Balci 04; Henning 97) Quality evidence supporting the efficacy of 
breaks is weak, especially for symptomatic patients. (Galinsky 00, 07; van den Heuvel 03) One low-quality 
randomized study among an apparently asymptomatic population of temporary data-entry workers 
suggested fewer symptoms among those taking breaks; however, compliance was low (ranging from 25 
to 39%). Breaks are not invasive, have no substantial adverse effects, are low cost, and do not appear to 
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impair productivity. (Henning 97; Galinsky 00; Balci 03, 04; McLean 01; van den Heuvel 03; Floru 87; Sauter 92; Kopardekar 

94) Widespread use of these programs has not been reported in quality studies; however, with no 
apparent significant cost impacts and studies suggesting potential benefits, breaks are recommended for 
both primary prevention and treatment of symptomatic patients. 
 

While quality evidence is lacking regarding the use of ergonomics training, it is thought to be 
beneficial in high-risk settings. One study suggested that training is inferior to a combination of 
other interventions in an office setting (Rempel 06) and another found benefits for the neck, but not 
distal upper extremity. (Ketola 02) An RCT comparing wrist splinting with ergonomic education 
found splinting superior. (Werner Arch Phys Med Rehabil 05) If there is a benefit of ergonomic training, it 
may be modest. Training should consist of quality information. 

Return-to-Work Programs 
Return-to-work programs have not been well studied among patients with shoulder disorders 
(see Chronic Pain Guidelines). Generally, these programs include gradual increase in shoulder 
use, especially focusing on strength, repetition, and endurance. Several studies suggest that job 
physical demands, lack of job accommodation, and psychosocial conditions are the most 
important factors in predicting work disability. (Turner 07; Bonzani 97; Gimeno 05) 
 

1. Recommendation: Return-to-work Programs for Treatment of Subacute or Chronic Shoulder 
Disorders 
Return-to-work programs are recommended for treatment of subacute or chronic 
shoulder disorders, particularly in patients with significant lost time. 
 

Indications – Patients with subacute or chronic shoulder disorders who have completed acute 
treatment. Generally should have attempted at least 1 trial of return to work that was 
unsuccessful. May also have trialed a second, more graded return to work, both of which 
were unsuccessful. (Acute pain patients generally resolve and do not require a formal return 
to work program). 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality studies that review the types of return-to work programs typically found in 
the U.S. There is one quality study from Spain; (Abasolo 07) however, the patients had spine 
disorders and the program otherwise may have limited applicability due to longstanding, early 
active management of these issues in the U.S. Thus, this study has limited if any applicability to 
the U.S. These programs are thought to reduce morbidity and improve function. They are not 
invasive, have minimal potential for adverse effects, and are not costly. Return-to-work 
programs are recommended for management of select patients with shoulder disorders with lost 
time, and may be helpful for proactive emphases on functional recovery. 

Work Activities  
Work-activity modifications are often necessary during the treatment course for patients with 
acute and chronic shoulder pain, regardless of cause. Advice on how to avoid exacerbating 
activities that at least temporarily increase pain includes a review of work duties to decide 
whether or not modifications can be accomplished without employer notification and to 
determine whether modified duty is appropriate and available. Continuing activity helps prevent 
weakness atrophy and mobility loss. Slings generally should be avoided. For cases with 
moderately severe to severe pain, it may be reasonable to rest the shoulder by using a sling for 
no more than a few days. Gentle ROM exercises (e.g., pendulum) should be performed at least 



Copyright ©2020 Reed Group, Ltd.  Page | 35 
 

twice daily, even when a sling is provided. Patients should avoid work activities that precipitate 
or significantly increase symptoms during the acute phase of treatment, but should continue 
general activities and motion. Every attempt should be made to maintain patients at the maximal 
levels of activity, including work, hobbies, and sports activities as it is in patients’ best interest. 
(Arnetz 03) Poorer prognosis with longer persistence of pain has been associated with slower onset 
of pain, higher pain severity at presentation, and longer duration of symptoms. (Kuijpers 06; Descatha 

09) 

The first step in determining whether work-activity modifications are required usually involves a 
discussion with the patient regarding whether he or she has control over his or her job tasks, the 
nature of those tasks, and the overall job physical demands. (Lotters 06) In such cases where the 
worker can make modifications, e.g., receive assistance to lift a box or reduce reaching, there 
may be no requirement to write any restrictions even if strength, ROM, or pain are limiting. In 
some situations, it may be advisable to confirm this report with the patient’s supervisor to signal 
that the person is under treatment. In some cases, specified limitations may be a better 
treatment strategy. Assessment of work activities and potential for modifications may also be 
facilitated by a worksite visit and analysis by a health care provider with appropriate training 
(e.g., typically a physician, occupational therapist, physical therapist, or some ergonomists). 
Despite their limitations, ergonomic guidelines should be considered when assigning activity 
limitations. 
 

Work limitations should be tailored by taking into account the following factors: 1) job physical 
requirements; 2) the safety of the tasks in consideration of the diagnosed condition, age, and 
relevant biomechanical limitations; 3) severity of the problem; 4) work organizational issues 
(overtime, work allocation, wage incentives); and 5) the patient’s understanding of his or her 
condition. Sometimes it is necessary to write limitations or to prescribe activity levels that are 
above what the patient feels he or she can do, particularly when the patient wants to avoid all 
activity. In such cases, the physician should be careful not to overly restrict the patient; 
education about the pain problem and the need to remain active should be provided. 
 

It is best to communicate early in the treatment that limitations will be progressively reduced as 
the patient progresses. Experienced physicians communicate the intended changes in 
restrictions for the coming week (similar to forecasting increases in exercise program 
components) at the current visit to reduce the element of surprise and help actively facilitate the 
patient’s most important elements of an active, functional restoration program. Tailoring 
restrictions is required in nearly all patients with chronic shoulder pain as there is great 
variability in symptoms and dysfunction. The employer should also be consulted when 
developing strategies to expedite and support integrating the patient back into the workplace 
(see Low Back Disorders). The physician can make it clear to patients and employers that: 

▪ Patients sometimes have increased pain performing almost any function (even light duty) 
early in rehabilitation; 

▪ Increases in symptoms should be heard with sympathy, and factors which are associated 
with significant increases in pain should be addressed; 

▪ Increases in pain do not equate to injury; 
▪ Any restrictions are intended to allow for time to build activity tolerance through exercise and 

work reconditioning; and 
▪ Where appropriate, it may help to mention to the patient that this rehabilitative plan will also 

help him or her regain normal non-occupational activities. 
 

The following are common limitations that may be needed for acute shoulder pain patients: 
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▪ No lifting more than 10 pounds (this may require adjusting up or down based primarily on the 
patient’s pre-morbid capabilities and the severity of the condition). 

▪ Avoid more than 60º abduction or forward flexion. Although not necessarily anatomically 
correct, this is sometimes described as avoiding lifting with the hands above shoulder height 
to facilitate implementation. 

▪ Some additionally required limitations such as avoiding static use or highly repetitive use. 
 
The physician may also need to educate the employer that: 

▪ Even moderately heavy (more than 20 pounds) unassisted lifting or repeated work at 
“shoulder level” (90° forward or sideways) or overhead may increase shoulder symptoms 
due to rotator cuff tendinopathy, rotator cuff tears, inflammatory conditions, ligament sprains, 
or impingement syndrome. 

▪ Any restrictions are intended to allow for spontaneous recovery or time to (re)build activity 
tolerance through graded exercise. 

 

As recovery occurs, as well as to facilitate recovery, gradual reduction in activity limitations is 
recommended. This generally involves progressive advancement such as no lifting more than 
15 pounds for 1 to 2 weeks, then no lifting more than 20 pounds, etc., until the patient returns to 
normal activities. This is often accomplished in concert with supervised physical or occupational 
therapy, use of functional activities and/or home exercise program(s). Table 4 provides a guide 
for recommendations about durations of activity modification from initial injury. They are targets 
to provide a guide from the perspective of physiologic recovery and may assist in focusing on 
return of function. (Faber 06) Orthopedic surgeons often see patients who have failed initial non-
operative management thus might have more patients who fall outside these targets. For 
example, post-operative shoulder patients often require greater initial limitations of no lifting of 
any weight and no use of the arm with gradually increased activity. 
 

Table 4. Guidelines for Modification of Work Activities and Disability Duration* 
 
 
 

 

Disorder 

 
 
 

 

Activity Modifications and Accommodation‡ 

Recommended Target for 
Disability Duration** 

NHIS Experience 
Data*** 

With 
Modified 
Duty**** 

Without 
Modified 

Duty 

Median 
(cases with 
lost time) 

Percent 
(no lost 

time) 

Acute tears in 
rotator cuff in 
younger 
workers 

Refer for possible repair. 

Avoid work at a 90 forward or sideway position, 
pushing, pulling, and heavy lifting if patient wishes 
to avoid surgical repair. 

1-2 daysǁ 21 daysǁ 27 days 66% 

Symptomatic 
rotator cuff tear 

Avoid work at a 90 forward or sideway position, 
pushing, pulling, and heavy lifting. 

Re-evaluate treatment approach if symptoms not 
resolved with non-operative treatment.  

1-2 daysǁ 21 daysǁ† 27 days 66% 

Rotator cuff 
repair or 
subacromial 
decompression 
for 
impingement 

Graded increase in activity. Generally return to 
unlimited work over approximately 3 months. 
Highly physically demanding jobs may require up to 
6 months if the person is able to return to that 
position at all. Some will require permanent 
limitations. 

2-6 weeks 2-6 months 

(Some 
patients will 

be 
permanently 
disabled in 

this setting.) 
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Disorder 

 
 
 

 

Activity Modifications and Accommodation‡ 

Recommended Target for 
Disability Duration** 

NHIS Experience 
Data*** 

With 
Modified 
Duty**** 

Without 
Modified 

Duty 

Median 
(cases with 
lost time) 

Percent 
(no lost 

time) 

Impingement 
syndrome, 
rotator cuff 
tendinoses, 
bicipital 
tendinosis, 
subacromial 
bursitis 

Avoid overhead work, pushing, pulling, and heavy 
lifting. 

0-1 day 3-7 days† 14 days 65% 

Shoulder 
instability 

Avoid pushing, pulling, and heavy lifting 0-3 days 21 days† 9 days 50% 

Acute 
Glenohumeral 
Dislocation 

No use of the affected extremity. May require 
surgical intervention 

3-14 days 2-6 months 1 month 
 

Recurrent 
dislocation 

Avoid overhead work, pushing, and pulling 0 days 21 days† 12 days 35% 

AC joint sprain Avoid activities that cause significant symptoms or 
apply excessive force to the affected ligament. 
Typically requires avoiding overhead work, 
pushing, and pulling. 

0-1 day 3-7 days† 14 days 23% 

AC joint 
separation 

Allow activity as tolerated, with arm in immobilizer 3-7 days 21 days 14 days 18% 

Non-specific 
shoulder pain 

Allow all activities as tolerated – consider 
modification of activities that aggravate symptoms, 
but range-of-motion and conditioning exercises 
should be performed by patient. 

0 days 0-7 days† 4 days 49% 

 

 

  

Shoulder 
fracture 

No use of fractured shoulder 

Most shoulder fractures will require longer 
limitations, particularly depending on fracture type, 
severity of fracture, work demands and 
accommodations 

1-4 weeks Depending 
on 
treatment, 
generally up 
to 8-12 
weeks if 
unable to 
accommodat
e and 
forceful use 
of arm is 
required. 
May be up to 
6 months in 
cases of 
subsequent 
debility and 
need of 
rehabilitation
. 

  

Labral tear Allow activity as tolerated. (Labral tear is more 
likely to be identified early with traumatic injury.) 

3-7 days 21 days† 
  

Adhesive 
capsulitis 

Generally require increasing activities and ranges 
of motion. Limitations depend heavily on job 
physical demand requirements. 

Idiopathic adhesive capsulitis typically has a course 
or natural history well over 1 year. 

0-21 days 1 to 6 
months 

  

*These are general guidelines for the provider based on consensus or population sources and are never meant to be applied to 
an individual case without consideration of injury or disorder severity, workplace factors, concurrent disease or other social or 
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medical factors that can affect recovery. Occupational factors, especially the physical demands of the job may have 
considerable impacts; especially in high job physical demands tasks or positions. Thus, some workers will fall out of these 
ranges. 
**These parameters for disability duration are consensus optimal targets as determined by a panel of ACOEM members in 1996 
and reaffirmed by a panel in 2002 and subsequently revised in 2010. In most cases, persons with one non-severe extremity 
injury can return to modified duty immediately. 
***Based on the CDC NHIS (National Health Interview Survey) 
****If the workplace has the ability to accommodate one handed use, then there is no time loss that is generally justifiable. 
Situations of severe injuries with considerable pain may be limited exceptions. 
†Many of these cases require no lost time. 
‡Limitations assume significant exposure is present, otherwise permissible to maintain usual job functions during treatment and 
ascertain whether condition will resolve without limitations. 
†Many of these cases require no lost time. 
ǁAssumes rotator cuff tear and surgical repair is not performed. 

Initial Care 
Assuring that there are no red flags is the treating physician’s first concern. Next, consider the 
patient’s comfort. Nonprescription analgesics may provide sufficient pain relief for most patients 
with shoulder pain. If treatment response is inadequate (i.e., if symptoms and activity limitations 
continue) or the physician judges the condition limitations to be more significant, prescribed 
pharmaceuticals or physical methods may be added. Co-morbid conditions, invasiveness, 
adverse effects, cost, and physician and patient preferences guide the choice of treatment. 
Initial care and comfort items may include non-steroidal anti-inflammatory drugs (NSAIDs), 
acetaminophen, heat, exercises, and/or advice on activities. Education about shoulder pain 
should begin at the first visit. 
 

Initial treatment should be guided by implementing conservative care supported by the strongest 
evidence for treating the presumed diagnosis. For many disorders, there is no high-quality 
evidence to guide treatment. If there is also no moderate-quality evidence to guide treatment, 
the provider should consider including non-invasive, convenient, and inexpensive treatments 
that are widely accepted, but have not been subjected to RCTs or crossover trials (e.g., 
pendulum exercises for acute shoulder pain patients to facilitate recovery and prevent adhesive 
capsulitis). Careful consideration of the indications and limitations described in the rationale for 
each recommendation is critical to understanding the best application for each intervention. If 
treatment response is inadequate (that is, if symptoms and activity limitations continue), 2nd- and 
3rd-line recommendations may be considered. Physicians should consider the possibilities of 
diagnosed and previously undiagnosed medical diseases such as diabetes mellitus and various 
arthritides. 
 

Recommendation: Education for Shoulder Disorders 
Education is recommended for patients with shoulder disorders. 
 

Frequency – 1 or 2 appointments for educational purposes; may include information about self 
care and rehabilitation, and teach adaptive techniques and use of adaptive equipment (as 
indicated) to facilitate continued participation in daily activities despite shoulder limitations. 
Additional appointments may be needed if education is combined with physical therapy or 
occupational therapy treatments. Follow-up educational visit(s) for more severe disorders as 
part of a progression towards normal functional use is sometimes helpful. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
One moderate-quality trial appears to have largely focused on educational interventions, 
although it also appears to have included exercises and have suffered a randomization failure 
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that may have biased towards the null. (DeBruijn 07) There are no other quality studies specifically 
evaluating efficacy of patient education for utility or necessity in the treatment of shoulder 
disorders. Yet, for many disorders (e.g., importance of performing pendulum exercises, 
advancement of activity levels) education appears essential. Some providers accomplish this in 
the course of extended patient visits, while others routinely refer patients to a physical or 
occupational therapist for education. Regardless of the approach, a few appointments for 
educational purposes are recommended as a low-cost treatment adjunct for many patients. The 
number of appointments is dependent on the diagnosis, severity of the condition, and co-
existing conditions. Although education is usually incorporated as part of the overall treatment 
plan, an additional 1 or 2 appointments for purely educational purposes may be helpful midway 
through a treatment course for the more severely affected patient. 
 

Evidence for the Use of Education 
There is 1 moderate-quality RCT incorporated into this analysis. 

Author/Title 
Study Type 

Score 
(0-11) 

Sample 
Size 

Comparison Group Results Conclusion Comments 

Physical therapy and /or exercises vs. Injection 

De Bruijn 
2007 
 
RCT 

5.5 N = 111 
with 
acute or 
subacut
e 
shoulde
r pain 

Education and 
activation program 
(2-6 sessions over 6 
weeks, up to 20 
minutes per session, 
focus to maintain or 
induce cognitions 
and stimulate 
adequate behavior 
with advice on ADLs 
through operant 
conditioning) vs. 
usual care; 26 
weeks follow-up. 

Catastrophizing 
at baseline 
related to 
functional 
limitations (p 
<0.0001). SDQ 
score at 
baseline also 
related to 
functional 
limitations (p 
<0.0001). 

“The EAP has no 
significant effect on the 
outcome of SCs 
[shoulder complaints] 
after 6 and 26 weeks. 
The relation between 
catastrophising at 
baseline and functional 
limitations suggests that 
an intervention focusing 
specifically on 
catastrophising may be 
more successful in 
reducing functional 
limitations in the long 
term.” 

Some baseline 
differences, % 
very low 
catastrophizing 
category usual 
care 49% vs. 
EAP 27% (p = 
0.02). Appears 
to have 
randomization 
failure and may 
have biased 
towards null. 

Activity Modification 
Shoulder disorders may lead to joint stiffness more often than other joint disorders. Once red 
flags have been ruled out, careful advice regarding maximizing activities within the limits of 
symptoms is imperative because patients with shoulder disorders tend to have stiffness followed 
by weakness and atrophy. Generally avoid use of a sling due to potential complications of 
weakness and adhesive capsulitis. For cases with moderately severe to severe pain requiring 
joint rest, brief sling use for a few days may be reasonable. However, gentle ROM exercises 
(e.g., pendulum) are desirable even during this time. Patients acutely should avoid activities that 
precipitate or significantly increase symptoms while continuing general activities and motion. 
Therapeutic exercise, including strengthening, should start as soon as possible without 
aggravating symptoms. Patients can usually tolerate pendulum exercises even when discomfort 
is pronounced, and this method can preserve ROM. Manipulative techniques have 
demonstrated decrease in shoulder symptoms for some diagnoses (see below). 
 

Activities and postures sometimes significantly increase symptoms and should be avoided 
especially for acute rotator cuff tears, rotator cuff tendinoses, AC sprain or separation and 
impingement. The following are common limitations needed for shoulder pain patients: 
▪ No lifting more than 10 pounds (this may require adjusting up or down based primarily on the 

patient’s pre-morbid capabilities and the severity of the condition). 
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▪ Avoid more than 60º abduction or forward flexion. Although not necessarily correct, this is 
sometimes described as avoiding lifting with the hands above shoulder height to facilitate 
implementation. 

▪ Some additionally require limitations such as avoiding static use or highly stereotypical use 
 

As recovery occurs, careful monitoring of activity levels is required. Gradual advancement in 
activity levels both at work and avocationally is advised to facilitate functional restoration. 
Ideally, activity levels may be advanced incrementally in and out of work with recovery of full 
function, or in cases of permanent impairments, optimal function. 

Exercise 
Exercise has long been used for treatment of shoulder injuries, particularly those involving the 
rotator cuff. (Kuhn 09; Bang 00; Brox 93, 99; Conroy 98; Haahr 05; Ludewig 03; Rahme 98; Senbursa 07; Walther 04; Werner 02; 

Bernaards 06; Geraets 04; McClure 04; Bennell 07; Bergman 04; Kelly 10; Kromer 09; Ainsworth 07) The necessity for exercise 
as a treatment for these disorders is underscored by the large number of trials of many 
interventions that implemented exercises across patients randomized for assessment of other 
treatments. (Smith 86; van der Heijden 99; Ginn 05; Geraets 05, 06; Johansson 05; Herrera-Lasso 93; Bal 09; Aktas 07; 

Bang 00; Citaker 05; Conroy 98; Senbursa 07; Gerdesmeyer 03; Blair 96; McInerney 03; Plafki 00; Akgun 04; Brox 93; Brox 99; 

Haahr 05; Hay 03; Giombini 06) Despite beliefs in the importance of exercise, quality evidence in 
support of exercise itself, rather than its use as a multimodal intervention or adjunct, is sparse. 
(Philly Panel 01; Johansson 02; Koester 05; Souza 09; Kuhn 09; Green BMJ 98; van der Heijden 97; Thomas 05; Desmeules 

03; Kelly 10; Kromer 09) The available quality trials are relatively few in number; nearly all have mixed 
different types of exercises, and individualized treatments based on perceived patient 
characteristics. Additionally, other types of co-interventions also are common. These factors all 
sharply limit the ability to draw evidence-based conclusions (Desmeules 03; Michener 04). 
 

1. Recommendation: Range-of-motion Exercises for Shoulder Pain 
Range-of-motion exercises are recommended for treatment of patients with shoulder 
pain. 
 

Indications – Shoulder pain 
 

Frequency/Duration – A self-directed program as tolerated (patients who have a rotator cuff 
tear or labral tear will not be able to tolerate strenuous stretching). Supervised programs may 
be indicated for patients who require supervision initially or otherwise need assistance with 
motivation or concomitant fear avoidant belief training (see Chronic Pain Guidelines and  
Low Back Complaints) for a few appointments to help initiate the program. Additional 
supervised appointments are indicated for patients who fail to progress or need greater 
supervision, such as for ongoing fear avoidant beliefs. (Ludewig 03) Dose unclear for patients 
with shoulder pain; common regimens of ROM exercises performed 1 to 3 times a day. 
 

Indications for Discontinuation – Non-compliance, development of other disorders. 
 

 Strength of Evidence − Recommended, Evidence (C) 
 
 

2. Recommendation: Strengthening Exercises for Shoulder Disorders 
Strengthening exercises are recommended for treatment of patients with shoulder 

disorders. 
 

Indications – Shoulder disorders, added after instituting stretching exercises and the acute 
pain phase has passed. (Ludewig 03) 
 

Frequency/Duration – Home program frequency 2 to 3 times a day for shoulder disorders. 
Supervised treatment frequency and duration dependent on symptom severity and acuity 
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and comorbid conditions. In severe disorders, possibly 3 appointments a week for 2 to 3 
weeks, generally tapering to twice weekly for 2 to 3 weeks, then weekly for an additional 4 
weeks. 

 

Dose – For strengthening progression, start with rotator cuff and scapular muscle 
strengthening, progressing to strengthening of arm elevation as guided by symptoms and 
ability to perform exercises. One successful regimen implemented exercises 2 times a week 
for 8 weeks with 6 repetitions at maximal exertion, then training with 2 series of 8 repetitions 
at 50% of maximal strength and a 2nd series at 70% maximal strength for flexion, extension, 
medial rotation, and lateral rotation. (Lombardi 08) 

 

Indications for Discontinuation – Development of a strain, noncompliance, failure to improve. 
 

Strength of Evidence − Recommended, Evidence (C) 
 
 

2. Recommendation: Aerobic Exercises for Shoulder Disorders 
There is no recommendation for or against the use of aerobic exercise for patients 
with shoulder disorders, including rotator cuff tendinopathies. 

 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are multiple moderate-quality trials evaluating exercise for treatment of shoulder injuries; however, 
they are prone towards multiple co-interventions and other weaknesses that considerably limit the utility 
of the available data. One trial found a home-exercise program of stretching and strengthening 
successful for treating construction workers with impingement syndrome. (Ludewig 03) Another trial found 
no benefits of supervised therapy compared with a home-exercise program or a sling; however, as more 
than 50% were previously treated by therapy, it appears to have been potentially biased. (Walther 04) Two 
trials compared exercise interventions with wait-listed controls and were interpreted as suggesting 
efficacy; however, these trials are likely biased in favor of the intervention due to use of controls who 
knew they are not being treated. (Lombardi 08; Ginn 97) Yet, one of these trials included specific exercise 
benchmarks for strengthening, and documented considerable benefits, (Lombardi 08) suggesting benefits 
beyond the biases of the study design. A trial of physiotherapy compared with manual therapy and 
injection found injection superior and manual therapy approximately equivalent over the longer term. 
(Winters 97) Another trial that attempted to confirm that postural exercises were beneficial, instead found 
some evidence that the fitness and strengthening exercise arm was superior in the short-term. (Van 

Eijsden-Besseling 08) Another found a standardized protocol was equivalent to an individualized exercise 
prescription. (Wang 06) 
 

A retrospective study of prognostic factors associated with impingement syndrome found active 
treatment and fewer prescription medications and sick leave to be associated with better prognosis. (Brox 

96) An experimental study in healthy volunteers found the empty-can and full-can exercises were most 
effective at activating the supraspinatus, and thus were predicted to be most effective for strengthening 
this muscle. (Takeda 02) However, because the empty-can exercise has greater potential to cause pain 
and decrease the subacromial space, (Burke Clin Orthop Rel Res 02; Thigpen AJSM 06) the full-can is 
recommended for use over the empty can. A randomized trial in healthy subjects found eccentric training 
superior to concentric and eccentric training group for purposes of increasing peak force and peak 
torque. (Bast 98) A small, uncontrolled experimental study among patients with impingement syndrome 
found a painful eccentric supraspinatus (empty can) and deltoid training program effective. (Jonsson 06) 
There is a single RCT indicating efficacy of active exercise over placebo laser for patients with rotator 
cuff tendinopathy/impingement syndrome. (Brox 93; Brox 99) Thus, there is limited evidence in support of 
stretching and strengthening exercises and they are recommended. There is no evidence in support of 
aerobic exercises for typical shoulder joint disorders (see Trigger Points/Myofascial Pain/Muscle Tension 

Syndromes). 
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Physical therapy has also been reported as successful for most patients with full-thickness rotator cuff 
tears. However, modestly superior results over 1 to 5 years of follow-up have been reported among 
surgically treated patients (Moosmayer 10, 14) as well as in a large cohort study. (Kuhn 13) 
 

Exercises are not invasive, have low adverse effects, and are not costly when performed as a self-
directed program. They may be high cost when performed as part of a lengthy supervised program; 
however, they are recommended in some severe cases and may be necessary, particularly with cases of 
fear avoidant beliefs and catastrophizing. 
 

Evidence for the Use of Exercise 
There is 1 high and 15 moderate-quality RCTs (one with two reports) incorporated into this analysis. 
There are 2 low-quality RCTs (Gin 05; Gin 97) in Appendix 2. 

Follow-up Visits 
Patients with acute shoulder disorders may benefit from a small number of follow-up visits in the 
first 2 to 4 weeks with a health professional who can counsel the patient to avoid static 
positions, perform gentle ROM exercises, alter activities, and adjust medication use. The 
practitioner should address questions and make these sessions interactive so that the patient is 
fully involved in his or her recovery. These interactions may be done in a clinic or by telephone. 
Physician follow-up is generally required when changes in activity limitations are needed or to 
check that the patient is healing at an appropriate pace in order to advance treatment or 
intervene to prevent delays in recovery. Physician follow-up might be expected every 4 to 7 
days if the patient is off work and every 7 to 14 days if the patient is working. More severe 
disorders and post-operative patients may require follow-up for up to 1 year after surgery as 
there is evidence these conditions improve up to 1 year post-op. (Holtby 10) 

Special Studies and Diagnostic and Treatment Considerations 
For most patients with non-traumatic shoulder problems, special studies are not needed, absent 
red flags, unless a 4- to 6-week period of non-operative care and observation fails to improve 
symptoms. Most patients improve quickly, provided red-flag conditions are ruled out. There are 
a few exceptions: 

▪ X-ray is required for most traumatic situations to rule out fracture. There may be exceptions 
involving minor trauma. 

▪ Stress films of the AC joints (views of both shoulders, with and without patient holding 15-lb 
weights) may be indicated if the clinical diagnosis is AC joint separation and examination and 
standard radiographs are inconclusive. Care should be taken when selecting this test 
because the disorder is usually clinically obvious; the test only serves to differentiate 
between Grade 1 and 2; and has little utility as both are treated non-operatively. 

▪ If an initial or recurrent shoulder dislocation presents in the dislocated position, shoulder 
films before and after reduction are indicated. Post reduction films (lateral axillary view) must 
clearly demonstrate that the humeral head is reduced. 

▪ Persistent shoulder pain, associated with neurovascular compression symptoms (particularly 
with abduction and external rotation), may indicate the need for an AP cervical spine 
radiograph to identify a cervical rib and electrodiagnostic testing for nerve injury. 

▪ The threshold for obtaining x-rays whenever there is an unusual clinical presentation should 
also be particularly low. This includes symptoms suggestive of potential intra-abdominal or 
cardiac problems presenting as shoulder problems, as well as neoplasias. 
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Subsequent, additional indications include: 

▪ Traumatic injury with shoulder weakness suggesting rotator cuff tear. 

▪ Traumatic shoulder dislocation in patients over age 40 – high incidence of concomitant 
rotator cuff tear. 

▪ Physiologic evidence of tissue insult or neurovascular dysfunction (e.g., cervical root 
problems presenting as shoulder pain, weakness from a massive rotator cuff tear, or 
presence of edema, cyanosis or Raynaud’s phenomenon). 

▪ Failure to respond to treatment as expected. 

▪ Failure to progress in a strengthening program intended to avoid surgery. 

▪ Clarification of the anatomy prior to an invasive procedure (e.g., a full thickness rotator cuff 
tear not responding to non-operative treatment). 

 

There are considerable methodological weaknesses among the studies of diagnostic tests that 
include small sample sizes, incomplete assessments of the patients with all tests under 
consideration, frequent use of retrospective methods, utilization of arthrography for gold standard 
comparison, and inclusion of patients who had previously been evaluated with the same test or 
procedure. (Dinnes HTA 03) These weaknesses provide substantial concerns about the accuracy of 
reported test performance characteristics such as sensitivity, positive predictive value and 
likelihood ratios. Quality, head-to-head comparisons of diagnostic tests are extremely rare, 
making quality comparisons between the available diagnostic tests difficult. (Dinnes HTA 03) Lastly, 
relying solely on imaging studies to evaluate the source of shoulder symptoms carries a 
significant risk of diagnostic confusion, especially false-positive test results, since there is a high 
probability of identifying a finding that was present before symptoms began (for example, 
degenerative partial thickness rotator cuff tears), and therefore may have no temporal 
association with the symptoms. 
 

Routine testing (laboratory tests, plain-film radiographs of the shoulder) and more specialized 
imaging studies are not recommended during the first month to 6 weeks of activity limitation due 
to non-traumatic shoulder symptoms, except when a red flag noted on history or examination 
raises suspicion of a serious shoulder condition, calcific tendinitis or referred pain. Cases of 
impingement syndrome are similarly managed.  
 
Suspected acute tears of the rotator cuff in younger workers (typically considered to be <40 years) 
are usually surgically repaired acutely to restore function; in older workers, these tears are 
typically treated conservatively at first. Partial-thickness tears should be treated the same as 
impingement syndrome regardless of magnetic resonance imaging (MRI) findings, although large 
partial thickness tears may be considered for earlier surgical treatment. Shoulder instability can be 
treated with stabilization exercises; radiographs may help demonstrate relevant bony pathology. 
For patients with limitations of activity after four weeks and unexplained physical findings 
(weakness, stiffness), such as localized pain (especially following exercise), specialized imaging, 
such as an MRI, may be indicated to clarify the diagnosis and assist reconditioning. Imaging 
findings can be correlated with physical findings. 
 

Laboratory studies, such as liver or gallbladder function tests and tests for pelvic disease may 
be useful to determine if pain is being referred to the shoulder from a subdiaphragmatic source. 
Electrocardiography and possibly cardiac enzyme studies may be needed to clarify apparent 
referred cardiac pain. Chest radiographs may be needed to elucidate shoulder pain that could 
be the result of pneumothorax, apical lung tumor, or other apical disease such as tuberculosis. 
An erythrocyte sedimentation rate (ESR), complete blood count (CBC), and tests for 
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autoimmune diseases (such as rheumatoid factor) can be useful to screen for inflammatory or 
autoimmune sources of joint pain. 

Diagnostic Testing and Other Testing  

Antibodies 
There are numerous antibodies that are markers for specific rheumatic diseases (e.g., 
rheumatoid factor, anti-nuclear antibodies, anti-Sm, anti-Ro, anti-La for rheumatoid arthritis, 
systemic lupus erythematosus, Sjogren’s, mixed connective tissue disorder, etc.). Patients with 
rheumatic disorders are at increased risk for degenerative joint disease of the shoulder as well 
as subacromial bursitis. 
 

1. Recommendation: Antibodies for Diagnosing Shoulder Pain with Suspicion of 
Rheumatological Disorder 
Antibody levels are recommended to evaluate and diagnose patients with shoulder 
pain that have reasonable suspicion of rheumatological disorder. However, ordering 
of a large, diverse array of antibody levels without targeting a few specific disorders 
diagnostically is not recommended. 
 

Indications – Patients with shoulder pain with suspicion of rheumatological disorder. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Antibodies to Confirm Specific Disorders 
Antibody levels are strongly recommended as a screen to confirm specific disorders 
(e.g., rheumatoid arthritis). 
 

Indications – Shoulder pain and a presumptive diagnosis of a rheumatological disorder. 
 

Strength of Evidence – Strongly Recommended, Evidence (A) 
 
 

Rationale for Recommendations 
Elevated antibody levels are highly useful for confirming clinical impressions of rheumatic 
diseases. However, routine use of these tests in shoulder pain patients is not recommended, 
especially as wide-ranging, non-focused test batteries are likely to result in inaccurate 
diagnoses due to false positives and low pre-test probabilities. Providers should also be aware 
that false-negative results occur. Measurement of antibody levels is minimally invasive, unlikely 
to have substantial adverse effects, and is low to moderately costly depending on the specific 
test ordered. They are recommended for focused testing of a limited number of diagnostic 
considerations. 

C-Reactive Protein, Erythrocyte Sedimentation Rate, and Other Non-Specific 
Inflammatory Markers 
There are many markers of inflammation that may be measured serologically in patients. (Sakai 

01; Gotoh 98, 01; Voloshin 05; Santavirta 92; Hyvönen 03; Yanagisawa 01) These include C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), interleukins, ferritin, and an elevated total protein-
albumin gap. 
 

Recommendation: Non-specific Inflammatory Markers for Screening for Inflammatory Disorders 
in Subacute or Chronic Shoulder Pain  
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Erythrocyte sedimentation rate and other inflammatory markers are recommended for 
screening for inflammatory disorders with reasonable suspicion of inflammatory disorder 
in patients with subacute or chronic shoulder pain. However, ordering of a large, diverse 
array of anti-inflammatory markers without targeting a few specific disorders 
diagnostically is not recommended. 
 

Indications – Shoulder pain with suspicion of rheumatological disorder. 
 

 Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Erythrocyte sedimentation rate (ESR) is the most commonly used systemic marker for non-
specific inflammation. It is elevated in numerous inflammatory conditions including 
rheumatological disorders as well as infectious diseases. C-reactive protein (CRP) is a marker 
of systemic inflammation that has been associated with an increased risk of coronary artery 
disease. It is also a non-specific marker for other inflammation. Both ESR and CRP are also 
markers of infection. Numerous inflammatory markers have been found to be elevated in 
patients with musculoskeletal disorders but because it is not known whether these factors 
precede or are a consequence of the disease processes, their utility in patient management is 
unclear. Other non-specific markers of inflammation include elevated ferritin and an elevated 
protein-albumin gap, neither of which have known clinical roles. Serological studies for non-
specific inflammatory markers are minimally invasive, have low risk of adverse effects, and are 
low cost. They are recommended as a reasonable screen for systemic inflammatory conditions 
especially if the patient also has other pain without clear definition of a diagnosis or those with 
fibromyalgia or myofascial pain syndrome, although specificity is not high. 
 

Evidence for the Use of C-Reactive Protein, Erythrocyte Sedimentation Rate, and Other Non-
specific Inflammatory Markers 
There are no quality studies to address the use of C-reactive protein, erythrocyte sedimentation 
rate, and other non-specific inflammatory markers for shoulder pain. 

Cytokines 
See Chronic Pain Guidelines. 

Roentgenograms (X-Rays) 
X-ray is the most basic of the anatomical tests, show bony structure and, after many decades of 
use, are the initial test for evaluation of most cases of shoulder pain. (Bonsell 00; Hardy 86) They may 
also help to suggest soft tissue pathology, including large chronic rotator cuff tears. As x-ray has 
been performed for more than 120 years as a diagnostic procedure, it is unsurprising that there 
is no quality evidence to support its use. Two or three views of the shoulder are generally 
performed. The threshold for x-ray of the cervical spine and/or elbow joint should be low, 
particularly if the findings on shoulder x-ray are either normal or do not readily explain the 
degree of abnormality. Age has been found to be a potent predictor of increased degenerative 
changes found on x-ray in the acromioclavicular joint. (Bonsell 00) Reportedly, x-ray has been 
helpful for diagnosing os acromiale in shoulder pain patients who were otherwise thought to not 
have the condition. (Burbank 07) Patients with shoulder pain might show greater tuberosity 
osteopenia, cystic degenerative changes, and spurring, thought to be a marker of chronicity of 
rotator cuff tears. (Cadet 08) Glenohumeral arthrosis is also more likely if there is a full-thickness 
rotator cuff tear. (Gartsman 97) Plain radiographic findings are used to stage disease involvement in 
osteonecrosis or humeral avascular necrosis. Early x-rays are usually normal or have less 
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distinct trabecular patterns since the living part of the bone does not image. (Harreld 09; Ficat 85) As 
the disease progresses, x-rays begin to show osteoporotic areas, progressing to sclerotic areas 
and finally flattening and bony collapse. (Harreld 09; Ficat 85) 
 

Recommendation: X-rays for Acute, Subacute, or Chronic Shoulder Pain 
X-ray is recommended for evaluation of acute, subacute, or chronic shoulder pain. 
 

Indications – Most patients with shoulder pain. 
 

Frequency/Duration – Obtaining x-rays once is generally sufficient. For patients with chronic or 
progressive shoulder pain, it may be reasonable to obtain a second set of x-rays months to 
years subsequently to re-evaluate the patient’s condition, particularly if symptoms change. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
X-ray is helpful to evaluate most patients with shoulder pain, both to diagnose and to assist with 
the differential diagnostic possibilities such as tendinoses and arthroses. X-ray is particularly 
helpful for diagnosis of calcific tendinitis, which results in different treatment options (see below). 
There are no quality studies. X-ray is non-invasive, low to moderate costly, and has little risk of 
adverse effects and therefore, is recommended. 
 

Evidence for the Use of X-rays 
There are no quality comparative studies evaluating the use of x-ray for shoulder pain. 

Shoulder Arthroscopy 
Arthroscopy may used for diagnostic confirmation as part of a therapeutic surgical treatment. 
(Dinnes HTA 03; Fouse 07; Abrams 06; Baker 03; Ahmad 04; Boszotta 04) Arthroscopy is thought to be superior to 
MRI and ultrasound for diagnosing partial thickness rotator cuff tears. Arthroscopy has been 
used to evaluate glenohumeral arthrosis. (Guyette 02) Arthroscopic approaches have been found 
to be effective for treatment of rotator cuff tears, impingement, glenohumeral instability, 
recurrent dislocations, labral tears, acromioclavicular arthritis, and long-head biceps tendon 
pathology syndrome (see below). Some caution is indicated because intrasubstance tears are 
not well visualized arthroscopically. 
 

Recommendation: Diagnostic Arthroscopic Surgery for Shoulder Pain 
Diagnostic arthroscopy is recommended for evaluation of carefully select patients with 
shoulder pain, including subsequent, definitive operative approaches. 
 

Indications – One or more of the following: 1) rotator cuff tear with surgical indications with the 
expectation that surgical treatment will immediately follow arthroscopy (see below); 2) labral tear 
with surgical indications (see below); 3) impingement syndrome with surgical indications (see 
below); 4) other moderate or severe shoulder joint pain, acromioclavicular arthritis, or 
mechanical symptoms with substantially reduced ROM or functional impairment and failure to 
resolve with at least 1 trial of glucocorticosteroid injection and/or physical or occupational 
therapy (or exercise program). See specific diagnoses for additional considerations, discussion 
and specific indications. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Arthroscopy is performed nearly universally in a context of a pre-operative diagnosis thought to be a 
treatable abnormality, rather than merely for diagnostic purposes. If a specific diagnosis is not suggested 
by and supported by the evaluation with history, physical examination, and imaging studies, then surgical 
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intervention is much less likely to be successful and caution should be taken in doing a purely diagnostic 
arthroscopy. There are no quality studies of arthroscopy for diagnostic purposes due to many 
methodological weaknesses in the available literature. (Dinnes HTA 03) It appears helpful for diagnosis and 
subsequent operative approaches. (Baumann 08, Bishop 03) Diagnostic arthroscopy is invasive, has adverse 
effects and is high cost. However, in select patients there may be no other option for addressing the 
condition if a patient is not responding to conservative care. Additionally, it is highly useful for operative 
planning and to help determine whether arthroscopic repair is an appropriate approach for a rotator cuff 
tear repair or instability surgery. Thus, arthroscopy is recommended. 

Bone Scans 
Bone scans involve intravenous administration of Technetium Tc-99m, a radioactive tracer 
medication that is preferentially concentrated in areas of metabolic activity (turnover) in bone. 
The radioactivity is then detected by a large sensor and converted into skeletal images showing 
the increased uptake. There are many causes for abnormal radioactive uptake, including 
multiple myeloma, metastases, infection, inflammatory arthropathies, fracture, or other 
significant bone trauma. Thus, positive bone scans are not highly specific. Bone scans have 
been used for diagnosis of early osteonecrosis of the humeral head prior to findings on x-ray, 
among other uses. 
 

1. Recommendation: Bone Scanning for Select Use in Acute, Subacute, or Chronic Pain 
Bone scanning is recommended for select use to evaluate acromioclavicular joint pain 
or where there is more than one joint to be evaluated in patients with acute, subacute, 
or chronic pain to assist in the diagnosis of osteonecrosis or other conditions with 
increased bone metabolism. 
 

Indications – Shoulder pain with suspicion of osteonecrosis or other increased polyostotic 
bone metabolism in multiple joints and bones or acromioclavicular joint pain. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Routine Use of Bone Scanning for Routine Shoulder Joint Evaluations 
Bone scanning is not recommended for routine use in shoulder joint evaluations. It is 
generally thought to be inferior to MRI, as MRI is specific and sensitive. 

 

  Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Bone scanning may be a helpful diagnostic test to evaluate suspected metastases (multiple 
sites), infected bone (osteomyelitis), inflammatory arthropathies, and trauma (e.g., occult 
fractures), particularly if MRI is not available or is contra-indicated. It may be helpful in those 
with suspected, early osteonecrosis (avascular necrosis) without x-ray changes. In cases where 
the diagnosis is felt to be secure, there is no indication for bone scanning as it does not alter the 
treatment or management. Bone scanning is minimally invasive, has minimal potential for 
adverse effects (essentially equivalent to a blood test), but is high cost. 

Computerized Tomography (CT) 
Computerized tomography remains an important imaging procedure, particularly for bony 
anatomy, whereas MRI is superior for soft tissue abnormalities. However, most patients have 
issues with soft tissue rather than bony abnormalities in the shoulder, thus on a population-
basis, far fewer CT scans are ordered. CT may nevertheless be useful for shoulder joint 
abnormalities where advanced imaging of the bones is required (i.e., complex proximal humerus 
fracture, scapular fracture). CT also may be useful to evaluate the anatomy in patients with 
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contraindications for MRI (most typically an implanted metallic-ferrous device). CT arthrogram is 
often preferred when evaluating posterior or anterior glenohumeral instability when the bony 
anatomy needs to be better defined – glenoid deficiency and humeral Hill-Sachs – as MRI is not 
as good for bone imaging. CT arthrogram can be used in place of MRI to evaluate for rotator 
cuff tear. 
 

1. Recommendation: Routine CT for Evaluating Acute, Subacute, or Chronic Shoulder Pain 
Routine CT is not recommended for the evaluation of acute, subacute, or chronic 

shoulder pain. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Routine CT for Evaluation of Complex Proximal Humeral and 
Glenoid/Scapular Fractures 

Routine CT is recommended for the evaluation of complex proximal humeral and 
glenoid/scapular fractures. 

 

Strength of Evidence –Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: CT for Evaluating Patients with Osteonecrosis (AVN) 
CT is recommended for the evaluation of select patients with osteonecrosis, 
particularly in whom subchondral fractures are being sought. It is also recommended 
for those who need advanced imaging, but have contraindications for MRI. Otherwise, 
MRI is thought to be superior. 
 

Indications – Shoulder pain from osteonecrosis with suspicion of subchondral fracture(s) or 
increased polyostotic bone metabolism. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
MRI is considered superior to computerized tomography for imaging most shoulder 
abnormalities where advanced imaging of soft tissues is usually the primary concern. However, 
where imaging calcified structures is required, CT is considered superior. This includes complex 
proximal humeral and glenoid/scapular fractures. A contrast CT study is minimally invasive, has 
few, if any, adverse effects but is costly. It is recommended for select use. 
 

Evidence for the Use of CT 
There are no quality studies evaluating the use of CT for shoulder pain. 

Helical CT Scans 
Helical CT scans are sometimes used for diagnosing osteonecrosis. There is quality evidence 
that they are superior to MRI or x-ray for identifying subchondral fractures in the femoral head. 
(Stevens 03; Jurik 94) Bone scans were traditionally used for diagnosis and may be positive even 
though an x-ray may be normal. (Ficat 85; Sinha 99; Svahn 75; Harreld 09) However, they have largely 
been replaced by MRI scans. 
 

1. Recommendation: Routine Helical CT for Evaluating Acute, Subacute, or Chronic Shoulder 
Pain 

Routine helical CT is not recommended for evaluation of acute, subacute, or chronic 
shoulder pain. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
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2. Recommendation: Helical CT for Evaluating Osteonecrosis 
Helical CT is recommended for evaluation of patients with osteonecrosis who have 
contraindications for MRI. 

 

Indications – Patients with shoulder pain from osteonecrosis with contraindications for MRI 
(e.g., implanted hardware) or increased polyostotic bone metabolism. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Helical CT for Select Acute, Subacute, or Chronic Shoulder Pain 
Helical CT is recommended for select patients with acute, subacute, or chronic 
shoulder pain in whom advanced imaging of bony structures is thought to potentially 
be helpful. It is also recommended for those who need advanced imaging, but have 
contraindications for MRI. 
 

Indications – Patients with acute, subacute or chronic shoulder pain with need for advanced 
bony structure imaging. Patients needing advanced imaging, but with contraindications for 
MRI (e.g., implanted hardware) are also candidates. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Helical CT scanning has been largely replaced by MRI. However, there are patients who have 
contraindications for MRI (e.g., implanted ferrous metal) helical CT is recommended. Helical CT 
scan has been thought to be superior to MRI for evaluating subchondral fractures; however, a 
definitive study has not been reported. (Stevens 03) 
Helical CT has few if any adverse effects, but is costly. It is recommended for select use. 
 

Evidence for the Use of Helical CT Scans 
There are no quality studies evaluating the use of helical CT scans for diagnosing shoulder pain. 

Local Anesthetic Injections for Shoulder Pain Diagnosis 
See for Rotator Cuff Tendinosis Injections. 

Electromyography (including Nerve Conduction Studies)  
See the Neck and Upper Back Complaints and Hand, Wrist, Forearm Complaints for discussion 
regarding use of electrodiagnostic studies for evaluation of cervical and distal upper extremity-
related disorders that may present as shoulder pain. Electrodiagnostic studies have also been 
used to confirm diagnostic impressions of other peripheral nerve entrapments, brachial 
plexopathies, and neurologic component of thoracic outlet syndrome. (Moghekar 07; Wilbourn 07) 
 

Recommendation: Electromyography for Diagnosing Subacute or Chronic Peripheral Nerve 
Entrapments 
Electrodiagnostic studies are recommended to assist in the diagnosis of subacute or 
chronic peripheral nerve entrapments, including the long thoracic nerve, brachial 
plexopathies, and suprascapular nerve. 
 

Indications – Patients with subacute or chronic paresthesias with or without pain, particularly 
with unclear diagnosis. 
 

 Strength of Evidence − Recommended, Insufficient Evidence (I) 
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Rationale for Recommendation 
Electrodiagnostic studies may assist in confirming peripheral nerve entrapments such as the 
long thoracic nerve and suprascapular nerve. These studies are minimally invasive, have 
minimal potential for adverse effects, and are moderate to high cost depending on the extent of 
the testing required. 
 

Evidence for the Use of Electromyography 
There are no quality studies evaluating the use of electrodiagnostic studies for diagnosing 
peripheral nerve entrapments relevant to the shoulder. 

Functional Capacity Evaluations 
See Chronic Pain Guidelines. 

Magnetic Resonance Imaging (MRI) 
Magnetic resonance imaging (MRI) is often used as a secondary test after x-ray for many 
shoulder joint problems since it tends to be helpful for imaging soft tissues, particularly the 
rotator cuff. (Mulyadi 09; Chang 06; Ardic 06; Tuite 00; Connell 99; McFarland 09; Pandya 08; Cartland 92; Chang 08; 

Tirman 94; Wnorowski 97; Tung 00; Reuss 06) Although studies are not heterogeneous, pooled estimates 
of the sensitivity for full-thickness tears has been calculated and is 89% with specificity 93%, 
while for partial thickness tears, these estimates are only 44% sensitivity and 90% specificity. 
(Dinnes 03) Similarly accuracy is lower for smaller than larger tears. (Yamakawa 01) MRIs are 
considered the gold standard for evaluation of osteonecrosis patients and are used to quantify 
volume of affected tissue including marrow edema which is inversely correlated with prognosis. 
(Harreld 09; Jones 04; Koo 95; Coombs 94; Cherian 03; Radke 03; Scheiber 99; Helenius 06) 
 

1. Recommendation: MRI for Diagnosing Rotator Cuff Tears, Tendinoses, Impingement, or 
Subacromial Bursitis 
MRI is recommended for patients suspected of having acute, clinically significant 
rotator cuff tears. It is also recommended for select patients with subacute or chronic 
shoulder pain thought to potentially have a symptomatic rotator cuff tear. 

 

Indications – Patients with an acute, clinically significant rotator cuff tear or subacute or 
chronic shoulder pain suspected of having a clinically meaningful rotator cuff tear. If there is 
significant rotator cuff weakness, immediate imaging may be indicated. (Exceptions include 
elderly patients or those who have substantial signs of pre-existing large/massive rotator cuff 
tear. It is also reasonable to wait for 1 or 2 weeks to ascertain whether the condition is likely 
to resolve with conservative care without obtaining an MRI.) Most acute tears without 
significant weakness should wait approximately 2 weeks prior to imaging as some patients 
with acute pain and limited ROM resolve clinically. Those with subacute or chronic pain 
should generally have failed additional non-operative treatment including NSAID, exercise 
and injection(s).  
 

Dose/Frequency – Repeat MRI based on significant change in symptoms and/or 
examination findings. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: MRI for Diagnosing Osteonecrosis (AVN) 
MRI is recommended for diagnosing osteonecrosis. 
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Indications – Patients with subacute or chronic shoulder pain thought to be related to 
osteonecrosis (AVN), particularly in whom the diagnosis is unclear or in whom additional 
diagnostic evaluation and staging is needed. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one moderate-quality study comparing MRI with arthrography, suggesting MRI is 
superior to arthrography; (Blanchard 99) however, arthrography alone has been largely replaced by 
other procedures. Otherwise, MRI has not been evaluated in high-quality studies for shoulder 
joint pathology. (Kassarjian 05; Leunig 04; Dinnes 03) MRI appears particularly helpful for soft tissue 
abnormalities. MRI has been suggested for evaluations of patients with symptoms over 3 
months. (Kassarjian 05; Armfield 06; Bredella 05) MRI was compared with arthroscopy in 57 patients with 
shoulder pain of unclear cause. (Torstensen 99) MRI was found to be accurate in detecting 68% of 
rotator cuff tears and 62% accurate in detecting labral injuries. MRI sensitivity for RC tears was 
96% and specificity 49% (for labral tears, 73% sensitive, 58% specific). The authors concluded 
that “MRI does not appear to be an accurate effective tool for assessing shoulder pathologic 
conditions in patients in whom the clinical picture is not clear and therefore may not be of 
assistance in surgical planning for patients with these difficult conditions.” MRI was compared 
with arthroscopic findings among 16 patients with trauma. (Kirkley 03) The authors found moderate 
correlation for superior labral lesions (k = 0.60), fair agreement for rotator cuff tear (k = 0.355), 
Hill-Sachs (k = 1.0), and moderate for size (k = 0.44). A consecutive case series of 104 patients 
with shoulder problems were evaluated and randomized to MRI first versus arthrography first. 
There were modestly fewer changes in diagnostic categories with MRI (30%) than arthrography 
(37%), p >0.5. MRI led to slightly more changes in planned therapy (36% vs. 25%, p >0.3). MRI 
was found to be 79% accurate, 81% sensitive and 78% specific for full-thickness rotator cuff 
tears. Arthrography was found to be 82% accurate, 50% sensitive and 96% specific. (Blanchard 99) 
A cross-sectional comparison of MRI (1.5T loop-gap resonator surface coil), double contrast 
arthrography, high resolution sonography and surgery among 38 patients with suspected rotator 
cuff tears did not include all patients receiving all tests or surgery (other than MRI and 
arthrography) and reported a sensitivity of MRI of 100%. (Burk 89). Ultrasound detected 9/15 
(60%) of tears. However, the study population was small and biased in favor of overestimating 
the tests’ sensitivity. 
 

MRI has shown increased changes in the rotator cuff and tears with increased age, (Needell 96; 

Sher 95) as well as a high prevalence of bony and peritendinous shoulder abnormalities among 
those without symptoms. (Needell 96) MRI has reasonably good operant characteristics for full-
thickness tears, although it does not have good sensitivity for partial thickness tears. (Dinnes 03) 
Fatty infiltration of the rotator cuff tendons is also found on MRI and thought to signify chronicity 
as well as portending a poorer surgical outcome. (Berhouet 09) A comparative assessment of T-2 
weighted fast spin-echo technique with vs. without fat-suppression MRI for assessment of 
rotator cuff tears among 177 patients thought to have tears found no differences in assessments 
of complete tears, but differed in interpretations of partial tears. (Singson 96) Compared with surgery, 
sensitivity was 100% for full-thickness tears and specificity for intact tendons was 86%. Fat 
suppression was felt helpful for partial tears. MRI demonstrates acromial abnormalities and there 
is a higher prevalence of Type 3 acromion processes among those with either rotator cuff tear or 
impingement syndrome. (Epstein 93) It has been suggested increased T2 signal in the distal 
clavicle may be an indication for surgical resection.  
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There are no quality studies evaluating the use of MRI for osteonecrosis, although it appears 
helpful for staging osteonecrosis. There is low-quality evidence that MRI may be less sensitive 
for detection of subchondral fractures than helical CT or plain x-ray in patients with 
osteonecrosis. (Stevens 03) There are concerns that MRI is inferior to MR arthrography for 
evaluating the labrum, (Schmerl 05) thus MRI is recommended for evaluation of the joint. MRI is 
suboptimal for the labrum. MRI is not invasive, has potential adverse effects from issues of 
claustrophobia or complications of medication, but is costly. MRI is not recommended for routine 
shoulder imaging, but is recommended for select shoulder joint pathology particularly involving 
concerns regarding soft tissue pathology. 
 

Evidence for the Use of MRI 
There is 1 moderate-quality randomized study incorporated into this analysis. 

Magnetic Resonance (MR) Arthrogram 
Magnetic resonance (MR) imaging is combined with arthrography to overcome MRI limitations 
and is usually performed in preference to CT arthrography unless bony structure definition is 
needed as well. (Hunter 92; Palmer 97) It is particularly thought to be effective for imaging labral 
pathology. (Peh 02; Waldt 04; Jee 01; Lin 09; Bencardino 00; Monu 94; Stetson 02) MR arthrography combines MRI with an 
arthrogram to identify both findings available with MRI, as well as the better capability to define 
labral tears among patients with symptoms of labral injuries in the shoulder or hip. (Beall 03) 
 

1. Recommendation: MR Arthrogram for Diagnosing Labral Tears in Patients with Subacute or 
Chronic Shoulder Pain 
MR arthrography is recommended for diagnosing labral tears in patients with 
subacute or chronic shoulder pain. 
 

Indications – Patients with subacute or chronic shoulder pain with symptoms or clinical 
suspicion of labral tears. Patients should generally have failed non-operative treatment 
including NSAID and waiting 4 to 6 weeks without trending towards resolution. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: MR Arthrogram for Select Diagnosis of Impingement, Rotator Cuff 
Tendinosis or Tears, and Subacromial Bursitis in Patients with Subacute or Chronic 
Shoulder Pain 
MR arthrography is recommended for diagnosing articular side partial thickness 
rotator cuff tears, subscapularis tears, and labral tears in select patients with 
subacute or chronic shoulder pain. 
 

Indications – Patients with subacute or chronic shoulder pain with symptoms or clinical 
suspicion of impingement, rotator cuff tendinosis or tears and subacromial bursitis or other 
concerns about the shoulder joint requiring MR imaging. Those with subacute or chronic pain 
should generally have failed additional non-operative treatment including NSAID, exercise 
and injection(s). 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
MR arthrograms have not been evaluated in quality studies. Although studies are heterogeneous, pooled 
estimates of the sensitivity for full-thickness tears is estimated at 95% with specificity 93%. (Dinnes 03) 

There is high prevalence for labral injury with first shoulder dislocation based on MR arthrography (MRA). 
(Antonio 07) Arthrography with low-field MR was found to be equivalent to high-field in a series of 38 
patients. (Loew 00) A comparison of high- versus low-field MR imaging for SLAP tears among symptomatic 
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patients found high field superior for diagnosing SLAP. (Tung 00) The sensitivity of high field MRA was 
90% and specificity 63%, while sensitivity for low field was 64% and 70% specificity. MRA was found 
superior to CT arthrography (CTA) and marginally better than MRI for identification of labral tears in a 
case series of patients with recurrent anterior instability, prior anterior dislocation or shoulder pain of 
unknown cause. (Chandnani 93) MRA sensitivity for a labral tear was 96.4%, MRI was 92.9%, and CTA 
was 73.1%. Specificity was 100% for all three tests; however, this appears overstated as there were only 
two patients without a tear in this small case series. MR arthrography is invasive, has adverse effects 
including a low, but definite risk of infection and is painful. It is also costly, although MRA has been felt to 
provide better cost effectiveness than MRI or CT arthrography for select diagnoses. (Oh 99) It is likely the 
best imaging procedure available for patients thought to have labral tears or patients with good strength 
in order to assess the labrum and rotator cuff with traumatic injury simultaneously, and is recommended 
for select use. 
 

Evidence for the Use of MR Arthrogram 
There are no quality studies evaluating the use of MR arthrography for shoulder pain. 

Ultrasound 
Diagnostic ultrasound has been used for evaluating rotator cuff tears. (Naqvi 09; Ianotti 05; 

Moosikasuwan 05; Crass 88; Shahabpour 08; Ardic 06) Considerable methodological flaws in the available 
heterogenous studies have been previously described (Dinnes HTA 03) yet, ultrasound has been 
reported to have 87% sensitivity and 96% specificity for detection of full-thickness tears; for 
partial-thickness tears, the sensitivity was reportedly 67% (Dinnes HTA 03). Since then, image 
quality has improved, which has likely increased the sensitivity, particularly if conducted by an 
experienced technician. 
 

Recommendation: Ultrasound for Diagnosing Rotator Cuff Tears, Tendinoses, or Impingement 
Ultrasound is recommended for selective use on patients suspected of having rotator 
cuff tears, tendinoses, or impingement. 
 

Indications – Ultrasound technicians should have sufficient skill to obviate the need for scanning 
(Boykin 10; Hanchard 13), otherwise the test introduces unnecessary redundancy. Patients with 
symptoms and signs of a clinically significant acute rotator cuff tear or subacute or chronic 
shoulder pain suspected of having a symptomatic rotator cuff tear. (Ardic 06; Iannoti 05; Wall 12; Naredo 

99) Most clinical presentations should wait approximately 2 weeks prior to imaging as some 
patients with acute pain and limited range of motion resolve clinically; obvious tears are an 
exception to waiting two weeks. Those with subacute or chronic pain should generally have 
failed additional non-operative treatment including NSAID, exercise and injection(s) (Ottenheijm 10, 

Moosikasuwan 05) A MR arthrogram is recommended for suspected labral injury (see below). (Ardic 

06) 
 

Dose/Frequency – Repeat ultrasound should be based on significant change in symptoms 
and/or examination findings.  
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
Ultrasound has been compared with physical examination findings, suggesting physical exam 
identified fewer abnormalities compared with ultrasound, though there was not clinical 
correlation with treatment outcomes. (Kim ModRheum 07) Ultrasound utilized to evaluate 
asymptomatic shoulders found increased prevalence of full-thickness tears with increased age 

(Sher 95; Templehof 99; with approximately 6% among 212 individuals (Schibany 04) and in 7.6% of 420. 
(Moosmayer 09) Asymptomatic tears increase in prevalence by age – 50 to 59 (2.1%) versus 60 to 69 
(5.7%) versus 70 to 79 (15%). (Moosmayer 09) Ultrasound is thought to be relatively effective for 
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identifying full-thickness tears; (Hedtmann 95; Zehetgruber 02; Brenneke 92; Furtschegger 88; Mack 88a & 88b; Middleton 86; 

Iannotti 05; Smith 11; Ottenheijm 10; Awerbuch 08) however, it appears somewhat less effective for identifying 
partial-thickness tears. (Buchbinder 13; Brenneke 92; Awerbuch 08; Naredo 99) A surgical case series of 42 
patients attempted to determine the diagnostic accuracy of ultrasound. Ultrasound detected all 
full-thickness tears (100% sensitive, 97% specific), but only 6 of 13 of the partial-thickness tears 
(46% sensitive, 97% specific). One full-thickness tear was falsely diagnosed. Another study has 
suggested sensitivity for detection of tear size of 83 to 86%. (Ianotti 05) Ultrasound has advantages 
of being able to move the arm actively or passively during the examination; it is less expensive; 
and it may be available in most centers. (Boykin 10) When conservative treatment failed, skilled 
physician’s usingultrasound reportedly had high diagnostic accuracy identifying tendinopathy, 
calcifying tendonitis, and partial- and full- thickness tears. (Ottenheijm 10, Moosikasuwan 05) SLAP 
lesions cannot be well visualized using ultrasound. (Hanchard 13) Impingement was felt to have 
been diagnosed in 27 of 34 cases (79% sensitive, 96% positive predictive value). (Read 98) A 
small study of ultrasound the day before surgery for shoulder arthritis in 20 patients suggested 
that ultrasound was accurate for evaluating hypertrophy of the bursa (93% sensitive, 83% 
specific), biceps tendon rupture (70% sensitive, 100% specific) and rotator cuff tear (83% 
sensitive, 57% specific ). (Alasaarela 98) Ultrasound-guided MR arthrography was evaluated in an 
RCT with anterior versus posterior approaches and found equal ratings of discomfort. (Koivikko 08) 
Ultrasound is not invasive, is of low to moderate cost, and has little risk of adverse effects; 
therefore, although there are concerns that MRI may be superior for imaging most of shoulder 
soft tissue, ultrasound is recommended particularly for evaluation of rotator cuff tears. The main 
disadvantage is the high dependency on the physician’s skills. (Boykin 10; Hanchard 13) 

 
Evidence for the Use of Ultrasound 
There are 14 high- and 7 moderate-quality studies incorporated into this analysis. 
 
We searched Ultrasonography for rotator cuff tears, massive rotator cuff tears, tendon rotator cuff tears, 
rotator cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff tendinosis, rotator cuff 
tendinitis, impingement syndrome, bursitis, supraspinatus tendinitis, and bicipital tears. Seventeen new 
articles were included. 

Single Proton Emission Computed Tomography (SPECT) And Positron Emission 
Tomography (PET) 
See Chronic Pain Guidelines. 

Arthrography 
Arthrography involves the injection of contrast into the joint. It was modified in the 1970s to 
include injection of air (“double contrast”). (Guckel 97) Arthrography under fluoroscopy in isolation 
has now been almost entirely replaced by other procedures, including MRI and MR 
arthrography, primarily due to its low sensitivity for full-thickness tears and essentially no 
sensitivity for partial thickness tears. (Blanchard 98) Most arthrograms including MR arthrogram and 
CT arthrogram are performed using fluoroscopy to localize the joint and inject the contrast 
agent. 

Diagnostic Injections 
Diagnostic injections particularly of the subacromial space, glenohumeral joint and 
acromioclavicular joint are sometimes performed. However, they are nearly always performed in 
combination with a therapeutic intervention, such as a glucocorticosteroid injection. Injection 
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with a therapeutic agent is nearly always preferable due to less overall invasiveness with 1 
injection rather than 2, as well as the potential to assess the patient both immediately post-
injection for diagnostic purposes as well as longer term for therapeutic purposes (see 
Injections). 

Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff 
Tears (Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, Calcific 
Tendinitis, Impingement Syndrome, Bicipital Tendinitis, Rotator Cuff Tears 
and Subacromial Bursitis 
Degenerative tendinopathy is the primary pathology underlying this closely related group of 
disorders, whether these conditions are primarily related to aging, insufficient vascular supply to 
the tendon, (Viikari-Juntura 08; Morken 00; Silverstein 08; Miranda 01; Miranda 05; Luime 04; Wendelboe 04; Skov 96; 

Stenlund 93; Kane 06; Kaergaard 00) and/or mechanical impingement. (Neer 72) The majority of rotator cuff 
tears initiate in the supraspinatus tendon. They can extend posteriorly into the infraspinatus and 
teres minor or be associated with subscapularis tears. Subscapularis tears can present in 
isolation. The supraspinatus tendon is prone to degeneration such that it appears that most 
people develop degenerative tendons over a lifetime. (Needell 96; Reilly 06; Worland 03; Sher 95; Reilly 06; 

Tempelhof 99; Schibany 04; Sakurai 98; Yamamoto 09; Clayton 08; Yamaguchi 06; Miranda 05; Silverstein 08; Wilson 43; Moosmayer 09; Neer 

72; Milgrom 95; Miniaci 95; Codman 34; Keyes 35; Cotton 64) A study of patients without shoulder problems found 
15% had full- and 20% had partial-thickness rotator cuff tears with the frequency of tears 
increasing with age. (Sher 95) Another study (Tempelhof 99) found asymptomatic rotator cuff tears 
overall in nearly one-quarter of the subjects with tears in 13% of the youngest (50 to 59 years), 
20% (60 to 69) and 31% (70 to 79) of the middle-aged, and 51% of the oldest (age >80 years). 
The study concluded that rotator cuff tears should be regarded as “normal’ degeneration, not 
necessarily causing pain and functional impairment.” A systematic review exploring the 
frequencies of rotator cuff tears in asymptomatic and symptomatic persons resulted in aggregate 
findings are summarized in Table 5. (Reilly 06) The prevalence of any asymptomatic tear was 
approximately 40%, with symptomatic tears occurring from about the same to nearly double the 
frequency, depending on the method of detection used.  
 

The supraspinatus tendon was thought to be susceptible to mechanical impingement between 
the head of the humerus and the acromion process, thus the term impingement syndrome is 
also popular, particularly when symptoms are elicited with overhead use, (Neer 72) but might not 
be primary cause of pathology in many rotator cuff syndromes. The subacromial/subdeltoid 
bursa is a contiguous space that overlies the rotator cuff tendons. Consequently, bursitis or 
degenerative bursal changes often accompany these conditions.  

Table 5. Prevalence of Rotator Cuff Tears in Asymptomatic and Symptomatic 
Persons as Detected by Ultrasound and MRI 

Technique Asymptomatic/Symptomatic 
Number of 

Scans 

Prevalence of Tears (%) 

Any Partial Full 

Ultrasound 
Asymptomatic 591 38.9 17.2 21.7 

Symptomatic 1038 41.4 6.7 34.7 

MRI 
Asymptomatic 271 26.2 15.9 10.3 

Symptomatic 490 49.4 8.6 40.8 

Over a 5-year period, 51% of previously-asymptomatic tears became symptomatic with a mean of 2.8 years to onset of 
symptoms in subjects who had documented bilateral rotator cuff tears with one side asymptomatic. (Yamaguchi 01) The age the 
newly-found, asymptomatic tears was unknown; thus, the average time it took a tear to become symptomatic was over 2.8 
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years. The effect of one symptomatic shoulder on the eventual occurrence of symptoms in the asymptomatic shoulder is 
unknown. 
 

Adapted from Reilly P, MacLeod I, MacFarland R, Windley J, Emery R. Dead men and radiologists don't lie: a review of 
cadaveric and radiological studies of rotator cuff tear prevalence. Ann Royal College of Surg Engl. 2006; 88:116-21. 

Diagnostic Criteria 
Patients with rotator cuff tendinoses have varying clinical presentations, thus there are no 
consensus diagnostic criteria that have proven effective. Patients generally have gradual onset, 
non-radiating glenohumeral joint pain. There are no distal paraesthesias. Rotator cuff tears may 
present with either acute or gradual onset pain. Impingement signs are often positive. 

Special Studies and Diagnostic and Treatment Considerations 
Patients are clinically diagnosed based on their history and physical examination. Additional 
tests are frequently performed on initial evaluation for more severe presentations, but often are 
not required in mild cases. X-ray is recommended and may be needed of both shoulders, 
particularly if there is a bilateral injury or need for comparison with the unaffected shoulder. 
Other studies are often helpful, including MRI, especially for evaluation of potential rotator cuff 
tears or SLAP tears. 
 

1. Recommendation: X-ray to Diagnose Shoulder Joint Pain 
X-ray is recommended to diagnose shoulder joint pain. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: MRI and MRA to Diagnose Causes of Rotator Cuff Tears 
MRI or MRA is recommended to diagnose rotator cuff tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Ultrasound to Diagnose Rotator Cuff Tears 
Ultrasound is recommended to diagnose rotator cuff tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
X-ray is the initial diagnostic test, particularly to help identify the presence and extent of any 
additional, especially treatable, conditions that might be contributing to the shoulder joint pain. 
X-rays are useful to rule out fracture in trauma cases where there may also be a rotator cuff 
tear. MRI and diagnostic ultrasound are recommended particularly for evaluation of rotator cuff 
tears. MRA may be considered if there is concomitant belief a significant labral tear may be 
present. 

Work Activities 
Patients with shoulder pain related to tendinoses should generally be encouraged to perform 
work activities within limitations of pain. However, some explicit limitations are often needed, 
especially for more physically demanding work activities. Such limitations are gradually reduced 
as recovery progresses and most commonly include limitations in heavy lifting and forward 

flexion and abduction, especially beyond 60.v As the condition improves, limitations should be 

 
vIt may be necessary to describe this as not lifting the hand above the shoulder or most commonly no “overhead use.” Also, 90 to 
120 of abduction and forward flexion is the most compromised biomechanical position for the shoulder in biomechanical 
experimental studies. Maintaining higher overhead height is less compromising to the shoulder than lowering to 90 if the object 
cannot be lowered substantially. (Garg 02, 05, 06) 



Copyright ©2020 Reed Group, Ltd.  Page | 57 
 

reduced or eliminated. Patients with clinically significant rotator cuff tears may need either 
surgery, or if non-operative management is planned, (Bokor 93; Itoi 92; Goldberg 01) longer duration of 
workplace limitations to allow for sufficient pain reduction and recovery of sufficient strength. If 
surgery is performed, there is a similar need for workplace limitations that are gradually 
reduced. 

Initial Care 
Initial care of rotator cuff tendinopathies nearly always involves non-operative treatment during 
which time it often becomes clearer whether a tear is present, and if so, how significant it is. 
Educating the patient regarding the generally good long-term prognosis and need to continue 
use and ROM exercises to prevent potential adhesive capsulitis is recommended. For patients 
with significant pain, over-the-counter (OTC) analgesics and self-applications of heat and ice are 
recommended. Slings and immobilizers are not recommended, and if used, should be used with 
daily range of motion exercises and for only a brief course. 
 

1. Recommendation: Over-the-counter Analgesics and Self-applications of Heat and Ice for 
Treatment of Rotator Cuff Tendinopathies 
Over-the-counter analgesics and self-applications of heat and ice are recommended 
for the treatment of rotator cuff tendinopathies. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Slings and Braces for Treatment of Rotator Cuff Tendinopathies 
Slings and braces are not recommended for the treatment of rotator cuff 

tendinopathies. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, heat, or slings and braces for managing 
rotator cuff tendinopathies. However, analgesics and OTC NSAIDs are likely helpful and there is 
some quality evidence for the use of prescription NSAIDs (see below). Self-applications of heat 
and ice may be helpful for self-management of symptoms, are not invasive, have low adverse 
effects, not costly, and are believed to be helpful for treating symptoms; thus, they are 
recommended. Slings and braces are not recommended as they promote debility and are 
thought to increase the risk for adhesive capsulitis. 

Follow-up Visits 
Patients with rotator cuff tendinopathies usually require follow-up appointments, particularly if 
they are undergoing active treatment(s), need assistance with advancing a course of exercises, 
and/or require significant work limitations that need frequent adjustments. Frequencies of 
appointments may also be greater when more workplace limitations are required and job 
demands are greater. Patients with rotator cuff tears who undergo surgical repair may require at 
least several weeks to a few months of post-operative rehabilitation. Patients with rotator cuff 
tears managed non-operatively (generally small tears and/or with minimal or short-duration 
impairment and/or with other comorbid conditions) may require longer duration limitations and 
slower recovery may occur. In those cases, the patient may require therapy on a prolonged 
basis in order to recover as much function as possible. 
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Medications 

Non-Steroidal Anti-Inflammatory Drugs and Acetaminophen 
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been widely used to treat shoulder pain, 
including tendinoses (Brox 03; Green 00; van der Windt J Clin Epidemiol 95; Ginsberg 85; Calabro 85; Abdul-Hadi 09; Itzkowitch 96) 
as well as in post-operative patients (see Chronic Pain Guidelines). Acetaminophen and 
paracetamol are sometimes utilized to treat shoulder pain, although their effects on 
cyclooxygenase activity are minimal and they are not anti-inflammatory. 
 

1. Recommendation: NSAIDs for Treatment of Acute, Subacute, or Chronic Shoulder Pain or 
Post-operative Pain 

NSAIDs are recommended for treatment of acute, subacute, or chronic shoulder pain, 
particularly rotator cuff tendinopathies and for post-operative pain. 

 

Indications – Shoulder or post-operative pain. (Adebajo 90; Petri 87; Berry 80; Mena 86) 
 

Frequency/Dose – Numerous NSAIDs have been utilized in quality trials, including celecoxib, 
diclofenac, fentiazac, flurbiprofen, ibuprofen, indomethacin, meloxicam, naproxen, 
nimesulide, piroxicam, sulindac, and tolmetin – see manufacturer’s recommendations. 
Generally, treat post-operative patients for 2 to 8 weeks post-op unless complications occur. 
 

Indications for Discontinuation – Resolution of pain, adverse effects, intolerance. 
 

Strength of Evidence − Strongly Recommended, Evidence (A) – Acute, subacute, 
chronic 
 Recommended, Evidence (C) – Post-operative 

 
 

2. Recommendation: Acetaminophen for Acute, Subacute, Chronic, or Post-operative Shoulder 
Pain 

Acetaminophen is recommended for acute, subacute, chronic or post-operative 
shoulder pain, particularly for those with contraindications for NSAIDs. 
 

Indications – Shoulder pain, including acute, subacute, chronic or post-operative. 
 

Frequency/Dose – See manufacturer’s recommendations; may be utilized on an as-needed 
basis. It has been suggested that 1gm doses are more effective than 650mg doses 
particularly in post-operative patients. (Med Let 09; McQuay 02) However, this level is now above 
the maximum dose recommended by an FDA advisory committee of 650mg. Evidence of 
hepatic toxicity has been reported at 4gms a day in a few days particularly among those 
consuming excessive alcohol. (http://edocket.access.gpo.gov/2009/pdf/E9-9684.pdf) 
 

 Indications for Discontinuation – Resolution of pain, adverse effects, intolerance. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: NSAIDs for Patients at Risk for GI Adverse Effects 
Concomitant prescriptions of cytoprotective medications are recommended for 
patients at substantially increased risk for gastrointestinal bleeding. 

 

Indications – Patients with a high-risk factor profile who have indications for NSAIDs, 
particularly if longer term treatment is contemplated; at-risk patients (e.g., those with a 
history of prior gastrointestinal bleeding, or elderly, diabetics, or cigarette smokers). 
Providers are cautioned that H2 blockers might not protect from gastric ulcers. (Robinson 89, 91; 

Ehsanullah 88) 
 

http://edocket.access.gpo.gov/2009/pdf/E9-9684.pdf
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Frequency/Dose/Duration – For proton pump inhibitors, misoprostol, sucralfate, and H2 
blockers, dose and frequency as recommended by manufacturer. Duration either extent of 
NSAID therapy or permanent for those with recurrent bleeds or other complications. 
 

Indications for Discontinuation – Intolerance, development of adverse effects, or 
discontinuation of NSAID. 

 

Strength of Evidence – Strongly Recommended, Evidence (A) – Proton pump 
inhibitors, misoprostol 

 Moderately Recommended, Evidence (B) – Sucralfate 
 Recommended, Evidence (C) – H2 blockers 

 
 

4. Recommendation: NSAIDs for Patients at Risk for Cardiovascular Adverse Effects 
Patients with known cardiovascular disease or multiple risk factors for cardiovascular 
disease should have the risks and benefits of NSAID therapy for pain discussed. 
 

  Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Acetaminophen or aspirin as the first-line therapy appear to be the safest regarding 
cardiovascular adverse effects to use for these patients with cardiovascular disease 
risk factors. 
 

  Strength of Evidence – Strongly Recommended, Evidence (A) 
 
 

If needed, NSAIDs that are non-selective are preferred over COX-2 specific drugs. In 
patients receiving low-dose aspirin for primary or secondary cardiovascular disease 
prevention, to minimize the potential for the NSAID to counteract the beneficial effects of 
aspirin, the NSAID should be taken at least 30 minutes after or 8 hours before the daily 
aspirin. (Antman 07) 

 

Rationale for Recommendations 
NSAIDs have been evaluated in quality studies that include placebo-controlled trials and at least 
one high-quality trial. (Adebajo 90) All trials demonstrate superiority compared to placebo. Thus, 
there is quality evidence that NSAIDs are effective for treating shoulder pain, particularly 
tendinitis and bursitis. (Adebajo 90; Petri 87; Mena 86; Berry 80) There also is quality evidence of their 
efficacy for post-operative shoulder patients. (Hoe-Hansen 99) 
 

There are numerous moderate-quality trials comparing NSAIDs head-to-head, however, there is 
no clear evidence of superiority or inferiority of any particular NSAID. (Bertin 03; Vidal 01; Wober 98, 99; 

Lecomte 94; Zuinen 93; Smith 86; Friis 92; McIlwain 88; Huskisson 83; Valtonen 78; Duke 81; Yamamoto 83; Thumb 87; Ginsberg 85; Rhind 82; 

Famaey 84; Hayes 84; Wielandts 79) One moderate-quality trial suggested comparable efficacy of an 
NSAID compared to a glucocorticosteroid injection for treatment of acute and subacute shoulder 
pain. (White 86) NSAIDs and acetaminophen are not invasive and have low adverse effects 
profiles, particularly when used for short courses in occupational populations. Generic or over-
the-counter formulations are low cost. NSAIDs and acetaminophen may avoid treatment with 
opioids, which have far worse adverse effect profiles (see Chronic Pain Guidelines). NSAIDs 
and acetaminophen are recommended for treating acute, subacute, chronic, and post-operative 
patients. By analogy to treatment of other musculoskeletal conditions such as low back pain 
(see Low Back Complaints), acetaminophen is believed to be less efficacious, though it 
generally has a lower adverse effect profile. 
 

There are four commonly used cytoprotective classes of drugs: misoprostol, sucralfate, 
histamine Type 2 receptor blockers (famotidine, ranitidine, cimetidine, etc.), and proton pump 
inhibitors (esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole). Generally, 
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there is not believed to be substantial differences in efficacy for prevention of gastrointestinal 
bleeding at pharmacologically equivalent dosing (Graham 02) although evidence suggests the 
histamine-2 blockers are less effective for protection of the gastric mucosa and sucralfate is 
weaker than proton pump inhibitorsThere are NSAID/misoprostol combination products that 
have documented reductions in risk of endoscopic lesions (see evidence table). 
 
Evidence for the Use of NSAIDs for Shoulder Pain 
There are 3 high-quality and 22 moderate-quality RCTs (one with two reports) incorporated into 
this analysis. There is 1 low-quality RCT (Heere 88) in Appendix 2. 

Anti-Depressants 
1. Recommendation: Norepinephrine Reuptake Inhibiting Anti-depressants for Subacute or Chronic 

Shoulder Girdle Pain, including Myofascial Pain Syndrome and Select Cases of Rotator Cuff 
Tendinopathy 
Norepinephrine reuptake inhibiting anti-depressants are recommended for subacute 
or chronic myofascial pain syndrome and shoulder girdle pain (see Chronic Pain 
Guidelines), and a reasonable option for select rotator cuff tendinopathy patients. 

 

Indications – Subacute and chronic myofascial pain and shoulder girdle pain; may be 
particularly helpful if there is nocturnal sleep disruption, mild dysthymia, which may allow for 
nocturnal dosing of a mildly sedating TCA. 
 

Frequency/Duration – Low dose at night, gradually increased (e.g., amitriptyline 25mg QHS, 
increase by 25mg each week) until a sub-maximal or maximal dose achieved, sufficient 
effects are achieved, or adverse effects occur. Lower doses (e.g., amitriptyline, 25 to 75mg a 
day) avoid adverse effects and the necessity of blood level monitoring, particularly as there 
is no evidence of increased pain relief at higher doses. Imipramine is less sedating, thus if 
carryover daytime sedation, it may be a better option. If patient cannot sleep, amitriptyline is 
the recommended initial medication in this class. Duration for patients with subacute and 
chronic shoulder pain may be indefinite, although most of these patients do not require 
indefinite treatment, particularly if they are compliant with elements of a functional restoration 
program. 
 

Indications for Discontinuation – Resolution of pain, intolerance, development of adverse 
effects. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Norepinephrine Reuptake Inhibiting Anti-depressants for Acute Shoulder Pain 
Norepinephrine reuptake inhibiting anti-depressants are not recommended for acute 
shoulder pain. 

 

 Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Selective Serotonin Reuptake Inhibitors for Acute, Subacute, or Chronic Shoulder 
Pain 
Selective serotonin reuptake inhibitors (SSRIs) are not recommended for treatment of 
acute, subacute, or chronic shoulder pain. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Norepinephrine reuptake inhibiting anti-depressants (e.g., amitriptyline, doxepin, imipramine, 
desipramine, nortriptyline, protriptyline, maprotiline, and clomipramine) and mixed 
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norepinephrine and serotonin inhibitors (venlafaxine, bupropion, and duloxetine) have evidence 
of efficacy for treatment of chronic low back pain and some other chronic pain conditions (see 
Low Back Complaints). There is no quality evidence evaluating these medications for treatment 
of shoulder pain; however, they appear likely to be mildly effective for some shoulder pain 
patients, especially involving shoulder girdle and myofascial pain. Selective serotonin reuptake 
inhibitors (SSRIs) are not recommended for treatment of acute, subacute, or chronic shoulder 
pain as there is strong evidence of their lack of efficacy for treatment of chronic low back pain, 
thus they appear unlikely to successfully treat acute, subacute, or chronic shoulder pain. 
 

Evidence for the Use of Norepinephrine Reuptake Inhibiting Anti-depressants and Mixed 
Norepinephrine and Serotonin Inhibitors 
There are no quality studies evaluating the use of norepinephrine reuptake inhibiting anti-
depressants and mixed norepinephrine and serotonin inhibitors for patients with shoulder pain. 

Anti-Convulsant Agents (including Gabapentin and Pregabalin) 
Anti-convulsant agents have been utilized off-label for treating some chronic pain syndromes 
since the 1960s, (Wiffen 05) particularly neuropathic pain. (Challapalli 05) Anti-convulsants are thought 
to have analgesic properties. Several have been used to manage chronic pain conditions 
including carbamazepine, valproic acid, gabapentin, phenytoin, clonazepam, lamotrigine, 
tiagabine, pregabalin, topiramate, levetiracetam, oxcarbazepine, and zonisamide (see Chronic 
Pain Guidelines). 
 

1. Recommendation: Anti-convulsants for Subacute or Chronic Shoulder Pain 
There is no recommendation for or against the use of anti-convulsants including 
topiramate, gabapentin, or pregabalin for treatment of subacute or chronic shoulder 
pain. 

 

 Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

2. Recommendation: Anti-convulsants for Acute Shoulder Pain 
Anti-convulsants are not recommended for the treatment of acute shoulder pain. 

 

 Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality studies involving the use of anti-convulsant agents for patients with 
shoulder pain. By analogy, there is quality evidence topiramate is weakly effective for treatment 
of low back pain patients and gabapentin is not helpful. However, there is quality evidence that 
gabapentin reduces need for opioids when administered as part of perioperative hip surgery 
patients’ pain management.(Pandey 04, Pandey 05, Radhakrishnan 05, Turan 04) 
 

Evidence for the Use of Anti-convulsant Agents 
There are no quality studies evaluating the use of anti-convulsant agents for shoulder pain. 

Opioids  
See Opioids Guidelines for recommendations and evidence. 

Skeletal Muscle Relaxants 
Skeletal muscle relaxants comprise a diverse set of pharmaceuticals designed to produce 
muscle relaxation through different mechanisms of action, generally considered to be effects on 
the central nervous system (CNS) and not on skeletal muscle. (Abbruzzese 02, Elenbaas 80) These 
medications are widely used in primary care to treat painful conditions, most prominently LBP, 
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(Cherkin 98, Di Iorio 00, van Tulder 97, Schnitzer J Pain Symptom Manage 04, Deyo 90, Baratta 76, Arbus 90) muscle 
spasms, (Preston 84) and myalgias. They are sometimes used to treat shoulder disorders, but are 
generally not indicated for chronic shoulder pain. 
 

Recommendation: Muscle Relaxants for Acute or Subacute Shoulder Pain with Significant 
Muscle Spasm 
Muscle relaxants are recommended for acute or subacute, moderate to severe shoulder 
pain from muscle spasm that is unrelieved by NSAIDs, avoidance of exacerbating 
exposures or other conservative measures. 
 

Indications – Moderate to severe acute and subacute shoulder pain with significant muscle 
spasm. 
 

Frequency/Dose – Initial dose in evening (not during workdays or if patient operates a motor 
vehicle, though daytime use acceptable if minimal CNS-sedating effects). If significant daytime 
somnolence results, particularly if it interferes with performance of conditioning exercises and 
other components of the rehabilitation process or treatment plan, discontinue or prescribe a 
reduced dose. Duration for exacerbations of chronic pain is limited to a couple weeks. Longer 
term treatment is generally not indicated. 
 

Indications for Discontinuation – Resolution of pain, non-tolerance, significant sedating effects 
that carry over into the daytime, other adverse effects. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies of these agents for treatment of patients with shoulder pain. 
Skeletal muscle relaxants have been evaluated in quality studies evaluating chronic back and 
neck, (Brown 78, Hingorani 71, Bercel 77) although there are far more studies on acute LBP (see Chronic 
Pain Guidelines,  Low Back Complaints, and Neck Complaints). (Salzmann 92) The quality of the 
studies comparing these agents to placebo are likely overstated due to the unblinding that would 
be inherent in taking a drug with substantial CNS-sedating effects. The adverse effect profile is 
concerning, (Lofland 01) with CNS-sedation rates ranging from approximately 25 to 50% and a low, 
but definite, risk of abuse. (Littrell 93, Toth 04) Thus, prescriptions for skeletal muscle relaxants for 
daytime use should be carefully weighed against the need to drive vehicles, operate machinery, 
or otherwise engage in occupations where mistakes in judgment may have serious 
consequences (e.g., crane operators, air traffic controllers, operators of motorized vehicles, 
construction workers, etc.). Skeletal muscle relaxants have beneficial uses, particularly for 
nocturnal administration to normalize sleep patterns disrupted by skeletal muscle pain, as well 
as for daytime use among the few patients who do not suffer from CNS depressant effects, and 
are low cost if generic medications are prescribed. Skeletal muscle relaxants are not 
recommended for continuous management of subacute or chronic shoulder pain, although they 
may be reasonable options for select acute pain exacerbations or for a limited trial as a third- or 
fourth-line agent in more severely affected patients in whom NSAIDs and exercise have failed to 
control symptoms. 
 

Evidence for the Use of Skeletal Muscle Relaxants 
There are no quality studies evaluating skeletal muscle relaxants for treatment of patients with 
shoulder pain. 
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Systemic Glucocorticosteroids (AKA “Steroids”) 

ORAL 
Glucocorticosteroids are infrequently used to treat rotator cuff tendinoses, as subacromial 
injections are normally utilized (see below). 
 

Recommendation: Glucocorticosteroids for Treatment of Acute, Subacute, or Chronic Rotator 
Cuff Tendinopathies 
There is no recommendation for or against the use of oral glucocorticosteroids for 
treatment of rotator cuff tendinopathies. 
 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
(Note: injections are recommended below) 
 
 

Rationale for Recommendation 
There is strong evidence that glucocorticosteroids injected in the subacromial space are 
effective for treatment of rotator cuff tendinopathies (see below). There are no quality placebo-
controlled trials of oral glucocorticoids. There is one moderate quality trial that compared 
subacromial injection with intramuscular, with some outcomes suggesting injections are superior 
and no outcomes suggesting intramuscular administrations are superior. (Ekeberg 09) Thus, by 
further extension from intramuscular glucocorticoids, there is no recommendation for use of oral 
glucocorticosteroids for treatment of rotator cuff tendinopathies; particularly as there is 
considerable evidence subacromially injected glucocorticoids are efficacious. It may be 
reasonable to use oral steroids in those who declined injection, but continue to have an 
inadequate result with NSAIDs and exercises. 
 

Evidence for the Use of Glucocorticosteroids 
There is 1 moderate-quality RCT incorporated into this analysis. 

Topical Medications, Lidocaine Patches 
Topical medications include patches, capsaicin and sports creams, NSAIDs, wheatgrass cream, 
dimethyl sulfoxide (DMSO), N Acetylcysteine (NAC), and eutectic mixture of local anesthetics 
(EMLA). Topical glyceryl trinitrate has been utilized for treatment of rotator cuff disease. (Cumpston 

09) Capsaicin is applied to the skin as a cream or ointment. Possible mechanisms for pain 
reduction include distraction by stimulating other nerve endings or killing afferent sensory nerve 
fibers that subsequently regenerate. Rado-Salil ointment is a proprietary formulation of 14 
agents, the two most common are menthol (55.1%) and methylsalicylate (26.5%). There are 
many other commercial products that similarly cause a warm or cool feeling in the skin. All of 
these agents are thought to work through a counter-irritant mechanism (i.e., feel the dermal 
sensation rather than the pain). Topical NSAIDs have been used to treat many different MSDs, 
including arthritis, lateral epicondylitis, and other tendinoses. (Ritchie 96, Lin 04) Many different NSAIDs 
are compounded, including ibuprofen, naproxen, ketoprofen, piroxicam, and diclofenac. 
 

1. Recommendation: Capsicum Creams for Acute, Subacute, or Chronic Shoulder Pain 
Capsicum is recommended for short-term treatment of acute or subacute shoulder 
pain, as well as acute flares of chronic shoulder pain as a counter-irritant. 

 

Indications – Temporary flare ups of chronic shoulder pain or acute or subacute shoulder 
pain. 

 

Frequency/Duration – Duration for patients with chronic pain is limited to an acute flare-up 
period, generally lasting no more than 2 weeks. Not to be used continuously or more than 1 
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month as cost is high compared to alternative treatments of greater or equal efficacy. Patient 
should transition to an active treatment program. 

 

Indications for Discontinuation – Resolution of pain, lack of efficacy, development of adverse 
effects. 

 

 Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Topical NSAIDs, Topical Glyceryl Trinitrate, Lidocaine Patches, Eutectic 
Mixture of Local Anesthetics (EMLA), Other Creams/Ointments for Shoulder Joint Pain 
There is no recommendation for or against the use of topical NSAIDs, topical glyceryl 
trinitrate, lidocaine patches, eutectic mixture of local anesthetics (EMLA), or other 
creams/ointments for shoulder pain as it is unclear whether the target tissue is 
sufficiently superficial to be treated topically. 

 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Evidence of efficacy is relatively sparse for any disorder. There is moderate-quality evidence 
that 3 days treatment with transdermal nitroglycerin patches is effective compared with placebo 
for shoulder tendinitis. (Berrazueta 96) Quality evidence for efficacy of other agents or for other 
shoulder disorders is not available. However, there are some quality studies suggesting short- to 
intermediate-term benefits for some of these agents for more superficial tissues (see Chronic 
Pain Guidelines,  Elbow Disorders,  Hand, Wrist, and Forearm Complaints). These agents, 
when demonstrated to have efficacy, appear weakly effective. They might cause deleterious 
effects if used long-term. Topical applications of anesthetic agents over large areas are thought 
to carry significant risk of potentially fatal adverse effects. (FDA March 09) There are many other 
commercially available creams and ointments, but no quality studies for the purposes of treating 
shoulder pain and the target tissue is relatively deep to the skin surface in many patients. 
Capsicum is recommended as a counterirritant option for treatment of shoulder pain based on 
analogy to treatment of LBP and other chronic pain conditions. (Frerick 03, Keitel 01) 
 

Evidence for the Use of Topical Medications 
There is 1 moderate-quality RCT incorporated into this analysis for transdermal nitroglycerin 
patch. There are no quality studies that evaluate the use of topical medications, including 
lidocaine patches, capsaicin and sports creams, NSAIDs, wheatgrass cream, DMSO, NAC, and 
EMLA for shoulder pain. 

Devices/Physical Methods 
Some patients with shoulder pain may benefit from limited use of appliances/devices, 
particularly as a means of assisting with resting the injured shoulder, as well in assisting in 
supporting the upper extremity after surgery. These aids include many different types of slings 
and supports. However, the shoulder is unusually prone to development of complications from 
immobility, including adhesive capsulitis and debility development. Thus prescriptions of these 
appliances should be done with care and, for non-operative patients, usually accompanied by at 
least a gradually progressive range of motion (ROM) exercise prescription. For post-operative 
patients, these are usually prescribed with a plan to wean off their use at the earliest possible 
date and implement a progressive exercise program. 

Slings and Shoulder Supports 
1. Recommendation: Slings and Shoulder Supports for Acute Severe Shoulder Pain 
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Slings and shoulder supports are recommended for acute severe pain when the 
appliance is used to briefly rest the shoulder and then promptly, gradually advance 
the activity level. 

 

Indications – Acute severe shoulder pain, traumatic and atraumatic, particularly where 
appliance is utilized as part of a plan to briefly rest the shoulder and promptly, gradually 
increase activity level. Non-operative patients are recommended to have an ROM exercise 
program instituted in nearly all circumstances. 
 

 Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Slings and Shoulder Supports for Post-operative Shoulder Pain 
Slings and shoulder supports are recommended for post-operative shoulder pain 
when the appliance is used to advance the activity level. 

 

Indications – Post-operative patients, particularly where appliance is utilized to increase 
activity level. Operative patients require management to gradually decrease use of the 
appliance and institute exercises. 
 

 Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Slings and Shoulder Supports for Subacute or Chronic Shoulder Pain 
Slings and shoulder supports are not recommended for subacute or chronic shoulder 
pain or mild to moderate acute pain. 
 

 Strength of Evidence – Not Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
There is one moderate-quality trial of a sling for treatment of disabling impingement syndrome, 
but it failed to find evidence of efficacy. (Walther 04) Slings and supports may be helpful for acute, 
severe injuries during the recovery phase to produce relative rest. They also may be useful for 
post-operative patients. Use of these devices should generally be accompanied by an ROM 
exercise program and progress be carefully monitored in patients as the shoulder is particularly 
prone towards debility as well as adhesive capsulitis. 
 

Evidence for the Use of Shoulder Slings and Supports 
There is 1 moderate-quality RCT incorporated into this analysis. 

Taping and Kinesiotaping  
Taping (non-elastic, thick tape) and kinesiotaping (elastic, thinner tape) are used on the 
extremities, particularly in sports settings, as well as the shoulder. (Copping 05; Alexander 03; Lewis 05; 

Ackermann 01; Thelen 08; Kaya 10; Lewis 05; Zanella 01; Pogliaghi 98) Taping (white athletic taping, cotton mesh 
adhesive tape often over gauze) is intended to stabilize and support, but restrict ROM, and thus 
is used for treatment and preventive purposes. (Cools 02; Baquie 02; Host 95; Smith 09) It is often utilized 
immediately prior to an activity and then removed, or the cotton mesh may be applied and 
removed after hours of use. Kinesiotaping has also been used for treatment, including pain 
relief; however, it is intended to allow full ROM in contrast with traditional taping. (Hsu 09; Host 95; 

Miller 09; Hadala 09; Fu 08; Walsh 10; Yoshida 07; Kalichman 10; Kaya 10: Garcia-Muro10; Thelen 08) Kinesiotaping is 
proprietary; proponents believe the tape should be applied in specific patterns and may or may 
not be stretched depending on the injury. Regardless, all types of taping are utilized to attempt 
to treat musculoskeletal disorders. Difficulty with tolerating the various types of tape may be 
problematic for some patients. 
 

Recommendation: Taping or Kinesiotaping for Shoulder Pain 
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There is no recommendation for or against the use of taping or kinesiotaping for treatment 
of shoulder pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is one high-quality very short-term trial of kinesiotaping for treatment of shoulder pain 
which failed to show improvements in pain. (Thelen 08) A moderate-quality pilot study evaluated 
facilitatory taping as an adjunct to routine physiotherapy management and found some 
preliminary evidence for a short-term role of scapula taping with physiotherapy. However, it was 
a small sample size with high dropouts in the taping group. (Miller 09) Kinesiotaping and taping 
have not been shown to have sustained efficacy. There is little evidence for efficacy of 
correcting posture, including a slouched forward position. (Lewis 05) Kinesiotaping or taping for 
patients with shoulder pain has demonstrated increased muscle activity. (Hsu 09; Selkowitz JOSPT 07) 

These interventions are not invasive. Taping and kinesiotaping have potential adverse effects 
among those who do not tolerate it or the adhesives, but they are generally minor. When fees 
for both the tape and its application are considered, taping is costly, especially since there are 
alternative interventions that have been shown to be effective. As there is no quality evidence of 
durable effects, there is no recommendation for or against their use. 
 

Evidence for the Use of Taping 
There is 1 high- and 1 moderate-quality RCT incorporated into this analysis. 

Magnets and Magnetic Stimulation 
High-intensity magnetic stimulation purportedly causes depolarization of nerves and has been 
found to result in an antinociceptive effect in rats. (Lin 02) Electromagnetic fields have been 
known to increase osteoblastic activity. Therefore, proponents believe magnetic fields have 
therapeutic value in the treatment of musculoskeletal disorders. 
 

Recommendation: Magnets and Magnetic Stimulation for Acute, Subacute, or Chronic Shoulder 
Pain 
Magnets and magnetic stimulation are not recommended for the treatment of acute, 
subacute, or chronic shoulder pain. 

 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies of magnets for the treatment of shoulder pain. However, there is 
quality evidence for lack of efficacy in treatment of low back pain. (Collacott 00) Magnets are not 
invasive, have no adverse effects, and are low cost; however, other treatments have proven 
efficacy. 
 

Evidence for the Use of Magnets and Magnetic Stimulation 
There are no quality studies evaluating the use of magnets and magnetic stimulation for 
osteoarthrosis or acute, subacute and chronic shoulder pain. 

Acupuncture 
Acupuncture has been primarily used to treat myofascial (Nabeta 02) and shoulder girdle pain (see 
Trigger Points/Myofascial Pain/Muscle Tension Syndromes of this guideline). While it has also 
been used to treat rotator cuff tendinopathies, (Guerra de Hoyos 04; Green 05; Green 06; Green 09; Kleinhenz 

99; Kong 09; Vas 08) a Cochrane review noted there were few trials of quality with “little can be 
concluded” (Green 05; Green 09), while one systematic review recommends acupuncture as a 
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conservative treatment option. (Grant 04) There are different techniques utilized, including 
acupuncture, superficial dry needling and deep dry needling. (Baldry 02) Acupuncture is further 
discussed in the Low Back Disorders and Chronic Pain Guidelines. 
 

Recommendation: Acupuncture for Chronic Rotator Cuff Tendinopathies, including Impingement 
Syndrome, or Post-operative Pain 
Acupuncture is recommended for select use in chronic rotator cuff tendinopathies or 
post-operative pain only as an adjunct to more efficacious treatments. 
 

Indications – As a tertiary treatment if NSAIDs, active exercises, injections, and surgery (if 
indicated) fail to resolve or sufficiently improve pain. 
 

Frequency/Duration – Frequency and duration pattern in the quality trial was weekly for 8 
weeks. An initial trial of 4 appointments would appear reasonable in combination with a 
conditioning program of aerobic and strengthening exercises. An additional 4 appointments 
should be tied to improvements in objective measures after the first 4 treatments, for a total of 8. 
(Guerra de Hoyos 04) If acupuncture is trialed in a patient, objective functional improvement should 
be demonstrated after 6 visits. 
 

Indications for Discontinuation – Resolution, intolerance, non-compliance including non-
compliance with aerobic and strengthening exercises, no functional gains demonstrated. 
 

 Strength of Evidence − Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
The overall body of evidence for the use of acupuncture is relatively weak. There are four 
moderate-quality trials suggesting improvements from acupuncture or electroacupuncture 
compared with sham. (Guerra de Hoyos 04; Kleinhenz 99; Gilbertson 03; Moore 76) The results of one trial 
persisted beyond discontinuation of the treatment. (Guerra de Hoyos 04) A trial in post-operative 
patients suggested benefits. (Gilbertson 03) Additional quality trials for rotator cuff tendinopathies 
are needed. One trial attempted to assess efficacy of naturopathic treatment, but included 
acupuncture, thus precluding assessment of those effects. (Szczurko 09) Acupuncture when 
performed by experienced professionals is minimally invasive, has minimal adverse effects, and 
is moderately costly. Despite significant reservations regarding its true mechanism of action, a 
limited course of acupuncture may be recommended for treatment of rotator cuff tendinopathies 
as an adjunct to an efficacious exercise program. Acupuncture is recommended to assist in 
increasing functional activity levels more rapidly; the primary attention should remain on the 
exercise program and document functional gain. In those not involved in an exercise program, 
or who are non-compliant with graded increases in activity levels, this intervention is not 
recommended. 
 

Evidence for the Use of Acupuncture 
There are 10 moderate-quality RCTs incorporated into this analysis. There is 1 low-quality study 
(Peng 87) in Appendix 2. 
 
We searched acupuncture for rotator cuff tears, massive rotator cuff tears, tendon rotator cuff tears, 
rotator cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff tendinosis, rotator cuff 
tendinitis, impingement syndrome, bursitis supraspinatus tendinitis, and bicipital tears. Six RCTs were 
included. 

Hot and Cold Therapies 
It has been proposed that cold and heat have actual therapeutic benefits to modify the disease 
processes (e.g., cold to allegedly reduce acute inflammation and swelling, and heat to speed 
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healing through increased blood supply). (Grana Instr Course Lect 93, Michlovitz 96) However, others 
propose that these various modalities are distractants that apparently do not materially alter the 
clinical course. (Melzack 80) Still others postulate that the distractants allow increased activity 
levels, thus even though distractants might not directly modify the disease processes, this 
theory supports using these modalities through indirect mechanism(s) of action. (Nadler 04) Many 
patients with pain report a temporary soothing effect from the application of heat or the use of 
ice packs in the home setting. 

Cryotherapies 
Cold or cryotherapies involve applications of cold or cooling devices to the skin. They have been 
used for treatment of non-operative pain and post-operative pain. (Saito 04) 
 

Recommendation: Home Use of Cryotherapies for Acute, Subacute, Chronic, or Peri-operative 
Shoulder Pain 
Cryotherapies are recommended for home use if efficacious for the temporary relief of 
acute, subacute, chronic, or peri-operative shoulder pain. 
 

Indications – Acute, subacute, chronic, or peri-operative shoulder pain. 
 

Indications for Discontinuation – Non-tolerance, including exacerbation of shoulder pain. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials for treatment of shoulder pain patients. There is one moderate-quality 
trial for post-operative treatment; however, there were no clinical results. (Osbahr 02) Education 
regarding home cryotherapy application may be part of the treatment if cold is effective in 
reducing pain. Self applications of cryotherapies using towels or reusable devices are non-
invasive, minimal cost, and without complications. Other forms of cryotherapy can be 
considerably more expensive, including chemicals or cryotherapeutic applications in clinical 
settings and are not recommended. 
 

Evidence for the Use of Cryotherapy for Rotator Cuff Tendinopathies 
There is 1 moderate-quality RCT incorporated into this analysis. There are 2 low-quality RCTs 
(Speer 96; 01) in Appendix 2. 

Heat Therapies 
Many forms of heat therapy have been used to treat musculoskeletal pain including hot packs, 
moist hot packs, sauna, warm baths, infrared, diathermy, and ultrasound. The depth of 
penetration of some heating agents is minimal since transmission is via conduction or 
convection, but other modalities have deeper penetration. (Vasudevan 97) A particular 
methodological problem with most studies of heat therapy is that despite occasional attempts at, 
and claims of successful blinding, it is essentially impossible to blind the patient from these 
interventions as they produce noticeable, perceptible tissue warming. Not surprisingly, some of 
these heat-related modalities have been shown to reduce pain ratings more than placebo for 
low back pain patients (see Low Back Complaints). It is less clear whether there are meaningful, 
long-term benefits. Heat therapies are passive treatments. In chronic pain settings, use of heat 
should be minimized to self-treatments of flare-ups with primary emphasis on functional 
restoration elements (e.g., exercises). 
 

Recommendation: Self-application of Heat Therapy for Acute, Subacute, or Chronic Shoulder 
Pain 
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Self-application of low-tech heat therapy is recommended for acute, subacute, or chronic 
shoulder pain. 
 

Indications – Acute, subacute, or chronic shoulder pain. 
 

Frequency/Duration – Applications may be periodic or continuous. Applications should be home-
based as there is no evidence for superiority of provider-based heat treatments. Primary 
emphasis should generally be on functional restoration program elements, rather than on 
passive treatments in patients with chronic pain. Education regarding home heat application 
should be part of the treatment plan if heat has been effective for reducing pain. 
 

Indications for Discontinuation – Intolerance, increased pain, development of a burn, other 
adverse event. 

 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Self applications of heat using towels or reusable devices are non-invasive, minimal cost and 
without complications. Heat is not commonly used in acute situations (first few days); however, 
evidence suggests heat is effective for acute LBP (see Low Back Complaints). Thus, efficacy for 
acute pain is unclear. Other forms of heat can be considerably more expensive, including 
chemicals or cryotherapeutic applications in clinical settings and are not recommended. There is 
one moderate quality study suggesting hyperthermia is superior to ultrasound for patients with 
supraspinatus tendinopathies in athletes, although that did not involve self-application of heat. 
(Giombini 06) 
 

Evidence for the Use of Heat Therapy 
There is 1 moderate-quality RCT incorporated into this analysis. 

Diathermy and Infrared Therapy 
There are many commercial modalities used to deliver heat; these generally differ on how 
deeply the heat is felt. None of these modalities other than ultrasound have demonstrated major 
efficacy for any disorder, however, there have been limited uses for treatment of specific 
disorder with a specific intervention (see Hand, Wrist, and Forearm Complaints,  Elbow 
Disorders,  Low Back Complaints, and  Chronic Pain Guidelines). 
 

Recommendation: Diathermy or Infrared Therapy for Acute, Subacute, or Chronic Shoulder Pain 
There is no recommendation for or against the use of diathermy or infrared therapy for 
the treatment of acute, subacute, or chronic shoulder pain. 
 

  Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies evaluating the use of diathermy or infrared for shoulder pain 
patients. While they are not invasive and have low complication rates, diathermy and infrared 
therapy are moderate to high cost depending on the number of treatments. Thus, there is no 
recommendation for or against their use to treat shoulder pain. 
 

Evidence for the Use of Diathermy and Infrared Therapy 
There are no quality studies evaluating the use of diathermy or infrared therapy for shoulder 
pain. 
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Ultrasound 
Ultrasound has been used for treatment of rotator cuff tendinitis and calcific tendinitis. (Robertson 

01; Philadelphia Panel 01; Green 06; Berry 80; Downing 86; van der Heijden 97; Nykanen 95; van der Heijden 99; Ebenbichler 
99)  
 

1. Recommendation: Ultrasound for Acute, Subacute, or Chronic Shoulder Tendinopathies 
Ultrasound is not recommended for the treatment of acute, subacute, or chronic 
shoulder tendinopathy. 
 

  Strength of Evidence − Not Recommended, Evidence (C)  
 
 

2. Recommendation: Ultrasound for Calcific Tendinitis 
Ultrasound is recommended for the treatment of calcific tendinitis. (Ebenbichler 99) 
 

Indications – Calcific rotator cuff tendinitis. 
 

Frequency/Duration – Ultrasound (0.89MHz, 2.5W/cm2) up to 24, 15-minute sessions, daily 
for 5 weeks, then 3 a week for 3 weeks. (Ebenbichler 99) 

 

Indications for Discontinuation – Intolerance, adverse effect or resolution of pain. 
 

Strength of Evidence − Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
The largest, highest quality blinded study of shoulder soft tissue disorders found a lack of 
efficacy of ultrasound vs. sham. (Van der Heijden 99) Most of the other trials found no benefits 
compared to sham or other active treatments. (Johansson 05) One moderate-quality trial found 
efficacy for treatment of patients with calcific tendinitis. (Ebenbichler 99) Another moderate-quality 
trial with a much smaller sample size that combined ultrasound with acetic acid iontophoresis 
found a lack of efficacy. (Perron 97) Ultrasound is not invasive, has low adverse effects, but is 
moderate to high cost depending on the number of treatments. It is recommended for treatment 
of calcific tendinitis as the highest quality, largest sample sized-study documents efficacy. 
However, it is not recommended for shoulder pain to include tendinopathies other than calcific 
tendinitis, as there is not clear documentation of efficacy for other than patients with calcific 
tendinitis. 
 

Evidence for the Use of Ultrasound 
There are 6 moderate-quality RCTs incorporated into this analysis. There is 1 low-quality RCT 
(Herrera-Lasso 93) in Appendix 2. 

Low-Level Laser Therapy 
Low-level laser treatment (LLLT) usually involves laser energy that does not induce significant 
heating. It is theorized that the mechanism of action is through photoactivation of the oxidative 
chain and has been used for treatment of rotator cuff tendinopathies. (Fitz-Ritson 01; Bal 09; Santamato 

09; England 89; Vecchio 93; Philadelphia Panel 01; Tumilty 10) 
 

Recommendation: Low-level Laser Therapy for Rotator Cuff Tendinopathies 
Low-level laser therapy is not recommended for treatment of rotator cuff tendinopathies. 
 

Strength of Evidence − Not Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There are six sham-controlled trials, nearly all assessing additive benefit to exercise programs. 
(Abrisham 11; Vecchio 93; England 89; Bingöl 05; Yeldan 09; Dogan 10) Four of the six found no benefits of the 
laser. (Vecchio 93; Bingöl 05; Yeldan 09; Dogan 10) One of the two studies suggesting benefits only followed 
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patients for two weeks, (Abrisham 11) thus insufficient for producing a guideline recommendation 
on efficacy for chronic pain conditions. Thus, the literature largely suggests LLLT is ineffective 
for shoulder pain. LLLT is not invasive, has few adverse effects, but is costly. As most data 
suggest a lack of efficacy, LLLT is not recommended for treatment of rotator cuff tendinopathies. 
 

Evidence for the Use of Low-Level Laser Therapy 
There are 8 moderate-quality RCTs incorporated into this analysis. There is 1 low-quality RCT in 
Appendix 2.  
(Saunders 95) 
 

We searched Low level laser therapy, rotator Cuff/injuries, rotator cuff tears, rotator cuff tear, 
rotator cuff tendinopathy, rotator cuff tendinosis, rotator cuff tendinitis, Shoulder Impingement 
Syndrome, Bursitis, supraspinatus tendinitis, bicipital tears, controlled clinical trial, controlled 
trials, randomized controlled trial, randomized controlled trials, random allocation, random, 
randomized, randomization, randomly; systematic, systematic review, retrospective studies, 
prospective studies, epidemiological studies, epidemiological research, and Nonexperimental 
Studies. In PubMed we found and reviewed 17 articles, and considered 9 for inclusion. In 
Scopus, we found and reviewed 88 articles, and considered 1 for inclusion. In CINAHL, we 
found and reviewed 4 articles, and considered 1 for inclusion. In Cochrane Library, we found 
and reviewed 4 articles, and considered 1 for inclusion. We also considered for inclusion 3 
articles from other sources. Of the 15 articles considered for inclusion, 7 randomized trials and 3 
systematic studies met the inclusion criteria. 

Pulsed Electromagnetic Field 
Pulsed electromagnetic field (PEMF) treatments have been utilized to treat shoulder pain 
patients. (Binder 84) 
 

Recommendation: Pulsed Electromagnetic Field for Rotator Cuff Tendinopathies 
PEMF is moderately not recommended for treatment of rotator cuff tendinopathies. (Aktas 

07) 
 

Strength of Evidence − Moderately Not Recommended, Evidence (B) 
 
 

Rationale for Recommendation 
There is one high-quality study of PEMF suggesting lack of benefit. Thus, pulsed electro is not 
recommended for treatment of rotator cuff tendinopathies. 
 

Evidence for the Use of PEMF 
There is 1 high-quality RCT incorporated into this analysis. There is 1 low-quality RCT (Chard 88) 
in Appendix 2. 

Manual Therapy, Manipulation and Mobilization 
Manual therapy, manipulation, and mobilization to the shoulder girdle and spine have been used 
to treat shoulder problems, mostly in patients with adhesive capsulitis, some with impingement 
syndrome, (Green 06; Bang 00; Teys 08; Trampas 06; Ho 09; Desmeules 03; Senbursa 07; Citaker 05; Conroy 98) and general 
shoulder pain. (Bergman 04) This has included thoracic spine thrust manipulation utilized for 
treatment of impingement syndrome. (Boyles 09; Strunce 09; Mintken 10) 
 

Recommendation: Manual Therapy, Manipulation, or Mobilization for Acute, Subacute, or 
Chronic Rotator Cuff Tendinopathies 
Manual therapy, manipulation, or mobilization is recommended for treatment of acute, 
subacute, or chronic rotator cuff tendinopathies. 
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Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is sparse quality evidence of efficacy of manual therapy, manipulation, or mobilization for 
treatment of rotator cuff tendinopathies. There is one moderate-quality trial assessing a specific 
mobilization (Mulligan’s mobilization) compared to sham which suggested modest benefit (Teys 

08); however, patients are not well described and it is unclear for whom the treatment would be 
effective. A study assessing efficacy found modest benefits, comparing the potential additive 
benefits of manual therapy in addition to an exercise program. (Bang 00) Another moderate-quality 
trial compared combined physical and manual therapy with wait-listed controls, thus preventing 
assessment of the effect of manual therapy. (Dickens 05) A study of heterogeneous shoulder 
disorders comparing manipulation with usual care found greater improvements in the groups 
with manipulation. (Bergman 04) Lastly, a trial of manual therapy with physical therapy and injection 
suggested manual therapy was most helpful for shoulder girdle pain, rather than rotator cuff 
tendinopathies. (Winters 97) Thus, manual therapy, mobilization, or manipulation is recommended 
for treatment of rotator cuff tendinopathies.  
 

Evidence for the Use of Manual Therapy, Manipulation and Mobilization 
There are 7 moderate-quality RCTs incorporated into this analysis. There are 2 low-quality 
RCTs (Citaker 05; Senbursa 07) in Appendix 2. 

Massage 
Massage is a commonly used treatment for chronic muscular pain administered by multiple 
health care providers as well as family or friends. It is most typically used for treatment of spine 
and torso pain (see Chronic Pain Guidelines and  Low Back Complaints). It has been utilized for 
treatment of shoulder disorders. Alternatively, deep friction massage (DFM), a manual treatment 
intended for tendon disorders, purportedly has some evidence in a foreign language publication 
for the treatment of tendinopathy. However, there is a lack of supportive English-language 
publications or isolated evaluation of DFM as a treatment modality. (Joseph 12)  
 

Recommendation: Massage for Rotator Cuff Tendinopathies 
There is no recommendation for or against use of massage for rotator cuff 
tendinopathies. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Massage is a commonly used treatment for musculoskeletal pain, but few studies evaluated 
disorders other than low back pain. (Melzack 83, Preyde 00, Kalauokalani 01) There is one quality trial of 
massage for shoulder disorders, but it evaluated a list of diagnoses, precluding an assessment 
of benefits for treatment of rotator cuff tendinopathy patients. (van den Dolder 03) There is no 
recommendation for or against use of massage for treatment of shoulder tendinopathies. 
 

Evidence for the Use of Massage 
There is 1 high-quality RCT incorporated into this analysis. 

Reflexology 
Reflexology is a complementary or alternative treatment. It entails the physical act of applying 
pressure to the feet and hands with specific thumb, finger and hand techniques without the use 
of oil or lotion. Reflexology is based on a system of zones and reflex areas that reflect an image 
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of the body on the feet and hands with a premise that such work effects a physical change to 
the body. 
 

Recommendation: Reflexology for Shoulder Pain 
Reflexology is not recommended for treatment of shoulder pain including rotator cuff 
tendinopathies. 
 

 Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies of reflexology. It also has not been shown to be efficacious for the 
treatment of chronic LBP in a moderate-quality study. (Poole 07) Other treatments have been 
shown to be efficacious. 
 

Evidence for the Use of Reflexology 
There are no quality studies evaluating reflexology for shoulder pain including rotator cuff 
tendinopathies. 

Electrical Therapies 
There are multiple forms of electrical therapies used to treat musculoskeletal pain. These 
include high-voltage galvanic, H-wave® Device Stimulation, interferential therapy (IFT or IT), 
iontophoresis, microcurrent, percutaneous electrical nerve stimulation (PENS), sympathetic 
electrotherapy, and transcutaneous electrical stimulation (TENS). The mechanism(s) of action, if 
any, are unclear. 
 

1. Recommendation: Interferential Therapy for Treatment of Rotator Cuff Tendinopathies 
Interferential therapy is not recommended for treatment of rotator cuff tendinopathies. 

 

 Strength of Evidence − Not Recommended, Evidence (C) 
 
 

2. Recommendation: Other Electrical Stimulation Therapies for Treatment of Rotator Cuff 
Tendinopathies 
There is no recommendation for or against the use of other electrical therapies 
outside of research settings for treatment of rotator cuff tendinopathies. 

 

 Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one moderate-quality study suggesting interferential therapy is ineffective for treating 
rotator cuff tendinopathies. (van der Heijden 99) One trial of H-wave® Device Stimulation with 
invasive electrodes in post-operative rotator cuff tendinopathy patients suggested some modest 
range-of-motion benefits, but applicability to surface electrodes or to other patients is unknown. 
(Blum 09) There are no quality studies for any of the other electrical therapies in occupational 
populations with rotator cuff tendinopathies. These therapies are mostly non-invasive with low 
adverse effects, but are moderate to high cost when examined in aggregate. There is no 
recommendation for or against use of these therapies. There are alternate treatments that are 
effective. 
 

Evidence for the Use of Electrical Therapies 
There are 2 moderate-quality RCTs incorporated into this analysis. (van der Heijden 99; Blum 09) 
There are 2 low-quality RCTs (Herrera-Lasso 93; Baskurt 06) in Appendix 2. 
We searched TENS for rotator cuff tears, massive rotator cuff tears, tendon rotator cuff tears, 
rotator cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff tendinosis, 
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rotator cuff tendinitis, impingement syndrome, bursitis, supraspinatus tendinitis, and bicipital 
tears.One-low quality RCT was found for shoulder impingement and one RCT was found for 
Rotator cuff tears. 

Extracorporeal Shockwave Therapy (“Shockwave”) 
Extracorporeal shockwave therapy (ESWT) has been utilized for treatment of shoulder 
tendinitis, (Huisstede 11; Harniman 04; Grant 04) but has been particularly used for calcific tendinitis. 
(Mouzopoulos 07; Rompe 98; Rompe 01; Sems 06; Harniman 04; Chung 02; Loew 99; Cosentino 03; Ioppolo 13) Calcific 
tendinitis should be diagnosed with imaging for confirmation of presence of calcium. However, 
there have been some challenges noted in interpreting studies of efficacy including amount of 
energy delivered, method of focusing shock waves, treatment frequency, timing, and use of 
anesthetics. (Sems 06).  
 

1. Recommendation: Extracorporeal Shockwave Therapy for Calcific Rotator Cuff Tendinitis 
Extracorporeal shockwave therapy is strongly recommended for treatment of calcific 
rotator cuff tendinitis. 

 

Indications – Symptomatic calcific rotator cuff tendinitis that has been diagnosed with 
imaging. Patients should have failed at least 6 months of time with symptoms without 
resolution as well as failed physical or occupational therapy with both active and passive 
exercises, NSAIDs, and glucocorticosteroid injection(s). (Gerdesmeyer 03; Peters 04; Albert 07; Hsu 08; 

Hearnden 09; Pleiner 04; Cacchio 06; Sabeti 07) 
 

Frequency/Duration – Treatment frequency and duration patterns varied in quality studies. 
These ranged from a single session (Hearnden 09; Sabeti 07; Krasny 05) to a second session in 1 
week (Haake 02) to weekly sessions for 4 weeks (Cacchio 06) to an average of 4 sessions every 6 
weeks over 6 months. (Peters 04) Most commonly and including the highest quality studies, 
patients treated with 2 sessions that were approximately 14 days apart. (Gerdesmeyer 03; Albert 

07; Hsu 08; Pleiner 04; Pan 03) Thus, up to 2 sessions, approximately 2 weeks apart are 
recommended. Energy levels with documented success varied as well, ranging from 0.28 to 
0.55 mJ/mm2 in the most successful quality sham-controlled trials. (Gerdesmeyer 03; Peters 04; 

Albert 07; Hsu 08; Hearnden 09; Pleiner 04) There is evidence that low energy levels such as 0.15 
mJ/mm2 are less effective. (Peters 04) Thus, while an optimal dose is unclear, the 
recommended dose ranges from 0.28 to 0.55 mJ/mm2. There is quality evidence the 
focus should be on the calcium deposits and not the tendon insertion. (Haake 02) Some 
protocols combined this therapy with an exercise program. 

 

Indications for Discontinuation – Resolution, intolerance, non-compliance. 
 

 Strength of Evidence − Strongly Recommended, Evidence (A)  
 
 

Rationale for Recommendation  
There are three high-quality (Gerdesmeyer 03; Peters 04; Cacchio 06) and seven moderate-quality trials 
(Albert 07; Hsu 08; Hearnden 09; Pleiner 04; Sabeti 07; Kolk 13; Ioppolo 12) comparing extracorporeal shockwave 
therapy with either sham or low energy for treatment of chronic calcific tendinitis. The quality 
literature nearly uniformly supports efficacy of ESWT for treatment of calcific tendinitis whether 
measured by pain, function, or disappearance of calcium deposits on x-rays. (Gerdesmeyer 03; Peters 

04; Cacchio 06; Albert 07; Hsu 08; Hearnden 09; Pleiner 04; Sabeti 07; Harniman 04) There also is evidence of 
efficacy compared with treatment with TENS. (Pan 03) There is a low-quality study suggested 
surgical extirpation of calcium deposits is equally effective compared with ESWT. (Rompe 01) 

Needling is sometimes used as an adjunct, has some evidence of efficacy, and is reviewed 
elsewhere. (Krasny 05). There are no RCTs comparing ESWT with ultrasound-guided needling, 
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which makes a direct comparison and recommendation between these treatments difficult. 
(Louwerens 14) ESWT is minimally invasive (Louwerens 14) as it is often performed with an injected 
anesthetic, has some adverse effects, is moderate to high cost depending on the number of 
treatments yet is quite effective, thus it is strongly recommended for treatment of calcific rotator 
cuff tendinitis.  
 

FIGURE 2. CHRONIC CALCIFIC TENDINITIS TREATMENT WITH HIGH VS. LOW VS. SHAM EXTRACORPOREAL SHOCK WAVE 

THERAPY (TOTAL CONSTANT MURLEY SCALE SCORES) 

 
Data graphed from Gerdesmeyer L, Wagenpfeil S, Haake M, et al. Extracorporeal shock wave therapy for the treatment of 
chronic calcifying tendonitis of the rotator cuff: a randomized controlled trial. JAMA. 2003;290(19):2573-80. 

 
2. Recommendation: Extracorporeal Shockwave Therapy for Acute, Subacute, or Chronic Non-

calcific Rotator Cuff Tendinitis 
Extracorporeal shockwave therapy is not recommended for treatment of acute, 
subacute, or chronic non-calcific rotator cuff tendinitis. 

 

 Strength of Evidence − Not Recommended, Evidence (C) – Chronic 
 Not Recommended, Insufficient Evidence (I) – Acute, subacute 

 
 

Rationale for Recommendation 
There are four moderate-quality trials evaluating efficacy of ESWT for treatment of patients with 
chronic, non-calcific tendinitis. (Schmitt 01; Speed 02; Schofer 09; Galasso 12) Three of the four studies 
suggest a lack of efficacy, (Schmitt 01; Speed 02; Schofer 09), while one smaller study has suggested 
efficacy.(Galasso 12) Additional studies are needed. There are other treatments reviewed 
elsewhere with documented efficacy for treatment of these patients. ESWT is minimally invasive 
as often performed with an injected anesthetic, has some adverse effects, is moderate to high 
cost depending on numbers of treatments and appears ineffective, thus it is not recommended 
for treatment of non-calcific rotator cuff tendinitis. 
 

Evidence for the Use of Shockwave Therapy 
There are 3 high-quality and 15 moderate-quality RCTs incorporated into this analysis. There 
are 6 low-quality RCTs or comparative clinical trials (Rompe 98; Cosentino 03; Loew 99; Rompe 01; Sabeti-

Aschraf 05) in Appendix 2. 
 
We searched “extracorpeal shockwave therapy” and rotator cuff tears, massive rotator cuff tears, tendon 
rotator cuff tears, rotator cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff 
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tendinosis, rotator cuff tendinitis, impingement syndrome, bursitis, supraspinatus tendinitis, and bicipital 
tears. Six new RCTs were found. 

Injections 
Several types of glucocorticoid injections have been used to treat patients with rotator cuff 
tendinopathies. Viscosupplementation, prolotherapy, and botulinum injections have also been 
utilized. 

Subacromial Glucocorticosteroid Injections 
Glucocorticosteroids are widely used for treatment of rotator cuff-related disorders. (Brox 03; van der 

Windt Ann Rheum Dis 95; Park 08; Petri 87; Adebajo 90; Buchbinder 03; Goupille 96; Arroll 05) A Cochrane review concluded 
there is benefit compared with placebo for treatment of rotator cuff disease, but no significant 
benefit of injection compared with NSAID when pooling three studies. (Buchbinder 03) These 
injections are sometimes performed to attempt to deliver medication to the subacromial bursa, 
rotator cuff and surrounding tissue with minimal systemic effects. (Brox 03; van der Windt Ann Rheum Dis 

95; Petri 87; Adebajo 90) These injections are usually performed without imaging guidance, though, 
some advocate ultrasound guidance. (Naredo 04) Approaches utilized include anterior, 
anteromedial, lateral and posterior. A cadaveric study found no differences in accuracy for 
anteriolateral versus posterior approaches. (Mathews 05) 
 

Recommendation: Subacromial Glucocorticosteroid Injections for Acute, Subacute, or Chronic 
Rotator Cuff Tendinopathies 
Subacromial glucocorticosteroid injections are moderately recommended for treatment 
of acute, subacute and chronic rotator cuff tendinopathies (including rotator cuff 
tendinoses, supraspinatus tendinitis, impingement syndrome, and subacromial bursitis). 
 

Indications –Shoulder joint pain from rotator cuff tendinopathies that control with NSAID(s) or 
acetaminophen is unsatisfactory. (Adebajo 90; Petri 87; Blair 96; Akgun 04; Plafki 00) 
 

Frequency/Duration – Single injection should be scheduled and results evaluated, rather than 
scheduling a series of injections. A second injection after waiting at least 2 weeks may be 
reasonable if the response is suboptimal or the subacromial space was felt to have not been 
accessed, though it would be appropriate to consider a different technique or imaging. (Naredo 04) 
Medications used in the successful RCTs included triamcinolone acetonide, triamcinolone 
hexacetonide, methylprednisolone, and betamethasone. (Adebajo 90; Petri 87; White 86; Blair 96; Alvarez 

05; Withrington 85; McInerney 03) Sometimes these injections are performed without glucocorticosteroid 
for diagnostic purposes. (Mair 04) In most cases, glucocorticoid is added to local anesthetic for 
diagnostic confirmation and treatment with 1 injection. 
 

Dose – Multiple doses have been utilized with only one head-to-head comparative trial that 
suggested no differences. (Chavez-Lopez 09) Medication doses used in the successful RCTs 
included triamcinolone 40mg to 80mg, (Adebajo 90; Petri 87; White 86; Blair 96) betamethasone 6mg, 
(Alvarez 05) and methylprednisolone 40mg to 80mg. (Withrington 85; McInerney 03) It appears important that 
the negative trials tended to utilize smaller doses of steroid, such as triamcinolone 20mg (Ekeberg) 
or methylprednisolone 40mg. (Vecchio 93) Nearly all combined the corticosteroid with variable 
doses of anesthetic, generally ranging from 2 to 10mL of lidocaine or bupivacaine (see evidence 
table). There are no head-to-head comparisons in quality studies of different medications to 
ascertain the optimum medication(s) or doses. 
 

Indications for Discontinuation – A second glucocorticosteroid injection is not recommended if 
the first injection has resulted in significant reduction or resolution of symptoms. If there has not 
been a response to a first injection, there is generally less indication for a second. If the 
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interventionalist believes the medication was not well placed and/or if the underlying condition is 
so severe that one steroid bolus could not be expected to adequately treat the condition, a 
second injection may be indicated. The (first or) second injection may be performed under 
ultrasound guidance for increased accuracy, if available, as there is evidence suggesting 
superior placement with ultrasound guidance. (Naredo 04; Chen 06; Uncuncu 09) While ultrasound has 
been used in some studies, (Plafki 00; Chavez-Lopez 09, Dehghan 13; Ekeberg 09; DeWitte 13) there is little 
evidence to suggest outcomes superiority associated with using ultrasound for administration. 
 

 Strength of Evidence − Moderately Recommended, Evidence (B) 
 
 

Rationale for Recommendation 
There are two high- and seven moderate-quality trials that compared subacromial 
glucocorticosteroid injection with saline of anesthetic placebos. (Alvarez 05; Adebajo 90; Petri 87; Blair 96; 

McInerney 03; Akgun 04; Withrington 85; Vecchio 93; Plafki 00) Patients assessed included acute, (Petri 87; McInerney 03; 

Adebajo 90) subacute, (Adebajo 90; Petri 87; Blair 96; Withrington 85; Vecchio 93) and chronic rotator cuff 
tendinopathies. (Alvarez 05; Petri 87; Blair 96; Akgun 04; Withrington 85; Plafki 00) All patient groups appeared 
to benefit without a clear pattern of response based on duration of symptoms with one 
exception. One trial of acute post-traumatic pain did not find benefit from these injections, 
(McInerney 03) likely reflecting the excellent natural recovery from acute traumatic pain. 
 

Most, but not all studies showed benefits. It may not be coincidental that the high-quality study 
that was negative also utilized the lowest dose of 20mg triamcinolone in chronic shoulder pain 
patients. (Ekeberg 09) Another of the negative studies also utilized a lower dose of steroid, (Vecchio 

93) while the last of the negative studies had the smallest sample size. (Withrinton 85) One trial was 
stopped due to the lack of efficacy of the placebo arm, while the corticosteroid arm was 
documenting benefits. (Plafki 00) Thus, quality evidence documents efficacy of these injections. 
There also are two high-quality trials with injected NSAIDs, but they conflict regarding 
superiority, (Karthikeyan 10; Min 13) resulting in no evidence-based recommendation on that approach 
and a need for further investigations. 
 

One moderate-quality study (Naredo 04) and one low-quality study (Chen 06) demonstrated 
increased efficacy, improved shoulder symptoms, of steroids injected under ultrasonic guidance. 
However, the studies discussed above that compared steroid injection with placebo did not use 
ultrasound guidance and still resulted in good outcomes. 
 

Another utility of these injections is to predict surgical success. The impingement test with 
subacromial anesthetic injection was reported to result in 88% positive predictive value of 
surgical success vs. 60% in those negative, (Mair 04; Oh AJSM 10) thus another rationale for injection 
includes prognosis. 
 

Subacromial glucocorticosteroid injections are invasive, have a low risk of adverse effects and 
are moderately costly. They have the potential to increase blood glucose, thus monitoring will be 
appropriate in some diabetic patients. They are effective; two of the three comparative trials 
against NSAIDs have found these injections are superior, (Adebajo 90; Petri 87) thus these injections 
are recommended for management of these patients. Most should generally have failed prior 
treatment with NSAIDs and exercise. 
 

Evidence for the Use of Glucocorticosteroid Injections for Shoulder Pain 
There are 6 high-quality and 24 moderate-quality RCTs incorporated into this analysis. There 
are 5 low-quality RCTs or comparative clinical trials (Chen 06; Ginn 05; Hardy 86; Valtonen 78; Watson 08) in 
Appendix 2. 
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We searched steroid injections for rotator cuff tears, massive rotator cuff tears, tendon rotator cuff tears, 
rotator cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff tendinosis, rotator cuff 
tendinitis, impingement syndrome, bursitis, supraspinatus tendinitis, and bicipital tears. Seven new RCTs 
were included. 

Subacromial EDTA Mesotherapy 
Calcium disodium EDTA is a powerful chelator traditionally used to treat lead poisoning, 
although it also chelates other divalent cations. Subacromial EDTA injections and mesotherapy 
have been used to treat calcific tendinitis that has been unresponsive to other treatments. 
(Cacchio 09) 
 

Recommendation: Subacromial EDTA Mesotherapy Injections for Shoulder Calcific Tendinitis 
There is no recommendation for or against the use of subacromial EDTA mesotherapy 
for treatment of shoulder calcific tendinitis. 
 

 Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is one moderate-quality trial comparing EDTA plus ultrasound versus placebo plus sham 
ultrasound suggesting reductions in all measures including pain, motion, Constant Murley 
scores, and calcifications. (Cacchio 09) Thus, there is evidence suggesting potential efficacy of 
EDTA instilled for calcific tendinitis with duration of improvement documented at 1 year. EDTA 
has some risk of serious renal effects though there was no increase in serum creatinine and 
BUN in this trial. The treatments are high cost, invasive, and require multiple treatments; there is 
no recommendation for this treatment. 
 

Evidence for the Use of Subacromial EDTA Mesotherapy Injections 
There is 1 moderate-quality RCT incorporated into this analysis. 

Viscosupplementation Injections 
Viscosupplementation injections have been used for treatment of impingement syndrome. (Sengul 

08)  
 

Recommendation: Subacromial Viscosupplementation Injections for Rotator Cuff 
Tendinopathies 
There is no recommendation for or against the use of subacromial viscosupplementation 
injections for the treatment of chronic rotator cuff tendinopathies (including rotator cuff 
tendinoses, supraspinatus tendinitis, impingement syndrome, and subacromial bursitis). 
 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials. There is one low-quality trial without a placebo-control suggesting 
few differences between hyaluronate injections and local modalities. (Sengul 08) Thus, there is no 
recommendation for or against these injections for rotator cuff tendinopathies.  
 

Evidence for the Use of Viscosupplementation Injections for Impingement Syndrome 
There are 2 low-quality RCTs Appendix 2. (Kim 12; Sengul 08) 

Needling and Bursoscopy 
Needling of calcium deposits and bursoscopy for removal of calcific tendinitis has been 
performed. (Albert 07; Farin 1996; Krasny 05; Maugars 09) Needling is a precise procedure used to treat 
calcific deposits. It makes small needle sized holes in the tissue overlying the calcific deposit. 
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Needling has been studied in conjunction with shockwave therapy, (Krasny 05) and involves 
“several tens of intra-calcic drillings in the axis of calcification” needling of the calcific deposits. 
(Maugars 09) Bursoscopy is arthroscopic removal/excision of the bursa. 
 

1. Recommendation: Needling with or without Extracorporeal Shockwave Therapy for Calcific 
Rotator Cuff Tendinitis 
There is no recommendation for or against the use of needling with or without 
extracorporeal shockwave therapy for treatment of calcific rotator cuff tendinitis. 

 

 Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

2. Recommendation: Bursoscopy for Calcific Rotator Cuff Tendinitis 
Bursoscopy (arthroscopic removal/excision of bursa) is recommended for treatment 
of calcific rotator cuff tendinitis. 

 

Indications – Gartner Type I or II calcium deposits of calcific tendinitis. (Maugars 09) Patients 
should generally have failed prior treatment with NSAIDs, exercise, and injection(s). (Maugars 

09) 
 

Frequency/Duration – Treatment in the quality trial is a single treatment. It may be 
reasonable to attempt a second treatment if the initial treatment was partially, but 
inadequately effective. 
 

Indications for Discontinuation – Resolution or intolerance. 
 

  Strength of Evidence − Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
There is one moderate-quality trial suggesting needling or bursoscopy is superior to a non-interventional 
control. Another moderate-quality trial suggested adding needling is effective when used as an adjunct 
with shockwave therapy. (Krasny 05) Needling a calcific deposit is minimally invasive and less costly than 
surgery with minimal adverse effects. Nevertheless, there is insufficient evidence to support a 
recommendation of needling compared to arthroscopic surgery. Additional quality trials appear 
necessary prior to recommending its widespread use. Bursal arthroscopic removal/excision is more 
invasive, but is selective in its ability to remove tissue, has evidence of efficacy, and thus is 
recommended. 
 

Evidence for Needling and Bursoscopy 
There are 2 moderate-quality RCTs incorporated into this analysis. 

Surgical Considerations 
This guideline will address only the non-emergent surgical treatment of the most common acute, 
subacute, or chronic shoulder disorders. The indications for emergent surgery for red-flag 
conditions including unstable fractures, abscess, or hematoma, etc., particularly with 
neurological compression, are not discussed, as treatment of these conditions is outside the 
scope of these guidelines, as are other indications for surgery (e.g., neoplasia). Early 
recognition of red-flag conditions that require expedited referral to a surgeon qualified to deal 
with shoulder emergencies is recommended (see Table 2. Red Flags for Potentially Serious 
Shoulder Conditions). This section of this guideline addresses surgical indications including 
rotator cuff tears and surgery for impingement syndrome. 

Rotator Cuff Tears 
Many individuals with rotator cuff tears have minimal or no functional deficits, (Sher 95; Needell 96; 

Schibany 04; Moos-mayer 05) thus careful evaluation of the patient’s functional status is required. Many 
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patients function normally with rotator cuff tears, while others have incapacitating problems that 
may require physical theapy (Moosmayer 10, 14; Ainsworth 07) and/or attempts at surgical repair or 
debridement. Rotator cuff tears have the potential to progress. (Matava 05; Yamaguchi 06) For patients 
with tears accompanied by functional deficits, rotator cuff repairs appear to speed recovery. 
There also are reports of improved overall health status after rotator cuff surgery. (McKee 00) It is 
unclear whether surgical repair of the rotator cuff changes the risk of future surgery. There are 
different rating systems for grading rotator cuff tears including consideration of the size of the 
tear, the extension of tear retraction, and the quality of the rotator cuff muscles (DeORio 84; Patte 90; 

Goutallier 94) (see Table 6, below). Repairs of larger tears have increased rate of healing failure 
which correlates with outcomes. (Milano 07; Wilson 02; Habernek 99; Iannotti 06; Warner 01) 

TABLE 6. ROTATOR CUFF TEAR SIZE 
Category Tear Size 

Small <1cm 

Medium 1 to 3cm 

Large >3 to 5 cm 

Massive >5 cm 
 

*Adapted from DeOrio JK, Cofield RH. Results of a second attempt at surgical repair of a failed initial rotator-cuff repair. J Bone 
Joint Surg Am. 1984; 66(4):563-7 and Bateman JE. The diagnosis and treatment of ruptures of the rotator cuff. Surg Clin North 
Am. 1963; 43:1523-30. 
 

There are many purported and documented risk factors for poorer surgical outcomes. These 
most common risk factors include low-volume surgical practice (physician performs less than 6 
rotator cuff repairs per year), (Sherman 08) age (older patients), (Ogilvie-Harris 90; Boehm 05; Sherman 08; 

Watson85) female gender, (Boehm 05; Lindh 93) larger rotator cuff tears, (Milano 07; Wilson 02; Warner 01Habernek 

99; Bartolozzi 94; Rokito 96; Iannotti 06) retraction, (Milano 07) concomitant subscapularis tears, (Milano 07) fatty 
tendon degeneration, (Milano 07; Costouros 07) diabetes, smoking, (Mallon 04) overweight or obesity, 
weakness of shoulder (strength of abduction and external rotation), pre-operative activity level, 
(Iannotti 96; Ellman 86) preoperative stiffness, (Namdari 10) abnormal mental status, involvement in 
litigation or workers’ compensation (Ogilvie-Harris 90; Spangehl 02; Kempf 99; Misamore 95) or sick-leave, 
(Brox 99) regular “pain medication use,” (Brox 99) excessive post-operative hyperalgesic crises, 
(Kempf 99) non-compliance with rehabilitation programs, and otherwise unhealthy individuals. 
(Sherman 08) One report found shorter interval between symptom onset and massive rotator cuff 
repair to be negatively correlated with outcomes. (Gerber 00) Post-operative shoulder stiffness was 
found to be best predicted by pre-operative limitation in ROM, (Namdari 10) especially the “hand 
behind the back” maneuver. (Trenerry 05) Work with the “hand above the level of the head” trended 
towards significance in one possibly underpowered study. (Brox 99) A case series suggested 
delayed treatment resulted in worse outcomes among patients with rotator cuff tears, (Habernek 99) 
but no quality study has addressed that question. 
 

If surgery is a consideration, counseling regarding likely outcomes, risks, and benefits, and 
especially expectations, is important. Ideally, this education begins with the referring physician 
who may note that post-operative physical or occupational therapy exercises are essential in 
comparison to non-operative treatment for good clinical results. These exercises might be 
difficult to comply with for some rotator cuff repair patients. The decision as to which type of 
rotator cuff repair procedure to perform – arthroscopic, open, or mini-open repair – should be left 
to the surgeon and patient until quality evidence demonstrating procedural superiority becomes 
available to provide evidence-based guidance. Achievement of a plateau in improvement and 
assessment for final results after surgical repair of a rotator cuff tear has been found to require 1 
year. (van Linthoudt 03) Revision surgeries are particularly challenging, usually result in inferior 
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results compared with primary repairs, and should be undertaken with a good deal of caution. 
(Djurasovic 01) 
 

1. Recommendation: Rotator Cuff Repair for Small, Medium, or Large Tears 
Rotator cuff repair is moderately recommended for treatment of small, medium, or 

large tears (<5cm). 
 

Indications – All the following: 1) shoulder joint pain; 2) reduced ROM of the shoulder or 
impaired function; 3) imaging findings by MRI, MR arthrography, or ultrasound of rotator cuff 
tear. Patient must agree to participate fully in post operative active rehabilitation and 
understand there is a long recovery time. Pre-operative physical therapy is an option (but not 
a pre-operative requirement) as many pataients sufficiently recover without surgery. 
(Moosmayer 10, 14; Kukkonen 14) 
 

Strength of Evidence – Moderately Recommended, Evidence (B) 
 
 

2. Recommendation: Addition of Claviculectomy or Subacromial Decompression to a Rotator 
Cuff Repair for Isolated Supraspinatus Tears 
Adding claviculectomy or subacromial decompression to a rotator cuff repair is 
moderately not recommended for treatment of isolated supraspinatus tears. 
 

Strength of Evidence – Moderately Not Recommended, Evidence (B) 
 
 

 

Rationale for Recommendations 
While surgery tends to produce modestly superior outcomes over 1 to 5 years (Moosmayer 10,14), 

non-operative treatment is often successful.(Moosmayer 10, 14; Kukkonen 14) Thus, physical therapy is 
a reasonable option for many patients, (Moosmayer 10, 14; Kukkonen 14) although data are insufficient 
to make it a pre-operative requirement. Surgical cuff repair is believed to be a superior option 
among patients for whom occupational shoulder exposures and demands are greater, although 
quality data that address this issue are not available. Many quality studies necessitated non-
operative treatment prior to surgery (see evidence table). (Mohtadi 08; Spangehl 02) Some have included 
non-operative treatment for prolonged periods of at least 3 months prior to surgery (Mohtadi 08; 

Franceschi 07, 08; Iannotti 06) and up to 33 months (these trials are typically reported from countries with 
waiting lists for procedures). (Ko 08) Some studies have required failure of a glucocorticosteroid 
injection. (Franceschi 07; Dorrestijen 07)  
 

There are a few quality studies comparing surgical repair of rotator cuff tears with non-operative 
treatment (see evidence table) that suggest physical therapy may be a reasonable option for 
initially presenting rotator cuff tear patients. (Moosmayer 10, 14; Kukkonen 14 MacDermid 06; Ejnisman 04) 
There are no sham-controlled trials.  
 
Rotator cuff repair has evolved from open to mini-open to all arthroscopic techniques. Currently, 
arthroscopic techniques are evolving with the advent of new technology and instrumentation. (Neviaser 

InsCourseLect 89; Neer JBJS 1972; Hata 01; Rockwood 93; Ellman 93; Baker 95; Sauerbrey 05; Verma 06; Skoff 95; Youm 05; 

Ogilvie-Harris 93; Seida 10) Rates of arthroscopic anterior acromioplasty have increased 5.8-fold from 1980 to 
2005. (Yu 10) There are quality studies available on short- and long-term comparisons between 
arthroscopic and open or mini-open repairs. (Nho 07; Morse 08) Arthroscopic repair is associated with lower 
complication rate- infection, deltoid dehiscence. There is high-quality evidence there are no long-term 
differences associated with arthroscopic repair and mini-open compared to open repair, (Mohtadi 08; 

Spangehl 02)vi although evidence suggests a modest short-term advantage of arthroscopic mini-open repair 
versus open repair of rotator cuff tears. (Mohtadi 08) 
 

 
viLow-quality evidence also suggests the same conclusion. (Sauerbrey 05; Verma 06; Youm 05) 
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There is moderate-quality evidence suggesting there is no demonstrable benefit in adding 
subacromial decompression to a rotator cuff repair for treatment of isolated supraspinatus tears 
with a Type II acromion in quality studies with up to 2 years follow-up data (Milano 07; Rubenthaler 03; 

Gartsman 04; Chahal 12; Kukkonen 14; Oh 14) or a repair using transosseous equivalent suture-bridge 
technique along with subacromial decompression. (Cuff 2012) There are two moderate quality 
studies comparing arthroscopic debridement and subacromial decompression in treatment of 
full-thickness tears of the rotatior cuff. (Melillo 97; Montgomery 94) There is one moderate-quality trial 
suggesting SLAP lesions found at the same time as rotator cuff tears in those over 50 years old 
do not require repair, rather biceps tenotomy outperforms the SLAP repair. (Franceschi 08)  
 

Post-operative rehabilitation results have been found to be comparable regardless of early or 
delayed range of motion (Cuff 12) and in comparing 4 with 8 weeks of postoperative 
immobilization. (Koh 14) Post-operative anesthetic injections have been used, but without a 
placebo group. (Lee 15) 
 

Re-tear rates vary widely, depending on numerous factors especially the size of the tear and the 
quality of the tendon and rotator cuff muscles. The re-tear rate for a single row arthroscopic 
repair has been estimated at 40%, but varies considerably depending on the size of original 
tear. (Burks 09; Bishop 06; Fealy 06; Galatz 04; Gladstone 07; Liu 94) There is little quality evidence for superiority of 
one type of repair over another (e.g., single stitch versus double stitch); (Franceschi 07, Grasso 09, Lapner 

12; Carbonel 12, Ma 12, Burks 09, Koh 11) or No. 3 Ethibond Mason-Allen sutures versus 1.0 mm 
polydioxanone cord with modified Kessler sutures. (Boehm 05) A meta-analysis and systematic 
review found double-row repair to have lower re-tear rates and greater internal rotation ROM but 
showed no other differences compared to single-row repair. (Xu 14, Saridakis 10) There is one 
moderate-quality study that has suggested a modified mattress-locking stitch is modestly 
superior to simple stitches; however, the study has considerable weaknesses that raise 
questions about the validity of the conclusions. (Ko 08) One study of arthroscopic repairs with 
long-term follow-up of up to 14 years looked at staple fixation repairs and side-to-side suture and anchor repairs; 

both kinds of repairs appear to document surgical success, although larger tears appear 
associated with lower success rates. (Wilson 02). Almost all repairs require reattachment of tendon 
to bone. Isolated side-to-side repair or margin convergence means that there is an incomplete 
repair as is usually present in cases of chronic massive tears. Tendon to bone repair has been 
suggested to be modestly better than side-to-side repair in one moderate-quality study. (Bigoni 09) 
Re-tears do not necessarily equate to pain and functional loss, just as some people have 
primary asymptomatic rotator cuff tears. 
 

Most quality evidence included patients with small to moderate tears. Patients who are 
candidates for surgery generally have pain and impaired function. There are no quality studies 
suggesting better or worse results for earlier or delayed surgery (see evidence table), and 
current evidence does not support a need to rush surgical decisions. Until quality evidence 
becomes available to provide evidence-based guidance, the decision as to which surgical 
procedure to perform should be left to the surgeon and patient as there appear to be only 
modest short-term improvements for arthroscopic rotator cuff repair over open rotator cuff 
repairs (Mohtadi 08) or for impingement syndrome including trends towards shorter sick leave in 
one study (mean 10 versus 5.7 weeks); (Husby 03) but not all. (Rubenthaler 03) Early surgery should 
be considered in cases of acute traumatic tears; especially larger tears in healthy, active 
individuals. Surgery is invasive, involves prolonged recovery (many months), has adverse 
effects, and is costly. However, benefits appear to outweigh risks for most patients and surgery 
is recommended. 
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1. Recommendation: Rotator Cuff Repair for Acute Massive Tears 
Rotator cuff repair is recommended for treatment of acute massive tears (>5cm). 

 

Indications – All of the following: 1) shoulder joint pain; 2) reduced range of motion of the 
shoulder or impaired function; 3) imaging findings by MRI, MR arthrography, or ultrasound of 
massive rotator cuff tear. 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Rotator Cuff Repair for Chronic Massive Tears 
Rotator cuff repair is not generally recommended for treatment of chronic massive tears 
(>5cm). 
Indications – While generally not recommended, if surgery is felt to be indicated for a particular 
patient, all of the following should be present: 1) shoulder joint pain; 2) reduced range of motion 
of the shoulder or impaired function; and 3) imaging findings by MRI, MR arthrography, or 
ultrasound of massive rotator cuff tear, 4) poor function that is felt to both necessitate surgical 
intervention and, 5) there is likelihood for significant improvement with surgery for that particular 
patient. 

 
Strength of Evidence – Not Recommended, Evidence (C) 
 
 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Rotator Cuff Repair for Massive Tears Using Porcine Xenograft Material 
Porcine small intestine submucosa graft for surgical repair is not recommended for 
treatment of large or massive tears that are otherwise unrepairable.  
 

Strength of Evidence – Not Recommended, Evidence (C) 
 
 

4. Recommendation: Rotator Cuff Repair for Massive Tears Using Tissue Augmentation 
There is no recommendation for or against tissue augmentation to surgically repair 
large or massive tears that are otherwise unrepairable.  
 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Repair of massive rotator cuff tears is technically more difficult and has a worse prognosis. 
(Matthews 06; Galatz 04)There are no quality studies comparing these repairs with non-operative 
treatment, although many surgeons will recommend an initial trial of non-operative care for 
elderly patients with massive rotator cuff tears. Some chronic massive tears can be repaired and 
some can also undergo successful partial repair, although this does not apply for most patients. 
Most repairs are tendon to bone. One quality study solely addressed surgical repair of massive 
rotator cuff tears. (Iannotti 06) Surgical repairs have utilized multiple different techniques, with a 
preference for primary repair when the patient’s tissue may be approximated. A study of 27 
shoulders found primary rotator cuff repair was often infeasible when the length was greater 
than 4cm, the width was greater than 4cm, the supraspinatus muscle was thin at the superior 
glenoid margin, and the signal intensity was high. (Sugihara 03)  
 
Techniques include open repair, (Worland 99) arthroscopic, arthroplasty-related procedures, (Chun 08; 

Boileau 08) as well as tissue transfers (latissimus dorsi) (Costouros Arthroscopy 07)vii and tissue grafting 
(autograft, allograft, xenograft) (Tsiridis 08) and combination procedures. (Boileau 08) Two studies 

 
viiCostouros et al, concluded from their case series that the treatment was ineffective, especially for those patients with atrophy. 
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suggest no meaningful differences between arthroscopic and mini-open repairs. (Kasten 11; Cho 12) 

Tissue grafts are intended to augment a repair, not fill a tissue defect. There is insufficient 
evidence currently to recommend a particular type of graft. Cases of margin convergence may 
be amenable to a primary closure, if the tendon edges can be approximated without undue 
tension on the patient’s remaining rotator cuff. A few of these repairs were included in the 
available quality literature (see evidence table), but did not present stratified analyses specific to 
massive rotator cuff tears. Even so, there is some limited evidence suggesting repair is superior 
to debridement with considerably better results in the surgical repaired group (Melillo 97) and thus, 
there is limited evidence to recommend attempted repair of massive rotator cuff tears. (Iannotti 06) 
 

When primary closure with approximation of the tendon tissue is not possible, utilization of graft material, 
including the patient’s bicipital tendonviii (Cho 09) or subscapularis, (Tanaka 06) is sometimes utilized (i.e., 
autografts). Additional materials interposed include porcine dermal xenograft (Badhe 08) and porcine small 
intestinal submucosa. (Sclamberg 04) Neither of the latter appeared to fair well, and the sole quality trial 
that included only patients with massive tears failed to find improvements with a porcine small intestinal 
submucosa graft (Iannotti 06); thus, is not recommended.  
 

Hemiarthroplasty has also been used to treat select patients with massive tears (see Shoulder 
Arthroplasty), but there are no quality studies of hemiarthroplasty for treatment of massive 
rotator cuff tears. (de Cupis 08; Boileau 05) Reverse total shoulder replacement is being used more 
often currently with more predictable results. It also is used to treat selected patients with 
unrepairable massive rotator cuff tears. (Matsen 07) 
 

Case series of patients who have reportedly undergone debridement and subacromial decompression as 
part of treatment of full-thickness, irreparable rotator cuff tears have found some decrease in pain and 
improved ROM, although post-operative strength was reduced. (Gartsman 97) A review suggested 
debridement alone was insufficient for treatment for massive rotator cuff tears. (Melillo 97) A case series found 
biceps tenotomy did not add benefits over debridement of irreparable massive rotator cuff tears. (Klinger 05) 
Reverse total shoulder has been used for shoulder osteoarthritis associated massive cuff ruptures. (de 

Cupis 08; Boileau 05; Young 09) In a case series, the reverse total shoulder appears to improve function. (de 

Cupis 08)  
 

In the quality trials that included a minority of patients with massive tears, there are no stratified analyses 
presented to identify outcomes for this specific population of patients. It has been suggested that the 
outcomes for patients with larger tears are inferior to smaller tears. (Milano 07; Wilson 02; Habernek 99) 
Patients who are candidates for surgery should have pain and reduced function and understand the risks 
and benefits of these procedures. Infections are generally rare and are most commonly associated with 
mini-open repair. (Herrera 02) The decision as to which type of rotator cuff repair procedure to perform for 
massive tears must be left to the surgeon and patient until quality evidence becomes available to provide 
evidence-based guidance. Surgical repair of massive rotator cuff tears is invasive, has adverse effects, 
and is costly. Rehabilitation is often considerably longer and more complicated than for smaller rotator 
cuff tears. However, particularly in younger patients with massive rotator cuff tears, benefits appear to 
outweigh risks for most patients and surgery is generally recommended. 
 

Evidence for the Use of Surgery for Patients with Rotator Cuff Tears 
There are 3 high-quality and 35 moderate-quality RCTs incorporated into this analysis. There 
are 4 low-quality RCTs in Appendix 2. (Flurin 13; Aydin 10; Gartsman 13; Kraeutler 15) 

 

We searched Open rotator cuff repair, arthroscopic rotator cuff repair and mini open repair, ; disorder 
terms- rotator cuff/injuries, rotator cuff tears, rotator cuff tear, rotator cuff tendinopathy, rotator cuff 
tendinosis, rotator cuff tendinitis, shoulder impingement syndrome, supraspinatus tendinitis, and bicipital 

 
viiiA comparative clinical trial found better strength and forward flexion compared to repairs with compared to without biceps 
augmentation. (Cho 09) 
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tears; controlled clinical trial, controlled trials, randomized controlled trial, randomized controlled trials, 
random allocation, random*, randomized, randomization, randomly; systematic, systematic review, 
retrospective studies, prospective studies, epidemiological studies, epidemiological research, and 
Nonexperimental Studies. In PubMed we found and reviewed 160 articles, and considered 18 for 
inclusion. In Scopus, we found and reviewed 555 articles, and considered 1 for inclusion. In CINAHL, we 
found and reviewed 23 articles, and considered 3 for inclusion. In Cochrane Library, we found and 
reviewed 17 articles, and considered 1 for inclusion. We also considered for inclusion 0 articles from 
other sources. Of the 23 articles considered for inclusion, 13 randomized trials and 10 systematic studies 
met the inclusion criteria. Three RCTs were low quality. The following treatments for the above listed 
disorders was also searched: Surgical Repair, Xenograft, Allograft, H-Wave, TENS, LLLT, Extracorporeal 
shock wave, Massage, Acupuncture, Steroid injections, and Ultrasonography. 

Post-Operative Rehabilitation: Rotator Cuff Tears 
Post-operative rehabilitation has been empirically derived and has emphasized a graded return 
to normal function. It is generally believed that earlier advancement of flexibility, strengthening, 
and conditioning exercises results in faster recovery; (Klintberg 08) however, initiating rehabilitation 
early in the healing process has also been thought to increase potential for failure of surgical 
repairs such as rotator cuff repairs and has provided some caution regarding early use of 
exercise. Initial emphasis is on both protecting the repair and regaining shoulder motion. The 
usual progression is passive range of motion (self-assisted which some consider to be active 
assisted), isometrics (about 6 weeks post-op), and progressive resisted exercises (after 12 
weeks). There are multiple variables that affect the timing of exercises after shoulder surgery. 
These include the procedure performed, pre-operative physical condition, age, and patient 
compliance. (Conti 09) See Postsurgical Treatment Guidelines for Impingement Syndrome and 
Rotator Cuff Tendinoses Without Tears for general recommendations. These recommendations 
should be adapted to the more extensive surgery for rotator cuff tears and therefore slower 
initial recovery. 

Impingement Syndrome and Rotator Cuff Tendinoses Without Tears 
Surgery for impingement syndrome has been developed over the past 35 years. (Neer 72; Post 86; Ellman 87; 

Budoff 05; Checroun 98; Taverna 07; Schroder 01; Hawkins 88; Coghlan 09; Ingvarsson 96; Dorrestijn 09) It was originally 
described by Neer in 1972 as part of a continuum including surgery for rotator cuff tears, and 
subsequently modified to less invasive techniques. Arthroscopic approaches were then developed to 
attempt to further minimize surgical morbidity from large incisions and, by avoiding direct trauma to the 
deltoid, promote earlier active exercises and recovery and utilize lasers. (Ellman JBJS 91; Altchek JBJS 90; 

Ellman Arthroscopy 87; Ellman Arthroscopy 87; Gartsman 90; Kempf 99; Paulos Am J Sports Med 90; Boult 01; Speer 

Arthroscopy 91) Arthroscopy also enhances ability to identify relevant associated pathology – partial 
articular side cuff tears, biceps tears, labral pathology. Impingement syndrome and rotator cuff 
tendinoses without tears are sometimes treated surgically, particularly after failure of non-operative 
treatments (Haahr 05, 06; Brox 93, 99, 03; Rahme 98; Sachs 94; Husby 03; Lindh 93;T’Jonck 97; Ingvarsson 96; Green 98; 

Odenbring 08; Dorrestijn 09) with some arguing for aggressive treatment. (Matava 05) As the prevalence of 
these conditions is exceedingly high and many individuals with tendinoses are apparently asymptomatic 
(see above), careful incorporation of accurate diagnosis, the patient’s condition, functional status and 
response to prior treatments appears particularly important. Risk factors for adverse outcomes are 
believed to be mostly similar to those for full-thickness rotator cuff tears and may be particularly 
important in the setting of workers’ compensation (see above). Education regarding post-operative 
rehabilitation is thought to be important for these patients, as it is for those with rotator cuff tears. 
 

Recommendation: Subacromial Decompression Surgery for Impingement Syndrome/Rotator 
Cuff Tendinoses 
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Subacromial decompression surgery is recommended for treatment of select patients 
with impingement syndrome/rotator cuff tendinoses. 
 

Indications – All of the following: 1) shoulder joint pain (e.g., symptomatic with positive 
supraspinatus test, impingement signs); 2) reduced active shoulder ROM or impaired function 3) 
imaging findings by MRI or ultrasound of rotator cuff tendinoses consistent with symptoms; and 
4) temporary resolution or marked reduction in pain immediately after injection of a local 
anesthetic into the subacromial space. Patients should also have failed one or more 
glucocorticosteroid injections (see above) and at least one trial of a quality rehabilitation 
program that follows evidence-based guidelines (see above). (Haahr 05, 06; Brox 93, 99; Rahme 98; Sachs 94; 

Husby 03; Lindh 93; Michener 04) 
 

Counter-indications – Adhesive capsulitis or shoulder stiffness. 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Figure 3. Constant’s Shoulder Score Change from Baseline (95% CI) 

 
Adapted from Haahr JP, Ostergaard S, Dalsgaard J, et al. Exercises versus arthroscopic decompression in patients 
with subacromial impingement: a randomised, controlled study in 90 cases with a one year follow up. Ann Rheum 
Dis. 2005; 64(5):760-4. 
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Figure 4. Arthroscopic vs. Open Subcromial Decompression for Impingement 
Syndrome 

 
Adapted from Husby T, Haugstvedt JR, Brandt M, Holm I, Steen H. Open versus arthroscopic subacromial decompression: a 
prospective, randomized study of 34 patients followed for 8 years. Acta Orthop Scand. 2003; 74(4):408-14. 

 
Rationale for Recommendation 
There are no sham-surgery controlled trials of surgical interventions for impingement syndrome. 
There are three moderate quality RCTs with four total reports that compared subacromial 
decompression plus physical therapy versus physical therapy exercises for treatment of 
impingement syndrome. (Brox 93, 99; Rahme 98; Haahr 05, 06; Constant 89) Importantly, one of these trials 
included a comparison with both exercise as well as sham-laser treatment. (Brox 93; Brox 99) That 
trial found surgery and rehabilitation superior to placebo laser and provides the primary basis for 
an evidence-based recommendation in favor of surgery. All of these trials comparing physical 
therapy/exercise with surgery appear to have considerable biases in favor of surgery over 
physiotherapy/exercise for at least two major reasons: 1) patients invariably appear to have 
been required to fail prior non-operative treatment that when described included considerable 
exercise components (thus a “more of the same” bias against physical therapy/ exercise); and 
2) likely greater treatment contact time in the surgical groups which were combined with 
physical therapy/exercise. Except for Rahme’s 1998 study, these studies reported mostly failed 
prior rehabilitation and found surgery superior to physical therapy exercise. (Brox 93, 99; Haahr 05, 06) 
However, it also has been noted that there is a high rate of crossover to surgery over time. (Brox 

99) 
 

There is moderate-quality evidence that there are no long-term differences associated with 
arthroscopic compared to open decompression to treat impingement syndrome/rotator cuff 
tendinoses, (Husby 03; Lindh 93; Sachs 94) although there is some evidence of a modest short-term 
advantage of arthroscopy over open decompression for faster recovery. (Sachs 94) (A low-quality 
trial also reported similar evidence. (T’Jonck 97)) Open acromioplasty in patients with impingement 
syndrome appears not to prevent progression to rotator cuff tear in a nine-year followup study. 
(Hyvonen 98) A case-control study found no evidence that calcium deposits in the rotator cuff seen 
on x-ray affected outcomes at 2 years after arthroscopic subacromial decompression. (Tillander 98) 
Experience of the surgeon and patient factors require judgment in selecting operative 
approaches. Long-term outcomes of up to 25 years have also reported excellent or good results 
in 77% of patients with various arthroscopic decompression techniques. (Odenbring 08; Ellman 91; Chin 

07; Budoff 05) 
 

Limited motion may indicate adhesive capsulitis or capsular stiffness that would be a 
contraindication to surgery. Patients with rotator cuff syndromes or impingement typically do not 
have significant limitations of passive motion and if they do, then the diagnosis may be in doubt. 
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Surgery is invasive, has adverse effects, and is costly. However, in carefully select patients with 
impingement syndrome/rotator cuff tendinoses who have failed quality non-operative 
treatments, benefits appear to outweigh risks and surgery is recommended. 
Evidence for the Use of Surgery for Patients with Impingement Syndrome and/or Rotator Cuff 
Tendinoses without Tears 
There is 1 high-quality and 13 moderate-quality RCTs incorporated into this analysis. There are 
5 low-quality RCTs or other studies in Appendix 2. 

Post-Operative Rehabilitation: Rotator Cuff Tendinopathy 
Post-operative rehabilitation has been empirically derived and has emphasized a graded return 
to normal function. It is generally believed that earlier advancement of flexibility, strengthening, 
and conditioning exercises results in faster recovery; (Klintberg 08) however, initiating rehabilitation 
early in the healing process has also been thought to increase potential for failure of surgical 
repairs such as rotator cuff repairs and has provided some caution regarding early use of 
exercise. There are multiple variables that affect the timing of exercises after shoulder surgery. 
These include the procedure performed, pre-operative physical condition, age, and patient 
compliance. (Conti 09) The following recommendations assume that the patient is in satisfactory 
physical condition, has had a good immediate surgical result, is adequately compliant, and has 
no contraindications to initiating a rehabilitation program. 
 

1. Recommendation: Exercise or Rehabilitation Programs for Post-operative Rotator Cuff 
Tendinopathy 
A post-operative exercise or rehabilitation program is recommended for post-
operative rotator cuff tendinopathy patients. 

 

Indications – All rotator cuff tendinopathy patients. 
 

Frequency/Duration – Programs need to be individualized based on factors including age, 
pre-operative condition, immediate surgical results, contraindications, and other medical 
conditions; advancement of the program also must be individualized based on progress. 
Programs and protocols should be closely coordinated with the treating orthopedist, 
particularly as variability in patients is wide – although workers’ compensation patients tend 
to be younger, in better condition, and able to advance conditioning exercises more rapidly 
than the elderly. Duration is based primarily on progress. Highly motivated patients may 
require only weekly sessions for advancement of home exercise program components and 
may achieve comparable outcomes to a supervised program. (Roddey 02; Andersen 99) Others 
require more supervision, particularly if there is significant pain with use. Programs generally 
begin with appointments 2 or 3 times weekly and gradually taper as home exercises are 
instituted and the patient’s recovery advances. Courses of up to 3 months in more severe 
cases may be needed, although most patients require 6 to 8 weeks of supervised programs. 
 

 Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Post-operative Acupuncture for Rotator Cuff Tendinopathy 
Post-operative acupuncture is recommended particularly for post-operative rotator 
cuff tendinopathy patients with significant pain as an adjunct to an active exercise 
rehabilitation program. (Gilbertson 03) 
 

Frequency/Duration – See Acupuncturefor recommended frequency, duration, and 
discontinuation. 
 

 Strength of Evidence – Recommended, Evidence (C) 
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Rationale for Recommendations 
There are six moderate-quality trials involving rotator cuff tendinopathy patients. The highest 
quality study followed patients for more than 2 years and compared a traditional group (active-
assisted ROM on day of surgery, dynamic exercises for rotator cuff after 6 weeks, and 
strengthening after 8 weeks) versus progressive group (active-assisted ROM and dynamic RC 
exercises day of surgery, strengthening after 6 weeks) versus home exercise. Many outcome 
measures favored the progressive exercise group. Two moderate-quality trials suggested that 
weekly supervised appointments to advance a home-exercise program was equivalent to a 
traditional rehabilitation program. (Roddey 02; Andersen 99) 
 

There is one moderate-quality trial suggesting no benefits of continuous passive motion (CPM) 
post-operatively; however, this study appears underpowered (Raab 96) and thus there is no 
recommendation. Another moderate-quality trial suggested this CPM device may have benefits 
among patients living alone, concerns about adhesions or adhesive capsulitis, repeat rotator 
cuff repairs, and repair of massive tears. (Lastayo 98) 
 

There are other regimens utilized in quality surgical trials that demonstrate good surgical 
outcomes, yet there are considerable differences among the reported post-operative 
rehabilitation studies and trials. These include active-assisted ROM 5 times daily and restoration 
of rotator cuff muscles and scapular stabilizers after full flexibility is accomplished; (Jackins 04) 
submaximum training begun 3 months after surgery; (Rahme 98) active-assisted ROM immediately 
after surgery; and eccentric and concentric, isokinetic and manual strengthening at 6 to 12 
weeks. (Wilk 93) “No prospective randomized studies have shown rehabilitation with graded 
exercises to be more effective than other interventions after arthroscopic subacromial 
decompression. Neither has different progression in workload intensity after this procedure.” 
(Klintberg 08) 
 

The highest quality surgical trial comparing detailed exercise with arthroscopic decompression 
for impingement syndrome utilized a regimen of exercise, hot and cold applications, and soft 
tissue treatments followed by active periscapular muscle training for strengthening the rotator 
cuff. There were 19 total sessions until discharge to a home-exercise program. (Haahr 05) A 
second trial is not well described. (Brox 93) Another trial included active and passive shoulder 
mobilization and stabilizing muscle training. (Rubenthaler 03) Exercise programs are not invasive, 
have low potential for adverse effects, but generally involve at least moderate to high aggregate 
costs. They are recommended, although individualization appears necessary and supervised 
home-exercise programs may suffice for some patients. 
 

Evidence for Post-operative Rehabilitation for Rotator Cuff Tendinopathy 
There are 6 moderate-quality RCTs incorporated into this analysis. There are 4 low-quality 
RCTs in Appendix 2. 

Bicipital Tendinosis and Ruptured Bicipital Tendon 
Bicipital tendinosis involving the proximal long head of the biceps tendon (bicipital tendon) is 
usually due to degenerative changes in the tendon or wear in the bicipital groove. It is believed 
to be analogous to and have the same pathophysiological basis as the rotator cuff. It is 
recommended that bicipital tendinosis be managed as noted in the Rotator Cuff Tendinopathies 
section, including the use of low-dose glucocorticosteroid injection. Bicipital tendon rupture may 
be managed non-operatively as there is no accompanying functional disability. Surgery, a 
tenodesis, may be desired for cosmetic reasons, especially in bodybuilders or others concerned 
with cosmesis, but it is not necessary for restoration of function. (Baumann 08) 
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Recommendation: Surgery for Select Patients with Bicipital Tendon Tears 
Surgery is recommended for select patients with bicipital tendon tears.  

Indications – Rare patients with significant incapacity due to the tear, generally having high 
demand jobs. Surgical procedure is usually tenodesis and not repair. 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Pectoral Strains and Tears 
Pectoral muscle tears or strains usually occur in the course of overwhelming force, particularly 
in athletics involved in football or weight lifting. The most common mechanism is tear while 
bench pressing heavy weight or similar trauma with eccentric loading of the pectoralis major 
muscle. There can be actual tendon avulsion of the sternal head of pectoralis major (rarely 
entire including clavicular head) or injury a myotendinous or intra muscular site. (The term 
“strain” is sometimes erroneously utilized to label virtually any muscle pain or ache, rather than 
the denotation of a muscle-tendon junction partial or complete disruption.) Rare cases are 
related to occupational injuries, typically involving exertion of a supramaximal force. There are 
no quality studies evaluating treatment for these disorders. As these strains are true muscle-
tendon unit strains, limitations are particularly indicated to alleviate forceful exertions while 
allowing sufficient time to health the strain (see Rotator Cuff Tendinopathies, Including Rotator 
Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, 
Calcific Tendinitis, Impingement Syndrome, Bicipital Tendinitis, Rotator Cuff Tears and Subacromial 
Bursitis). For complete tears or ruptures of the pectoralis insertion, surgical repair is 
recommended. 
 

Recommendation: Surgery for Patients with Complete Tears or Ruptures of the Pectoralis 
Insertion 
Surgery is recommended for patients with complete tears or ruptures of the pectoralis 
insertion. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Shoulder Dislocation and Instability 
Shoulder dislocation typically occurs after trauma including athletic injury, (Kirkley 99; Sherbondy 00) 

although some dislocations may occur in the absence of trauma with conditions such as 
hyperlaxity. (Kakar 07; Reinold 03) The general prevalence of shoulder dislocation is noted to be 
about equal before and after age 40 years old, although the pathophysiology and associated 
injuries change with advancing age. Individuals under 40 generally have dislocations due to 
accidents, (Hovelius 87) with increased risk in the elderly likely related to falls. (Simonet 84) The 
primary pathology in younger patients is labral tearing and capsular stretching. With advancing 
age, rotator cuff tear and associated proximal humerus fracture become more common. The 
lifetime cumulative incidence has been estimated at 2%. (Kirkley 98) A population-based incidence 
estimate of initial traumatic anterior shoulder dislocations was 8.2/100,000 person-years. (Simonet 

84) The most common type of dislocation is caused by forced abduction with external rotation 
and results in anterior and inferior dislocation of the humeral head. Posterior dislocation of the 
humeral head typically results from direct blow to anterior shoulder (posteriorly directed force) or 
fall onto outstretched hand; it is much less common than anterior dislocation (Kakar 07) The 
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classic presentation of a posterior glenohumeral dislocation is an internally rotated shoulder with 
inability to elevate or externally rotate. The anterior shoulder appears flattened and the posterior 
shoulder is more prominent. After an initial shoulder dislocation, recurrence is the most 
commonly reported sequela with rates as high as 100% in adolescent athletes. (Good 05) 
Recurrences generally occur with a less traumatic event or no trauma at all. The direction of the 
dislocation and resultant instability is important for diagnostic purposes, as well as planning 
potential surgical repair. (Dalton 89) 
 

Once a shoulder has dislocated, it can be prone to symptoms of instability, termed “shoulder 
instability.” (Friedman 95) Shoulder instability is defined as pain associated with loss of shoulder 
function due to excessive translation of the humeral head in the glenoid fossa. (Friedman 95) 
Instability is more commonly anterior, however posterior, multi-directional and inferior instability 
also occur. When instability has been identified, non-operative treatment is usually 
recommended prior to attempted surgical repair. (Friedman 95; Buss 04) 

 

Non-operative treatment has been traditionally recommended for anterior dislocation, (Hovelius 96; 

Wen 99; Aronen 84; Burkhead 92; Line 99; Liu 96) although recent evidence supports early surgical repair 
after the first dislocation in younger patients in order to prevent recurrence. (Kirkley 99, 05; Bottoni 02; 

Jakobsen 07; Robinson 08) Regardless, surgery has been traditionally utilized among patients with 
recurrent dislocations or among athletes. (Bottoni 02; Edmonds 03; Larrain 01) 

Diagnostic Criteria 
The literature on physical examination maneuvers for instability has major limitations. (Luime 04) 
The relocation and anterior release tests and apprehension signs may be used to demonstrate 
instability to aid diagnosis.(Luime 04) Biceps load I and II tests and internal rotation resistance 
strength are thought to be more helpful for diagnosing labral lesions; (Luime 04) however, there 
are no standardized diagnostic criteria. 

Special Studies and Diagnostic and Treatment Considerations 
X-ray and MRI are used to diagnose shoulder dislocation or instability. Dislocations require plain 
radiograph (axillary lateral view) or CT scan to visualize the humeral head in glenoid. X-rays 
may be needed of both shoulders, particularly if there were a bilateral injury or a need for 
comparison with the unaffected shoulder. Other studies may be helpful, including MRI, MR 
arthrogram, or CT arthrogram, especially for evaluation of potential concomitant Bankart lesions 
or labral or rotator cuff tears. (Kirkley 03; Friedman 95; Sherbondy 00) 
 

1. Recommendation: X-ray to Diagnose Shoulder Dislocation or Instability 
X-ray is recommended to diagnose shoulder dislocation or instability. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: CT to Diagnose Fracture after Dislocation 
CT is recommended to diagnose shoulder dislocation or instability. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: MRI to Diagnose Shoulder Dislocation or Instability 
MRI is recommended to diagnose shoulder dislocation or instability. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
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Work Activities 
Patients with acute dislocations are generally able to return to occupational activities; however, 
rates of return appear lower for highly physically demanding jobs and athletic endeavors. (Zamora-

Navas 01) Limitations, if needed, are gradually reduced as recovery progresses. Most workers 
continue to perform their job tasks while avoiding activities that provoke feelings of instability or 
frank dislocations even without formal restrictions. If surgery is performed, there is a similar 
need for workplace limitations which are gradually reduced. 

Initial Care 
In the absence of fractures, initial care of a dislocation involves relocation as soon as possible. 
Anesthesia may be required if there is sufficient muscle tightness or spasm and manual 
relocation is unsuccessful. Surgery may be required for cases with fractures (see Surgical 
Considerations). Over-the-counter analgesics and self-applications of heat and ice are 
recommended, and slings may be attempted for treatment acutely, with use gradually weaned. 
Patients with instability generally require no treatment other than attempts at exercises and 
surgery. 
 

1. Recommendation: OTC Analgesics for Treatment of Shoulder Dislocation 
Over-the-counter analgesics are recommended for treatment of shoulder dislocation. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Self-application of Heat or Ice for Treatment of Shoulder Dislocation 
Self-application of heat or ice is recommended for treatment of shoulder dislocation. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Slings, Including an External Rotation Brace, for Initial Treatment Acutely 
for Shoulder Dislocation 
Slings, especially an external rotation brace, are recommended for initial treatment 
acutely for shoulder dislocation. 
 

Frequency/Duration – Gradually wean. Pendulum exercises are generally recommended 
including within the first few days after injury. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, or heat for management of acute shoulder 
dislocations. Slings are often helpful for managing acute pain and help soft tissue healing. An 
external rotation brace may be used instead of a sling and is intended to reduce a labral tear 
accompanying an anterior dislocation so that it can heal in a more normal position and prevent 
recurrence. (Finestone 09; Itoi 03, 07) These treatments are not invasive, have low adverse effects, 
are not costly, and are believed to be helpful for treating symptoms. Thus, they are 
recommended for management and treatment of acute shoulder dislocations. 
 
Evidence for the Use of Slings for Shoulder Dislocation 
There are 4 moderate-quality RCTs incorporated into this analysis. 

Follow-up Visits 
Generally, patients with instability require few follow-up appointments unless undergoing active 
treatment(s). Patients with dislocation generally require periodic appointments to follow the 
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clinical course. Appointment frequency may be greater if workplace limitations are required and 
job demands are greater. Post-operative rehabilitation can be lengthy, particularly in older 
patients with associated injuries such as those of the rotator cuff. In those cases, therapy may 
be required on a prolonged basis in order for the patient to recover as much function as 
possible. 

Medications 
NSAIDs and acetaminophen are recommended for pain management for patients with shoulder 
dislocation. Prescription medications might be needed in moderate to severe cases (see 
Medications, Rotator Cuff Tendinopathy). In select cases, patients may require judicious short 
term use of opioids for acute pain management. Other recommended medications for pain 
management include muscle relaxants, capsaicin, tricyclic anti-depressants or dual reuptake 
inhibiting anti-depressants for chronic pain (but not SSRI antidepressants which are not effective 
for nociceptive pain), or gabapentin for peri-operative use. Patients with instability generally 
require no medication other than post-operatively. 
 

1. Recommendation: NSAIDs and Acetaminophen for Acute, Subacute, or Chronic Shoulder 
Dislocation or Post-operatively 
NSAIDs and acetaminophen are recommended for acute, subacute, or chronic 
shoulder dislocations or for use post-operatively. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Opioids for Pain Management for Select Patients with Acute Shoulder 
Dislocations 
Judicious short term use of opioids is recommended for pain management for select 
patients with acute moderate to severe pain associated with shoulder dislocation.  
Indications – Patients should meet all of the following:  
1) Severe injury with a clear rationale for use (objective functional limitations due to pain 

resulting from the medical problem.ix 
2) Other more efficacious treatments should have been instituted,x and either: 

2a) failed and/or  
2b) have reasonable expectations of the immediate need for an opioid to obtain sleep the 
evening after the injury.  

3) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked and not show evidence for conflicting 
opioid prescriptions from other providers or evidence of misreporting.xi 

4) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent contraindication(s) should 
nearly always be the primary treatment and accompany an opioid prescription. 

5) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

6) Dispensing quantities should be only what is needed to treat the pain. Short-acting opioids 
are recommended for treatment of acute pain. Long-acting opioids are not recommended. 

 
ixOther indications beyond the scope of this guideline include acute myocardial infarction or agitation interfering with acute trauma 
management. 
xTreatments to have tried generally include NSAIDs and acetaminophen. For LBP patients, additional considerations include muscle 
relaxants, progressive aerobic exercise, and directional exercise. 
xiExceptions such as acute, severe trauma should be documented. 
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7) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167) Due to elevated risk of death and adverse effects, caution is also 
warranted when considering prescribing an opioid for patients with any of the following 
characteristics: depression, anxiety, personality disorder, untreated sleep disorders, 
substance abuse history, current alcohol use or current tobacco use, attention deficit 
hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, chronic obstructive 
pulmonary disease (COPD), asthma, or recurrent pneumonia.(78, 102, 104, 108, 109, 169-186) 
Considerable caution is also warranted among those with other comorbidities such as 
chronic hepatitis and/or cirrhosis,(187) as well as coronary artery disease, dysrhythmias, 
cerebrovascular disease, orthostatic hypotension, asthma, recurrent pneumonia, 
thermoregulatory problems, advanced age (especially with mentation issues, fall risk, 
debility), osteopenia, osteoporosis, water retention, renal failure, severe obesity, 
testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, constipation, 
prostatic hypertrophy, oligomenorrhea, pregnancy, human immunodeficiency virus (HIV), 
ineffective birth control, herpes, allodynia, dementia, cognitive dysfunction and impairment, 
gait problems, tremor, concentration problems, insomnia, coordination problems, and slow 
reaction time. There are considerable drug-drug interactions that have been reported (see 
Opioids Guideline, Appendices 2-3). 

 

Frequency/Duration – Generally, opioids should be prescribed at night or while not 
working.(82) Lowest effective, short-acting opioid doses are preferable as they tend to have 
the better safety profiles, less risk of escalation,(188) less risk of lost time from work,(112) and 
faster return to work.(189) Short-acting opioids are recommended for treatment of acute pain 
and long-acting opioids are not recommended. Recommend opioid use as required by pain, 
rather than in regularly scheduled dosing. 

 

If parenteral administration is required, ketorolac has demonstrated superior efficacy 
compared with opioids for acute severe pain,(190, 191) although ketorolac’s risk profile may 
limit use for some patients. Parenteral opioid administration outside of obvious acute 
trauma or surgical emergency conditions is almost never required, and requests for such 
treatment are clinically viewed as red flags for potential substance abuse.  
 

Indications for Discontinuation – Resolution of pain, sufficient improvement in pain, 
intolerance or adverse effects, non-compliance, surreptitious medication use, consumption 
of medications or substances advised to not take concomitantly (e.g., sedating medications, 
alcohol, benzodiazepines), or use beyond 2 weeks. 

 

Harms – Adverse effects are many (see section below on “Opioids Benefits and Harms”). 
 

Benefits – Improved short-term pain control. 
 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
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3. Recommendation: Opioids for Acute, Severe Post-operative Shoulder Pain from Shoulder 
Dislocation 
Judicious short term use of opioids is recommended for treatment of acute, severe 
post-operative pain due to shoulder dislocation. 

 

Indications – Patients should meet all of the following:  
1) Severe injury with a clear rationale for use (objective functional limitations due to pain 

resulting from the medical problem.xii 
2) Other more efficacious treatments should have been instituted,xiii and either: 

2a) failed and/or  
2b) have reasonable expectations of the immediate need for an opioid to obtain sleep the 
evening after the injury.  

3) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked and not show evidence for conflicting 
opioid prescriptions from other providers or evidence of misreporting.xiv 

4) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent contraindication(s) should 
nearly always be the primary treatment and accompany an opioid prescription. 

5) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

6) Dispensing quantities should be only what is needed to treat the pain. Short-acting opioids 
are recommended for treatment of acute pain. Long-acting opioids are not recommended. 

7) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167) Due to elevated risk of death and adverse effects, caution is also 
warranted when considering prescribing an opioid for patients with any of the following 
characteristics: depression, anxiety, personality disorder, untreated sleep disorders, 
substance abuse history, current alcohol use or current tobacco use, attention deficit 
hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, chronic obstructive 
pulmonary disease (COPD), asthma, or recurrent pneumonia.(78, 102, 104, 108, 109, 169-186) 
Considerable caution is also warranted among those with other comorbidities such as 
chronic hepatitis and/or cirrhosis,(187) as well as coronary artery disease, dysrhythmias, 
cerebrovascular disease, orthostatic hypotension, asthma, recurrent pneumonia, 
thermoregulatory problems, advanced age (especially with mentation issues, fall risk, 
debility), osteopenia, osteoporosis, water retention, renal failure, severe obesity, 
testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, constipation, 
prostatic hypertrophy, oligomenorrhea, pregnancy, human immunodeficiency virus (HIV), 
ineffective birth control, herpes, allodynia, dementia, cognitive dysfunction and impairment, 
gait problems, tremor, concentration problems, insomnia, coordination problems, and slow 

 
xiiOther indications beyond the scope of this guideline include acute myocardial infarction or agitation interfering with acute trauma 
management. 
xiiiTreatments to have tried generally include NSAIDs and acetaminophen. For LBP patients, additional considerations include muscle 
relaxants, progressive aerobic exercise, and directional exercise. 
xivExceptions such as acute, severe trauma should be documented. 
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reaction time. There are considerable drug-drug interactions that have been reported (see 
Opioids Guideline, Appendices 2-3). 

 

Frequency/Duration – Generally, opioids should be prescribed at night or while not 
working.(82) Lowest effective, short-acting opioid doses are preferable as they tend to have 
the better safety profiles, less risk of escalation,(188) less risk of lost time from work,(112) and 
faster return to work.(189) Short-acting opioids are recommended for treatment of acute pain 
and long-acting opioids are not recommended. Recommend opioid use as required by pain, 
rather than in regularly scheduled dosing. 

 

If parenteral administration is required, ketorolac has demonstrated superior efficacy 
compared with opioids for acute severe pain,(190, 191) although ketorolac’s risk profile may 
limit use for some patients. Parenteral opioid administration outside of obvious acute 
trauma or surgical emergency conditions is almost never required, and requests for such 
treatment are clinically viewed as red flags for potential substance abuse.  
 

Indications for Discontinuation – Resolution of pain, sufficient improvement in pain, 
intolerance or adverse effects, non-compliance, surreptitious medication use, consumption 
of medications or substances advised to not take concomitantly (e.g., sedating medications, 
alcohol, benzodiazepines), or use beyond 2 weeks. 

 

Harms – Adverse effects are many (see section below on Medications, “Opioids Benefits and 
Harms”). 
 

Benefits – Improved short-term pain control. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Opioids for Pain Management of Subacute or Chronic Pain from Shoulder 
Dislocation 
Opioids are not recommended for pain management for patients with subacute or 
chronic pain associated with shoulder dislocation. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

5. Recommendation: Other Medications for Chronic Pain Management of Shoulder Instability 
Muscle relaxants, capsicum, tricyclic antidepressants, or dual reuptake inhibiting anti-
depressants (but not SSRI anti-depressants which are not effective for nociceptive 
pain) are recommended to control chronic pain associated with shoulder instability. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

6. Recommendation: Other Medications for Acute, Subacute, or Post-operative Pain 
Management of Shoulder Dislocation 
There is no recommendation for or against the use of muscle relaxants, capsicum, 
tricyclic anti-depressants, dual reuptake inhibiting anti-depressants, or gabapentin to 
control pain associated with acute or subacute shoulder dislocation or for post-
operative pain. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
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There are no quality trials evaluating treatment of shoulder dislocations with medication. 
Instability with recurrent dislocation is more likely to cause acute pain with each dislocation 
rather than chronic pain. Chronic pain is more likely to be associated with a concurrent shoulder 
problem. The use of NSAIDs has been evaluated to treat many musculoskeletal disorders and 
found uniformly effective (see Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, 
Rotator Cuff Tears (Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, 
Impingement Syndrome, Bicipital Tendinitis, Rotator Cuff Tears and Subacromial Bursitis). NSAIDs 
and acetaminophen are not invasive and have low adverse-effects profiles, particularly when 
used for short courses in occupational populations. Generic or over-the-counter formulations are 
low cost. Use of NSAIDs and acetaminophen also may help avoid treatment with opioids which 
have far worse adverse effect profiles (see Chronic Pain Guidelines). NSAIDs and 
acetaminophen are recommended for treatment of acute and post-operative dislocation 
patients. By analogy to treatment of other musculoskeletal conditions such as low back pain 
(see Low Back Complaints), acetaminophen is believed to be less efficacious, although it 
generally has a lower adverse effect profile. 
 

There are no quality studies evaluating opioids for treatment of shoulder dislocation (see Rotator 
Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-
Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital 
Tendinitis, Rotator Cuff Tears and Subacromial Bursitis) and Chronic Pain Guidelines). Opioids 
have adverse effects with published evidence of high mortality risks. However, there are 
patients with severe pain, particularly acute dislocation patients, for whom the brief use of 
opioids, especially to facilitate sleep, is recommended. Opioids are not invasive, have high 
adverse effects for a pharmaceutical (although tolerance to many can develop relatively rapidly), 
and are low cost when generic formulations are used. 
 

Other medications are rarely required for patients with dislocations, as the associated pain is 
usually acute and not subacute or chronic. Norepinephrine reuptake inhibiting anti-depressants 
(e.g., amitriptyline, doxepin, imipramine, desipramine, nortriptyline, protriptyline, maprotiline, and 
clomipramine) and mixed norepinephrine and serotonin inhibitors (e.g., venlafaxine, bupropion, 
and duloxetine) have evidence of efficacy for treating chronic low back pain and other chronic 
pain conditions (see Low Back Complaints and  Chronic Pain Guidelines). However, while there 
is no quality evidence evaluating these medications for treating shoulder pain, they appear likely 
to be mildly effective for some shoulder pain patients, especially in cases involving the shoulder 
girdle and myofascial pain. 

 

There are no quality studies that address the use of anti-convulsant agents to treat patients with 
shoulder pain. By analogy, there is quality evidence that topiramate is weakly effective for 
treating low back pain patients, and gabapentin is unhelpful (see Low Back Complaints). 
However, there is quality evidence that gabapentin reduces the need for opioids when 
administered as part of peri-operative hip surgery patients’ pain management. (Pandey 04, Pandey 

05, Radhakrishnan 05, Turan 04) 
 

Skeletal muscle relaxants may be a reasonable alternative to spare opioid requirements in the 
acute recovery period and to facilitate sleep. However, they also can cause daytime 
somnolence, thus limiting their use. Skeletal muscle relaxants are not recommended for 
continuous management of subacute or chronic shoulder pain, although they may be 
reasonable options for select acute pain exacerbations or for a limited trial as a 3rd- or 4th-line 
agent in more severely affected patients in whom NSAIDs and exercise have failed to control 
symptoms. 
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Devices/Physical Methods 
A sling may be helpful for acute rehabilitation and for treatment of acute dislocations that have 
been relocated. A sling is not recommended for treatment of recurrent glenohumeral instability. 
Self-applications of heat or cryotherapies might be helpful for symptom modulation. Numerous 
other therapies including acupuncture, ultrasound, massage, education, and exercise, etc., have 
been used to treat dislocations. Taping, magnets, pulsed electromagnetic frequency and 
interferential have also been used to treat shoulder dislocation and instability. 
 

1. Recommendation: Slings for Acute Rehabilitation and Treatment of Acute Shoulder 
Dislocations 
Slings are recommended for acute rehabilitation and treatment of acute shoulder 
dislocations. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I)  
 
 

2. Recommendation: Slings for Treatment of Shoulder Instability 
Slings are not recommended for treatment of shoulder instability. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Self-application of Heat or Cryotherapies for Treatment of Shoulder 
Dislocation 
Self-application of heat or cryotherapies is recommended for symptom modulation for 
shoulder dislocation. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Acupuncture for Treatment of Chronic Pain from Shoulder Instability 
Acupuncture is recommended for treatment of chronic pain from shoulder instability. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

5. Recommendation: Education and Exercise for Treatment of Shoulder Dislocation or 
Instability 
Education and exercise are recommended for treatment of shoulder dislocation and 
instability. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

6. Recommendation: Other Physical Methods for Treatment of Shoulder Dislocation or 
Instability 
There is no recommendation for or against the use of diathermy, infrared therapy, 
ultrasound, laser therapy, manual therapy, mobilization, manipulation, massage, high-
voltage galvanic, H-wave stimulation, iontophoresis, microcurrent, percutaneous 
electrical nerve stimulation (PENS), sympathetic electrotherapy, or transcutaneous 
electrical stimulation (TENS) for treatment of shoulder dislocation or instability. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

7. Recommendation: Taping, Magnets, Pulsed Electromagnetic Frequency, or Interferential 
Therapy for Treatment of Shoulder Dislocation 
Taping, magnets, pulsed electromagnetic frequency and interferential therapy are not 
recommended for the treatment of shoulder dislocation. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 



Copyright ©2020 Reed Group, Ltd.  Page | 99 
 

Rationale for Recommendations 
Slings often help manage acute pain associated with shoulder dislocations and help soft tissue healing. 
An external rotation brace may be used instead of a sling to treat anterior glenohumeral dislocations as 
most of these have an anterior inferior labral tear. The external rotation position reduces the labrum so 
that it can heal in a more anatomic position. (Itoi 01; Miller 04) Performance of pendulum exercises is 
usually indicated in part to prevent the potential development of adhesive capsulitis. Slings are not 
recommended for shoulder instability as the condition is chronic and slings promote debility over time. 
Education is often helpful for patient understanding of the condition and to facilitate exercises, especially 
in the post-operative period. 
 

Acupuncture may be effective for treatment of chronic shoulder pain (see Rotator Cuff 
Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-Thickness 
Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital Tendinitis, 
Rotator Cuff Tears and Subacromial Bursitis). However, most patients with a dislocation or 

instability do not have chronic pain. Acupuncture might be indicated for select patients with 
chronic pain who do not have sufficient pain control with other interventions. Education and 
exercise may be useful to teach patients adaptive techniques and to facilitate continued 
participation in daily activities despite limitations of shoulder. While there is experimental 
evidence in cadavers supporting capsular shrinkage with thermal heating, (Hayashi 97) there is no 
quality evidence and thus there is no recommendation for the use of diathermy, infrared, 
ultrasound, laser, manual therapy, mobilization, manipulation, massage, high-voltage galvanic, 
H-wave stimulation, iontophoresis, microcurrent, percutaneous electrical nerve stimulation 
(PENS), sympathetic electrotherapy, or transcutaneous electrical stimulation (TENS) for 
treatment of shoulder dislocation or instability. 

Injections 
Injections are generally not required for dislocations and are not recommended for treatment of 
acute dislocations. Injections are occasionally needed subsequently for concomitant rotator cuff 
tendinopathies or among patients who have delayed recovery for unclear reasons and in whom 
an empiric injection for diagnostic and therapeutic purposes is performed (see Rotator Cuff 
Tendinopathy Injections). 
 

Recommendation: Injections for Treatment of Acute Shoulder Dislocation 
Injections are not recommended for treatment of acute shoulder dislocation. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Surgical Considerations 
Non-operative treatment has been widely used for dislocations; techniques vary depending on 
kind of dislocation, comitant injuries, timing after injury as well as the skills and strength of the 
treating provider, among other considerations. Recreational and occupational demands might 
lead one to have surgery after an initial dislocation but for most patients the results of surgery 
after a recurrence should be equivalent to surgery after first dislocation. The dislocation 
recurrence rate has been reported at 17 to 96%. (Arciero 94, 95; Bottoni 02; Rowe 56,78; DeBerardino 96, 01; Good 05; 

Wintzell 99; Salmon 98; Simonet 84; Larrain 01;Wheeler 89; Valentin 98; Brophy 09; Yoneda 82; Aronen 84; Handoll 2004; Thomas 89; Henry 

82; Hoelen 90; Hovelius 78, 83a,83b, 87, 96, 99; O’Neill 99; Kirkley 99, 05; Kazar 69; Kiviluoto 80; McLaughlin 67) Recurrence of 
dislocation has been attributed to anterior labral injuries (Angelo 03; Hayashida 98; Larrain 01; Stefko 97; 

Taylor 97; Kirley 05) and has been used to justify attempted repairs. Younger age has been 
consistently associated with increased risk of recurrence of dislocation (Hawkins 90; Hovelius 87; 
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McLaughlin 67; Rowe 78; Robinson 08), providing some rationale for greater use of surgical treatments in 
younger patients with dislocations.  
 

Surgical approaches to shoulder instability include arthroscopic (Resch 97; Wiley 88; Freedman 04; Geiger 97; 

Steinbeck 98; Pulavarti 09; Hintermann 95; Wolf 88; Lane 93; Coughlin 92; Hawkins 89; Robinson 04; Hurley 93; Wall 95; Rook 01; Levine 05; 
Armstrong 04; Budoff 06; Stokes 03; Abrams 03; Abrams 07; Swenson 95; Antoniou 00; Cole 00; Angelo 03; Sandow 95,96; McIntyre 97; Rose 
96; De Mulder 99; Hawkins 01; Copeland 98; Nelson 00; Long 96; Nebelung 02; Stein 02; Fealy 01; Mayfield 01; Ryu 03; Millett 03; Walch 95; 
Grana 93; Arciero 94; Guanche 96; Landsiedl 92; Hobby 07; Benedetto 92; Caspari 91; Morgan 87; Altchek 95; Kropf 07; Yanmis 03; Abouali 

13; Friedman 14) and open procedures, most frequently Bankart (capsule and labral repairs) repairs. 
(Bankart 38; Rowe 78; Caprise 06; Hovelius 79; Millett 05; Provencher 08; Zamora-Navas 01; Ejerhed 00; Karlsson 01; Itoi 01; Handoll 09) 
Trials comparing arthroscopic and open approaches for patients with recurrent anterior 
dislocations found no unequivocal evidence of superiority of one approach over the other, (Sperber 

01; Fabbriciani 04; Rhee 07) although overall there appears to be modestly faster recovery the first 
several post-operative months with arthroscopic approaches. (Rhee 07) Arthroscopic 
capsulolabroplasty and capsulolabral augmentation have been reported for management of 
posteroinferior instability. (Kim 04; Antoniou 00) For posterior instability, no differences between open 
and arthroscopic approaches have been reported; (Kakar 07) none of the available studies are 
RCTs. (Kakar 07) Studies have suggested that open repairs are superior for violent contact sports. 
(Roberts 99) Three meta-analyses or systematic reviews comparing arthroscopic and open surgical 
approaches concluded that the open procedure had a more favorable outcome (Mohtadi 05; Lenters 

07; Freedman 04); however, a Cochrane review concluded there is insufficient evidence after 
reviewing RCTs comparing arthroscopic with open surgical approaches. Since these reviews, 
arthroscopic repair has improved which could lead to improved outcomes compared to open 
repair, but new RCTs do not exist.  
 

1. Recommendation: Relocation of Dislocated Shoulders 
Relocation is recommended after dislocation. Relocation under anesthesia is 
recommended if an attempted relocation without anesthesia is unsuccessful. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Surgery for First Traumatic Anterior Shoulder Dislocation 
Arthroscopic or open surgery is recommended for acute, first traumatic anterior 
shoulder dislocation.  

 

Indications – Acute, first traumatic anterior shoulder dislocation, particularly in patients under 
age 27. 
 

Strength of Evidence –Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
There are three high- or moderate-quality studies with four reports comparing surgical treatment 
to non-operative treatment after an acute, traumatic anterior shoulder dislocation. Another high-
quality trial compared arthroscopic lavage with lavage plus Bankart repair and documented 
marked benefits of surgery. (Robinson 08). All trials document significantly lower rates of 
redislocation after repair (arthroscopic (Kirkley 99, 05; Bottoni 02) or open (Jakobsen 07)) in younger 
patients, from their teens to age 39, and most either under 30 and/or athletes. Trials also have 
shown improved shoulder function and less disability after surgery. The quality RCTs comparing 
arthroscopic and open approaches for patients with recurrent dislocations found no unequivocal 
evidence of superiority of one approach over the other, (Sperber 01; Fabbriciani 04; Rhee 07; Friedman 14; Ng 07) 
although overall there appears to be modestly faster recovery the first several post-operative 
months with arthroscopic approaches. (Rhee 07) However, non-operative treatment has been 
traditionally recommended for anterior dislocation, (Hovelius 96; Wen 99; Aronen 84; Burkhead 92; Line 99; Liu 

96) and although recent evidence supports early surgical repair after the first dislocation in 
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younger patients in order to prevent recurrence, whether this applies to all patients is unclear. 
Surgery is invasive, has adverse effects, and is high cost. However, quality evidence documents 
clear superiority of surgical management compared to non-operative treatment particularly for 
younger patients and thus surgery is recommended. 
 
A meta-analysis comparing transglenoid sutures with bioabsorbable tacks found a higher rate of 
recurrent dislocation (12.6 versus 3.4%); however, it largely relied on case series. (Freedman 04) 
An experimental cadaveric study evaluated capsular plication versus anchor repair. (Provencher 08) 
There is insufficient evidence to recommend for or against specific intraoperative techniques. 
 

3. Recommendation: Surgery for Multidirectional Instability 
Inferior capsular shift procedure, capsular plication or superior shift of redundant 
inferior capsule is recommended for multidirectional and posterior instability. 
 

Indications – Recurrent, multidirectional shoulder instability or dislocation. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies evaluating treatment of multidirectional and posterior instability and no randomized 
comparative trials of available operative approaches. (Hewitt 03) Surgical results in case series have suggested 
some benefits. (Bak 00; Choi 02; Fronek 89; Neer 80; Pollock 93, 00; Hamada 99; Hurley 92; McIntyre 97; Antoniou 00; Duncan 93; Tauro 

00; Schwartz 87; Treacy 99; Tibone 90, 93; Wolf 98) Currently arthroscopic capsular placation is replacing open capsular 
shifts. There are few options for these patients other than muscle strengthening. Surgery is invasive, has adverse 
effects, and is high cost. However, for some patients there is no other reasonable alternative for treatment, thus 
surgery is recommended. 
 

4. Recommendation: Arthroscopic Lavage for Shoulder Dislocations 
There is no recommendation for or against the use of arthroscopic lavage for 
shoulder dislocations. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are three moderate-quality trials with four reports all suggesting arthroscopic lavage 
reduces risk of subsequent dislocation. (Wintzell 96, 99a, 99b, 00) However, there are no quality trials 
available evaluating a less-invasive procedure. Arthroscopic lavage is invasive, has adverse 
effects, is costly, is less invasive than surgical repair, but does not achieve repair of damaged 
tissue and there is no recommendation for or against arthroscopic lavage alone. 
Evidence for Surgery for Shoulder Dislocation 
There are 2 high- and 19 moderate-quality RCTs incorporated into this analysis. There are 5 
low-quality RCTs in Appendix 2. (Steinbeck 98; Hiemstra 08; Norlin 94; Sandow 95; Salomonsson 09) 

Post-Operative Rehabilitation: Shoulder Instability and Dislocation 
There are many different post-operative rehabilitation regimens reported in quality surgery trials 
and elsewhere to treat patients with shoulder instability. (Kirkley 99, 05; Bottoni 02; Monteiro 08; Sperber 01; 

Fabbriciani 04; McDermott 99; Jakobsen 07) However, there are scant quality studies reported that 
evaluate these different regimens to help define superior treatment programs. Individualization 
of programs based on various factors, including age, conditioning, and immediate post-surgical 
results is needed. (O’Brien 87; O’Brien 02) 
 

1. Recommendation: Accelerated Rehabilitation for Patients after Arthroscopic Bankart Repairs 
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Accelerated rehabilitation (compared with standard rehabilitation) is recommended 
for select patients after arthroscopic Bankart repairs. (Kim 03) 

 

Indications – Arthroscopic Bankart repairs for traumatic recurrent anterior instability in select, 
particularly younger patients. 
 

Frequency/Duration – Two to 3 appointments a week for 3 weeks, then twice a week for 2 
weeks and once weekly to every other week for 6 to 9 additional weeks. (Kim 03) Exact 
regimen requires individualization; however, the accelerated rehabilitation regimen has been 
successful and is in general recommended. 
 

Discontinuation – Recovery, plateau in recovery, noncompliance, intolerance. 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Accelerated Rehabilitation for Post-operative Shoulder Instability Patients 
There is no recommendation for or against accelerated rehabilitation for patients after 
other surgical procedures for shoulder instability. 
 

Frequency/Duration – Same as above if implemented for other patients. 
 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

3. Recommendation: Rehabilitation for Post-operative Shoulder Instability Patients 
Rehabilitation is recommended for patients undergoing surgery for shoulder 
instability who do not undergo an accelerated rehabilitation program (see above). 
 

Indications – Patients undergoing surgery for shoulder instability or dislocation not 
addressed above. 

 

Frequency/Duration – Two to 3 appointments a week for 3 weeks, then 2 a week for 2 
weeks, and once a week to every other week for 6 additional weeks. 
Discontinuation – Recovery, plateau in recovery, noncompliance, intolerance. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one moderate-quality study comparing traditional with accelerated rehabilitation of 
patients, mean age 29 years, having undergone arthroscopic Bankart repairs for traumatic 
recurrent anterior instability. (Kim Arthroscopy 03) The trial documented multiple advantages of 
accelerated rehabilitation including greater satisfaction, lower pain scores, and faster recovery. 
The dislocation rate was not increased by early rehabilitation during the study period (range 27 
to 45 months). Caution should be used as excessive early range of motion in first 6 weeks will 
over stretch repair. Accelerated rehabilitation for other post-operative patients with shoulder 
instability may speed return of function, however, similar cautions exist. (Wintzell 99, 00) Early 
rehabilitation is not invasive, appears to result in lower risks of adverse effects, is likely less 
costly, and thus is recommended. 
 

Evidence for Post-operative Rehabilitation for Shoulder Dislocation/Instability 
There is 1 moderate-quality RCT incorporated into this analysis. 

Superior Labral Anterior Posterior and Labral Tears 
Labral tear management is complex. Appropriate management begins with an understanding of 
the anatomy, etiology of pathology, and clinical correlation of pathology with symptoms and 
shoulder dysfunction. Labral tears are more prevalent with advancing age and thus beyond age 
40 commonly represent a natural degenerative process in the shoulder not unlike meniscal 
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pathology in the knee. Most SLAP tears over age 40 do not require repair. (Parentis 02; Altchek 92; 

Berg 97; Burkhart 98; Cordasco 93; Handelberg 98; Morgan 98; Kim 03; Pearce 00; Payne 94; Resch 93; Segmuller 97; Snyder 

95; Warner 94) By the 8th decade of life 100% of cadaver specimens have labral tearing. Superior 
labral anterior posterior (SLAP) and other labral tears have been clinically recognized for 
approximately 25 years. (DePalma 49; Andrews 85; Snyder 90, 95 Kippe 07) Labral tears can be considered 
in conjunction with dislocation and instability for anatomic reasons. The overall prevalence at 
time of arthroscopy has been estimated at 6%. (Snyder 95) In certain cases, SLAP tears may 
occur with acute traumatic dislocations, (Beltran 03) but are associated most commonly with other 
trauma and disorders such as rotator cuff tendinopathies and acromioclavicular disorders. 
(Altchek 92; Berg 97; Burkhart 98; Cordasco 93; Handelberg 98; Morgan 98; Pearce 00; Resch 93; Kim 03; Segmuller 97; 
Snyder 95; Warner 94) 
 

Superior labral tears are either the result of acute traumatic injury or chronic degenerative 
pathology. The most common acute mechanism of injury reported is a compressive force on 
shoulder or a subluxation injury, such as from a fall on an outstretched arm (Snyder 90, 95; Resch 93; 

Handelberg 98; Maffet 95; Levine 00; Mileski 98; Morgan 98; Burkhart 92, 98, 00) or overhead athletic or 
comparable traction injuries (Trantalis 08; Burkhart 00). Nevertheless, overhead athletes (e.g., 
baseball, tennis, handball, badminton, softball, swimming, volleyball, and squash).with SLAP 
tears seem to not do as well after arthroscopic surgery compared to nonthrowing athletes. (Sayde 

12) SLAP tears in the younger, athletic throwers and overhead athletes are dissimilar from the 
general population and need to be considered differently. Extrapolation of management of 
throwing athletes to the general population is inappropriate and has led to over-treatment of 
SLAP tears. Labral tears occurring in an older population are most commonly associated with 
other largely degenerative conditions and thus might have relationships to underlying 
degenerative conditions and not require repair. (Parentis 02; Altchek 92; Berg 97; Burkhart 98; Cordasco 93; 

Handelberg 98; Morgan 98; Kim 03; Pearce 00; Payne 94; Resch 93; Segmuller 97; Snyder 95; Warner 94) For the 
purposes of this guideline, these tears are considered distinct from the acute traumatic labral 
tears that can occur with dislocations. Initial patient management is non-operative. (Parentis 02; 

Edwards 10) Surgery has been utilized for patients who fail non-operative treatment and may be 
considered in active, younger patients. (Parentis 02) 
 

The presence of a labral tear does not in and of itself necessitate surgery. Labral tears are often 
identified at surgery concurrently with other pathology such as rotator cuff tears, acromial 
spurring, and glenohumeral arthritis. In many of these cases, especially with advancing age, the 
labral tear may be irrelevant to the patient’s condition and not require specific treatment. For 
example, if a patient’s clinical evaluation is consistent with rotator cuff tear, an incidental labral 
tear does not need to be fixed (except perhaps in younger patients) and if it is fixed there is a 
greater chance that the patient will have post-operative stiffness. Though there are no RCTs 
comparing repair of rotator cuff tears with versus without surgical repair or debridement of labral 
tears, literature suggests there are no advantages to repairing Type II lesions associated with 
rotator cuff tears in patients over age 50. (Franceschi 08) Indications for surgery for SLAP tears are 
not standardized and remain somewhat controversial. Expert opinion, including that of the 
American Academy of Orthopedic Surgeons, recommends initial conservative care 
management for SLAP tears. In general conservative care management should last a minimum 
of 6 to 12 weeks. Early surgery should only be considered in cases where there is evidence of 
suprascapular nerve compression. The evidence for or against repairing SLAP tears over age 
40 is mixed with no high- or moderate-quality studies. (Provencher 13) Evidence suggests no 
improvement with SLAP repair at the time of rotator cuff repair and trends towards worse 
stiffness with simultaneous surgical repairs. (Alpert 10) For many years rotator cuff tears were 
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repaired without ever seeing the inside of the glenohumeral joint (labral pathology was not 
surgically repaired). The patients had equivalent outcomes to current reports. 

Diagnostic Criteria 
There are no consensus diagnostic criteria for labral tears; the diagnosis has been described as 
difficult and nonspecific. (Parentis 02; Mileski 98; Nam 03; Bedi 08; Maurer 03-04) Symptoms generally 
include non-radiating shoulder joint pain, increased pain with overhead activity, and painful 
catching or popping sensations. (Snyder 90; Powell 04; Gartsman Clin Sports Med 00) Typical physical 
examination maneuvers are thought to be mostly nonspecific. (Burkhart 00; Craig 96; Handelberg 98; 

Maffet 95; Parentis 02) Other maneuvers have been developed. (Mimori 99; Liu 96; Kibler 95; Kim 99) A 
comparative study found the most sensitive maneuvers to be active compression (65.2%), 
Hawkin’s (65.2%) and Speed’s (47.8%). These relatively low sensitivity values indicate that 
these tests will perform poorly except in high pre-test probability circumstances. This suggests 
clinical suspicion and confirmatory imaging or arthroscopy appear to be the best diagnostic 
methods. (Parentis 02) The most commonly used classification system is based on the initial large 
case series by Snyder, although additions have been made by several authors. (Morgan 98; Maffet 

95; Nord 04; Powell 04) The most common system has been suggested to be unduly complex. The 
primary issues are proposed to be instability of the biceps tendon anchor or glenohumeral 
ligaments which then dictate operative approaches of repair of capsuloligamentous structures 
back to the bony glenoid rim or biceps tenodesis (Parentis 02) (see Table 7, below). 

Table 7. Classification of Superior Labrum Anterior and Posterior (SLAP) Lesions* 
Type Description 

Type I Superior labrum marked fraying with degenerative appearance. Peripheral labral edge firmly attached to 
glenoid and biceps tendon intact. 

Type II Fraying and degenerative changes. Superior labrum and biceps tendon stripped off glenoid. Labral-biceps 
anchor unstable. 

Type III Bucket-handle tear in superior labrum. Central portion of tear displaceable into joint. Peripheral portion firmly 
attached to glenoid and biceps tendon also intact. 

Type IV Bucket-handle tear of superior labrum as in Type III, but tear extends into biceps tendon. 

Type V Anteroinferior Bankart lesion continuing superiorly to include separation of biceps tendon 

Type VI Includes biceps separation with unstable labral flap tear 

Type VII Superior labrum-biceps tendon separation extending anteriorly beneath middle glenohumeral ligament. 

Type VIII SLAP extension along posterior glenoid labrum as far as 6 o’clock 

Type IX Pan-labral SLAP tear around glenoid circumference 

Type X Superior labral tear associated with posterior-inferior labral tear (reverse Bankart lesion) 

*Adapted from Snyder 1990, Maffet 95, Powell 04 

Special Studies and Diagnostic and Treatment Considerations 

MR Arthrography 
Magnetic resonance (MR) arthrography is thought to be effective for imaging superior labral 
anterior posterior (slap) or other labral tears. (Peh 02; Waldt 04; Jee 01; Lin 09; Bencardino 00; Monu 94; Stetson 02; 

Karzel 93; Smith 93; Nam 03) MR arthrography combines MRI with an arthrogram to identify both 
findings available with MRI, as well as the better capability to define labral tears among patients 
with symptoms of labral injuries in the shoulder. (Beall 03) 
 

MR arthrography is especially recommended for evaluation of potential concomitant Bankart 
lesions or labral or rotator cuff tears. (Parentis 02; Kirkley 03; Friedman 95; LaBan 95; Bencardino 00; Sherbondy 

00) Single or double-contrast CT arthrography might be a reasonable alternative when there is a 
lack of MRI availability, contraindications for MRI, or bony structure definition is needed as well. 
(Musgrave 01; Callaghan 88) X-rays might be needed of one or both shoulders, particularly if there was 
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a bilateral injury or need for comparison with the unaffected shoulder. Most MR and CT 
arthrograms are performed using fluoroscopy to localize the joint and inject the contrast agent. 
 

Recommendation: MR Arthrography to Diagnose Superior Labral Anterior Posterior or Other 
Labral Tears 
MR arthrography is recommended to diagnose superior labral anterior posterior (SLAP) 
or other labral tears. 
 

Indications – Patients with subacute or chronic shoulder pain with symptoms or clinical 
suspicion of labral tears. Patients should generally have failed non-operative treatment including 
NSAID and waiting 4 to 6 weeks without trending towards resolution. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
X-ray is helpful to evaluate most patients with shoulder pain, both to diagnose and to assist with 
the differential diagnostic possibilities such as arthroses that might accompany SLAP tears. MR 
arthrograms have not been evaluated in quality studies. Studies comparing diagnosis of SLAP 
lesions with low- to high-field MR arthrography have had inconsistent results. (Loew 00; Tung 00) MR 
arthrography is invasive, has adverse effects including a low risk of infection, and is painful. It is 
also costly, although MR arthrography has been felt to provide better cost effectiveness than 
MRI or CT arthrography for select diagnoses. (Oh 99) MR arthrography is likely the best imaging 
procedure available for patients thought to have labral tears and is recommended for select use. 

Work Activities 
Patients with acute significant labral tears may be able to return to occupational activities. 
However, limitations are generally required to avoid symptomatic aggravation especially for 
more physically demanding work. Limitations may include no overhead use, no lifting more than 
15 pounds, no repeated forceful use, and avoidance of other activities that significantly increase 
symptoms. Limitations are gradually reduced as recovery progresses. If surgery is performed, 
there is a similar need for workplace limitations that are gradually reduced. 

Initial Care 
Initial care of a labral tear involves identification of other accompanying disorders, such as 
rotator cuff tendinopathies, tears, and acromioclavicular joint issues, and treated accordingly. 
(Enad 07) Over-the-counter (OTC) analgesics and self-applications of heat and ice have been 
used to treat labral tears. Slings are generally not required, although they might be reasonable 
for treatment of severe symptomatic tears, with use gradually weaned. 
 
1. Recommendation: OTC Analgesics for Treatment of Superior Labral Anterior Posterior or 

Other Labral Tears 
Over-the-counter analgesics are recommended for treatment of superior labral 
anterior posterior (SLAP) or other labral tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Self-application of Heat or Ice for Treatment of Superior Labral Anterior 
Posterior or Other Labral Tears 
Self-application of heat or ice is recommended for treatment of superior labral anterior 
posterior (SLAP) or other labral tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
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3. Recommendation: Slings for Treatment of Severe Symptomatic Superior Labral Anterior 
Posterior or Other Labral Tears 
Slings are recommended for treatment of severe symptomatic superior labral anterior 
posterior (SLAP) or other labral tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, heat, or slings for management of acute 
SLAP and other labral tears. These are not invasive, have low adverse effects, are not costly, 
and are believed to be helpful for treating symptoms; thus, they are recommended. 

Follow-Up Visits 
Patients with labral tears generally require a few follow-up appointments for purposes of 
monitoring symptoms, advancing treatment, and gradually reducing limitations if the tear is 
gradually resolving with non-operative care. Patients with slower resolution, need of operative 
care, or with other accompanying disorders will require a considerably greater number of 
appointments. Frequencies of appointments may also be greater if workplace limitations are 
required and job demands are higher. Post-operative rehabilitation can be extensive, particularly 
in older patients with other associated injuries such as rotator cuff injuries. In those cases, there 
may be a requirement for therapy on a prolonged basis to recover as much function as possible. 

Medications 
Over-the-counter medications may be helpful for pain associated with labral tears. Generally, 
the only medications commonly used for labral tears are NSAIDs. (Trantalis 08; D’Alessandro 00; Higgins 

01; Dodson 09; Keener 09) Prescription medications such as opioids (see Medications for Rotator Cuff 
Tendinopathy) for pain management require judicious use and should only be considered in 
select cases. Patients may also require medications post-operatively. 
 

1. Recommendation: NSAIDs or Acetaminophen for Pain Management for Superior Labral 
Anterior Posterior or Other Labral Tears 
NSAIDs and acetaminophen are recommended for management of pain from superior 
labral anterior posterior (SLAP) or other labral tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Opioids for Pain Management for Select Patients with Superior Labral 
Anterior Posterior or Other Labral Tears 
Judicious use of opioids is recommended for pain management for select patients 
with severe pain associated with superior labral anterior posterior (SLAP) or other 
labral tears. 

 

Indications – Patients should meet all of the following:  
1) Severe injury with a clear rationale for use (objective functional limitations due to pain 

resulting from the medical problem.xv 
2) Other more efficacious treatments should have been instituted,xvi and either: 

2a) failed and/or  

 
xvOther indications beyond the scope of this guideline include acute myocardial infarction or agitation interfering with acute trauma 
management. 
xviTreatments to have tried generally include NSAIDs and acetaminophen. For LBP patients, additional considerations include muscle 
relaxants, progressive aerobic exercise, and directional exercise. 
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2b) have reasonable expectations of the immediate need for an opioid to obtain sleep the 
evening after the injury.  

3) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked and not show evidence for conflicting 
opioid prescriptions from other providers or evidence of misreporting.xvii 

4) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent contraindication(s) should 
nearly always be the primary treatment and accompany an opioid prescription. 

5) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

6) Dispensing quantities should be only what is needed to treat the pain. Short-acting opioids 
are recommended for treatment of acute pain. Long-acting opioids are not recommended. 

7) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167) Due to elevated risk of death and adverse effects, caution is also 
warranted when considering prescribing an opioid for patients with any of the following 
characteristics: depression, anxiety, personality disorder, untreated sleep disorders, 
substance abuse history, current alcohol use or current tobacco use, attention deficit 
hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, chronic obstructive 
pulmonary disease (COPD), asthma, or recurrent pneumonia.(78, 102, 104, 108, 109, 169-186) 
Considerable caution is also warranted among those with other comorbidities such as 
chronic hepatitis and/or cirrhosis,(187) as well as coronary artery disease, dysrhythmias, 
cerebrovascular disease, orthostatic hypotension, asthma, recurrent pneumonia, 
thermoregulatory problems, advanced age (especially with mentation issues, fall risk, 
debility), osteopenia, osteoporosis, water retention, renal failure, severe obesity, 
testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, constipation, 
prostatic hypertrophy, oligomenorrhea, pregnancy, human immunodeficiency virus (HIV), 
ineffective birth control, herpes, allodynia, dementia, cognitive dysfunction and impairment, 
gait problems, tremor, concentration problems, insomnia, coordination problems, and slow 
reaction time. There are considerable drug-drug interactions that have been reported (see 
Opioids Guideline, Appendices 2-3). 

 

Frequency/Duration – Generally, opioids should be prescribed at night or while not 
working.(82) Lowest effective, short-acting opioid doses are preferable as they tend to have 
the better safety profiles, less risk of escalation,(188) less risk of lost time from work,(112) and 
faster return to work.(189) Short-acting opioids are recommended for treatment of acute pain 
and long-acting opioids are not recommended. Recommend opioid use as required by pain, 
rather than in regularly scheduled dosing. 

 

If parenteral administration is required, ketorolac has demonstrated superior efficacy 
compared with opioids for acute severe pain,(190, 191) although ketorolac’s risk profile may 
limit use for some patients. Parenteral opioid administration outside of obvious acute 

 
xviiExceptions such as acute, severe trauma should be documented. 
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trauma or surgical emergency conditions is almost never required, and requests for such 
treatment are clinically viewed as red flags for potential substance abuse.  
 

Indications for Discontinuation – Resolution of pain, sufficient improvement in pain, 
intolerance or adverse effects, non-compliance, surreptitious medication use, consumption 
of medications or substances advised to not take concomitantly (e.g., sedating medications, 
alcohol, benzodiazepines), or use beyond 2 weeks. 

 

Harms – Adverse effects are many (see section below on “Opioids Benefits and Harms”). 
 

Benefits – Improved short-term pain control. 
 
Strength of Evidence – Recommended, Insufficient Evidence (I) 

 
 

3. Recommendation: Other Medications for Pain Management of Superior Labral Anterior 
Posterior or Other Labral Tears 
Muscle relaxants, capsicum, tricyclic antidepressants or dual reuptake inhibiting anti-
depressants for chronic pain (but not SSRI antidepressants which are not effective for 
nociceptive pain), or gabapentin for peri-operative use are recommended to control 
pain associated with superior labral anterior posterior (SLAP) or other labral tears. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating treatment of labral tears with medications. NSAIDs have 
been evaluated for the treatment of many musculoskeletal disorders and found uniformly 
effective (see Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears 
(Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement 
Syndrome, Bicipital Tendinitis, Rotator Cuff Tears and Subacromial Bursitis). NSAIDs and 
acetaminophen are not invasive and have low adverse effects profiles, particularly when used 
for short courses in occupational populations. Generic or over-the-counter formulations are low 
cost. NSAIDs and acetaminophen also may help avoid treatment with opioids which have far 
worse adverse effect profiles (see Chronic Pain Guidelines). By analogy to treatment of other 
musculoskeletal conditions such as low back pain (see Low Back Complaints), acetaminophen 
is believed to be less efficacious, although it generally has a lower adverse effect profile. 
 

There are no quality studies evaluating opioids for treatment of shoulder labral tear patients (see 
Rotator Cuff Tendinopathies and Chronic Pain Guidelines); thus quality evidence of long-term 
efficacy is lacking. Opioids have adverse effects with published evidence of high mortality risks. 
There are patients with severe pain, particularly select acute tear patients, for whom the brief 
use of opioids, especially to facilitate sleep, are recommended. Opioids are not invasive, have 
high adverse effects for a pharmaceutical (although tolerance may develop relatively rapidly), 
and are low cost when generic formulations are used. 
 

Other medications are rarely required for labral tear patients, as the associated pain is usually acute 
and not subacute or chronic. Norepinephrine reuptake inhibiting anti-depressants (e.g., 
amitriptyline, doxepin, imipramine, desipramine, nortriptyline, protriptyline, maprotiline, and 
clomipramine) and mixed norepinephrine and serotonin inhibitors (e.g., venlafaxine, bupropion, 
and duloxetine) have evidence of efficacy for treatment of chronic low back pain and some other 
chronic pain conditions (see Low Back Complaints). However, while there is no quality evidence 
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evaluating these medications for treatment of shoulder pain, they appear likely to be mildly 
effective for some patients, especially in cases involving the shoulder girdle and myofascial pain. 

 

There are no quality studies that address the use of anti-convulsant agents to treat patients with 
shoulder pain. By analogy, there is quality evidence that topiramate is weakly effective for 
treatment of low-back pain patients and gabapentin is unhelpful. However, there is quality 
evidence that gabapentin reduces the need for opioids when administered as part of peri-
operative hip surgery patients’ pain management. (Pandey 04, Pandey 05, Radhakrishnan 05, Turan 04) 
 

Skeletal muscle relaxants may be a reasonable alternative to spare opioid requirements in the 
acute recovery period and to facilitate sleep. However, daytime somnolence limits their use. 
Skeletal muscle relaxants are not recommended for continuous management of subacute or 
chronic shoulder pain, although they may be reasonable options for select acute pain 
exacerbations or for a limited trial as a 3rd- or 4th-line agent in more severely affected patients 
in whom NSAIDs and exercise have failed to control symptoms. 

Devices/Physical Methods 
Self-applications of heat or cryotherapies may be helpful for symptom modulation and are 
recommended to treat labral tears. Therapy including education and exercise is also 
recommended. Acupuncture and other physical methods such as massage, diathermy, and 
magnets have been used to treat labral tears. A sling may be helpful for more severe acute 
cases associated with SLAP and labral tears (they are not recommended for subacute or 
chronic symptoms as they promote debility over time), while an immobilizer is usually utilized for 
post-operative rehabilitation. 
 

1. Recommendation: Acupuncture for Chronic Pain from Superior Labral Anterior Posterior or 
Other Labral Tears 
Acupuncture is recommended to control chronic pain associated with superior labral 
anterior posterior (SLAP) or other labral tears. 

 

Indications- Highly selected patients with chronic pain who have inadequate relief and 
incapacity after multiple interventions including NSAIDs, a quality active exercise program 
with which there has been compliance, and potentially surgical repair. Caution that use may 
augment reliance on passive modalities instead of active, self-care treatment strategies.  
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Other Modalities for Treatment of Superior Labral Anterior Posterior or 
Other Labral Tears 
There is no recommendation for or against the use of diathermy, infrared therapy, 
ultrasound, laser therapy, manual therapy, mobilization, manipulation, massage, high-
voltage galvanic, H-wave stimulation, iontophoresis, microcurrent, percutaneous 
electrical nerve stimulation (PENS), sympathetic electrotherapy, or transcutaneous 
electrical stimulation (TENS) for the treatment of superior labral anterior posterior 
(SLAP) or other labral tears. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

3. Recommendation: Taping, Magnets, Pulsed Electromagnetic Frequency, or Interferential 
Therapy for Treatment of Superior Labral Anterior Posterior or Other Labral Tears 
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Taping, magnets, pulsed electromagnetic frequency and interferential therapy are not 
recommended for the treatment of superior labral anterior posterior (SLAP) or other 
labral tears. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Acupuncture may be effective for treatment of chronic shoulder pain (see Rotator Cuff 
Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-Thickness 
Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital Tendinitis, 
Rotator Cuff Tears and Subacromial Bursitis, above). However, most patients with SLAP and 
labral tears do not have chronic pain. Acupuncture may be indicated for select patients with 
chronic pain who do not have sufficient control with other interventions. There is no quality 
evidence and thus there is no recommendation for the use of diathermy, infrared, ultrasound, 
laser, manual therapy, mobilization, manipulation, massage, high-voltage galvanic, H-wave 
stimulation, iontophoresis, microcurrent, percutaneous electrical nerve stimulation (PENS), 
sympathetic electrotherapy, or transcutaneous electrical stimulation (TENS) to treat labral tears. 

Injections 
Injections are generally not indicated for labral and SLAP tears. However, they are sometimes 
utilized to treat patients who have other conditions such as rotator cuff tendinopathies or who 
have an injection for combined diagnostic and therapeutic purposes; thus an injection may also 
be indicated for patients who have delayed recovery for unclear reasons (see Rotator Cuff 
Tendinopathy Injections). Intra-articular injection is occasionally used to help diagnoses SLAP 
tears. 
 
Recommendation: Injections for Treatment of Superior Labral Anterior Posterior or Other Labral 
Tears 
Injections are not recommended for treatment of acute isolated labral or superior labral 
anterior posterior (SLAP) tears. 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is no evidence injections are efficacious for treatment of labral or SLAP tears. Injections 
are invasive, have adverse effects, and are moderately costly. Thus, they are not 
recommended, unless there is a simultaneous indication such as rotator cuff tendinopathy (see 
Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-
Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital 
Tendinitis, Rotator Cuff Tears and Subacromial Bursitis). 

Surgical Considerations 
Non-operative treatment has been widely used for labral tears. Surgical repair will not improve 
the clinical outcome if the labral tear is not the cause of the problem. When the tear is the cause 
of the problem, then repair is usually the treatment if the patient does not improve with non-
operative management. The rate of success is unclear as there are no large population-based 
studies available, although some believe that patients who engage in throwing motions have a 
worse prognosis. (Dodson 09) A considerable proportion of these cases do not resolve with non-
operative treatment. Primarily arthroscopic (Kippe 07; DaSilva 08; O’Brien 02; Oh 08; Yian 04; Gregush 07; 

Brockmeier 09; Coleman 07; Yung 08; Pinto 01; Keener 09; Westerheide 03; Neri 09) and some open techniques 
(Kartus 98) or combined approaches (Kippe 07) have been utilized for treatment. Some include 
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addressing other abnormalities such as ganglion cysts along with the surgical approach. 
(Westerheide 03) Surgical approaches involving debridement alone or removal of the SLAP/labral 
lesion have been mostly abandoned due to low success rates and high rates of subsequent 
impairment and disability. (Altcheck 92; Cordasco 93) Subsequent attempts at repair of the tears 
(SLAP/labral lesion) have reported better results in case series than non repair approaches. 
(Segmuller 97; Field 93; Yoneda 91; Rhee 05; Brockmeier 09; Wilk 05; Trantalis 08) The risk for poor outcomes after 
surgery and rehabilitation has been estimated at 32%, (Katz 09) and are thought to be worse in 
workers’ compensation patients. (Verma 07) 
 

The type of tear is believed to guide the most appropriate surgical treatment, (Parentis 02; Rames 93; 

Bedi 08) although there is not complete agreement on the approaches. For Type I, debridement is 
most recommended, (Parentis 02; DaSilva 08; D’Alessandro 00; Nam 03) although some have recommended 
no debridement as the fraying is believed to be normal. (Gartsman Clin Sports Med 00) There are 
several different Type II lesions and these as well as other types of unstable tears have been 
recommended for repair with sutures or tacks. (DaSilva 08; D’Alessandro 00; Parentis 02; Cohen 06; Park 08; 

Nam 03; Morgan 98; Synder 90, 95; Warner 94; Field 93; Pagnani 95; Grauer 92; Resch 93; Yoneda 91) Biceps tenodesis 
has also been reportedly successful for treatment of some but not all Type II lesions, particularly 
in patients over 40 years old in whom repairing SLAP tears is associated with increased post-
operative stiffness. (Boileau 09; Cordasco 93; Grauer 92) Type III lesions have been recommended for 
treatment with debridement involving the bucket handle tear and attempted repair with larger 
labral tears. (DaSilva 08; Nam 03; Parentis 02) Type IV lesions have been recommended for biceps 
debridement if there is less than 40% involvement and either repaired or tenodesed if greater 
than 30 to 50% involved. (Burkhart 93; Nam 03; Mileski 98; Pinto 01; Higgins 01; Baker 09) Specific labral 
pathologies are associated with shoulder injury and dysfunction. Some of these patients will 
need surgery to treat instability which will involve labral repair. Labral debridement in these 
cases does not treat the instability. Some chronic degenerative SLAP tears that can be 
correlated with the patient’s symptoms may require repair for management. 
 

Recommendation: Arthroscopic or Open Surgery for Labral or Superior Labral Anterior Posterior 
Tears 
Arthroscopic or open surgery is recommended for select treatment of labral or superior 
labral anterior posterior (SLAP) tears. 
 

Indications – Symptoms, MRA or MRI findings and clinical suspicion of labral or SLAP tear that 
does not resolve after approximately 4 to 6 weeks of non-operative treatment. Most individuals 
over age 40 do not appear to require surgical repair, although a minority that fail to either 
resolve or trend towards resolution may need operative repair. (Parentis 02; Altchek 92; Berg 97; Burkhart 98; 

Cordasco 93; Handelberg 98; Morgan 98; Kim Arthroscopy 03; Pearce 00; Payne 94; Resch 93; Segmuller 97; Snyder 95; Warner 94) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials comparing non-operative with operative management of labral and 
SLAP tears. The current low-quality evidence suggests results with surgical repair are superior 
to non-operative management. There is one quality trial among patients with SLAP and rotator 
cuff tears that reported biceps tenotomy plus rotator cuff tear was superior to repair of the SLAP; 
(Franceschi 08) however, this trial is unable to address the central issue of appropriateness of 
surgery and surgical indications. Thus, while surgery is invasive, has adverse effects, and is 
high cost, surgical repair is recommended for patients whose labral tears are likely the cause of 
the clinical picture and do not resolve or trend towards resolution over approximately 4 to 6 
weeks. 
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Evidence for Surgery for SLAP Tears 
There are 4 moderate-quality RCT incorporated into this analysis. 
 
We searched PubMed, Scopus, CINAHL and Cochrane Library using the following terms: disorder terms- 
Labrum tears, Labrum tear, Labral tears, Labral tear, Labral Lesions, SLAP tear, SLAP tears, SLAP 
lesions, SLAP lesion, Bankart; RCT terms- controlled clinical trial, controlled trials, randomized controlled 
trial, randomized controlled trials, random allocation, random*, randomized, randomization, 
randomly; systematic reviews terms- systematic, systematic review; Population studies terms: 
retrospective studies, prospective studies, epidemiological studies, epidemiological research, 
Nonexperimental Studies. In PubMed we found and reviewed 175 articles, and kept 23. In Scopus, we 
found and reviewed 176 articles, and kept 0. In CINAHL, we found and reviewed 25 articles, and kept 1. 
In Cochrane Library, we found and reviewed 2 articles, and kept 0.  

Post-Operative Rehabilitation 
Many different rehabilitation protocols have been reported that address rehabilitation for labral 
and SLAP tears. (Powell 04; DaSilva 08; O’Brien 87; O’Brien 02; Wilk 05; Dodson 09) One protocol involved 
immobilizer use for 3 weeks with passive forward elevation and full elbow ROM. During weeks 4 
to 6, ROM is increased up to 90º of abduction and flexion. After 6 weeks, full ROM is begun; 
with gradual strengthening, biceps contraction begins. Overhead activities and strenuous biceps 
activity are avoided for 12 weeks. At 12 to 16 weeks, physical therapy is discontinued and 
normal activities resumed. Throwing does not resume for 4 to 5 months with full return to 
overhead sports at 8 to 9 months. (Powell 04) 
 

Another protocol used an immobilizer for 4 weeks with active/active-assisted to 40º external 
rotation, 140º forward flexion and exercises of wrist, hand, elbow ROM; grip strengthening; 
isometric abduction; internal/external rotation at side. Weeks 4 to 6 used increased ROM to full 
and exercises of wrist/hand ROM, grip strengthening, theraband for isometrics, prone 
extensions, scapular stabilizing. In weeks 6 to 12, patients progressed to full active ROM and 
exercises, advanced to weights, and began upper-body ergometer. Weeks 12 to 6 months 
included full active motion without discomfort and exercises of progression to work/sport, return 
to weight room at 3 months and return to contact sports at 6 months. (DaSilva 08) However, 
another protocol utilized an immobilizer for 7 to 10 days followed by gentle pendulum exercises 
and passive ROM and isometric strengthening. Active-assisted exercises were added at 4 
weeks with a goal of full ROM at 6 to 8 weeks. Rotator cuff and periscapular strengthening with 
Theraband was added at 6 weeks and progressive strengthening at 16 weeks with a goal for 
return to usual activities at 4 to 6 months. (Neri 09) Individualization of programs based on various 
factors, including age, conditioning, and immediate post-surgical results is needed. 
 

Recommendation: Rehabilitation for Patients after Arthroscopic or Open Labral and Superior 
Labral Anterior Posterior Tear Repairs 
Rehabilitation is recommended for patients after arthroscopic or open labral and superior 
labral anterior posterior (SLAP) tear repairs. 
 

Indications – Arthroscopic or open repairs of labral and SLAP tears. 
 

Frequency/Duration – Two to 3 appointments per week for 3 weeks, then 2 a week for 2 weeks 
and once weekly to every other week for 6 to 9 additional weeks. (Kim 03) Exact regimen requires 
individualization; however, regimens are provided for guidance as examples of published 
protocols and are recommended. 
 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or intolerance. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
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Rationale for Recommendation 
There are no quality trials that address rehabilitation for labral and SLAP tears. However, 
exercise appears necessary and education with a home-exercise program appears to be 
required for nearly all patients. Rehabilitation is not invasive, has low adverse effects, but is 
moderate to high cost; however, it seems necessary and is thus recommended. 

Acromioclavicular Sprains and Dislocations 
Acromioclavicular (AC) sprains and dislocations are common injuries, especially in contact 
sports, (Kaplan 05; Thorndike 42) but can also occur in settings of automobile and other accidents and 
falls. (Simovitch 09; Post 85) Thus, they are occasionally work-related conditions. Long-term risks 
include secondary rotator cuff syndromes, acromioclavicular instability and osteoarthrosis in 
50%. (Bergfeld 78) 

Diagnostic Criteria 
The most commonly used scale grades AC sprains and dislocations from I to VI. (Allman 67, Tossy 

63, Rockwood 91) Grades I and II are managed non-operatively. Grade III includes severe 
dislocation of the AC joint with elevation of the distal clavicle of at least 1 clavicular diameter on 
AP radiograph. Grades IV to VI are believed to require surgery. (Rockwood 91; Post 85; Simovitch 09) 

Table 8. Acromioclavicular Joint Disruptions with Pathophysiology and Basic Treatment* 
Grade Pathophysiology Primary Treatment 

I Mild disruption of AC joint ligaments Non-operative 

II Moderate force and disruption of AC ligaments and sprained 
coracoclavicular ligaments 

Non-operative 

III Severe force with disruption of AC and CC ligaments. Joint 
dislocation usually present. 

Mostly non-operative. Sometimes operative, 
especially if heavy physical demands on shoulder 

IV Severe force usually with disruption of AC and CC 
ligaments. Posterior clavicle displacement present 

Operative 

V Severe force with marked superior displacement of lateral 
clavicle. Disrupted AC and CC ligaments as well as deltoid 
and trapezius attachment to clavicle. 

Operative 

VI Severe force with lateral clavicle displacement under the 
coracoid.  

Operative 

*Adapted from Tossy 63; Allman 67; Rockwood 89; Post M, Clin Orthop Relat Res 1985; 200:234-47. 

Special Studies and Diagnostic and Treatment Considerations 

X-Ray 
X-ray is the main diagnostic test for AC sprains and dislocations. (Simovitch 09) X-rays may 
occasionally be needed of both shoulders, particularly if there is a bilateral injury or need for 
comparison with the unaffected shoulder. Associated abnormalities among Grades III through V 
sometime occur, including SLAP lesions and rotator cuff tears (Tischer 09; Pauly 09) which 
sometimes require evaluation. 
 

Recommendation: X-ray to Diagnose Acromioclavicular Sprains or Dislocations 
X-ray is recommended to diagnose acromioclavicular sprains or dislocations. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
X-ray is the main diagnostic test to detect changes in bony positioning and fractures. 
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Work Activities 
Patients with AC sprains may be able to return to occupational activities; however, limitations 
are generally required to avoid symptomatic aggravation especially for more physically 
demanding work. Limitations may include no overhead use, no lifting of more than 10 to 15 
pounds with the affected arm, no repeated forceful use, and avoidance of other activities that 
significantly increase symptoms. Limitations are gradually reduced as recovery progresses. 
Frequent advice includes avoiding contact sports and heavy lifts for 2 to 3 months. If surgery is 
performed, there is a similar need for workplace limitations that are more gradually reduced.  

Initial Care 
Initial care of an AC sprain or separation involves identification of the grade of injury, as well as 
of other accompanying disorders such as fractures, rotator cuff tendinopathies, and labral 
injuries, and treated accordingly. (Simovitch 09) Over-the-counter analgesics and self-applications 
of ice and heat are recommended. Slings may be helpful acutely. Early range-of-motion 
exercises are recommended. 
 
1. Recommendation: OTC Analgesics for Treatment of Acromioclavicular Sprains or 

Dislocations 
Over-the-counter analgesics are recommended for treatment of acromioclavicular 
sprains or dislocations. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Self-application of Heat or Ice for Treatment of Acromioclavicular Sprains 
or Dislocations 

Self-application of heat or ice is recommended for treatment of acromioclavicular 
sprains or dislocations. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Slings for Treatment of Acromioclavicular Sprains or Dislocations 
Slings are recommended for treatment of acromioclavicular sprains or dislocations. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, heat, or slings for management of AC 
sprains and separations. These are not invasive, have low adverse effects, are not costly, and 
are believed to be helpful for treating symptoms; thus, they are recommended. 

Follow-Up Visits 
Patients with AC sprains generally require a few follow-up appointments for purposes of 
monitoring symptoms, advancing treatment, and gradually reducing limitations as the sprain 
resolves. Patients with more severe sprains, slower resolution, in need of operative care, or with 
other accompanying disorders will require a considerably greater number of appointments. 
Frequencies of appointments may also be greater where workplace limitations are required and 
job demands are higher. Early post-operative rehabilitation is advanced slowly to protect the 
repair.  
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Medications 
Over-the-counter (OTC) medications, particularly NSAIDs, may be helpful for pain management 
and provide sufficient relieve for many Grade I and II AC sprains, (Post 85; Rockwood 91; Simovitch 09) 
(see Medications for Rotator Cuff Tendinopathy). Select patients may require judicious use of 
opioids for pain management. Patients may also require medications post-operatively. 
 

1. Recommendation: Over-the-counter (OTC) Medications and NSAIDs for Pain Management 
of Acromioclavicular Sprains or Dislocations 
Over-the-counter (OTC) medications such as acetaminophen, and particularly 
NSAIDs, are recommended to control pain associated with acromioclavicular sprains 
or dislocations. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Opioids for Pain Management for Select Patients with Acromioclavicular 
Sprains or Dislocations 
Judicious use of opioids is recommended for pain management for select patients 
with severe acromioclavicular sprains or dislocations. 
Indications – Patients should meet all of the following:  
1) Severe injury with a clear rationale for use (objective functional limitations due to pain 

resulting from the medical problem.xviii 
2) Other more efficacious treatments should have been instituted,xix and either: 

2a) failed and/or  
2b) have reasonable expectations of the immediate need for an opioid to obtain sleep the 
evening after the injury.  

3) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked and not show evidence for conflicting 
opioid prescriptions from other providers or evidence of misreporting.xx 

4) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent contraindication(s) should 
nearly always be the primary treatment and accompany an opioid prescription. 

5) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

6) Dispensing quantities should be only what is needed to treat the pain. Short-acting opioids 
are recommended for treatment of acute pain. Long-acting opioids are not recommended. 

7) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167) Due to elevated risk of death and adverse effects, caution is also 
warranted when considering prescribing an opioid for patients with any of the following 
characteristics: depression, anxiety, personality disorder, untreated sleep disorders, 
substance abuse history, current alcohol use or current tobacco use, attention deficit 

 
xviiiOther indications beyond the scope of this guideline include acute myocardial infarction or agitation interfering with acute trauma 
management. 
xixTreatments to have tried generally include NSAIDs and acetaminophen. For LBP patients, additional considerations include muscle 
relaxants, progressive aerobic exercise, and directional exercise. 
xxExceptions such as acute, severe trauma should be documented. 



Copyright ©2020 Reed Group, Ltd.  Page | 116 
 

hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, chronic obstructive 
pulmonary disease (COPD), asthma, or recurrent pneumonia.(78, 102, 104, 108, 109, 169-186) 
Considerable caution is also warranted among those with other comorbidities such as 
chronic hepatitis and/or cirrhosis,(187) as well as coronary artery disease, dysrhythmias, 
cerebrovascular disease, orthostatic hypotension, asthma, recurrent pneumonia, 
thermoregulatory problems, advanced age (especially with mentation issues, fall risk, 
debility), osteopenia, osteoporosis, water retention, renal failure, severe obesity, 
testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, constipation, 
prostatic hypertrophy, oligomenorrhea, pregnancy, human immunodeficiency virus (HIV), 
ineffective birth control, herpes, allodynia, dementia, cognitive dysfunction and impairment, 
gait problems, tremor, concentration problems, insomnia, coordination problems, and slow 
reaction time. There are considerable drug-drug interactions that have been reported (see 
Opioids Guideline, Appendices 2-3). 

 

Frequency/Duration – Generally, opioids should be prescribed at night or while not 
working.(82) Lowest effective, short-acting opioid doses are preferable as they tend to have 
the better safety profiles, less risk of escalation,(188) less risk of lost time from work,(112) and 
faster return to work.(189) Short-acting opioids are recommended for treatment of acute pain 
and long-acting opioids are not recommended. Recommend opioid use as required by pain, 
rather than in regularly scheduled dosing. 

 

If parenteral administration is required, ketorolac has demonstrated superior efficacy 
compared with opioids for acute severe pain,(190, 191) although ketorolac’s risk profile may 
limit use for some patients. Parenteral opioid administration outside of obvious acute 
trauma or surgical emergency conditions is almost never required, and requests for such 
treatment are clinically viewed as red flags for potential substance abuse.  
 

Indications for Discontinuation – Resolution of pain, sufficient improvement in pain, 
intolerance or adverse effects, non-compliance, surreptitious medication use, consumption 
of medications or substances advised to not take concomitantly (e.g., sedating medications, 
alcohol, benzodiazepines), or use beyond 2 weeks. 

 

Harms – Adverse effects are many (see section below on “Opioids Benefits and Harms”). 
 

Benefits – Improved short-term pain control. 
 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating the use of medications for treatment of AC sprains and 
separations. One trial compared naproxen to piroxicam for treatment of disparate acute MSDs, 
but that trial did not primarily involve these patients. (McIlwain 88) However, NSAIDs have been 
evaluated in many musculoskeletal disorders and found to be uniformly effective (see Low Back 
Complaints and Rotator Cuff Tendinopathies). NSAIDs and acetaminophen are not invasive and 
have low adverse effects profiles, particularly when used for short courses in occupational 
populations. Generic or over-the-counter formulations are low cost. NSAIDs and acetaminophen 
also may help avoid treatment with opioids which have worse adverse effect profiles (see 
Chronic Pain Guidelines). NSAIDs and acetaminophen are recommended for treatment of 
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acute, subacute, chronic, and post-operative AC sprain and separation patients. By analogy to 
treatment of other musculoskeletal conditions such as low back pain (see Low Back 
Complaints), acetaminophen is believed to be less efficacious, although it generally has a lower 
adverse effect profile. 
 

There are no quality studies evaluating opioids for treatment of AC sprain and separation 
patients (see Rotator Cuff Tendinopathies and Chronic Pain Guidelines), thus quality evidence 
of long-term efficacy is lacking. Opioids have adverse effects with considerable risk of mortality. 
For patients with severe pain, particularly acute sprain or dislocation patients, in whom a brief 
use of opioids, especially to facilitate sleep, is recommended. Opioids are not invasive, have 
high adverse effects for a pharmaceutical (although tolerance may develop relatively rapidly), 
and are low cost when generic formulations are used. 
 

Evidence for NSAIDs for Acromioclavicular Sprains or Dislocations 
There is 1 moderate-quality RCT incorporated into this analysis. 

Devices/Physical Methods 

SLINGS OR SHOULDER IMMOBILIZERS 
A sling or shoulder immobilizer may be helpful for more severe acute cases of AC separation 
(see Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or 
Full-Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, 
Bicipital Tendinitis, Rotator Cuff Tears and Subacromial Bursitis). Self-applications of heat or 
cryotherapies are recommended as potentially helpful for symptom modulation. Physical therapy 
is generally not needed for patients with isolated low-grade sprains. Therapy, including 
exercises and education, is more likely to be needed with either greater sprain severity or need 
for surgery. 
 

Recommendation: Slings or Shoulder Immobilizers, but not compressive immobilizers, for 
Treatment of Severe Acromioclavicular Sprains or Dislocations 
Slings or shoulder immobilizers, but not compressive immobilizers, are recommended 
for treatment of severe acromioclavicular sprains or dislocations. 
 

Indications – Acromioclavicular sprains and separations. (Lemos 98; Nuber 97) 
 

Frequency/Duration – Daily use initially. Sling use for up to 7 to 10 days in Grades I to II sprains, 
then gradual weaning. Pendulum exercises are generally prescribed during the time of sling 
use. Six weeks of sling or immobilizer use is typically prescribed for post-operative treatment. In 
more severe cases, additional exercises are helpful. 

 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or intolerance. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Slings, but not compressive immobilizers, are often helpful for acute pain associated with AC 
sprains and separations. However, performance of pendulum exercises is usually indicated in 
part to prevent the potential development of limited ROM or adhesive capsulitis. Slings are not 
recommended for subacute or chronic symptoms as they promote debility over time. 

EXERCISE 
Recommendation: Therapy for Treatment of Severe Acromioclavicular Sprains or Dislocations 
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Therapy, including exercises and education, is recommended for patients with severe 
acromioclavicular sprains or dislocations or who are in need of surgery. 
 

Indications – Acromioclavicular sprains and separations, as well as post-operative use. (Lemos 98; 

Nuber 97) 
 

Frequency/Duration – Pendulum exercises are generally initiated, along with other ROM 
exercises and education. These are typically followed by isometric strengthening program, then 
isotonic strengthening and endurance exercises. Programs require individualization based on 
factors such as patient’s injury severity, age, experience, comorbid conditions, and compliance. 
A range of options includes weekly appointments to oversee and advance a home exercise 
program for several weeks until sufficiently recovered for lower grade injuries and self-motivated 
patients. Patients with more severe injuries or need for supervision may require appointments 2 
to 3 a week to initiate program exercises, tapering to 1 a week in approximately 4 weeks before 
being discharged to a home-exercise program in approximately 2 months for more severe 
injuries. 
 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or intolerance. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Education is often helpful for patient understanding of the condition and to facilitate exercises, 
especially in the post-operative period. 

DIATHERMY, INFRARED THERAPY, ULTRASOUND, LASER THERAPY, AND ELECTRICAL THERAPIES (INCLUDING TENS), TAPING, 
MAGNETS AND MAGNETIC STIMULATION, AND PULSED ELECTROMAGNETIC FREQUENCY 
 

1. Recommendation: Other Modalities for Treatment of Acromioclavicular Sprains or 
Dislocations 

There is no recommendation for or against the use of diathermy, infrared therapy, 
ultrasound, laser therapy, manual therapy, mobilization, manipulation, massage, high-
voltage galvanic, H-wave stimulation, iontophoresis, microcurrent, percutaneous 
electrical nerve stimulation (PENS), sympathetic electrotherapy, or transcutaneous 
electrical stimulation (TENS) for treatment of acromioclavicular sprains or 
dislocations. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

2. Recommendation: Taping, Magnets, Pulsed Electromagnetic Frequency, or Interferential 
Therapy for Treatment of Acromioclavicular Sprains or Dislocations 
Taping, magnets, pulsed electromagnetic frequency, or interferential therapy are not 
recommended for the treatment of acromioclavicular sprains or dislocations. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Acupuncture may be effective for treating chronic shoulder pain (see Rotator Cuff 
Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-Thickness 
Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital Tendinitis, 
Rotator Cuff Tears and Subacromial Bursitis). However, most patients with AC sprains and 
separations do not have chronic pain. Acupuncture may be indicated for select patients with 
chronic pain who do not have sufficient control with other interventions. 
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There is no quality evidence evaluating the use of diathermy, infrared, ultrasound, laser, manual 
therapy, mobilization, manipulation, massage, high-voltage galvanic, H-wave® Device 
Stimulation, iontophoresis, microcurrent, percutaneous electrical nerve stimulation (PENS), 
sympathetic electrotherapy, or transcutaneous electrical stimulation (TENS) for treatment of AC 
sprains and separations. Thus, there is no recommendation for their use. 

Injections 
Injections are generally not indicated for AC sprains and separations. However, they are 
sometimes utilized for treatment of patients who have other conditions such as rotator cuff 
tendinopathies or who have an injection for combined diagnostic and therapeutic purposes. An 
injection may be indicated for patients who have delayed recovery for unclear reasons in whom 
an empiric injection for diagnostic and therapeutic purposes is performed (see Rotator Cuff 
Tendinopathy Injections). An injection is recommended prior to consideration of distal clavicle 
resection for patients with ongoing pain of at least 6 to 12 months to ascertain whether the 
injection will resolve the pain and, if the pain recurs, whether distal clavicle resection may be 
successful and should be recommended for grade I or II acromioclavicular dislocations. 
 
1. Recommendation: Injections for Treatment of Acute Isolated Acromioclavicular Sprains or 

Dislocations 
Injections are not recommended for the treatment of acute isolated acromioclavicular 
sprains or dislocations. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Injections for Consideration of Distal Clavicle Resection for Select 
Patients 
An injection is recommended prior to consideration of distal clavicle resection for 
patients with ongoing pain of at least 6 to 12 months to ascertain whether the 
injection will resolve the pain and, if the pain recurs, whether distal clavicle resection 
might be successful and should be recommended provided there is no 
acromioclavicular instability. 

 
Indications – Patients with ongoing pain of at least 6 to 12 months and in for whom surgery is 
considered. 

 

Dose/Frequency – Dose is unclear as there are no controlled trials evaluating dosage. 
Simultaneous administration of a local anesthetic with a glucocorticosteroid is recommended 
to ascertain whether there is immediate relief on injection. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Surgical Considerations 
Grade I and II AC sprains are managed non-operatively.(Mignani 02; Larsen 86; Bannister 89; Powers 74; 

Taft 87; Simovitch 09) Patients with AC joint separation managed non-operatively should anticipate 
pain for approximately 3 weeks, with pain gradually decreasing. If pain persists after recovery 
and return to activities, resection of the outer clavicle may be indicated after 6 months to 1 year, 
although local cortisone injection(s) should generally be attempted. The initial deformity may 
decrease as healing and scar contracture takes place. Persistence of the deformity is not an 
indication for surgery. In one series, 79% of patients with moderate-to-severe AC separations 
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had good-to-excellent late results with non-operative treatment; of the remainder, 90% had 
good-to-excellent results with simple excision of the outer clavicle. 
 

Grade III separations have been managed both surgically and non-operatively; however, 
multiple reviews have opined the evidence fails to support a need for surgery and some 
outcomes were better in the non-operatively treated patients, (Phillips 98; Skjeldal 88; Taft 87; Powers 74; 

MacDonald 88; Larsen 86) other than potentially improved appearance. (Phillips 98; Galpin 85; Lancaster 87; 

Taft 87) A recent review reported there are no quality studies of Grade III sprains, (Simovitch 09) and 
a comparative clinical trial did not find differences between outcomes, (Press 97) while suggesting 
patients with Grade III separations may consider surgical stabilization if of younger age or who 
high job or sports demands. (Simovitch 09) Late symptoms, without surgery, include popping 
(sometimes painful), clicking, painful AC joint, and arthrosis. 
 

Grades IV to VI have been mostly managed surgically. (Wang 08) Surgical approaches include 
acromioclavicular reduction, coracoclavicular ligament repair, coracoclavicular screw fixation, 
cerclage wire, autologous tissue coracoclavicular ligament reconstruction, acromioclavicular 
ligament reconstruction, and hook plates. (Simovitch 09; Norrell 65; Sethi 76; Faraj 01; Sim 95; Bosworth 41; Morrison 95; 

Boldin 04; Stewart 04; Dewar 65; Ferris 89; Lafosse 05; Jones 01; LaPrade 05; Yoo 06; Levine 98; Wang 08; Phillips 98; Allman 67; Avikainen 
79; Bannister 89; Bargren 78; Ejeskar 74; Eskola 87; Galpin 85; Ho88; Jalovaara 91; Katznelson 75; Paavolainen 83; Skjeldal 88; Taft 87; 

Weaver 72; Vainionpaa 81; Vandekerckhove 85) However, there are no quality trials to define an optimal 
surgical approach or procedure. The AC joint has a fibrocartilaginous disk that exists, but 
degenerates and involutes with age, (DePalma 59) although it is frequently removed from injured 
joints of younger patients.  
 

1. Recommendation: Surgical Repair of Acromioclavicular Joint Separation – Grades IV to VI 
Surgical repair is recommended for treatment of Grades IV to VI acromioclavicular 
joint separation. 

 

Indications – Symptomatic Grade IV to VI acromioclavicular joint separation. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Routine Surgical Repair of Acromioclavicular Joint Separation – Grade III 
Routine surgical repair is moderately not recommended for Grade III 
acromioclavicular joint separations. (Larsen 86; Bannister 89) 
 

Strength of Evidence – Moderately Not Recommended, Evidence (B) 
 
 

3. Recommendation: Surgical Repair of Acromioclavicular Joint Separation for Select Patients 
– Grades III 
Surgical repair is recommended for highly select patients with Grade III 
acromioclavicular joint separations. 

 

Indications – Symptomatic Grade III acromioclavicular joint separation in patients with 
concerns about cosmesis, or those with unusually high physical occupational or sports 
demands. (Larsen 86) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Non-operative Management of Acromioclavicular Joint Sprain – Grades I 
to II 
Non-operative management is recommended for patients with Grade I to II- 
acromioclavicular joint sprains. 

 

Indications –Grade I to II acromioclavicular joint sprains. 
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Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials comparing surgical with non-operative management of Grades I to II 
and IV to VI acromioclavicular joint separation. The former are believed to be satisfactorily 
addressed conservatively with excellent results and the latter are thought to be an indication for 
surgical treatment. The controversy is regarding management of Grade III separations. There 
are two moderate-quality trials comparing non-operative with operative management of Grade III 
AC separations. (Larsen 86; Bannister 89) Both studies documented better results with non-operative 
treatment, including faster recovery and earlier return to work and sports. Additionally, one study 
documented higher complications in the operatively managed group, (Bannister 89) and multiple 
other case series document complications in surgically managed patients. Surgery is invasive, 
has adverse effects, and is high cost. It is not recommended for the vast majority of Grade III AC 
separations. However, there may be patients with either particularly severe separations or with 
high physical demands who may theoretically benefit, thus there is a recommendation for 
consideration of surgery for those highly select groups. 
 

Evidence for Surgical Repair of Acromioclavicular Joint Separation 
There are 2 moderate-quality RCTs incorporated into this analysis. 

Post-Operative Rehabilitation: Acromioclavicular Separations 
Different rehabilitation protocols have been reported for AC separations. (Simovitch 09) One post-
operative rehabilitation protocol entails use of a sling and cold therapy device. At 2 weeks, 
active and passive ROM exercises are instituted. Full active and passive ROM exercises are 
added when the screw is removed at 2 to 3 months. Progressive strengthening is then 
prescribed for 6 to 8 weeks. (Simovitch 09) Individualization of these protocols is likely required 
based on various factors, including immediate operative results, age, conditioning, compliance, 
and prior experiences. Rehabilitation programs should include education. 
 

Recommendation: Rehabilitation for Patients after Surgical Repair of AC Separations 
Rehabilitation is recommended for patients after surgical repair of AC separations. 
 

Indications – Surgical repairs of AC separations. Individualization is recommended based on 
various factors, including immediate operative results, age, conditioning, compliance, and prior 
experiences. 
 

Frequency/Duration – Weekly to 3 times a week for first 2 weeks, then weekly to twice weekly 
for next 4 weeks, then weekly to twice weekly for following 6 to 8 weeks. 
 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or intolerance. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials evaluating rehabilitation for AC separation patients. (Simovitch 09) 
However, exercises appear necessary and education along with a home-exercise program 
appears to be required for nearly all patients. Rehabilitation is not invasive, has low adverse 
effects, is moderate to high cost, but appears necessary for recovery for many of these patients 
and is thus recommended. 
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Shoulder (Glenohumeral and Acromioclavicular Joint) Osteoarthrosis 
The shoulder joints are substantially less likely to be affected by degenerative joint disease than 
other joints such as the knees, hips, spine, or fingers. As with other joints, there are many 
causes of degenerative findings on x-ray, only one of which is osteoarthrosis. Careful evaluation 
is required to obtain the correct diagnosis. While most osteoarthrosis cases are not work 
related, some cases, especially unilateral, ipsilateral post-occupational fracture-related 
arthroses, are thought to be occupationally related. 

Diagnostic Criteria 
Degenerative joint disease diagnosis requires non-radiating pain and degenerative findings on 
x-ray. Confirming a diagnosis of osteoarthrosis requires attention to the history, evaluation of 
other joints, and exclusion of other causes, such as rheumatological or crystal disorders. 

Special Studies And Diagnostic And Treatment Considerations 

X-Rays 
X-rays may be needed of both shoulders, particularly if there was a bilateral injury or need for comparison with the 
unaffected shoulder. Other studies are usually unnecessary. CT scan may be used to clarify glenoid anatomy for 
surgical planning. 

MRI may be helpful, particularly if there are concerns for rotator cuff tendinopathies but is not 
routinely needed. 
 

Recommendation: X-ray to Diagnose Degenerative Joint Disease 
X-ray is recommended to diagnose degenerative joint disease. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
X-ray is the main diagnostic test, particularly to help identify presence and extent of 
degenerative joint disease. 

Work Activities 
Glenohumeral and AC joint osteoarthroses generally do not require work limitations. 
Occasionally limitations are required in severe cases to preclude symptomatic aggravation 
especially for more physically demanding work such as preventing overhead use, lifting of more 
than 15 pounds, repeated forceful use, and/or avoidance of other activities that significantly 
increase symptoms. Shoulder arthroplasty generally precludes return to physically demanding 
work. 

Initial Care 
Initial care of a patient with osteoarthrosis generally involves education. Identification of 
accompanying disorders, such as rotator cuff tear, allows for treatment of a second condition to 
substantially reduce or resolve the symptoms. Over-the-counter analgesics, self-applications of 
heat and ice, and slings have been used to treat osteoarthrosis and manage pain. 
 
1. Recommendation: OTC Analgesics for Treatment of Osteoarthrosis 

Over-the-counter analgesics are recommended for treatment of osteoarthrosis. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Self-application of Heat or Ice for Treatment of Osteoarthrosis 



Copyright ©2020 Reed Group, Ltd.  Page | 123 
 

There is no recommendation for or against the use of self-application of heat or ice for 
treatment of osteoarthrosis. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

3. Recommendation: Slings for Treatment of Osteoarthrosis 
Slings are not recommended for treatment of osteoarthrosis. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, heat or slings for management of shoulder 
osteoarthrosis. However, there are many trials nearly universally documenting efficacy of 
NSAIDs and acetaminophen for treatment of other joints with osteoarthrosis, particularly the hip 
and knee. OTC analgesics are not invasive, have low adverse effects, are not costly, and are 
believed to be helpful for treating symptoms, thus they are recommended. There is no 
recommendation for or against use of heat or ice, although they might be helpful for 
symptomatic flares. Slings are not recommended as they promote debility. 

Follow-Up Visits 
Patients with osteoarthrosis generally require a few follow-up appointments for purposes of 
monitoring symptoms, advancing treatment, and gradually reducing limitations especially if 
treatment of a co-existent condition substantially resolves the symptoms. Patients with more 
advanced disease may require a greater number of appointments to attempt other treatments as 
well as to teach about adaptive techniques and use of adaptive equipment (as indicated) to 
facilitate continued participation in daily activities despite limitations of the shoulder. 
Frequencies of appointments may also be greater if workplace limitations are required and job 
demands are higher or may require job modifications or adaptive equipment. Post-operative 
rehabilitation can be considerable, particularly in older patients with other associated injuries 
such as rotator cuff injuries. In those cases, there may be a requirement for therapy on a 
prolonged basis to recover as much function as possible. 

Medications 
Over-the-counter medications may be helpful to manage pain. These especially include 
acetaminophen and NSAIDs, (Bellamy 95; Diamond 76) with NSAIDs showing greater efficacy, but 
overall acetaminophen has a generally greater safety profile. Generally, the only medications 
commonly used for osteoarthrosis patients are NSAIDs, but patients may require other 
medications post-operatively. Select patients may require the judicious use of opioids for pain 
management. Other medications that have been used to treat osteoarthrosis include 
glucosamine, chondroitin, methylsulfonylmethane (see discussion below). Topical agents, such 
as capsaicin have also been utilized. 
 

1. Recommendation: NSAIDs and Acetaminophen for Pain Management of Osteoarthrosis 
NSAIDs and acetaminophen are recommended to manage pain from osteoarthrosis. 
 

Frequency/Duration – NSAIDs and acetaminophen are often used chronically, consideration 
of gastrointestinal and cardiovascular effects is recommended. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Opioids for Pain Management for Select Patients with Severe 
Osteoarthrosis 
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Judicious use of opioids is recommended for pain management for select patients 
with severe osteoarthrosis. 

 

Indications – Patients should meet all of the following:  
1) Reduced function is attributable to the pain. Pain or pain scales alone are insufficient 

reasons.(1, 118, 120, 167, 208-217)  
2) A severe disorder warranting potential opioid treatment is present [e.g., advanced 

degenerative joint disease (DJD)].(1)  
3) Other more efficacious treatments have been documented to have failed.(1) Other approaches 

that should have been first utilized include physical restorative approaches, behavioral 
interventions, self-applied modalities, non-opioid medications (including NSAIDs, 
acetaminophen, topical agents, norepinephrine adrenergic reuptake blocking 
antidepressants or dual reuptake inhibitors; also antiepileptic medications particularly for 
neuropathic pain) and functional restoration. For DJD, this includes NSAIDs, weight loss, 
aerobic and strengthening exercises. 

4) An ongoing active exercise program is prescribed and complied with.  
5) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent a contraindication should 

nearly always be the primary pain medication and accompany an opioid prescription. Other 
medications to consider include topical agents, norepinephrine adrenergic reuptake 
blocking antidepressants or dual reuptake inhibitors; also antiepileptic medications 
particularly for neuropathic pain). 

6) The lowest effective dose should be used.(188) Weaker opioids should be used whenever 
possible.(112, 189) Meperidine is not recommended for chronic pain due to bioaccumulation 
and adverse effects. 

7) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

8) Dispensing should be only what is needed to treat the pain.xxi 
9) Extended-release/long-acting opioids are recommended to be used on a scheduled basis, 

rather than as needed.(1) As needed opioids should generally be avoided for treatment of 
chronic pain, although limited use for an acute painful event (e.g., fracture, sprain) is 
reasonable. Sublingual fentanyl is not recommended for treatment of subacute or chronic 
pain. Caution is warranted with fentanyl patches due to unpredictable absorption. 

10) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked for conflicting opioid prescriptions from 
other providers or evidence of misreporting. 

11) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167)  
 

Due to elevated risk of death and adverse effects, caution is also warranted when 
considering prescribing an opioid for patients with any of the following characteristics: 
depression, anxiety, personality disorder, untreated sleep disorders, substance abuse 

 
xxiGenerally, this should be sufficient to cover one week of treatment at a time during the trial phase. If a trial is successful at 
improving function, prescriptions for up to 90-day supplies are recommended. 
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history, current alcohol use or current tobacco use, ADHD, PTSD, suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, COPD, asthma, recurrent 
pneumonia.(79, 102, 104, 108, 109, 169-176, 179-186) Considerable caution is also warranted among 
those with other comorbidities such as chronic hepatitis and/or cirrhosis,(187) as well as 
coronary artery disease, dysrhythmias, cerebrovascular disease, orthostatic hypotension, 
asthma, recurrent pneumonia, thermoregulatory problems, advanced age (especially with 
mentation issues, fall risk, debility), osteopenia, osteoporosis, water retention, renal failure, 
severe obesity, testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, 
constipation, prostatic hypertrophy, oligomenorrhea, pregnancy, HIV, ineffective birth 
control, herpes, allodynia, dementia, cognitive dysfunction and impairment, gait problems, 
tremor, concentration problems, insomnia, coordination problems, and slow reaction time. 
There are considerable drug-drug interactions that have been reported (see Opioid 
Guideline, Appendices 2-3). 

 

Frequency/Duration – Opioids use is generally initiated as a “trial” to ascertain whether the 
selected opioid produces functional improvement (see Opioid Guideline, Appendix 1). Opioid 
use is generally prescribed on a regular basis,(218) at night or when not at work.(82) Only one 
opioid is recommended to be prescribed in a trial. More than one opioid should rarely be 
used. Lower opioid doses are preferable as they tend to have the better safety profiles, less 
risk of dose escalation,(188) less work loss,(112) and faster return to work.(189) Patients should 
have ongoing visits to monitor efficacy, adverse effects, compliance and surreptitious 
medication use. Opioid prescriptions should be shorter rather than longer duration.(219)  

 

Indications for Discontinuation – Opioids should be discontinued based on lack of functional 
benefit(115) (see Opioid Guideline, Appendix 1), resolution of pain, improvement to the point 
of not requiring opioids, intolerance or adverse effects, non-compliance, surreptitious 
medication use, medication misuse (including self-escalation and sharing medication), 
aberrant drug screening results, diversion, consumption of medications or substances 
advised to not take concomitantly (e.g., sedating medications, alcohol, benzodiazepines). 

 

Harms – Adverse effects are many (see Opioids Guideline section on “Opioids Benefits and 
Harms”). May initiate path to opioid dependency. 
 

Benefits – Improved short-term pain ratings. Theoretical potential to improve short-term 
function impaired by a painful condition. 

 
Strength of Evidence – Recommended, Insufficient Evidence (I) 

 
 

3. Recommendation: Other Medications for Pain Management of Osteoarthrosis 
Capsicum, tricyclic antidepressants or dual reuptake inhibiting anti-depressants for 
chronic pain (but not SSRI antidepressants which are not effective for nociceptive 
pain), and gabapentin for peri-operative use are recommended for select use to 
control pain associated with osteoarthrosis. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Over-the-counter Nutraceuticals for Pain Management of Osteoarthrosis 
There is no recommendation for or against the use of over-the-counter nutraceuticals 
(glucosamine, chondroitin, and methylsulfonylmethane) to control pain associated 
with osteoarthrosis. 
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Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one moderate-quality trial suggesting equivalent efficacy of nabumetone and diclofenac 
for treatment of shoulder OA although the trial included patients with other joint OA. (Bellamy 95) 
There are numerous high- and moderate-quality RCTs and crossover trials documenting the 
efficacy of NSAIDs and acetaminophen for treatment of osteoarthrosis of the knee and hip, as 
well as superiority of NSAIDs to acetaminophen for this purpose. NSAIDs and acetaminophen 
are not invasive, have low though appreciable adverse effects particularly among employed 
populations, are low cost and effective, thus they are recommended for comprehensive review 
of cardiovascular and gastrointestinal protection issues). 
 

There are no quality studies of opioids for treatment of shoulder osteoarthrosis (see Rotator Cuff 
Tendinopathies section and Chronic Pain Guideline), and there is a lack of quality evidence of 
long-term efficacy. Opioids have adverse effects and there is published evidence of high risks of 
mortality. There are select patients with severe pain in whom NSAIDs appear inadequate, thus 
limited use of opioids may be a consideration for select shoulder OA patients. Opioids are not 
invasive, have high adverse effects for a pharmaceutical, although tolerance for many of these 
develop relatively rapidly, and are low cost when generic formulations are used. 
 

Glucosamine, chondroitin, and methylsulfonylmethane (MSM) are over-the-counter 
nutraceuticals that are advocated to modify or slow the progression of osteoarthrosis. However, 
there is no quality evidence evaluating their use to treat shoulder osteoarthrosis. There are 13 
quality studies that included a comparison of glucosamine sulfate with placebo. Of the five 
highest quality studies, one (Mazieres 07) was negative, but also trended towards benefits. There 
are four quality studies that included a comparison of chondroitin sulfate with placebo. (Uebelhart 

04; Clegg 06; Mazieres 07; Michel 05) The studies on chondroitin are somewhat mixed – two studies 
suggest x-ray benefits; however, symptoms were not improved in two other studies (Michel 05; 

Mazieres 07) although trended towards benefit in one study. (Mazieres 07) One quality study included 
an assessment of MSM and found that it appeared beneficial. (Usha 04) Overall, studies suggest 
benefits at rates well above chance associations. These preparations are not invasive, appear 
safe, and do not result in gastrointestinal erosions or other common side effects of NSAIDS, are 
relatively inexpensive, and provide modest relief of knee OA pain, particularly in patients with 
more advanced pain. These medications might also modify or slow the progression of knee OA 
as measured by slowing of cartilage destruction and joint narrowing, (Pavelka 02; Reginster 01; Michel 05) 
although the clinical significance of this effect has not be fully identified; the sole study following 
hip joint spaces was statistically negative though also trending towards efficacy. (Rozendaal 08) 
There is preferential evidence for the use of the sulfate salt rather than the hydrochloride 
formulation of glucosamine. There is one quality study involving MSM. (Usha 04) There is some 
evidence that a single daily dose might be more effective than divided doses. Thus, there is 
quality evidence that glucosamine with or without chondroitin is efficacious for treatment of 
osteoarthrosis. There is one trial that included rose hip powder. (Rein 04) However, primarily due 
to lack of uniformity and standardization in preparations, some inconsistency in studies, most of 
the studies involve the knee, and no studies involving the shoulder, there is no recommendation 
for or against the use of these preparations for shoulder OA. 
 

Evidence for NSAIDs for Osteoarthrosis 
There is 1 high- and 1 moderate-quality RCT or crossover trial incorporated into this analysis. 
There is 1 low-quality crossover trial in Appendix 2. 
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Devices/Physical Methods 

Slings and Braces 
Slings generally promote debility in osteoarthrosis and are believed to predispose towards 
adhesive capsulitis, thus they are not recommended to treat shoulder OA. However, the use of 
slings and functional braces in the post-operative setting is frequently needed. 
 

Recommendation: Slings and Functional Braces for Post-operative Treatment of Osteoarthrosis 
Slings and functional braces are recommended for post-operative treatment of 
osteoarthrosis. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Slings and braces have been used for post-operative management of osteoarthrosis patients 
and are recommended. Early mobilization is also recommended to promote recovery. 

Acupuncture 
Acupuncture has been used for treatment of patients with chronic shoulder osteoarthrosis. (Moore 

76) It has most commonly been used as an adjunct to more efficacious treatments. 
 

Recommendation: Acupuncture for Treatment of Select Patients with Chronic or Post-operative 
Osteoarthrosis Acupuncture is recommended for select use in patients with chronic or 
post-operative osteoarthrosis as an adjunct to more efficacious treatments. 

 

Indications – As a tertiary treatment if NSAIDs, activity modifications, and exercises result in 
failure to either resolve the pain or improve it sufficiently. 
 

Frequency/Duration – Frequency and duration pattern in the quality trial was weekly for 3 
weeks. An initial trial of 4 appointments would appear reasonable in combination with NSAIDs 
and activity modifications, as well as a conditioning program of aerobic and strengthening 
exercises for most patients. An additional 4 appointments should be tied to improvements in 
objective measures after the first 4 treatments, for a total of 8 appointments. (Guerra de Hoyos 04) 
 

Indications for Discontinuation – Resolution, intolerance, or non-compliance including non-
compliance with aerobic and strengthening exercises. 
 

 Strength of Evidence − Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There is one moderate-quality trial that included patients with shoulder osteoarthrosis with some 
indication of efficacy of acupuncture. (Moore 76) There are multiple other trials involving chronic 
shoulder conditions including rotator cuff tendinopathies with quality evidence suggesting 
efficacy (see Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears 
(Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement 
Syndrome, Bicipital Tendinitis, Rotator Cuff Tears and Subacromial Bursitis). Acupuncture is 
minimally invasive as typically performed, has low adverse effects, is moderately costly 
depending on numbers of treatments, and is recommended for select use in patients in whom 
other interventions, particularly if NSAIDs and activity modifications are insufficient. 
 

Evidence for Acupuncture for Osteoarthrosis 
There is 1 moderate-quality RCT incorporated into this analysis. 
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Manual Therapy, Mobilization, Manipulation, Massage 
Manual therapy, mobilization, manipulation, and massage have been used to treat patients with 
osteoarthrosis. 
 

Recommendation: Manual Therapy, Mobilization, Manipulation, or Massage for Treatment of 
Osteoarthrosis of the Shoulder 
There is no recommendation for or against the use of manual therapy, mobilization, 
manipulation, or massage for patients with osteoarthrosis of the shoulder. 
 

  Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials demonstrating efficacy of these treatments for these OA patients, thus 
there is no recommendation for or against their use. 

Hot and Cold Therapies 
Hot or cold therapies have been used to treat osteoarthrosis. Patients with osteoarthrosis tend 
to prefer heat. 
 

Recommendation: Hot or Cold Therapies for Treatment of Osteoarthrosis 
There is no recommendation for or against the use of hot or cold therapies to treat 
patients with osteoarthrosis. 
 

  Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials evaluating ice or heat for management of shoulder osteoarthrosis. 
These are not invasive, have low adverse effects, are not costly when self-applied, although 
there is no evidence of their efficacy for this chronic condition and thus there is no 
recommendation for their use. Thresholds for use to help manage symptomatic flares are 
suggested to be low. 

Diathermy, Infrared Therapy, Ultrasound, Laser Therapy, and Electrical Therapies (Including 
TENS), Taping, Magnets and Magnetic Stimulation, and Pulsed Electromagnetic Frequency 
Various means of delivering heat, as well as electrical therapies for purposes of distraction have 
been utilized for treatment of osteoarthrosis, although no quality studies for treatment of shoulder 
osteoarthrosis have been identified. 
 

1. Recommendation: Other Modalities for Treatment of Shoulder Osteoarthrosis 
There is no recommendation for or against the use of diathermy, infrared therapy, 
ultrasound, laser therapy, high-voltage galvanic, H-wave stimulation, iontophoresis, 
microcurrent, percutaneous electrical nerve stimulation (PENS), sympathetic 
electrotherapy, interferential therapy, or transcutaneous electrical stimulation (TENS) 
for the treatment of shoulder joint osteoarthrosis. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

2. Recommendation: Taping and Magnets for Treatment of Shoulder Osteoarthrosis 
Taping, magnets and magnetic stimulation, or pulsed electromagnetic frequency are 
not recommended for treatment of shoulder osteoarthrosis. 

 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
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Rationale for Recommendations 
There is no quality evidence evaluating diathermy, infrared, ultrasound, laser, high-voltage 
galvanic, H-wave stimulation, iontophoresis, microcurrent, percutaneous electrical nerve 
stimulation (PENS), sympathetic electrotherapy, and transcutaneous electrical stimulation 
(TENS) for shoulder osteoarthrosis, thus there is no recommendation for their use. Taping is 
generally not thought to be indicated for chronic conditions. Magnets and magnetic stimulation 
have been evaluated in quality trials for other MSDs, including LBP and found to be ineffective 
and thus are not recommended for treatment of shoulder osteoarthrosis. 

Injections 

Intra-Articular Glucocorticosteroid Injections 
Intra-articular glucocorticosteroid injections are sometimes performed to attempt to deliver 
medication with minimal systemic effects to the shoulder joints, especially the glenohumeral joint 
and sometimes the acromioclavicular joint. These injections are both performed with and without 
fluoroscopic or ultrasound guidance. Their usual purpose is to gain sufficient relief to either 
resume conservative medical management or to delay surgical intervention. There is quality 
evidence of short-term efficacy in treatment of hip and knee osteoarthrosis patients (see Knee 
Complaints), with duration of benefits of approximately 3 months. 
 

Recommendation: Intra-articular Glucocorticosteroid Injections for Shoulder Glenohumeral or 
Acromioclavicular Joint Osteoarthrosis 
Intra-articular glucocorticosteroid injections are recommended for treatment of shoulder 
osteoarthrosis. 
 

Indications –Glenohumeral or acromioclavicular joint pain from osteoarthrosis sufficient that 
control with NSAIDs, acetaminophen, and potentially exercise is unsatisfactory. 
 

Frequency/Duration – Schedule an injection, rather than scheduling a series of 3 injections. 
Medications used in the RCTs for the comparably-sized hip joint were triamcinolone 
hexacetonide 40mg or triamcinolone acetonide 80mg, or methylprednisolone 40 or 80mg. 
Anesthetics have most often been bupivacaine or mepivacaine. There are no head to head 
comparisons in quality studies of different medications to ascertain the optimum medication(s). 
 

Dose – Multiple doses have been utilized with no head-to-head comparisons in trials; however, 
a comparative clinical trial found greater efficacy for methylprednisolone 80mg over 40mg in 
treatment of hip osteoarthrosis. (Robinson 07) 
 

Indications for Discontinuation – A second glucocorticosteroid injection is not recommended if 
the first has resulted in significant reduction or resolution of symptoms. If there has not been a 
response to a first injection, there is generally less indication for a second. If the interventionalist 
believes the medication was not well placed and/or if the underlying condition is so severe that 1 
steroid bolus could not be expected to adequately treat the condition, a second injection may be 
indicated and should be performed under ultrasound or fluoroscopic guidance. In patients who 
respond with a pharmacologically appropriate several weeks of temporary, partial relief of pain, 
but who then have worsening pain and function and who are not (yet) interested in surgical 
intervention, a repeat steroid injection is an option. There are not believed to be benefits beyond 
approximately 3 of these injections in a year. Patients requesting a fourth injection should have 
reassessment of conservative management measures and be counseled for possible surgical 
intervention. 
 

 Strength of Evidence − Recommended, Insufficient Evidence (I) 
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Rationale for Recommendation 
There are no quality trials evaluating intra-articular glucocorticosteroid injections for treatment of 
shoulder joint OA. However, there are quality trials for treatment of both hip and knee 
osteoarthrosis patients with documented efficacy lasting approximately 3 months. These 
injections are invasive, have a low risk of adverse effects, but are relatively costly. They are an 
option for treatment of moderate to severe shoulder osteoarthrosis patients particularly after 
inadequate results from NSAID trials, activity modification, exercise, or other conservative 
interventions. 

Viscosupplementation Injections 
Viscosupplementation has been performed particularly for knee osteoarthrosis and hip 
osteoarthrosis. (Caglar-Yagci 05; Tikiz 05; Abate 08; van den Bekerom 08; Dagenais 07) These injections have 
been performed in the shoulder as well. (Blaine 08; Kwon 13; Colen 14) 
 

Recommendation: Intra-articular Glenohumeral Viscosupplementation Injections for Shoulder 
Osteoarthrosis 
Intra-articular glenohumeral viscosupplementation injections are not recommended for 
treatment of shoulder osteoarthrosis. 
 
 

Strength of Evidence − Not Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There are three moderate-quality trials that included shoulder osteoarthrosis patients. None of 
them suggest efficacy. (Kwon 13; Blaine 08; Shibata 01) However, most of the highest quality trials for 
treatment of knee and hip osteoarthrosis suggest short- to intermediate-term efficacy (see Knee 
Complaints). Viscosupplementation injections are invasive, have a low risk of adverse effects, 
but are relatively costly. A high-quality trial showed glucocorticosteroid injections are superior, 
thus steroid injections should generally be used initially. (Qvistgaard 06) Viscosupplementation 
injections do not have evidence of efficacy for treatment of shoulder osteoarthrosis and are 
generally not recommended.  
 

Evidence for the Use of Viscosupplementation Injections for Osteoarthrosis 
There are 3 moderate-quality RCTs incorporated into this analysis. 

Prolotherapy Injections 
Prolotherapy injections have been utilized to treat a wide array of musculoskeletal disorders. 
 

Recommendation: Prolotherapy Injections for Treatment of Shoulder Osteoarthrosis 
Prolotherapy injections are not recommended for treatment of osteoarthrosis. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Prolotherapy injections have no quality evidence for efficacy for treatment of shoulder 
osteoarthrosis patients. These injections are invasive, have adverse effects, and are moderate 
to high cost; thus, they are not recommended for treatment of shoulder osteoarthrosis. 
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Surgical Considerations 

Arthroscopy and Chondroplasty 
Arthroscopy is thought to have a role in glenohumeral arthrosis with purposes including 
diagnosis, debridement, capsular release, subacromial decompression, planning an operative 
approach, and synovectomy. (Bishop 03; Guyette 02; Sperling 06) It is particularly thought to be helpful 
for treatment of other conditions, such as SLAP tears and rotator cuff tendinopathies. (Sperling 06) 
Chondroplasty has often been performed for treatment of osteoarthrosis patients and involves 
abrading of the cartilage surfaces (see Knee Complaints). (Moseley 02) Arthroscopy is not 
indicated in presence of advanced glenohumeral arthritis.  
 

1. Recommendation: Arthroscopy for Evaluation and Treatment of Shoulder Osteoarthrosis 
Arthroscopy is recommended for evaluation and treatment of shoulder osteoarthrosis 
particularly when an associated disorder is felt to be present, symptomatic, and 
treatable. 

 

Indications – Shoulder joint pain from osteoarthrosis to the extent that control with NSAID(s), 
acetaminophen, and exercise strategies is unsatisfactory. Patients should generally have a 
treatable, symptomatic associated condition (e.g., rotator cuff tendinopathy, impingement 
syndrome, SLAP tear), with the expectation that resolution of the associated condition will 
improve the patients’ overall condition. Appropriate diagnostic testing of the associated 
condition should have been performed (e.g., injection, MRI or MRA) to confirm a treatable 
associated condition. 

 

Strength of Evidence − Recommended, Insufficient Evidence (I)  
 
 

2. Recommendation: Chondroplasty for Treatment of Shoulder Osteoarthrosis 
Chondroplasty is not recommended for treatment of shoulder osteoarthrosis. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials evaluating arthroscopy for patients with OA of the shoulder. 
Arthroscopy is believed to be particularly helpful for planning an operative approach and for 
evaluating and treating non-osteoarthrosis conditions such as rotator cuff tendinopathies, SLAP 
tears, etc. (Sperling 06) Arthroscopy is invasive, has adverse effects, and is costly. However, it is 
also the primary means to address these other associated conditions, thus it is recommended 
for patients thought to have those conditions. Chondroplasty is invasive, has adverse effects, is 
costly, and lacks efficacy in the knee according to high quality evidence (see Knee Complaints). 
(Moseley 02) Thus, chondroplasty is not recommended for treatment of shoulder osteoarthrosis. 

Distal Clavicle Resection 
Distal clavicle resection has been performed for chronic, significant acromioclavicular joint pain 
with either open (Freedman 07; Berg 97; Bigliani 93; Cook 88; Corso 95; Flatow 95; Gartsman 93; Lesko 01; Levine 98; 

Petersson 83; Gurd 41; Mumford 41) or arthroscopic approaches. (Bigliani 93; Corso 95; Charron 07; Flatow 92; 

Gartsman 93; Lesko 01) 
 

Recommendation: Distal Clavicle Resection for Treatment of Acromioclavicular Joint Pain 
Distal clavicle resection either arthroscopic or open is recommended for treatment of 
acromioclavicular joint pain. 
 

Indications – X-ray or other imaging evidence of acromioclavicular degenerative joint disease 
and confirmation with a local anesthetic injection relieving all or nearly all pain. Patients should 
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have reproducible acromioclavicular joint pain with insufficient pain relief with NSAIDs, activity 
modification, and injection(s) (Freedman 07) 
 

Strength of Evidence − Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There are no quality trials comparing arthroscopy to non-surgical treatment. However, there is a 
moderate-quality trial suggesting arthroscopic or open approaches to distal clavicle resection 
are equivalent and result in good outcomes at 1 year. (Freedman 07) Arthroscopy and open 
approaches are invasive and have adverse effects, (Chronopoulos 08) but are recommended for 
treatment of acromioclavicular pain that is refractory to non-operative approaches. 
 

Evidence for Distal Clavicle Resection 
There is 1 moderate-quality RCT incorporated into this analysis. There is 1 low-quality RCT in 
Appendix 2. 

Shoulder Arthroplasty 
Shoulder arthroplasty has been used to treat glenohumeral degenerative joint disease.(Orfaly 03; 

Smith 98; Sperling 06; Ballmer 94; Neer 74, 82; Bell 86; Cofield 92; Edwards J Shoulder Elbow Surg 03; Radnay 07; Parsons 
04; Weber J Bone Joint Surg Am 98; Brostrom 92; Matsen 96; Amstutz 88; Cofield 84; Torchia 97; Barrett 87; Clayton 82; Boyd 

90; Norris 96, 02; Gartsman J Bone Joint Surg Am 00; Lo 04; Blevins 98) Shoulder resurfacing and partial 
resurfacing procedures have also been performed. (Fuerst 07; Radnay 07; Burgess 09; Ellenbecker 08; 

Burkhead 95; 07; Raiss 07; Harryman 95; Thomas 05a,b; Levy 01, 04a,b; Copeland 06; Savoie 09; Alund 00; Fink 04; Buchner 

08; Scalise 07) A meniscal allograft and other soft tissue interposition, as well as glenoid reaming 
without replacement are alternative treatments when the glenoid is arthritic and total shoulder 
arthroplasty is contraindicated, i.e., young patients. Overall outcomes of arthroplasties have 
generally been good. (Misamore 97)  
 

The vast majority of these patients are not believed to have occupational conditions. However, 
in cases where the initiating event was an occupational fracture or the patient has work-related 
osteonecrosis, some of these resultant arthroplasties are considered work-related. The volume 
of quality literature is much less for shoulder arthroplasties than for those of the hip where there 
are numerous trials with durations of follow-up lasting many years. Humeral head resurfacing is 
thought to have advantages for younger and/or more physically active patients. (Burgess 09) There 
is controversy as to whether a humeral hemiarthroplasty or total arthroplasty should be 
performed, (Burgess 09) with concerns about excessive wear of the glenoid if it is not replaced. 
(Radnay 07; Burgess 09) It has been suggested the decision should depend on adequacy of bone, 
extent of articular damage, and presence of irreparable rotator cuff tears. (Copeland 06; Burgess 09)  
 

Recommendation: Total Shoulder Arthroplasty or Resurfacing for Moderate to Severe Arthritides 
Total shoulder arthroplasty or hemiarthroplasty is moderately recommended for 
moderate to severe arthritides. Humeral resurfacing (similar to humeral head 
replacement) is recommended as an option. 
 

Indications – Moderate to severe arthritides with symptoms of at least 6 to 12 months that are 
insufficiently managed with non-operative measures. (Lo 05; Gartsman 05) Patients should generally 
have failed at least 2 different NSAIDs or analgesics, activity modification(s), exercises, 
viscosupplementation, and/or glucocorticosteroid injection(s). Patients with diffuse degenerative 
joint disease whether OA, rheumatoid arthritis or other cause, are generally good candidates for 
total joint arthroplasties, (Lo 05; Gartsman 05) although some may be candidates for 
hemiarthroplasties. (Smith 98) Hemiarthroplasties have been generally recommended for patients 
with massive rotator cuff tears combined with degenerative joint disease. (Smith 98) 
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Strength of Evidence – Moderately Recommended, Evidence (B) – Total or 
hemiarthroplasties 

Recommended, Insufficient Evidence (I) – Resurfacing  
 
 

Rationale for Recommendation 
There are no quality trials comparing shoulder arthroplasty with either no intervention or a 
quality non-operative management protocol. However, there is one high- and one moderate-
quality trial each comparing total shoulder arthroplasty with hemiarthroplasty for the treatment of 
glenohumeral osteoarthritis, both of which suggest total shoulder arthroplasty is superior or 
trends toward superiority over hemiarthroplasty. Both trials document major improvements 
compared with pre-operative measures of pain and function among these patients. (Lo 05; Gartsman J 

Bone Joint Surg Am 00) There are few quality trials comparing different operative approaches and none 
address long-term outcomes. Shoulder arthroplasty is invasive, has adverse effects, and is 
costly. These procedures are recommended for select patients who failed multiple attempts at 
controlling symptoms short of arthroplasty. 
 

Evidence for Shoulder Arthroplasty 
There is 1 high- and 2 moderate-quality RCTs incorporated into this analysis. There is 1 low-
quality study in Appendix 2. 

Shoulder Fractures 
Shoulder fractures are common in all age groups, from youth engaged in sports to adults in 
motor vehicle accidents to elderly who have fallen. (Kristiansen 87; Kannus 96; Paivanen 06; Baron 96; Bengner 88; 

Singer 98; Donaldson 90; Court-Brown 01; Horak 75) Many elderly patients are in relatively poor health and 
susceptible to other fractures. (Court-Brown 02; Fink 03; Lee 02; Nguyen 01Kelsey 92; Lauritzen 93; Rose 82) A minority 
of shoulder fractures occur in the course of employment, from simple falls and falls from heights, 
motor vehicle crashes, (Changulani 07; Chapman 00; McCormack 00) and industrial crush injuries. (Chapman 00) 

Most quality evidence for osteopenic and osteoporotic patients is found in the literature 
addressing hip fractures. Among patients with fractures, especially those with risks for 
osteoporosis, assessment of bone quality is recommended. Treatment options include calcium 
and vitamin D supplementation to correct deficiencies (USPSTF; Doetsch 04) or bisphosphonates for 
those with low bone mass density, but adequate calcium and vitamin D. (Harris 08; USPSTF 07) 

Proximal Humeral Fractures 
Proximal humeral fractures are among the most common fractures and are the predominant 
shoulder fracture in the elderly. (Nguyen 01; Palvanen 06; Court-Brown 01, 04; Lee 02; Horak 75; Palvanen 06) 
Approximately 50 to 80% of proximal humeral fractures may be treated non-operatively. (Court-

Brown 01, 02, 04; Neer 70; Young 85; Mills 85; Rasmussen 92; Guix 09; Fjalestad 05; Jakob 91; Lanting 08; Palvanen 06) Surgery has 
been suggested for more complex fractures, (Neer 70; Parnes 10) but there is not consensus on that 
opinion. (Zyto 97) Surgery increases rates of complications including hardware-related, 
osteonecrosis, and infection. (Brunner 09; Neer 70; Knight 57; Szyszkowitz 93; Qian 05; Jones 87; Sturzenegger 82) The 
overall quality of available evidence is weak. 
 

1. Recommendation: Non-operative Treatment for Proximal Humeral Fractures 
Non-operative treatment for proximal humeral fractures is recommended for most 
patients with non- or minimally displaced fractures. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Surgical Treatment for Proximal Humeral Fractures 
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Surgical intervention for proximal humeral fractures is recommended for select 
patients with displaced fractures. 

 

Indications – Based on numerous factors assessed and evaluated in aggregate by the 
orthopedic surgeon, including surgeon’s preferences and experiences, open fractures, 
multiple-part fractures, associated vascular injuries, polytrauma, age, bone quality, status of 
the rotator cuff, hand dominance, smoking status, preexisting pathology, medical 
comorbidities, bilateral humeral fractures, radial nerve palsy after manipulation, neurological 
loss after penetrating injuries, and unacceptable alignment. (Changulani 07; Bell 85; Brumback 86; 

Robinson 93; Drosdowech 08) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Arthroplasty for Proximal Humeral Fractures 
Arthroplasty, most commonly hemiarthroplasty, is recommended for select patients 
with displaced proximal humeral fractures. 

 

  Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
For proximal humeral fractures, there are few quality trials comparing operative treatment with 
non-operative treatment or comparing various operative treatments and approaches. Two 
moderate-quality trials have compared operative with non-operative treatments in fairly narrow 
indications, thus the value of these trials is sharply limited in their ability to address the operative 
vs. non-operative indications for the broad group of proximal humeral fracture patients. (Zyto 97; 

Kristiansen 88) One moderate-quality trial evaluating 3 or 4-part displaced proximal humeral 
fractures in the elderly failed to find superiority of the operative approach. (Zyto 97) The second 
trial found an external fixator, although not commonly used, was superior to a sling to manage 
displaced proximal humeral fractures that had been reduced. (Kristiansen 88) 
 

A moderate-quality trial found pulsed high-frequency electromagnetic energy is ineffective for 
healing minimally displaced humeral fractures. (Livesley 92) Most proximal humeral fractures are 
treated non-operatively with good results. (Mills 85; Balfour 82; Neer 70a,b) Surgical indications are 
numerous and listed above. Fracture classification systems have been developed for these 
fractures, (Kocher 1896; Codman 34; Neer 70; Hertel 04; Guix 09) although interrater reliability is low and their 
impact on management remains unclear. (Brien 95; Sidor 93; Siebenrock 93)  
 
Though proximal humeral fractures have a relatively high incidence, the great variability in the 
fractures themselves and number of viable options for surgical treatment leads to difficulty 
comparing treatment modalities. The lack of quality literature comparing options has been 
widely noted and confirmed by this review. (Lanting 08; Brorson 09; Misra 01; Handoll 03; Bhandari 04; Nijs 09; 

Handoll 09) Operative procedures include conventional, angular stable and locked plates, (Brunner 

09; Lin 06; Szyszkowitz 93; Sturzenegger 82; Sehr 88; Plecko 05; Moda 90; Misra 01; Fankhauser 05; Esser 94; Rouleau 09; 

Drosdowech 08; Südkamp 09) external fixators, (Kristiansen 87, 88, 89; Karatosun 02) partial or 
hemiarthroplasty, (Neer 70, 86; Mighell 03; Kay 88; Kontakis 08a,b; Moeckel 92; Bosch 98; Brorson 09; Green 93; 

Hartsock 98; Hasan 02; Movin 98; Nijs 09; Zyto 95, 98; Hasan 02; Robinson 03; Rietveld 88; Kraulis 76; Boileau 01;Demirhan 
03; Dimakopoulos 97; Paavolainen 83; Tanner 83; Stableforth 84; Goldman 95; Prakash 02; Szyszkowitz 93; Jones 87; Skutek 

98; Wretenberg 97; Hawkins 93) reverse arthroplasty, (Matsen 07; Rockwood 07; Kontakis 08; Martin 08) screws 
and cannulated screws, (Sturzenegger 82; Zingg 02; Bungaro 98; Chen 98) nails, (Lee 81; Young 08; Rodriguez-

Merchan 95; Chiu 97) compression plates, (Rodriguez-Merchan 95; Chiu 97) cerclage wire, (Szyszkowitz 93; Lee 

81) Kirschner wires, (Jakob 91; Bungaro 98; Darder 93) use of intramedullary bone cement, (Matsuda 99) 
and a combination tension band technique. (Zyto 97; Wijgman 02; Kristiansen 89; Darder 93; Hawkins 86) Pins 
are usually removed in 3 to 6 weeks. Despite a plethora of techniques, quality comparative trials 
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are nearly completely lacking. (Lanting 08) Conclusions for younger populations and high-energy 
patients are less certain. Additionally, the variability of the types of fractures provides additional 
uncertainty regarding optimal intervention(s). Thus, there is no recommendation for or against 
the use of a specific product. 
 

Evidence for Proximal Humeral Fractures 
There are 6 moderate-quality RCTs incorporated into this analysis. There are 2 low-quality 
RCTs or comparative clinical trials in Appendix 2. 

Early Mobilization, Exercise, Education, Therapy and Rehabilitation 
Therapy including education and exercise is thought to be particularly important, especially for 
more severely affected patients, those with complications, the elderly, or those with 
comorbidities. (Lundberg 79; Bertoft 84; Kristiansen 89) There are variable durations of immobilization prior to 
exercise that have been used to treat non-operatively treated impacted proximal humeral 
fractures. (Young 85; Clifford 80; Kristiansen 89; Court-Brown 04; Handoll 03; Brostrom 43; Mills 85; Hodgson 03) Slings have 
been utilized especially for the first 1 to 3 weeks of treatment. (Court-Brown 02; Karatosun 02; Kristiansen 88; 

Calvisi 91; Zyto 95) Early ROM has been advocated (Brostrom 43; Jull 79; Einarsson 58) 
 

1. Recommendation: Early Mobilization for Proximal Humeral Fractures 
Early mobilization is strongly recommended for most stable, proximal humeral 

fractures patients. 
 

Indications – Most patients with stable proximal humeral fractures. (Lefevre-Colau 2007; Hodgson 03, 

07; Kristiansen 1989; Agorastides 07) 
 

Dose/Frequency – Treating orthopedist must ascertain whether early mobilization is 
appropriate. Considerations include patient age, fracture type, post-reduction or post-surgical 
results, comorbidities. Early mobilization generally starts within 1 week. 
 

Strength of Evidence – Strongly Recommended, Evidence (A) 
 
 

2. Recommendation: Education and Exercises for Proximal Humeral Fractures 
Education and exercise are strongly recommended for most proximal humeral 

fracture patients. 
 

Indications – Most patients with proximal humeral fractures. 

Dose/Frequency – Education may include adaptive techniques and use of adaptive 
equipment (as indicated) to facilitate continued participation in daily activities despite 
limitations of shoulder. 
 

Strength of Evidence – Strongly Recommended, Evidence (A) 
 
 

3. Recommendation: Self-Training for Proximal Humeral Fractures 
Self-training exercise is moderately recommended for select proximal humeral 

fracture patients. 
 

Indications – Patients with proximal humeral fractures who are motivated and compliant with 
exercises to rehabilitate the injury. (Revay 92; Lundberg 79; Bertoft 84) 
 

Strength of Evidence – Moderately Recommended, Evidence (B) 
 
 

Rationale for Recommendations 
Four high- and moderate-quality trials have evaluated early mobilization in patients with various 
types of proximal humeral fractures. All quality trials either show superiority or equivalency of 
early mobilization. A high-quality trial of impacted proximal fractures treated non-operatively 
suggested early mobilization is superior. (Lefevre-Colau 07) An early mobilization program for 
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minimally displaced 2-part non-operatively managed proximal humeral fractures was compared 
with delayed with the beginning within 1 week. (Hodgson 03, 07) A moderate-quality study of an 
early mobilization program for fractures that were reduced found less pain and better function 
with earlier mobilization. (Kristiansen 89) An additional trial in post-operative patients also suggested 
early mobilization was superior. (Agorastides 07) The goal is to begin range of motion as early as 
possible to help prevent stiffness. Frequent followup may help to transition the patient from 
immobilization to motion. Begin range of motion once fracture is stable- very early for stable 
impacted fractures. Other fractures can wait until the proximal humerus moves as if it is one 
unit- up to four weeks for most fractures. Early mobilization is not invasive, appears to have few 
adverse effects, and likely is cost effective; therefore, it is recommended in select patients. 
Three moderate-quality trials have documented self-training is equivalent to supervised training, 
(Bertoft 84; Revay 92; Lundberg 79) thus self training is also recommended. Education and exercise are 
not invasive, have few adverse effects, and are low to moderate cost; thus they are 
recommended for most proximal humeral fracture patients. 
 
Evidence for Early Mobilization and Exercise for Proximal Humeral Fractures 
There are 3 high- and 6 moderate-quality RCTs incorporated into this analysis. 

Clavicular Fractures 
Fractures of the clavicle are among the most common fractures, constituting an estimated 35 to 
66% of shoulder fractures. (Postacchini 02; Nordqvist 94; Robinson 98; Herscovici 95; Neer 60; Neviaser 87; Boehme 91) They 
occur particularly in children and young adults, although the elderly are not immune, and are 
typically related to falls on point of shoulder or an outstretched arm, or sports and accidents. (Eiff 

97; Der Tavitian 02) Most fractures involve the middle third of the clavicle. (Eiff 97; Postacchini 02; Nordqvist 94; 

Allman 67; Stanley 88; Sankarankutty 75; Zlowodzki 05) “Floating shoulder” is a term used to describe ipsilateral 
fractures of the clavicular shaft and the scapular neck. (DeFranco 06; Ganz 75; Goss 93; Hardegger 84; van Noort 

01; Labler 04; Ada 91; Ramos 97; Egol 01; Herscovici 92; Owens 06) X-ray is used for diagnosis, although CT is 
sometimes needed to diagnose clinically suspected fractures of the proximal 1/3 of the clavicle. 
(Eiff 97) 
 

Clavicular fractures are managed non-operatively (sling and figure-of-8) (Grassi 01; Lenza 09a; Zenni 

81) as well as surgically with various techniques and procedures including open reduction 
internal fixation with plates, (Shen 99; Lee 08; Pai 09; Kloen 09; Lenza 09b) pins, (Lee 07, 08; Chu 02; Grassi 01; 

Lenza 09b; Boehme 91) wires, and nails. (Lenza 09b; Lee 08; Zlowodzki 05; Potter 07; Chu 02) Increased risks for 
nonunions include increasing age, female gender, comminution, and displacement. (Robinson 04) 
Low-intensity pulsed ultrasound has also been used to attempt to accelerate healing of these 
fractures. (Duarte 83; Dyson 83; Heckman 94; Kristiansen 97; Mayr 00; Rue 04; Schortinghuis 05; El-Mowafi 05; Tsumaki 04; Ricardo 06; 

Handolin 05a,b; Emami 99; Leung 04) 

 
1. Recommendation: Non-operative Treatment for Clavicular Fractures 

Non-operative treatment is recommended for clavicular fractures. 
 

Indications – Clavicular fractures particularly in younger patients and those with 2-part 
fractures that are non-displaced. 
 

Dose/Frequency/Duration There is quality evidence some closed displaced midclavicular 
fractures may be successfully treated with a sling. (Judd 09) Either sling or Figure-of-8 braces 
may be used with evidence suggesting a simple sling is superior to figure-of eight bracing for 
midclavicular fractures. (Andersen 87). Non-displaced fractures can be treated with either and 
there is not a consensus on preferred treatment as the figure-of-8 allows distal extremity 
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movement. (Stanley 88; Andersen 87; McCandless 79; Eiff 97; Khan 09) Slings and braces are used until 
tenderness and crepitance is resolved. (Eiff 97) 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Surgical Treatment for Clavicular Fractures 
Surgical intervention is moderately recommended for select patients with clavicular 

fractures. 
 

Indications – Surgical indications are largely based on numerous factors that are assessed 
and evaluated in aggregate by the orthopedic surgeon, including surgeon’s preferences and 
experiences, open fractures, multiple-part fractures, degree of displacement, associated 
vascular injuries, polytrauma, increasing age, bone quality, hand dominance, medical 
comorbidities, bilateral fractures, neurological loss after penetrating injuries, unacceptable 
alignment, and failure of non-operative treatment. (Smekal 09; Judd 09; Canadian 07; Altamimi 08) 

Fractures of the lateral end of the clavicle are recommended for surgical treatment. 
 

Strength of Evidence – Moderately Recommended, Evidence (B) 
 
 

3. Recommendation: Low-intensity Pulsed Ultrasound for Treatment of Type I Clavicular 
Fractures 
Low-intensity pulsed ultrasound is moderately not recommended for treatment of 
Type I (mid-shaft) clavicular fractures. 

 

Strength of Evidence – Moderately Not Recommended, Evidence (B) 
 
 

4. Recommendation: Low-intensity Pulsed Ultrasound for Treatment for Other Clavicular 
Fractures 
There is no recommendation for or against the post-operative use of low-intensity 
pulsed ultrasound for treatment of all other (non-Type 1) clavicle fractures or non-
unions. 
 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one trial comparing non-operative treatments and evidence in evaluating different 
outcome or complication factors is not uniformly in favor of one treatment approach. Thus, either 
a simple sling or a figure-of-8 brace is recommended. (Andersen 87) The majority of clavicular 
fractures are believed not to require surgery. (Khan 09; Kim 08; Jeray 07; Denard 05; Zlowodzki 05; Craig 90; Graves 05; 

Eiff 97; Miller 92; Quigley 50; Smekal 09; Preston 09) However, a sizeable minority of these fractures may be 
better treated with surgery which is often recommended for all open fractures, and for many 
patients with neurovascular compromise, (Barbier 97; Chen 00, 02; Connolly 89; Howard 65; Fujita 01; Miller 69; Kay 86; Bateman 68) 

multiple trauma, displaced fractures, (Smekal 09) floating shoulders, Type II distal fractures and 
proximal fractures associated with sternoclavicular dislocations, coracoclavicular ligament 
disruption, (Chen 02) malunions, and painful non-unions. (Jeray 07; Graves 05; Chen 02; Jones 00; Eiff 97) 
Treatment for simple displaced fractures is controversial. (Judd 09; Khan 09) 
 

Fractures of the lateral end of the clavicle have a high rate of non-union (see Table 9. Calculated 
Probability of a Nonunion at 24 Weeks After a Lateral-End Clavicular Fracture. Based on Age and 
Displacement in a Series of 263 Patients*). Type II fractures of the distal third of the clavicle (Neer 

68) (coracoclavicular ligaments remain attached to distal fragment and proximal fragment 
displaced superiorly) are recommended for referral to an orthopedist for consideration of 
operative treatment due to high rates of non-union. (Anderson Clin Sports Med 03; Eiff 97; Heppenstall 75; 

Edwards 92; Eskola 87; Post 89; Katznelson 76; Hessman 96; Herscovici 95; Poigenfurst 92; Zenni 81) Fractures of the 
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proximal 1/3 of the clavicle with either significant displacement or sternoclavicular dislocation 
are recommended for referral to an orthopedist. (Eiff 97) Surgical fixation of mid-shaft fractures 
most commonly involves intramedullary fixation (Grassi 01; Neviaser 75) and plate fixation. (Graves 05; 

Hill 97; Kabak 04; Kloen 09; Bradbury 96; Jupiter 87)  
 

There are a few moderate-quality trials comparing operative treatment with non-operative 
treatment for mid-shaft fractures. The available evidence shows higher rates of union in those 
receiving surgery; however, the overall numbers of complications are not improved with surgery. 
While the quality evidence in favor of lower non-union and malunion rates moderately supports 
surgical approaches, the total numbers of complications is higher in the operative than non-
operative group. Thus, careful consideration must be used with either approach. (Smekal 09; Judd 

09; Canadian 07; Altamimi 08) 
 

An analysis of 2,144 midshaft clavicle fractures found non-unions in 5.9% of non-operatively 
managed, 5% of plated, and 6% of intramedullary pinned clavicles. Infections occurred in 5.4 % 
of patients receiving surgery. Fixation failures occurred in 3.1% of the plated and 4.1% of the 
pinned groups. (Zlowodzki 05) However, these data are not randomized. 

Table 9. Calculated Probability of a Nonunion at 24 Weeks After a Lateral-End Clavicular 
Fracture. Based on Age and Displacement in a Series of 263 Patients* 

Age (year) Not 
Displaced 

Displaced 

20 1% 16% 

30 3% 21% 

40 5% 27% 

50 6% 37% 

60 10% 44% 

70 17% 52% 

*Adapted from Khan LA, Bradnock TJ, Scott C, and Robinson CM. Fractures of the clavicle. J Bone Joint Surg Am. 2009; 
91(2):447-60. Data from Robinson CM, Dobson RJ. Anterior instability of the shoulder after trauma. J Bone Joint Surg Br. 2004; 
86(4):469-79. 

 
Mid-shaft fractures are fixed with either intramedullary screws/pins or plates with screws; however, there 
are few quality trials comparing the different options. Thus, the overall evidence is not definitive. There 
are many studies of biomechanical responses to assess risks of fracture, (Kemper 09) as well as failure of 
surgical fixation. (Celestre 08; Proubasta 02; Robertson 09) One set of values is listed in Table 10 below. 
Importantly, these failure rates might be more important for patients with higher physical activities. 

Table 10. Bending Failure Stiffness Calculated Between 10-30n* 
Plate Type Failure Stiffness 

Anterior-inferior Contourable Dual Reconstruction Compression Plate 4.3±1.2 N/mm 

Anterior-inferior Locking Contourable Dual Reconstruction Compression Plate 3.1±2.0 N/mm 

Superior Contourable Dual Reconstruction Compression Plate 7.5±4.6 N/mm 

Superior Locking Contourable Dual Reconstruction Compression Plate 7.5±3.7 N/mm 

*Data from Robertson C, Celestre P, Mahar A, Schwartz A. Reconstruction plates for stabilization of mid-shaft clavicle fractures: 
differences between nonlocked and locked plates in two different positions. J Shoulder Elbow Surg. 2009; 18(2):204-9. 

 
One high-quality RCT of Type I clavicle (diaphyseal) fractures has found no evidence of efficacy 
of ultrasound to accelerate healing, (Lubbert 08) thus this intervention is not recommended for 
those fractures. However, favorable results reported for healing disparate nonunion fracture 
types in uncontrolled studies (Nolte 01) and some evidence for other fractures (Busse 09) does 
suggest that there may be some role for low-intensity pulsed ultrasound for select clavicle 
fractures that has not yet been defined but, if successful, may involve more severe fracture 
types, risks for non-unions, or post-operative settings with risks of non-union. 
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Evidence for Clavicular Fractures 
There is 1 high- and 9 moderate-quality RCTs or comparative clinical trials incorporated into this 
analysis. There are 2 low-quality studies in Appendix 2. 

Early Mobilization, Exercise, Education, Therapy and Rehabilitation 
Supervised physical or occupational therapy is thought to be rarely required for clavicular 
fractures. (Khan 09) Exceptions may include complicated fractures or fractures in the elderly or in 
those with comorbidities. 
 

1. Recommendation: Early Mobilization for Clavicular Fractures 
There is no recommendation for or against early mobilization for clavicular fractures. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

2. Recommendation: Education and Exercises for Clavicular Fractures 
Education and exercise are recommended for select patients with clavicular fractures. 

 

Indications – Select patients with clavicular fractures, particularly the elderly or those with 
comorbidities or complicated fractures including other injuries. 
 

Dose/Frequency – Education may include adaptive techniques and use of adaptive 
equipment (as indicated) to facilitate continued participation in daily activities despite 
limitations of shoulder. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating early mobilization, exercise, education, therapy, and/or 
rehabilitation of patients with clavicular fractures. The prognosis for these fractures is generally 
good and supervised physical or occupational therapy is believed to be rarely required. (Khan 09) 
Select modalities such as electrotherapy and hydrotherapy have been not recommended. 
(Hodgson 06) Education and formal exercise are thought to be potentially helpful particularly for 
debilitated patients, the elderly, or those with comorbidities and/or complicated fractures. 

Scapular Fractures 
Fractures of the scapula occur infrequently and constitute less than 5% of shoulder fractures. 
(Imatani 75; Rowe 63; Thompson 85; Ideberg 95) However, nearly all scapular fracture patients have other 
injuries, such as thoracic and/or head injuries, (Guttentag 88; Ada 91; Ideberg 95; McGahan 80; Pasapula 04; van Noort 

06; Armstrong 84; Goss 92; McGinnis 89; Thompson 85; Guttentag 88) thus careful evaluation and management in an 
emergency department is recommended. There are no quality trials evaluating scapula fracture 
treatment; many scapular fractures can be managed non-operatively. (Cole 02; Goss 96; Guttentag 88) 
Some fractures are managed surgically, particularly when they involve the displaced glenoid or 
scapular neck fractures, lateral margin of the acromial process, or displaced coracoids fractures, 
severely displaced scapular body fractures. (Wong-Pack 80; Zilberman 82; Cole 02; Lantry 08; Lapner 08; Benchetrit 79; 

Heyse-Moore 82; Izadpanah 75; Kinzi 82; Li 06; Esenkaya 03; Adam 02; Oh 02; Schandelmaier 02; Ada 91; Vecsei 90; Ecke 87; Kavanagh 93; 
Zlowodzki 06; Bauer 95; Leung 93; Goss 96) 

Lacerations 
See Hand, Wrist, and Forearm Complaints. 

Work Hardening, Work Conditioning 
See Chronic Pain Guidelines. 
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Interdisciplinary Pain Rehabilitation Programs 
See Chronic Pain Guidelines. 

Adhesive Capsulitis (“Frozen Shoulder” and “Painful Stiff Shoulder”) 
Adhesive capsulitis is also known as frozen shoulder, painful stiff shoulder, periarthrosis, or 
periarthritis. (Dacre 89; Duplay 1872; Codman 84; Neviaser 45; Itoi 04) However, no commonly used term 
adequately describes the condition as the shoulder is neither frozen, nor are there always 
adhesions and inflammation, (Lundberg 69; Wiley 91) nor is it necessarily painful. Reported findings 
include histologic evidence of chronic inflammation, perivascular infiltration, fibrosis of the 
subsynovial layer, and sometimes associated subacromial bursitis. (Lundberg 69; Bunker 95; Wiley 91) 
Parallels with complex regional pain syndrome have been noted. (Müller 00; Noël 00) For lack of a 
better term, the term “adhesive capsulitis” will be used in this guideline. 
 

The lifetime cumulative of adhesive capsulitis incidence has been estimated at 2 to 5%. (Lundberg 

69; Carette 00) Most cases begin gradually, although some occur after discrete events such as 
trauma. (Rizk 82; Ogilvie-Harris 95; Bulgen 84) Idiopathic adhesive capsulitis most commonly affects 
females between age 45 and 65 (80% of cases). There is a 15-20% chance of having bilateral 
(not concurrent) adhesive capsulitis. There are three clinical phases – inflammatory (pain), stiff 
(pain and limited motion), and thawing (resolution). The majority of patients resolve with 
resolution of pain and recovery of close to normal motion. (Griggs 00) It has been described as a 
self-limited disease lasting up to 2 to 3 years (Rizk 82; Grubbs 93; Lundberg 69; Andersen 98; Loew 05; Quraishi 

07; Griggs 00; Codman 84; Binder 84; Grey 78; Reeves 75; Hannafin 00; Miller 96; Rowe 88; Siegel 99; Diercks 04; Shaffer 92) 

with 10 to 20% of patients having long-term debility; (Ogilvie-Harris 95; Noel 00; Shaffer 92; Binder 84; Grey 

78; Reeves 75; Murnaghan 90) others have described it as a chronic disorder associated with 
prolonged disability. (Vecchio 95; Simmonds 49; Hazleman 72; Croft 96; Reeves 75; Waldburger 92; Binder 84; Murnaghan 88) 
 

Adhesive capsulitis continues to be a poorly understood entity that might be spontaneous and 
idiopathic, primary, (Hannafin 00; Waldburger 92; Bulgen 84; Murnaghan 90; Fleming 75; Lundberg 69; Noel 00) as well as 
caused by, or secondary to injuries, (Bulgen 84) prolonged immobilization, rotator cuff 
tendinopathies, (Andersen 98; Mulcahy 94; Hamer 76) surgery, and predisposing medical conditions. 
(Murnaghan 90; Fleming 75; Reeves 75; Codman 34) Any factor that results in reduced ROM is thought to be a 
risk for adhesive capsulitis. There is no quality evidence that work activities are a direct cause. 
(Bulgen 84) 
 

Diseases associated with adhesive capsulitis include diabetes mellitus, (Massoud 02; Hamdan 03; Kivimaki 

07; Bridgman 72; Pal 86; Ogilvie-Harris 97; Wohlgethan 87; Fisher 86; Dacre 89; Quraishi 07; Coventry 53) crystal arthropathies, 
rheumatoid arthritis, ankylosing spondylitis, (Bulgen 76) other rheumatological diseases, (Ross 83) 
paresis and hemiplegia, (Hakuno 84) hypothyroidism, (Massoud 02; Bowman 88; Ogilvie-Harris 97; Dacre 89) and 
thyrotoxicosis. (Dacre 89) Immunological abnormalities have also been reported. (Bulgen 78) 
However, the most commonly used classification systems have generally excluded arthroses 
and crystal arthropathies. (Zuckerman 94) While studies of risk and prognostic factors are notably 
quite weak, poorer prognostic factors include diabetes, (Esch 94; Janda 93; Pollock 94; Wiley 91) prior 
episodes of shoulder pain, duration of more than 1 month at presentation, passive elevation less 
than 101º, concomitant neck pain, severe daytime pain, and psychosocial stress. (Lorenz 52; 

Oesterreicher 64) The quality of the overall evidence base for treatment of adhesive capsulitis is 
weak. (Green 98, 05; Baslund 90; van der Heijden 97, 99)  
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Diagnostic Criteria 
Criteria that have been used vary; therefore, there are no consensus diagnostic criteria. (Carette 

00) Criteria used include gradual onset of global limitation of active and passive motion and 
normal radiographs other than osteopenia, which might or might not be present. (Zuckerman 94) 

Special Studies And Diagnostic And Treatment Considerations 
Adhesive capsulitis diagnosis is primarily clinical based on the history and physical examination. 
Additional tests are often performed largely to exclude other treatable conditions. X-ray is 
recommended and may be needed of both shoulders, particularly if there was a bilateral injury 
or need for comparison with the unaffected shoulder. Other studies are often helpful, including 
MRI, especially for evaluation of potential rotator cuff tendinopathies or SLAP tears. 

X-Rays 
Recommendation: X-ray to Diagnose Adhesive Capsulitis 
X-ray is recommended to diagnose adhesive capsulitis. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
X-ray is the main initial diagnostic test, particularly to help identify the presence and extent of 
any additional treatable conditions that might be contributing to adhesive capsulitis. MRIs and 
MRAs are generally not required, although they may be reasonable for select cases of rotator 
cuff tendinopathies, SLAP tears, or other treatable contributing conditions. 

Work Activities 
Patients with adhesive capsulitis should be encouraged to perform work activities to the extent 
possible, as these activities may be therapeutic. However, some limitations are often needed, 
especially for more physically demanding work activities. Such limitations are gradually reduced 
as recovery progresses and may include limitations in heavy lifting and overhead activities. If 
surgery is performed, there is a similar need for workplace limitations that are gradually 
reduced. 

Initial Care 
Initial care of adhesive capsulitis involves identification and treatment of potential confounding 
conditions (e.g., diabetes, other medical disorders, rotator cuff tendinopathies, etc.). Non-
operative treatment has been traditionally recommended. (Loew 05; van Royen 96; Omari 01; Ogilvie-Harris 

95; Noel 00; Saccomanni 09; Fareed 89; Gam 98) Educating the patient regarding the generally good long-
term prognosis and need to persist in performing progressive exercises is recommended. For 
patients with significant pain, over-the-counter analgesics and self-applications of heat and ice 
are recommended. (Lee 74; Waldburger 92; Hamer 76; Leung 08; Hamer 76) Slings and immobilizers are not 
recommended. 
 

1. Recommendation: Over-the-counter Analgesics and Self-applications of Heat and Ice for 
Treatment of Adhesive Capsulitis 
Over-the-counter analgesics and self-applications of heat and ice are recommended 
for treatment of significant pain from adhesive capsulitis. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Slings and Braces for Treatment of Adhesive Capsulitis 
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Slings and braces are not recommended for treatment of adhesive capsulitis. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating analgesics, ice, heat, or slings and braces for management 
of adhesive capsulitis. However, analgesics and OTC NSAIDs are likely helpful and there is 
some quality evidence for the use of prescription NSAIDs. One moderate-quality trial included 
heating pad treatments as a physical therapy treatment, but also included other treatments, 
(Leung 08) precluding an evaluation of efficacy of heating pads alone as self-treatment. One 
moderate-quality trial that included cryotherapy in one treatment arm did not find benefits 
compared with other treatments. (Bulgen 84) Self-applications of heat and ice may be helpful for 
self-management of symptoms. These are not invasive, have low adverse effects, are not 
costly, and are believed to be helpful for treating symptoms; thus, they are recommended. 
Slings and braces are not recommended as they promote debility 
 

Evidence for Initial Care for Adhesive Capsulitis 
There are 2 moderate-quality RCTs incorporated into this analysis. There are 3 low-quality 
RCTs in Appendix 2. 

Follow-Up Visits 
Patients with adhesive capsulitis often require many follow-up appointments, particularly if they 
are undergoing active treatments, need assistance with advancing a course of exercises, and/or 
require significant work limitations that need frequent adjustments. Frequencies of appointments 
may also be greater when more workplace limitations are required and job demands are 
greater. In the few patients who undergo surgical procedures, post-operative rehabilitation can 
be considerable, particularly in older patients with other associated injuries such as rotator cuff 
injuries. In those cases, the patient may require therapy on a prolonged basis in order to recover 
as much function as possible. 

Medications 
Over-the-counter medications may help manage pain associated with adhesive capsulitis. 
These medications especially include acetaminophen and NSAIDs, (Patel 00; Loew 05; Rizk 82; Saeidian 

07) with NSAIDs showing greater efficacy in treatment of other MSDs, but acetaminophen having 
a generally greater safety profile. Select patients may require the judicious use of opioids for 
pain management. Other medications that have been used to treat adhesive capsulitis include 
glucosamine, chondroitin, methylsulfonylmethane, and topical agents such as capsaicin. Oral 
glucocorticosteroids have also been utilized for treatment of adhesive capsulitis. (Buchbinder 06; 

Blockey 54; Widiastuti-Samekto 04; Saeidian 07) 
 

1. Recommendation: NSAIDs and Acetaminophen for Pain Management of Adhesive Capsulitis 
NSAIDs and acetaminophen are recommended for pain management of adhesive 
capsulitis. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Opioids for Pain Management for Select Patients with Adhesive Capsulitis 
Judicious use of opioids is recommended for pain management for select patients 
with severe adhesive capsulitis. 
Indications – Patients with acute pain should meet all of the following:  
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1) Severe injury with a clear rationale for use (objective functional limitations due to pain 
resulting from the medical problem.xxii 

2) Other more efficacious treatments should have been instituted,xxiii and either: 
2a) failed and/or  
2b) have reasonable expectations of the immediate need for an opioid to obtain sleep the 

evening after the injury.  
3) Where available, prescription databases (usually referred to as Prescription Drug 

Monitoring Program (PDMP)) should be checked and not show evidence for conflicting 
opioid prescriptions from other providers or evidence of misreporting.xxiv 

4) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent contraindication(s) should 
nearly always be the primary treatment and accompany an opioid prescription. 

5) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

6) Dispensing quantities should be only what is needed to treat the pain. Short-acting opioids 
are recommended for treatment of acute pain. Long-acting opioids are not recommended. 

7) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167) Due to elevated risk of death and adverse effects, caution is also 
warranted when considering prescribing an opioid for patients with any of the following 
characteristics: depression, anxiety, personality disorder, untreated sleep disorders, 
substance abuse history, current alcohol use or current tobacco use, attention deficit 
hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, chronic obstructive 
pulmonary disease (COPD), asthma, or recurrent pneumonia.(78, 102, 104, 108, 109, 169-186) 
Considerable caution is also warranted among those with other comorbidities such as 
chronic hepatitis and/or cirrhosis,(187) as well as coronary artery disease, dysrhythmias, 
cerebrovascular disease, orthostatic hypotension, asthma, recurrent pneumonia, 
thermoregulatory problems, advanced age (especially with mentation issues, fall risk, 
debility), osteopenia, osteoporosis, water retention, renal failure, severe obesity, 
testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, constipation, 
prostatic hypertrophy, oligomenorrhea, pregnancy, human immunodeficiency virus (HIV), 
ineffective birth control, herpes, allodynia, dementia, cognitive dysfunction and impairment, 
gait problems, tremor, concentration problems, insomnia, coordination problems, and slow 
reaction time. There are considerable drug-drug interactions that have been reported (see 
Opioids Guideline, Appendices 2-3). 
 

Frequency/Duration – Generally, opioids should be prescribed at night or while not 
working.(82) Lowest effective, short-acting opioid doses are preferable as they tend to have 
the better safety profiles, less risk of escalation,(188) less risk of lost time from work,(112) and 

 
xxiiOther indications beyond the scope of this guideline include acute myocardial infarction or agitation interfering with acute trauma 
management. 
xxiiiTreatments to have tried generally include NSAIDs and acetaminophen. For LBP patients, additional considerations include 
muscle relaxants, progressive aerobic exercise, and directional exercise. 
xxivExceptions such as acute, severe trauma should be documented. 
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faster return to work.(189) Short-acting opioids are recommended for treatment of acute pain 
and long-acting opioids are not recommended. Recommend opioid use as required by pain, 
rather than in regularly scheduled dosing. 

 

If parenteral administration is required, ketorolac has demonstrated superior efficacy 
compared with opioids for acute severe pain,(190, 191) although ketorolac’s risk profile may 
limit use for some patients. Parenteral opioid administration outside of obvious acute 
trauma or surgical emergency conditions is almost never required, and requests for such 
treatment are clinically viewed as red flags for potential substance abuse.  

 

Indications for Discontinuation – Resolution of pain, sufficient improvement in pain, 
intolerance or adverse effects, non-compliance, surreptitious medication use, consumption 
of medications or substances advised to not take concomitantly (e.g., sedating medications, 
alcohol, benzodiazepines), or use beyond 2 weeks. 

 

Harms – Adverse effects are many (see section below on “Opioids Benefits and Harms”). 
 

Benefits – Improved short-term pain control. 
 
Indications – Patients should meet all of the following:  
1) Reduced function is attributable to the pain. Pain or pain scales alone are insufficient 
reasons.(1, 118, 120, 167, 208-217)  
2) A severe disorder warranting potential opioid treatment is present [e.g., advanced 
degenerative joint disease (DJD)].(1)  
3) Other more efficacious treatments have been documented to have failed.(1) Other approaches 
that should have been first utilized include physical restorative approaches, behavioral 
interventions, self-applied modalities, non-opioid medications (including NSAIDs, 
acetaminophen, topical agents, norepinephrine adrenergic reuptake blocking antidepressants or 
dual reuptake inhibitors; also antiepileptic medications particularly for neuropathic pain) and 
functional restoration. For DJD, this includes NSAIDs, weight loss, aerobic and strengthening 
exercises. 
4) An ongoing active exercise program is prescribed and complied with.  

5) Non-opioid prescriptions (e.g., NSAIDs, acetaminophen) absent a contraindication should 
nearly always be the primary pain medication and accompany an opioid prescription. Other 
medications to consider include topical agents, norepinephrine adrenergic reuptake 
blocking antidepressants or dual reuptake inhibitors; also antiepileptic medications 
particularly for neuropathic pain). 

5) The lowest effective dose should be used.(188) Weaker opioids should be used whenever 
possible.(112, 189) Meperidine is not recommended for chronic pain due to bioaccumulation 
and adverse effects. 

6) Low-dose opioids may be needed in the elderly who have greater susceptibility to the 
adverse risks of opioids. Those of lower body weight may also require lower opioid doses. 

7) Dispensing should be only what is needed to treat the pain.xxv 
8) Extended-release/long-acting opioids are recommended to be used on a scheduled basis, 

rather than as needed.(1) As needed opioids should generally be avoided for treatment of 

 
xxvGenerally, this should be sufficient to cover one week of treatment at a time during the trial phase. If a trial is successful at 
improving function, prescriptions for up to 90-day supplies are recommended. 
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chronic pain, although limited use for an acute painful event (e.g., fracture, sprain) is 
reasonable. Sublingual fentanyl is not recommended for treatment of subacute or chronic 
pain. Caution is warranted with fentanyl patches due to unpredictable absorption. 

9) Where available, prescription databases (usually referred to as Prescription Drug 
Monitoring Program (PDMP)) should be checked for conflicting opioid prescriptions from 
other providers or evidence of misreporting. 

10) Due to greater than 10-fold elevated risks of adverse effects and death, considerable caution 
is warranted among those using other sedating medications and substances including: i) 
benzodiazepines, ii) anti-histamines (H1-blockers), and/or iii) illicit substances.(105, 109, 167, 

168) Patients should not receive opioids if they use illicit substances unless there is objective 
evidence of significant trauma or moderate to severe injuries. Considerable caution is also 
warranted among those who are unemployed as the reported risks of death are also greater 
than 10-fold.(109, 167)  
 

Due to elevated risk of death and adverse effects, caution is also warranted when 
considering prescribing an opioid for patients with any of the following characteristics: 
depression, anxiety, personality disorder, untreated sleep disorders, substance abuse 
history, current alcohol use or current tobacco use, ADHD, PTSD, suicidal risk, impulse 
control problems, thought disorders, psychotropic medication use, COPD, asthma, recurrent 
pneumonia.(79, 102, 104, 108, 109, 169-176, 179-186) Considerable caution is also warranted among 
those with other comorbidities such as chronic hepatitis and/or cirrhosis,(187) as well as 
coronary artery disease, dysrhythmias, cerebrovascular disease, orthostatic hypotension, 
asthma, recurrent pneumonia, thermoregulatory problems, advanced age (especially with 
mentation issues, fall risk, debility), osteopenia, osteoporosis, water retention, renal failure, 
severe obesity, testosterone deficiency, erectile dysfunction, abdominal pain, gastroparesis, 
constipation, prostatic hypertrophy, oligomenorrhea, pregnancy, HIV, ineffective birth 
control, herpes, allodynia, dementia, cognitive dysfunction and impairment, gait problems, 
tremor, concentration problems, insomnia, coordination problems, and slow reaction time. 
There are considerable drug-drug interactions that have been reported (see Opioid 
Guideline, Appendices 2-3). 
 

Frequency/Duration – Opioids use is generally initiated as a “trial” to ascertain whether the 
selected opioid produces functional improvement (see Opioid Guideline, Appendix 1). Opioid 
use is generally prescribed on a regular basis,(218) at night or when not at work.(82) Only one 
opioid is recommended to be prescribed in a trial. More than one opioid should rarely be 
used. Lower opioid doses are preferable as they tend to have the better safety profiles, less 
risk of dose escalation,(188) less work loss,(112) and faster return to work.(189) Patients should 
have ongoing visits to monitor efficacy, adverse effects, compliance and surreptitious 
medication use. Opioid prescriptions should be shorter rather than longer duration.(219)  

 

Indications for Discontinuation – Opioids should be discontinued based on lack of functional 
benefit(115) (see Opioid Guideline, Appendix 1), resolution of pain, improvement to the point 
of not requiring opioids, intolerance or adverse effects, non-compliance, surreptitious 
medication use, medication misuse (including self-escalation and sharing medication), 
aberrant drug screening results, diversion, consumption of medications or substances 
advised to not take concomitantly (e.g., sedating medications, alcohol, benzodiazepines). 
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Harms – Adverse effects are many (see Opioids Guideline section on “Opioids Benefits and 
Harms”). May initiate path to opioid dependency. 
 

Benefits – Improved short-term pain ratings. Theoretical potential to improve short-term 
function impaired by a painful condition. 
 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Over-the-counter Nutraceuticals for Treatment of Adhesive Capsulitis 
There is no recommendation for or against the use of over-the-counter nutraceuticals 
(glucosamine, chondroitin, and methylsulfonylmethane) for treatment of adhesive 
capsulitis. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

4. Recommendation: Oral Glucocorticosteriods for Treatment of Adhesive Capsulitis 
Oral glucocorticosteroids are recommended for treatment of adhesive capsulitis. 
 

Indications – Adhesive capsulitis patients who decline injection. 
 

Dose/Frequency/Duration – One course of treatment. Medication and course used in the 
higher quality trial was triamcinolone 4mg P.O. T.I.D. for 1 week, then 4mg B.I.D. for 1 week, 
then 4mg Q.D. for 1 week. (Widiastuti-Samekto 04) Another moderate-quality RCT utilized 
cortisone acetate 50mg Q.I.D. for 3 days, then 25mg Q.I.D. until Day 14. (Blockey 54) There are 
no head-to-head comparisons in quality studies of different oral medications to ascertain the 
optimum medication(s) or dose(s). 

 

Indications for Discontinuation – Generally only 1 course administered. Premature 
discontinuation of medication is usually based on intolerance, although a lower dose is 
sometimes used to attempt to ascertain whether there is tolerance at a lower dose that might 
still be potentially effective. 

 

 Strength of Evidence − Recommended, Evidence (C) 
 
 

5. Recommendation: Other Medications for Pain Management of Adhesive Capsulitis in Select 
Patients 
Muscle relaxants, capsicum, tricyclic antidepressants or dual reuptake inhibiting anti-
depressants for chronic pain (but not SSRI antidepressants which are not effective for 
nociceptive pain), and gabapentin for peri-operative use are recommended for select 
patients to control pain associated with adhesive capsulitis. 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
NSAIDs and acetaminophen are recommended for managing pain from adhesive capsulitis (Loew 

05) (some trials evaluating other interventions treated all adhesive capsulitis patients with 
NSAIDs). (Sun 01) Oral glucocorticosteroids have also been utilized to treat adhesive capsulitis. 
(Buchbinder 04; Binder 86; Widiastuti-Samekto 04) There are two moderate-quality trials that suggest 
modest improvements in the oral steroid group. However, the moderate-quality trial that 
compared injection with oral steroids found substantially faster improvements in the injection 
group. (Widiastuti-Samekto 04) Oral glucocorticosteroids are not invasive, have adverse effects, and 
are low cost. As the speed of recovery appears substantially faster via the injected route, 
(Widiastuti-Samekto 04) oral glucocorticosteroids are recommended for patients who decline injection. 
There are no quality trials evaluating muscle relaxants and other medications used to treat 
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chronic nociceptive pain; however, these medications may have limited roles in select patients 
who have more severe symptoms that are being insufficiently managed with other treatments, 
particularly for those who need nocturnal doses to facilitate sleep. (Bulgen 84) 
 

Evidence for Medications for Adhesive Capsulitis 
There are 2 moderate-quality RCTs incorporated into this analysis. There are 3 low-quality 
RCTs in Appendix 2. 

Devices/Physical Methods 
As previously noted, slings or immobilizers are not recommended because they inhibit use and 
activity. A sling is also generally not recommended after injections, hydrodilatation, or post-
operatively as immediate ROM is desired. Self-applications of heat or cryotherapies (Hamer 76) 
might be helpful for symptom modulation. 

Education, Exercise, and Therapy and Continuous Passive Motion 
Therapy, including education and exercise, is thought to be particularly important, especially for 
more severely affected patients. (Ng 09; Castellarin 04; Neviaser Clin Orthop Relate Res 87; Griggs 00; Bulgen 78, 84; van der 

Heijden 99; Hamer 76; Sveistrup 2003; Diercks 04; Saeidian 07; Hazleman 72; Noël 00; Baslund 90; Harryman 97) Exercise has been 
utilized in multiple trials for all patients enrolled, (Binder 86; Kivimäki 07; Quraishi 2007; Bulgen 84; Lathia 09; Sun 01; 

Carette 03) precluding an assessment of efficacy while documenting the beliefs in the importance of 
this intervention for treatment of adhesive capsulitis patients. Continuous passive motion (CPM) 
has been utilized for treatment of adhesive capsulitis (Dundar 09; Laupattarakasem 88) as well as a 
post-surgical treatment. (Raab 96; Michael 05) There also is evidence of somatic anxiety that has been 
reported that may be relevant for some patients. (Fleming 76; Lorenz 52; Coventry 53; Oesterreicher 64) 
 

1. Recommendation: Exercise, Education, and Therapy for Treatment of Adhesive Capsulitis 
Education, exercise, and therapy are recommended for treatment of adhesive 

capsulitis. 
 

Indications – All adhesive capsulitis, especially moderate to severely affected patients. (Loew 

05; Lee 73, 74) 
 

Frequency/Duration – Education is needed, particularly to provide longer-term perspective 
regarding the need for persistent advances in ROM and participation in activities, especially 
meaningful employment, as a method for improving motion. Progressive passive ROM 
exercises, (Nicholson 85; van der Windt 98) including a home exercise program (HEP) are thought to 
be essential. Frequency of appointments varies based on condition severity, compliance, 
need for encouragement, comorbid conditions, and prior patient experiences. ROM 
exercises are the primary exercises for this disorder, although they are typically followed by 
isometric strengthening program, then isotonic strengthening and endurance exercises. 
Options include weekly appointments to oversee and advance a home exercise program for 
several weeks until sufficient recovered for lower grade injuries and self-motivated patients. 
Patients with a more severe disorder or need of supervision may require appointments 2 to 3 
per week to initiate program exercises, tapering to 1 per week in approximately 4 weeks 
before being discharged to a home exercise program in approximately 2 months for more 
severe injuries. 

 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or 
intolerance. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Continuous Passive Motion for Treatment of Adhesive Capsulitis 



Copyright ©2020 Reed Group, Ltd.  Page | 148 
 

Continuous passive motion (CPM) is recommended in conjunction with a home 
exercise program for treatment of adhesive capsulitis. 

 

Indications – All adhesive capsulitis patients, especially moderate to severely affected 
patients. (Dundar 09) 
 

Frequency/Duration – CPM for 1 hour per day, 5 days per week for 20 appointments, 
combined with a daily home exercise program of progressive stretching and pendulum 
exercises (Dundar 09); additional supervised physical or occupational therapy appointments 
may be needed for more severely affected patients (see above). Limited evidence CPM may 
be superior to conventional physiotherapy. (Dundar 09) 

 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance, or 
intolerance. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
There are several quality trials evaluating exercise, education, and/or therapy for adhesive 
capsulitis, although few compare exercise or physiotherapy with no treatment. Overall details 
vary in the available trials. One moderate-quality trial comparing exercise plus placebo injection 
compared with placebo injection suggested modestly better effects with exercise, (Ryans 05) 
although the same trial suggested glucocorticoid injections are superior. There are three 
moderate-quality trials suggesting injections are superior to physiotherapy (van der Windt 98; Ryans 

05; Carette 03) (see graph in injections below) and one lower quality study suggesting equal 
efficacy. (Dacre 89) There is evidence that arthrographic distension with steroid plus exercise is 
superior to exercise alone. (Khan 05) One moderate-quality trial suggested exercise in 
combination with either electroacupuncture or interferential therapy is superior to no treatment. 
(Cheing 08) Exercise is not invasive, has low adverse effects, and is moderately costly for 
aggregate appointments. There is quality evidence of efficacy for treatment of adhesive 
capsulitis, thus it is recommended. 
 

There is one moderate-quality trial comparing continuous passive motion plus home exercise 
program of stretching and pendulum exercises versus a conventional physiotherapy program 
plus the same HEP program. (Dundar 09) This trial suggested CPM is superior to conventional 
physiotherapy for pain relief at both 4 and 12 weeks follow-up. CPM is not invasive, has low 
adverse effects, and is moderately costly in aggregate appointments. There is quality evidence 
of CPM’s efficacy, thus it is recommended. 
 

Evidence for the Use of Exercise for Adhesive Capsulitis 
There are 6 moderate-quality RCTs incorporated into this analysis. There are 4 low-quality 
studies in Appendix 2. 

Mobilization and Manual Therapy 
Manipulation has been performed while under anesthesia (MUA) as well as mobilization and 
manual therapy without anesthesia to increase ROM. (Placzek 98; Ng 09; Haines 82; Hill 88; Harryman 97; 

Hazleman 72; Rizk 82; Uitvlugt 93; Carter 02; Murnaghan 90; Reichmister 99; Kessel 81; Bulgen 84; Binder 84; Guler-Uysal 04; 
Melzer 95; Maricar 99; Nicholson 85; Vermeulen 06) 
 

Recommendation: Mobilization and/or Manual Therapy for Treatment of Adhesive Capsulitis 
Mobilization and/or manual therapy are moderately recommended for the treatment of 
adhesive capsulitis. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients. (Loew 05) 
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Frequency/Duration – Mobilization and/or manual therapy generally 1 to 2 appointments a week 
with intervening home exercises for 3 to 4 weeks. High-grade mobilization techniques are 
particularly recommended. (Vermeulen 06) Additional 2 sets of up to 8 appointments based on 
ongoing improvement in condition and ROM. Maximum 24 appointments. (Vermeulen 06) Some 
patients will not tolerate mobilization of the shoulder without anesthesia; in such cases 
additional mobilization treatments are not recommended. Encourage patients to use the affected 
shoulder whenever possible, (Vermeulen 06) and continue home exercises and education. 
 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance with exercise 
program, intolerance. 
 

Strength of Evidence – Moderately Recommended, Evidence (B) 
 
 

Rationale for Recommendation 
There are no quality trials evaluating mobilization or manual therapy to a sham. However, one 
high-quality trial suggested high-grade mobilizations are modestly superior to low-grade 
mobilizations, (Vermeulen 06) thus supporting an evidence-based graded recommendation for use 
of mobilizations for treatment of adhesive capsulitis. One trial comparing mobilizations with 
injection and cold therapy appears underpowered to detect differences. (Bulgen 84) The other 
available quality trials include manipulation under anesthesia (MUA); many others included 
mobilization or manual therapy as part of physiotherapy, thus precluding assessment of its 
benefits. For those who can tolerate it, mobilization or manual therapy without anesthesia may 
be beneficial and without some of the considerable adverse effects documented with MUA. (Loew 

05) Mobilization and manual therapy of the shoulder are not invasive, have low adverse effects, 
are moderately costly for aggregate appointments, and thus are recommended.  
 

Evidence for Mobilization for Adhesive Capsulitis 
There is 1 high- and 1 moderate-quality RCTs incorporated into this analysis. 

Manipulation Under Anesthesia (MUA) 
Manipulation under anesthesia (MUA) has been long used to treat adhesive capsulitis. (Loew 05; 

Kivimaki Arch Phys Med Rehabil 01; Othman 02; Ng 09; Quraishi 07; Andersen 96, 98; Haines 82; Castellarin 04; Helbig 83; Hill 

88; Neviaser 80; Reichmister 99; Thomas 80; Pollock 94; Uitvlugt 93; Wiley 91; Dodenhoff 00; Farrell 05) Some studies 
have reported normal ROM under anesthesia, suggesting pain-limited ROM and highlighting the 
difficulty in diagnosing adhesive capsulitis as well as a potential diagnostic advantage to MUA. 
(Ng 09) However, this intervention has also been shown to result in injuries including hemarthrosis 
(100%), localized or disseminated synovitis, capsule rupture, SLAP tears, proximal humerus 
fracture, rotator cuff tear, and articular damage that have been identified on arthroscopy. (Loew 

05) Exercises after MUA are believed to be crucial, (Ng 09) and should include passive exercise 
(Neviaser 87) or continuous passive exercise. (Andersen 98) 
 

Recommendation: Manipulation under Anesthesia for Treatment of Adhesive Capsulitis in 
Select Patients 
Manipulation under anesthesia is recommended for treatment of adhesive capsulitis in 
select patients. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients with pain 
and loss of active motion who do not respond sufficiently to NSAIDs, injection(s), and 
hydrodilatation. (Quraishi 07; Loew 05) 
 

Frequency – Generally, only 1 treatment performed; adequate, safe monitoring of anesthesia is 
required. 
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Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There are a few quality trials evaluating MUA for adhesive capsulitis. (Kivimäki 07; Quraishi 07; Jacobs 

09) The highest moderate-quality studies suggested modest benefits when comparing MUA with 
physiotherapy to physiotherapy alone and suggested modest improvements in ROM. (Kivimaki 07) 
A moderate-quality trial suggested that injections are of comparable efficacy to MUA. (Jacobs 09) 
Another moderate-quality trial suggested that hydrodilatation is superior to MUA. (Quraishi 07) One 
moderate-quality trial assessed adjunctive use of intra-articular glucocorticosteroid and found no 
evidence of benefit of the steroid. (Kivimäki 01) MUA is minimally invasive, except for the 
anesthesia, but has documented adverse effects, (Loew 05) and is high cost. MUA is 
recommended for limited use in select patients who fail other treatments with documented 
efficacy, but who have lower risks for adverse effects. 
 

Evidence for Manipulation under Anesthesia for Adhesive Capsulitis 
There are 4 moderate-quality RCTs incorporated into this analysis. 

Acupuncture 
Acupuncture has been used to treat patients with adhesive capsulitis. (Favejee 11; Maund 12, 

Rookmoneea 10) However, there has not been many significant findings regarding acupuncture 
compared to placebo or other interventions; when comparing within different types of 
acupuncture, deep acupuncture seems to be more effective than shallow acupuncture. (Green 05) 
Recommendation: Acupuncture for Treatment of Adhesive Capsulitis in Select Patients 
Acupuncture is recommended for treatment of adhesive capsulitis in select patients. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients with pain 
and loss of motion who do not respond sufficiently to NSAIDs, injection(s), and hydrodilatation; 
(Quraishi 07; Loew 05) recommended to be accompanied by an active exercise program. (Lathia 09; Sun 

01) 
 

Frequency – Regimens vary widely in quality trials. An initial trial of 4 appointments would 
appear reasonable combined with a conditioning program of aerobic and strengthening 
exercises. An additional 4 appointments should be tied to improvements in objective measures 
after first 4 treatments, for a total of 8 appointments. (Guerra de Hoyos 04) 
 

Indications for Discontinuation – Recovery, plateau in recovery, noncompliance with exercise 
program, intolerance. 

 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There are a few moderate-quality trials of acupuncture that appear to have included adhesive 
capsulitis patients. (Lathia 09; Sun 01; Cheing 08; Berry 80) One moderate-quality trial found acupuncture 
superior to sham acupuncture. (Lathia 09) A second moderate-quality trial suggested exercise plus 
acupuncture was superior to acupuncture alone. (Sun 01) However, one lower quality trial 
suggested there was no difference between electroacupuncture plus exercise and interferential 
plus exercise (Cheing 08) and the lowest quality study appears to have found no benefit of 
acupuncture compared with placebo (Berry 80). Acupuncture is minimally invasive, has minor 
adverse effects provided needles are not inserted deeply, is moderate cost in aggregate, and 
the highest quality studies suggest benefits. Therefore, acupuncture is recommended as an 
adjunct to an active exercise program for select, limited use in patients failing other treatments 
with documented efficacy. 
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Evidence for Acupuncture for Adhesive Capsulitis 
There are 5 moderate-quality RCTs incorporated into this analysis. 

Diathermy, Infrared Therapy, Ultrasound, Laser Therapy, Electrical Therapies (Including TENS), 
Magnets, Taping and Pulsed Electromagnetic Frequency 
Various means of delivering heat, (Leung 08; Cheing 08; Stergioulas 2008; Biswas 79; Herrera-Lasso 93; Simmonds 

49; Saeidian 07; Hamer 76) as well as electrical therapies (Leandri 90; Herrera-Lasso 93) for purposes of 
distraction have been utilized to treat osteoarthrosis patients, although few quality studies for 
treatment of adhesive capsulitis have been identified. Magnets have also been used to treat 
adhesive capsulitis. (Leclaire 91) 
 

1.  Recommendation: Shortwave Diathermy for Treatment of Adhesive Capsulitis 
Shortwave diathermy is recommended for the treatment of adhesive capsulitis. 
 

Indications – Adhesive capsulitis of at least 8 weeks duration; (Leung 08) consideration but not 
a requirement of inadequate response to injection. 
 

Frequency – Three times a week up to 4 weeks (Leung 08) combined with exercises. (Leung 08) 
 

Indications for Discontinuation – Resolution, sufficient improvement, intolerance, 
noncompliance with exercises. 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

2. Recommendation: Other Physical Methods for Treatment of Adhesive Capsulitis 
There is no recommendation for or against the use of infrared therapy, ultrasound, 
laser therapy, high-voltage galvanic, H-wave stimulation, iontophoresis, microcurrent, 
percutaneous electrical nerve stimulation (PENS), sympathetic electrotherapy, 
interferential therapy, or transcutaneous electrical stimulation (TENS) for treatment of 
adhesive capsulitis. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

3. Recommendation: Magnets for Treatment of Adhesive Capsulitis 
Magnets are not recommended for the treatment of adhesive capsulitis. (Leclaire 91) 

 

Strength of Evidence – Not Recommended, Evidence (C) 
 
 

4. Recommendation: Taping or Pulsed Electromagnetic Frequency for Treatment of Adhesive 
Capsulitis 

Taping or pulsed electromagnetic frequency is not recommended for the treatment of 
adhesive capsulitis. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There is one moderate-quality trial suggesting that diathermy plus stretching exercises is 
superior to a heating pad plus stretching exercises or to stretching exercises alone for frozen 
shoulder. (Leung 08) Diathermy is not invasive, has low adverse effects, and is moderately costly 
in the regimen used in the quality trial; thus, diathermy is recommended for treatment of patients 
with adhesive capsulitis. There is one moderate-quality trial of low level laser treatment (LLLT) 
that suggested benefits. (Stergioulas 08) However, LLLT is not recommended because it is a high-
cost intervention for which the overall evidence for LLLT conflicts across numerous trials for 
various MSDs (see Chronic Pain Guidelines and Low Back Complaints); quality trials suggest 
other treatments are effective. 
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One moderate-quality trial suggests magnets are not effective. (Leclaire 91) Magnets are not 
recommended because they have been shown to be ineffective for treatment of other 
musculoskeletal disorders. 
 

There is no quality evidence and thus no recommendation for the use of infrared, ultrasound, 
(Hamer 76) high-voltage galvanic, H-wave stimulation, iontophoresis, interferential therapy, (Cheing 

08) microcurrent, percutaneous electrical nerve stimulation (PENS), sympathetic electrotherapy, 
or transcutaneous electrical stimulation (TENS), although several of these have been trialed in 
adhesive capsulitis patients. (Loew 05) Taping is generally not indicated for chronic conditions. 
 

Evidence for Heat Therapy, Low-Level Laser Therapy, Magnets, Ultrasound for Adhesive 
Capsulitis 
There are 4 moderate-quality RCTs incorporated into this analysis. There are 2 low-quality 
RCTs in Appendix 2. 

Injections 

GLUCOCORTICOID INJECTIONS 
Glucocorticoid injections are commonly performed for treatment of adhesive capsulitis. (Loew 05; 

Binder 86; Bulgen 78, 84; Quraishi 07; Carette 03; Ryans 05; Dacre 89; Hollingsworth 83; Valtonen 74; Lee 74; Winters 97; Hay 03; Rizk 91; 
Gam 98; Valtonen 74a, 74b; de Jong 98; van der Windt 98; van der Heijden 96; Weiss 78; Aroll 05; Steinbrocker 74; Haines 82; Hazleman 72; 
Noël 00; Rizk 82; Dehghan 13; Oh 11; Shin 13; Lee 09; Park 13) 
 

Recommendation: Glucocorticoid Injections for Treatment of Adhesive Capsulitis 
Glucocorticoid injections are strongly recommended for treatment of adhesive capsulitis. 
 

Indications – Adhesive capsulitis, mild cases with insufficient control or progress with NSAID, or 
moderate or severe cases. (Loew 05) 
 

Frequency/Duration – One injection recommended and results assessed. Injections have been 
performed in the glenohumeral joint, (Jacobs 09) subacromial space, (de Jong 98; Valtonen 74) 2 
injection points, (Ryans 05) as well as targeting the shoulder capsule. (Dacre 89) One trial suggested 
no differences in outcomes between bursal injections and intra-articular injections. (Rizk 91) There 
are no quality trials comparing these different approaches. A second injection may be 
reasonable, particularly if the initial results are partial but insufficient. Subsequent injection(s) 
should generally be based on objective evidence of progress attributable to the injection(s), but 
with insufficient or incomplete results. If an initial injection is unsuccessful, a different approach 
is suggested. A third injection is not recommended if there is not objective response to the 2 
prior injections. Injection combined with exercises is recommended. (Carette 03) 
 

Dose – Quality trials have utilized triamcinolone hexacetonide 40mg, (Carette 03) triamcinolone 
acetonide 10mg, (de Jong 98) and 40mg. (de Jong 98; van der Windt 98) Trials have both used fluoroscopy 
(Carette 03), ultrasound, (Lee 09) and have used no imaging for the injection(s). There is only one 
study suggesting better results with ultrasound than blind injections, (Lee 09) resulting in limited 
evidence on that question and need for further studies. One high-quality trial suggested 
triamcinolone acetonide 10mg was inferior to 40mg, thus, triamcinolone acetonide 40mg is the 
recommended dose for that glucocorticoid. (de Jong 98) Quality trials have suggested superior 
results with injection compared with oral steroids (Widiastuti-Samekto 04), but not NSAIDs where two 
studies conflict regarding superiority. (Dehghan 13; Shin 13) 
 

Indications for Discontinuation – Recovery, plateau in recovery, intolerance. 
 

Strength of Evidence – Strongly Recommended, Evidence (A) 
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FIGURE 5. PHYSIOTHERAPY VS. INJECTION VS. COMBINED VS. PLACEBO INJECTION FOR ADHESIVE CAPSULITIS OF SHOULDER 

 
SPADI=Total Shoulder Pain and Disability Index Score 

 
Adapted from Carette S, Moffet H, Tardif J, Bessette L, Morin F, Frémont P, Bykerk V, Thorne C, Bell M, Bensen W, Blanchette 
C. Intraarticular corticosteroids, supervised physiotherapy, or a combination of the two in the treatment of adhesive capsulitis of 
the shoulder. A placebo-controlled trial. Arthritis Rheum. 2003;48(3):829-38. 

 
Rationale for Recommendation 
There are multiple high- and moderate-quality trials that have evaluated glucocorticoid injections 
for treatment of adhesive capsulitis. (Carette 03; de Jong 98; Ryans 05; van der Windt 98; Jacobs 09; Dacre 89; Valtonen 74; 

Rizk 91; Gam 98; Widiastuti-Samekto 04) The highest quality trial found the injection group or the injection 
plus physiotherapy groups to be superior to the saline injection group or the saline group plus 
physiotherapy. (Carette 03) The next highest quality trial suggests injections are more effective 
than physiotherapy. (Ryans 05) Other studies have found no differences in corticosteroid injections 
compared with NSAID (Dehghan 13) and hyaluranoic acid. (Park 13) Injections are invasive, have 
some adverse effects, and are moderate cost. However, they appear quite effective and thus 
are recommended for treatment of adhesive capsulitis. 
 
Evidence for Glucocorticoid Injections for Adhesive Capsulitis 
There are 4 high- and 18 moderate-quality RCTs incorporated into this analysis. There are 5 
low-quality RCTs in Appendix 2. (Dehghan 12; Lakse 09; De Carli 12; Schydlowsky 12; Lorbach 10) 

SUPRASCAPULAR NERVE BLOCKS 
Suprascapular nerve blocks have been used to treat adhesive capsulitis. (Dahan 00) 
 

Recommendation: Suprascapular Nerve Blocks for Treatment of Adhesive Capsulitis 
Suprascapular nerve blocks are recommended for treatment of adhesive capsulitis. 
 

Indications – Adhesive capsulitis, moderate or severe cases; failure of adequate response with 
NSAID, exercises and injection(s). 
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Frequency/Duration – One block recommended and results assessed. Patients should be given 
exercises to perform. (Dahan 00) A second block recommended if there is a partial, but inadequate 
response to initial block. 
 

Dose – The quality trial utilized bupivacaine 0.5%, 10mL. 
 

Indications for Discontinuation – Recovery, plateau in recovery, intolerance, non-compliance with 
exercise program. 
 

Strength of Evidence – Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
One moderate-quality trial suggests suprascapular nerve block efficacy compared with a 
placebo block for treatment of adhesive capsulitis. (Dahan 00) Nerve blocks are invasive, have 
adverse effects, and are of moderate cost; however, a block is recommended for select patients. 
 

Evidence for Suprascapular Nerve Blocks for Adhesive Capsulitis 
There is 1 moderate-quality RCT incorporated into this analysis. 

HYDRODILATATION 
Hydrodilatation, also known as distension arthrography, involves an injection into the 
glenohumeral joint under pressure and has been utilized to treat adhesive capsulitis with the 
intent to rupture contractures. (Quraishi 07; Buchbinder 08; Andren 65; Hamdan 03; Bell 03; Fareed 89; van Royen 96) An 
open trial with arthrographic distension also documented capsular tears, bursal ruptures, and 
ruptured distal bicipital sheaths (the latter were not associated with pain relief). (Rizk 94) 
Hydrodilatation has been performed and accomplished variously as an isolated intervention, 
(Fareed 89; Hsu 91; Jacobs 91; Gam 98) accompanied by arthrography, (Morency 89; Wybier 97; Mulcahy 94) or 
accompanied by manipulation under anesthesia, (van Royen 96) as well as with arthroscopy. (Andren 

65; Bell 03; Rizk 94; Corbeil 92; Hsu 91) 
 

Recommendation: Hydrodilatation for Treatment of Adhesive Capsulitis in Select Patients 
Hydrodilatation is recommended for treatment of adhesive capsulitis in select patients. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients with pain 
and loss of motion who do not respond sufficiently to NSAIDs, exercises, and/or injection(s). 
(Loew 05) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Hydrodilatation has been evaluated in moderate-quality trials, with and without arthrography, 
usually with steroid instillation. One moderate-quality trial suggests hydrodilatation was 
ineffective compared with a sham, (Buchbinder 07) and has been interpreted as suggesting the 
natural course is towards resolution. A moderate-quality trial found distension without 
arthrography superior to glucocorticosteroid injection. (Gam 98) Another moderate-quality trial 
suggested arthrographic distension was superior to physiotherapy alone. (Khan 05) On balance, 
these studies somewhat conflict, but overall appear to suggest that hydrodilatation may be 
effective. Hydrodilatation is invasive, has adverse effects, and is moderate to high cost. 
However, it is recommended for select patients in whom less invasive treatments, including 
injections, have failed to provide sufficient treatment. 
 

Evidence for Hydrodilatation for Adhesive Capsulitis 
There are 2 moderate-quality RCTs incorporated into this analysis. There is 1 low-quality 
comparative clinical trial/RCT in Appendix 2. 
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Surgical Considerations  

Arthroscopy  
Arthroscopy for diagnostic purposes, (Binder 84; Bulgen 78; Corbeil 92; Bradley 91; Harryman 97; Uitvlugt 93; Ha’eri 81; 

Andersen 98) as well as to release contractures associated with the disorder and/or manipulation 
under anesthesia, has been used to evaluate and treat patients with adhesive capsulitis. (Loew 05; 

Quraishi 07; Chambler 03; Ogilvie-Harris 95, 97; Pollock 94; Wiley 91; Beaufils 99; Bennett 00; Bradley 91; Pearsall 99, 00; Warner 96; Watson 

00; Ozaki 96) Arthroscopy has also been combined with hydrodistension. (Hsu 91; Noël 00; Mulcahy 94) 
 

Recommendation: Arthroscopy for Treatment of Adhesive Capsulitis 
Arthroscopy is recommended to treat select cases of adhesive capsulitis. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients with pain 
and loss of motion who do not respond sufficiently to NSAIDs, injection(s), and potentially to 
hydrodilatation or MUA and in whom there is believed to be a remediable, intra-articular or 
periarticular defect. (Loew 05; Andersen 96, 98; Pollock 94; Uitvlugt 93; Wiley 91; Ogilvie-Harris 95) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials evaluating the use of arthroscopy alone to treat adhesive capsulitis. 
Arthroscopy is invasive, has adverse effects, and is high cost. For adhesive capsulitis patients in 
whom there is believed to be a remediable defect, arthroscopy is recommended if less invasive 
treatments are unable to sufficiently resolve the disorder, or in whom there are concerns about a 
resolvable intra-articular process that may be contributing to the reduction in ROM, such as 
rotator cuff tendinopathy or SLAP tears. 
 

Evidence for the Use of Arthroscopy for Adhesive Capsulitis 
There is 1 low-quality comparative clinical trial in Appendix 2. 

OPEN RELEASE SURGERY 
Open release of contractures has been used to treat patients with adhesive capsulitis. (Omari 01) 
Analgesia has included general as well as continuous epidural anesthesia. Continuous epidural 
analgesia with opioids has been used for treatment of patients after surgery for adhesive 
capsulitis and has been reported to have favorable effects in a small case series. (Narouze 09) A 
large (n = 76) retrospective case series of regional and general anesthetic techniques found 
interscalene anesthesia to be effective and have a low complication rate. (Tetzlaff 94) However, 
others have found high complication rates. 
 

Recommendation: Open Release of Contractures for Select Patients with Adhesive Capsulitis 
Open release surgery is recommended for select patients with adhesive capsulitis. 
 

Indications – Adhesive capsulitis, especially moderate to severely affected patients with pain 
and loss of motion who do not respond sufficiently to NSAIDs, injection(s), hydrodilatation, MUA 
and particularly if there is another coexistent disorder that is felt to require open surgical 
procedure(s) to resolve. (Loew 05) 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials of open release of contractures from adhesive capsulitis. Open 
surgical procedures are invasive, have adverse effects, and are high cost. They may be 
indicated for limited use in adhesive capsulitis patients, mostly in whom there is believed to be a 
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resolvable process that can be addressed through an open procedure (e.g., rotator cuff tear). 
Thus, they are indicated for limited purposes. 

Osteonecrosis 
Osteonecrosis of the humerus is considerably less common than involvement of the femoral 
head (Harreld 09) (the following is an abbreviated discussion of osteonecrosis –Osteonecrosis, or 
avascular necrosis, is a complex pathological process involving increased bone marrow 
pressure and ischemia with loss of vascular supply to the bone with subsequent bone death 
initiated by vascular occlusion. (Ficat 85; Woodhouse 64; Rosingh 69; Harreld 09; Sarris 04) It tends to occur in 
areas of the body with more tenuous blood supply, including the heads of the femur, humerus, 
and other ends of long bones, although it can occur in any bone. (Hattrup 99; Jones 94) If the process 
advances, the bone collapses. (Volokh 06) Some cases are considered occupational disorders, 
particularly in the setting of dysbarism (atmospheric compression, decompression) workers 
including divers and others in compressed air atmospheres who experience impaired blood 
supply to the femur due to nitrogen gas in the blood during excessively rapid decompression. 
Major trauma is another reported cause. (Ficat 85; Harreld JAmAcadOrthSurg 09; Jacobs 78) Thus, if a humeral 
fracture is occupational, a subsequent case of osteonecrosis arising out of that humeral fracture 
is usually considered occupational. Whether or not stereotypical forceful use of the joint is a risk 
is speculative. The greatest risk for osteonecrosis of the humerus is believed to be 
glucocorticosteroid use (Harreld JAmAcadOrthSurg 09; Cruess 76; Usher 95; Loebenberg 99; Nixon 83; Pritchett 01; 

Mankin 92; Mont 95; Cruess 85; Valencia 03; Jones 03; Jacobs 78) or endogenous excess. (Jones 03) And, similar 
to the hip, other risk factors appear to include diabetes mellitus, arteriovascular disease, (Chang 

93; Nixon 83; Ficat 85) hyperlipidemia, sickle cell anemia, (Mont 95; Chung 71) coagulopathies, (Jones 03) 
Gaucher’s disease, (Nixon 83; Ficat 85; Mankin 92; Mont 95) HIV, (Glesby 03; Valencia 03) post-irradiation, (Nixon 

83; Ficat 85; Mont 95) alcoholism, (Chang 93; Nixon 83; Ficat 85; Mont 95; Valencia 03; Jones 03) and smoking. (Chang 93; 

Nixon 83; Ficat 85; Jones 03; Pritchett 01; Mankin 92; Glesby 03; Mont 95; Valencia 03) Many cases are idiopathic; (Ficat 85; 

Babis 04) genetic factors are also believed to be important. (Harreld JAmAcadOrthSurg 09) Although 
somewhat less clear in the shoulder, alcoholism is often the predominant cause of 
osteonecrosis in the hip. (Koo 95; Wang 05) 
 

In osteonecrosis, there appears to be a clinically silent, pre-clinical state (most frequently 
identified in the asymptomatic hip) (Hungerford 79; Ficat 85) that when found first in the shoulder is 
often present elsewhere, such as in the hips or knees. (Harreld 09; Cruess 85; LaPorte 98) Patients 
present with either acute or insidious onset of persistent shoulder pain worsened by overhead 
use. (Ficat 85) Pain is often worse at night and might be somewhat worse with activity. Reduced 
shoulder ROM can occur and will nearly always be present if there is bony collapse. Pain and 
ROM worsen as the degree of impairment progresses. (Ficat 85; Harreld 09) The disease is likely, 
not invariably, progressive – in the hip there appears to be potential for recovery at any of the 
early stages; (Ficat 85) the same is thought to be true for the humerus. (Harreld 09) 

Work Activities 
As previously noted, some cases of osteonecrosis are considered occupational disorders. 
Workers at risk include divers and others in compressed air atmospheres who experience 
impaired blood supply to the bone due to nitrogen gas in the blood during excessively rapid 
decompression. Reducing or eliminating activities that significantly provoke symptoms including 
avoidance of dysbaric exposures is recommended. Major trauma, such as a humeral fracture, is 
another reported cause of osteonecrosis. (Ficat 85; Harreld J Am Acad Orthop Surg 09; Jacobs 78) There is 
no quality evidence regarding reducing forceful use, though limitations are sometimes instituted 
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for months, therefore, there is no recommendation for or against reducing forceful use in the 
workplace. 

Initial Care 
The focus on early treatment of osteonecrosis is to identify and treat reversible risk factors. 
Control of diabetes mellitus, elimination or reductions in glucocorticosteroid use, and elimination 
of alcohol and tobacco products are all recommended at the time the diagnosis is considered. 
As there is evidence that statins reduce risk, (Pritchett 01) the composite data suggest aggressive 
targeting of all coronary artery disease risk factors is recommended. 

Medications 
Over-the-counter medications may help manage pain associated with osteonecrosis. 
Bisphosphonates have been used to prevent bone loss in the hip (this is believed to be 
analogous to the shoulder). Other medications include glucosamine, chondroitin, 
methylsulfonylmethane, and topical agents such as capsaicin. 
 

1. Recommendation: Bisphosphonates to Treat Osteonecrosis 
Bisphosphonates are recommended to treat osteonecrosis 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: NSAIDs for Pain Management of Osteonecrosis 
NSAIDs are recommended for pain management of osteonecrosis. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Glucocorticoids (including Injections) for Treatment of Osteonecrosis 
 Glucocorticoids (including injections) are not recommended for treatment of 
osteonecrosis. 
 

Strength of Evidence – Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality studies evaluating treatments for osteonecrosis of the humerus. Thus, 
where available, guidance is drawn from analogy to hip trials. Bisphosphonates have been 
evaluated in one quality study of the hip. Results suggest large differences between 
bisphosphonates versus no treatment, (Lai 05; Cardozo 08) thus bisphosphonates are recommended 
for shoulder treatment. Other treatments have included watchful waiting and nonsteroidal anti-
inflammatory medications. Glucocorticosteroids, including by injection, are not recommended in 
early disease stages as there is evidence that systemic glucocorticoid exposure increases risk 
for the disorder, but there may be indications in selected patients with more advanced disease. 

Physical Methods 

Hyperbaric Oxygen 
Hyperbaric oxygen has been used for treatment of osteonecrosis of the jaw and hip. (Shimura 06) 
 

Recommendation: Hyperbaric Oxygen for Treatment of Osteonecrosis 
There is no recommendation for or against the use of hyperbaric oxygen for the 
treatment of osteonecrosis. 
 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
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Rationale for Recommendations 
There are no quality studies evaluating hyperbaric oxygen therapy for humeral osteonecrosis 
treatment. Hyperbaric oxygen has been used to treat osteonecrosis of the jaw, (Shimura 06) but a 
study following pediatric hip osteonecrosis from chemotherapeutics found no improvements with 
hyperbaric oxygen, thus, there is no recommendation for or against its use. 

Surgical Considerations 

There are multiple surgical procedures that have been used for treatment of osteonecrosis 
including core decompression similar to that for the hip, (Harreld JAmAcadOrthoSurg 09; Harreld AmJOrtho 09; 

Hungerford 79; Kim 04; Marker 08; Mont 04; Mont 93; Hardy 00; Shannon 04; Castro 00; Learmonth 90; Scully 98) arthroscopy with or 
without core decompression, (Chapman 04; Dines 07; Hardy 00; Hayes 89) vascularized and 
devascularized bone grafting, (Scully 98; Aldridge 07; Nakagawa 99; Rindell 87; Yajima 98; Seyler 08) humeral head resurfacing, 

(Parsch 03; Mansat 05; Orfaly 07; Cruess 78; Lau 07; Levy 01; Scalise 07;Barnes 91; Adili 03) and arthroplasties. (Parsch 03; Mansat 

05; Orfaly 07; Cruess 78; Lau 07; Levy 01; Scalise 07) Electrical stimulation is also used on the hip, although there 
are no quality studies of the procedure. (Aaron 91) 
 

Core decompression with or without bone grafts is the surgical procedure that has been utilized 
most frequently to treat osteonecrosis of either the hip or humerus. (Harreld AmJOrtho 09; Steinberg 01; 

Ficat 85; Warner 87; Rijnen 03; Stulberg 91; Castro 00) The primary purpose of the procedure is to relieve the 
elevated intramedullary pressure that stagnates microvascular circulation. (Ficat 85; Harreld Am J 

Orthop 09)  
 

1. Recommendation: Core Decompression for Treatment of Osteonecrosis 
 Core decompression is recommended for treatment of osteonecrosis. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Arthroplasty for Treatment of Osteonecrosis 
 Arthroplasty is recommended for treatment of osteonecrosis. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no studies evaluating core decompression for osteonecrosis of the shoulder. Two 
adult hip studies of moderate quality were found, (Stulberg 91; Koo 95) but these studies conflict. 
(Castro 00) In a hip case series, results were good in 94% of Stage I, and 82% in Stage II; however, 
a case series cannot prove superior results with earlier treatment as results may mislead 
through spectrum and other biases. Although the two quality studies of a coring procedure 
conflict, core decompression is recommended when other methods of pain control are 
ineffective. Arthroplasty is the most common treatment for humeral head collapse. Early case 
series reported high revision rates that have declined recently to approximately 6%. (Harreld 

JAmAcadOrtho Surg 09) Arthroplasty is recommended to treat osteonecrosis as the prognosis appears 
to be reasonably good in the available studies. 

Brachial Plexus Injuries 
Brachial plexopathies have many causes including motor vehicle accidents, sporting activities 
(especially football), bicycle accidents, industrial accidents, falls from heights, objects falling on 
a shoulder, sequelae of fractures, birth palsies, use of backpacks (Rucksack paralysis), 
autoimmune neuropathies, infections, space occupying vascular lesions, hematomas from 
axillary artery punctures and procedures, sequelae of orthopedic shoulder or chest procedures, 
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and primary tumors, metastases and post-radiation. (Allieu 88; Azze 94; Blaauw 08; Wittenberg 00; Miller 00; Wilbourn 

07; Castagno 87; Dart 70; McLoud 89; Levin 98; Heelan 89; Bowen 96; Hems 99; Doi 02; Brandt 93; Brunelli 85; Doi 99, 00) Brachial 
plexus injuries from trauma in the context of work are occupational. (Midha 97; Wilbourn 07) Moderate 
to severe brachial plexus injuries previously had poor prognoses and amputation was 
sometimes performed. (Fletcher 69) More recent results are considerably more promising. Only 
injuries will be reviewed in this section. Thoracic outlet syndrome is addressed separately in 
Appendix 1. 
 

Brachial plexus injuries are quite heterogenous, ranging from mild “burner” or “stinger” 
symptoms from football injuries (Safran 04) to complete avulsions of nerve roots. (Shin 05) 
Depending on the degree of axonal damage, the prognoses vary from excellent to poor. (Shin 05) 
These injuries have been divided into supraclavicular and infraclavicular injuries based on the 
main location of the injury as proximal or distal to nerve branches, (Wilbourn 07) with the 
supraclavicular thought to be more severe and more painful. (Midha 97) Case series suggest most 
of these injuries occur in young males involved in motor vehicle accidents. (Midha 97; Narakas 85) 
They are frequently accompanied by other injuries including concussions, other head trauma, rib 
fractures, shoulder girdle fractures, shoulder dislocations, humeral fractures, cervical spine 
injuries, and internal thoracic injuries, suggesting an associated death rate of 3.7% for those 
presenting to a regional trauma facility; (Midha 97) many additional mild or isolated cases are not 
treated in trauma facilities. 

Special Studies and Diagnostic and Treatment Considerations 
Clinical suspicion leading to a careful history and focused physical examination is usually 
diagnostic. (Shin 05; Wilbourn 07) Weakness is present, sometimes with pain. (Wilbourn 07) Evaluating 
traumatic cases often involves x-ray to screen for fractures, potentially including the humerus, 
clavicle, scapula, cervical spine, and chest. (Shin 05; Wilbourn 07) Computerized tomography, 
sometimes with myelography, may be helpful in select cases for imaging the spine. (Shin 05) 
However, MRI is generally the imaging procedure of choice after fractures have been ruled out 
or if additional studies are necessary. (Sureka 09; Wilbourn 07; Bowen 04; Rapoport 88; Yoshikawa 06; Shin 05) 
Electrodiagnostic studies are thought to be confirmatory in moderate to severely affected 
patients when performed at least 3 to 4 weeks after the injury to allow sufficient time for 
Wallerian degeneration (Wilbourn 07; Shin 05); electrodiagnostics are also used for intraoperative 
assessments. (Shin 05) 
 

1. Recommendation: X-ray to Diagnose Brachial Plexopathies 
X-ray is recommended to screen for fracture of the humerus, clavicle, scapula, 
cervical spine, and/or chest in patients with brachial plexus injuries. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: MRI to Diagnose Brachial Plexopathies 
MRI is recommended to diagnose brachial plexopathies. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials on treatment of brachial plexopathies and the disparate nature of the 
injuries requires an individualized approach, particularly for the more severe cases. 
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Medications 
Mild cases of brachial plexopathy, such as mild football traction injuries, have an excellent 
prognosis with non-operative treatment. (Wilbourn 07; Shin 05; Safran 04) Provided the extent of axonal 
damage is minimal, non-operative treatment has been recommended. (Shin 05; Wilbourn 07) In the 
absence of quality evidence, these mild injuries should be treated as neuropathic pain (see 
recommendations in the Chronic Pain Guidelines). Briefly, recommended medications include 
NSAIDs (Evidence C); concomitant use of cytoprotective agents in patients with a high risk 
factor profile who also have indications for NSAIDs (Evidence C); acetaminophen particularly if 
NSAIDs are contraindicated (Evidence C); tricyclic anti-depressants (Evidence C); 
carbamazepine as a potential adjunct as a 4th- or 5th-line treatment for neuropathic pain 
(Evidence C); carbamazepine as a potential adjunct as a fourth- or fifth-line treatment (Evidence 
I); gabapentin and pregabalin (Evidence A); dextromethorphan for select patients (Evidence C); 
muscle relaxants for brief use as a 2nd- or 3rd- line agent in acute exacerbations (Evidence I); 
and opioids for select patients (Evidence I). 

Physical and Other Methods 
As noted above, in the absence of quality evidence, it is recommended that brachial 
plexopathies be treated as neuropathic pain and managed according to the recommendations in 
the Chronic Pain Guideline. Briefly, these recommendations include altering of sleep posture to 
determine if there is a reduction in pain or other symptoms (Evidence I); aerobic exercise 
(Evidence A); trial of aquatic therapy for patients who meet referral criteria for supervised 
exercise therapy and have co-morbidities that preclude effective participation in a weight-
bearing physical activity (Evidence I); self-application of low-tech heat therapy (Evidence I); 
transcutaneous electrical nerve stimulation (TENS) as an adjunct for more efficacious 
treatments (Evidence C); psychological evaluation as part of evaluation and management of 
patients with chronic pain in order to assess whether psychological factors will need to be 
considered and treated as part of treatment plan (Evidence I); cognitive-behavioral therapy as 
an adjunct to an interdisciplinary program for the treatment of chronic pain (Evidence C); 
multidisciplinary or interdisciplinary pain rehabilitation program with a focus on behavioral or 
cognitive-behavioral approaches combined with conditioning exercise for patients with chronic 
pain who demonstrate partial or total work incapacity due to pain (Evidence I); and work 
conditioning, work hardening, and early intervention programs (Evidence I). 

Surgical Considerations 
Immediate surgery has been recommended for patients who sustain penetrating trauma. (Shin 05) 
Delayed surgical exploration for non-penetrating trauma cases that fail to resolve sufficiently at 3 
to 6 months has also been recommended. (Shin 05; Wilbourn 07) Extensive physical or occupational 
therapy is recommended for treating cases with limited debility. Some cases are severe and 
may require surgical exploration and reconstructions. (Midha 97) Techniques have evolved over 
time (Hendry 49; Yeoman 61; Fletcher 69) to include neurolysis, (Kim 03) nerve grafting, (Kim 03) nerve 
transfer (neurotization), (Teboul 04; Gu 96, 98; Chuang 95; Songcharoen 96, 01; Merrell 01) and free muscle 
transfer. (Ruch 95; Mikami 97; Chuang 92; Akasaka 91; Doi 96,97a,97b,95,93; Manktelow 84; Chung 96) Evidence-
based guidance on surgical approaches and techniques is not possible at this time as there is a 
combination of wide array of injuries with a lack of quality trials. Post-operative extensive 
rehabilitation generally is required. 
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Trigger Points/Myofascial Pain 
“Tender points” is a term used to characterize unusually tender areas of muscle, tendon, or over 
boney prominences that reproduce the patient’s pain when palpated. (Lucas Clin J Pain 09; Gerwin 05; 

Myburgh APMR 08; Nice APMR 92; Levoska Clin J Pain 93; Njoo 94; Gerwin 97) Trigger points include those points with 
tenderness, “knots” of muscle or overlying connective tissue, reproduction of the patient’s pain 
when palpated, and elicitation of symptoms distally during palpation. (Gerwin 05; Myburgh 08; Hwang Pain 

05; Farasyn 07) As the diagnostic entity heavily relies upon subjective complaints without purely 
objective findings, the existence of this condition has been questioned. (Simons AJPM 08; Wheeler Drugs 

04; Pearce Eur Neurol 04) Work-relatedness of the condition is controversial with an absence of quality 
data. 
 

There are lower quality studies of prevalence or incidence. Lifetime prevalence has been 
estimated at up to 85%. (Fleckenstein BMC Musculo 10) A survey of pain practitioners estimated a point 
prevalence of 46.1±27.4%. (Fleckenstein 10) A cross-sectional study of 9,952 patients found 345 
(3.5%) with widespread pain, 4.5% with widespread allodynia, and 2.5% with fibromyalgia. (Cöster 

Eur J Pain 08) 
 

Patients with muscle tenderness are often given the diagnosis of “myofascial pain.” This 
terminology was initially developed to characterize patients presenting with muscle tenderness 
accompanied by trigger points, “taut bands,” subtle shortening and weakness of involved 
muscles, referred symptoms on compression or needling, and postural abnormalities, which 
were hypothesized as reflective of microtrauma and the generation of excessive force per 
muscle fiber leading to hypoxia, acidosis, and metabolic depletion. However, multiple aspects of 
this construct have been disproven, thus it is now controversial, particularly as it has become 
increasingly clear that the development of prolonged and disabling muscular pain is often linked 
to the presence of underlying psychosocial issues that foster inactivity and dependence on 
palliative modalities and pharmacologic interventions. (Friedrich Phys Ther 09; Giannakopoulos JDent 10; Coster 08; 

Wheeler 04; Mongini Pain 07; Velly Pain 03; AltindagPainMed 08) Hence, in the absence of a clear objective anatomic 
abnormality to differentiate between patients with various forms of muscle pathology, they will 
be characterized by the descriptive diagnosis of “trigger points.” 
 

Most RCTs reviewed herein and in the fibromyalgia appendix of the  Chronic Pain Guidelines have not 
distinguished between tender and trigger points. However, these studies frequently note pain limited to a 
body region, suggestive of trigger points/myofascial pain. Most RCTs of fibromyalgia have cited 
adherence to the American College of Rheumatology case definition, which requires widespread tender 
points (11 of 18 anatomically defined points).(Wolfe 90) Quality literature shows that the presentation, risk 
factors, and management of patients with fibromyalgia differs markedly from other patients with chronic 
pain.xxvi Treatment of this condition has primarily involved active exercise and medications. Judicious use 
of injections and acupuncture has also been widely used (see Appendix,  Chronic Pain Guidelines). 

Physical Examination 
The physical examination of a patient with trigger points is typically normal other than for muscle 
tenderness (and frequent evidence of depression, dysthymia or other affective disorders in 
fibromyalgia). (Wheeler 04; Yap 07) Myofascial pain-related tenderness should be isolated to the 
body part affected by pain and not be widespread as with fibromyalgia. It also should generally 
not cross the midline if there was an inciting event to one side of the body. Trigger 

 
xxviThere are RCTs of temporomandibular joint syndrome and facial pain that are classified as addressing myofascial pain syndrome. 
(Anderson 91; Rubinoff 87; Raustia 86; Magnusson 99; deLaat 03; Dahlstrom 85; Turk 93; Monteiro 88; Okeson 83; Dao 94; Winocur 02) However, 
as these condition(s) is (are) not considered occupational, they are not reviewed in detail. 
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Points/myofascial pain most commonly involves the periscapular muscles on one side of the 
body. This condition may be indistinguishable from “muscle tension syndrome.” Most patients 
have an apparent “knot” or tender point in the muscle. That tenderness is perceived as 
unusually tender to palpation compared with surrounding tissue, as well as compared with other 
patients’ perceptions. Trigger points require the elicitation of distal symptoms in addition to 
usually being painful on palpation. The amount of palpatory force used to elicit pain complaints 
is unclear. The most widely used criteria have been 4kg of force, which is also the same criteria 
for fibromyalgia. (Wolfe 90) A physical examination of a patient with muscle tenderness also 
requires palpating other structures that are not involved in the complaints to ascertain the 
distribution and character of potential tender points and trigger points. Diffuse pain complaints, 
while needing to be clinically addressed, may be reflective of a chronic pain syndrome and do 
not require a diagnostic label of myofascial pain or fibromyalgia. There may be some limitation 
of ROM, but in general, while active ROM to an extreme may elicit or augment the patient’s 
pain, the final extent is usually nearly or completely normal. 

Work-Relatedness 
Work-relatedness of trigger points/myofascial pain is controversial as there are no quality 
epidemiological studies demonstrating a relationship to work. There is epidemiological evidence 
that certain cases of muscle tension syndrome may be occupational and that disorder may be 
related to myofascial pain. However, the quality of the studies reported has been suboptimal 
and true risk factors are not well defined. (Rudolph 97) There is less controversy about work-
relatedness of trigger points/myofascial pain when the disorder arises in a body part subject to a 
clear occupational injury. In practice, a fair number of these cases are determined to be 
occupational (especially if there is an inciting event, no prior history, and the pain and signs are 
limited to one body region and not bilateral or disseminated), although supportive 
epidemiological evidence may be lacking. There is no quality epidemiological evidence that 
tender points/fibromyalgia (or the closely related condition of chronic widespread pain) are 
occupational conditions (see Appendix 2 in Chronic Pain Guidelines). 

Special Studies and Diagnostic and Treatment Considerations 

Diagnostic Criteria 
Diagnostic testing is generally not required for myofascial pain patients. Occasionally, testing for 
rheumatological disorders is indicated. This may include erythrocyte sedimentation rate, 
sedimentation rate, C-reactive protein, anti-rheumatoid factor, anti-nuclear antibodies, anti-Sm, 
anti-Ro, anti-La for rheumatoid arthritis, lupus, Sjogren’s, and evaluation for mixed connective 
tissue disorder. 

Table 11. Diagnostic Criteria for Non-Red-Flag Conditions 
Probable 
Diagnosis or 
Injury 

Symptoms Signs Tests and Results 

Trigger Points/ 
Myofascial Pain 

Non-radiating, usually 
unilateral pain most commonly 
periscapular (generally 
unilateral and in the body part 
subjected to injury) 

Muscle taut band or knot with 
referred pain on palpation 

Palpation reproduces pain 

Absence of widespread tender 
points 

None 

Occasionally, rheumatological 
testing is helpful to demonstrate 
an alternative disorder. 

Adapted from AMA Guides to Impairment Rating, 6th edition and Sanders et al. Evidence-based clinical practice guidelines for 
interdisciplinary rehabilitation of chronic nonmalignant pain syndrome patients. Pain Prac. 2005; 5(4), 303-15. 
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Activities and Activity Alteration 
Patients with myofascial pain/trigger points should be maintained as physically active as 
possible. Patients with limited activity levels require advancement of activity levels and 
education as inactivity is detrimental despite the temporary relief of symptoms that may 
accompany it. 

Work Activities 
There is no evidence that activity limitations are beneficial for myofascial pain patients. It is 
recommended that patients be maintained at the maximal levels of activity. Those with 
limitations are recommended to have their limitations gradually reduced. 

Table 12. Guidelines for Modification of Work Activities and Disability Duration  

 
Disorder 

 
Activity Modifications and 
Accommodation 

Recommended Target for Disability Duration* 

Modified Duty Available Modified Duty Not 
Available 

Trigger points and 
Myofascial Pain 
Syndrome 

Ideally no limitations. May need graded 
increase in activity levels to regain normal 
function if significantly debilitated. 

Activity limitations should 
be avoided. If debility: 

Mild 0 days 

Moderate 0-7 days 

Severe 7-14 days 

Activity limitations should be 
avoided. If debility: 

Mild 0-3 days 

Moderate 3-7 days 

Severe 7-21 days 
 

*Mild, Moderate, and Severe are defined by the degree to which the condition affects activities of daily living; e.g., mild involves 
little to no impairment in the impact on the patient’s ability to perform ADLs, while severe involves marked impairment in the 
ability to perform ADLs. The physician should make these determinations based on the presumed impairment specifically due to 
the underlying condition, noting that reported limitations in ADL are often a function of psychological and occupational factors, 
which are typical in chronic pain. Where suspected, they should be ruled out or explicated in the process of determining what 
actual disability duration is warranted based on the specific underlying condition. 
 

Disability durations are primarily consensus from the Chronic Pain Panel. Disability durations also incorporate data used with 
permission from Reed Group, Ltd. Reed P. The Medical Disability Advisor. Workplace Guidelines for Disability Duration, 5th 
Edition. 2005. Westminister, Colorado: Reed Group, Ltd. 

Exercise 
Exercise has been used to treat trigger points/myofascial pain. Most studies are low quality and 
appear to have emphasized stretching exercises. (Edwards 03; Gam 98) However, there are few 
quality studies that assess which types of exercise and what regimens are most efficacious. 
Aerobic exercise and strengthening exercises are also believed to be important, but quality 
studies are not available to support those beliefs. 
 

1. Recommendation: Aerobic Exercise for Trigger Points/Myofascial Pain 
Aerobic exercise is recommended for treatment of trigger points/myofascial pain, 
although quality evidence is lacking regarding its efficacy. 
 

Indications – Trigger points/myofascial pain. Patients with potential for or with significant 
cardiac disease should be evaluated prior to institution of vigorous exercises. Follow ACSM’s 
Guidelines for Exercise Testing and Prescription (7th Ed) for health screening and risk 
stratification. 
 

Frequency/Duration – A structured, progressive walking program (at least 4 times a week) at 
an intensity to reach at least 60% of predicted maximum heart rate is recommended. Activity 
can be gradually increased over days to weeks. Stationary exercise cycles and bicycling are 
generally not recommended due to static use considerations. The activity that the patient will 
adhere to is the one most likely to be effective, given that compliance is a recognized 
problem. 
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Indications for Discontinuation – Intolerance (rarely occurs), development of other disorders. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Stretching Exercises for Trigger Points/Myofascial Pain 
Stretching exercises are recommended for treatment of trigger points/myofascial 
pain, accompanied by a loss of joint range of motion, to increase connective and 
muscle tissue extensibility and to attempt to increase overall capacity and activity 
tolerance. 
 

Indications – Mild, moderate, severe pain. 
 

Frequency/Duration – Stretching exercises with transition to home exercise program. 
 

Indications for Discontinuation – Restoration of full joint ROM that is pain free or fails to 
improve. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Strengthening Exercises for Trigger Points/Myofascial Pain 
Strengthening exercises are recommended for treatment of trigger points/myofascial 
pain to increase capacity and activity tolerance. 
 

Indications – Mild, moderate, or severe pain. 
 

Frequency/Duration – Progressive strengthening exercises with transition to home exercise 
program. When pain is severe, generally slow, judicious introduction of strengthening is 
required. 
 

Indications for Discontinuation – Development of a strain during treatment course, failure to 
improve. 

 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

4. Recommendation: Inclusion of Fear Avoidance Belief Training for Trigger Points/Myofascial 
Pain 

Inclusion of Fear Avoidance Belief Training during the course of treatment is 
recommended. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are few quality studies evaluating efficacy for treatment of trigger points/myofascial pain. 
Overall, the quality of the available studies is not particularly high due to combinations of 
exercises and lack of detailed descriptions of exercise programs (one study used wait-listed 
controls). (Gam 98) The most common exercise used in studies has been stretching, but there is 
insufficient evidence to recommend specific dose or types of stretching exercises. Aerobic and 
strengthening exercises are also believed to be important, but quality studies are not available 
to support those beliefs. Stretching, aerobic, and strengthening exercises are not invasive, have 
low risk for adverse effects, and are low to moderate cost depending on the extent to which 
supervised exercise is required while transitioning to a home-based program. Fear Avoidance 
Belief Training (FABT) and principles are believed to be important in the management of these 
patients. Inclusion of these principles in the course of exercise training or supervision appears 
highly desirable. This would also strengthen the education of the patient about these problems 
that should be a message in unison with other members of the team treating the patient. 
 

Evidence for the Use of Exercise for Trigger Points/Myofascial Pain 
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There are 2 moderate-quality RCTs incorporated into this analysis. (Edwards 03; Gam 98) 

Aquatic Therapy 
Aquatic therapy involves the performance of aerobic and/or flexibility and/or strengthening 
exercises in a pool to minimize the effects of gravity, particularly where reduced weight-bearing 
status is desirable. 
 

Recommendation: Aquatic Therapy for Myofascial Pain/Trigger Points 
Aquatic therapy is not recommended for myofascial pain/trigger points as other 
therapies are likely more efficacious. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Aquatic exercise may be beneficial for the rehabilitation of chronic pain conditions in which it is 
advantageous to reduce the effects of gravity. However, other forms of exercise have been 
shown to be effective treatment. It is not recommended other than for the few, select patients 
who are unable to tolerate land-based therapies. Aquatic therapy is moderate cost, not invasive, 
and has little potential for adverse effects. 
 

Evidence for the Use of Aquatic Therapy 
There are no quality studies evaluating the use of aquatic therapy for myofascial pain/trigger 
points. 

Yoga 
Yoga for the treatment of myofascial pain/trigger points has not been standardized, but tends to 
include postures that involve isometric muscle activity, stretches, breath control, and relaxation. 
Traditional yoga also involves rules for personal conduct, sense withdrawal, concentration, 
meditation, and self-realization” (Taimini 86; Williams 05) and different versions are practiced. This 
review focuses on the exercise aspects of yoga and does not endorse nor support spiritual 
elements or specific religious beliefs, nor does it cover non-occupational conditions such as 
chronic pancreatitis. (Sareen 07) 
 

Recommendation: Yoga for Trigger Points/Myofascial Pain 
There is no recommendation for or against the use of yoga for treatment of trigger 
points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is moderate-quality evidence of effectiveness of yoga for the treatment of chronic LBP. 
(Sherman 05; Galantino 04; Williams 05) There are no quality trials for treatment of myofascial pain/trigger 
points. Yoga is not invasive, has low potential for adverse effects, and is low cost. There is 
much self-selection in the above studies – evidence suggests that patient motivation must be 
high, otherwise compliance and adherence reportedly is poor. 
 

Evidence for the Use of Yoga 
There are no quality studies evaluating the use of yoga for myofascial pain/trigger points. 

Follow-Up Visits 
Patients with trigger points/myofascial pain generally require a few too many follow-up 
appointments depending on severity, persistence, response to therapy, and compliance with 
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treatments including exercises. Follow-up appointments are required every 2 to 4 weeks until 
resolution or an end-of-improvement plateau is reached. 

Medications 

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS) AND ACETAMINOPHEN 
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been widely used to treat myofascial 
pain/trigger points. However, there are no quality trials of efficacy (see Chronic Pain Guidelines 
for gastrointestinal protection.) 
 

1.  Recommendation: NSAIDs and Acetaminophen for Treatment of Acute, Subacute, or 
Chronic Myofascial Pain/Trigger Points 
NSAIDs are recommended for treatment of acute, subacute, or chronic myofascial 
pain/trigger points. Acetaminophen may be a reasonable alternative. 
 

Indications – Acute, subacute, or chronic myofascial pain/trigger points. Over-the-counter 
(OTC) agents may suffice and be tried first. 
 

Frequency/Duration – Per manufacturer recommendations; as needed use reasonable for 
many patients. However, nearly all trials for other MSDs utilized scheduled doses. 
 

Indications for Discontinuation – Resolution, lack of efficacy, or development of adverse 
effects that necessitate discontinuation. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: NSAIDs for Patients at Risk for GI Adverse Effects 
Concomitant prescriptions of cytoprotective medications are recommended for 
patients at substantially increased risk for gastrointestinal bleeding. 
 

Indications – Patients with a high-risk factor profile who also have indications for NSAIDs, 
cytoprotective medications should be considered, particularly if longer term treatment is 
contemplated. At-risk patients include those with a history of prior gastrointestinal bleeding, 
elderly, diabetics, and cigarette smokers. Providers are cautioned that H2 blockers might not 
protect from gastric ulcers. (Robinson 89, 91; Ehsanullah 88) 
 

Frequency/Dose/Duration – Dose and frequency per manufacturer recommendations. 
Duration is either length of the NSAID therapy, or permanent for those with recurrent bleeds 
or other complications. 
 

Indications for Discontinuation – Intolerance, development of adverse effects, or 
discontinuation of NSAID. 

 

Strength of Evidence – Strongly Recommended, Evidence (A) – Proton pump 
inhibitors, misoprostol 

 
 

Strength of Evidence – Moderately Recommended, Evidence (B) – Sucralfate 
 
 

Strength of Evidence – Recommended, Evidence (C) – H2 Blockers 
 
 

3. Recommendation: NSAIDs for Patients at Risk for Cardiovascular Adverse Effects 
Patients with known cardiovascular disease or multiple risk factors for cardiovascular 
disease should have the risks and benefits of NSAID therapy for pain discussed. 
 

 Strength of Evidence – Recommended, Insufficient Evidence (I) 
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Acetaminophen or aspirin as the first-line therapy appear to be the safest regarding 
cardiovascular adverse effects to use for patients with cardiovascular disease risk 
factors. 
 

 Strength of Evidence – Strongly Recommended, Evidence (A) 
 
 

If needed, NSAIDs that are non-selective are generally preferred over COX-2 specific drugs. In 
patients receiving low-dose aspirin for primary or secondary cardiovascular disease prevention, 
to minimize the potential for the NSAID to counteract the beneficial effects of aspirin, the NSAID 
should be taken at least 30 minutes after or 8 hours before the daily aspirin. (Antman 07) 
 

Rationale for Recommendations 
There are no quality studies identified that evaluate the efficacy of NSAIDs for treating trigger 
points/myofascial pain. The only trial used an NSAID as a control group and did not report the 
scheduling or use of the NSAID. (Birch 98) NSAIDs are not invasive, have low adverse effect 
profiles in healthy working-age adults, and when generic medications are used, are low cost; 
thus, they are recommended. 
 

Evidence for the Use of NSAIDs and Acetaminophen 
There is 1 moderate-quality RCT incorporated into this analysis. (Birch 98) 

ANTI-DEPRESSANTS 
There is quality evidence evaluating anti-depressants for the treatment of chronic pain, but not 
specifically for treatment of trigger points/myofascial pain. For use in LBP patients, there is no 
quality evidence of an association between serum levels and pain relief, suggesting that doses 
less than those used for depression may be sufficient. (Alcoff 82, Atkinson Pain 98) While most patients 
may not require these agents, in those with more severe symptoms, these may be reasonable 
treatment considerations. 
 

1. Recommendation: Norepinephrine Reuptake Inhibitor Anti-depressants for Trigger 
Points/Myofascial Pain 
Norepinephrine reuptake inhibitor anti-depressants (TCAs) are recommended for the 
treatment of more severe cases of trigger points/myofascial pain. 

 

Indications – Chronic pain not fully treated with NSAIDs and an exercise program, 
particularly if there is nocturnal sleep disruption and mild dysthymia, which may allow for 
nocturnal dosing of a mildly sedating tricyclic antidepressant. 

 

Frequency/Duration – Low dose at night, gradually increased (e.g., amitriptyline 25mg QHS, 
increase by 25mg each week) until a sub-maximal or maximal dose is achieved, sufficient 
effects are achieved, or adverse effects occur. Use lower doses, (e.g., amitriptyline 25 to 
75mg a day) to avoid adverse effects and necessity of blood level monitoring, particularly if 
no evidence of increased pain relief at higher doses. Imipramine is less sedating, thus if 
there is carryover daytime sedation, it may be a better option. If patient cannot sleep, 
amitriptyline is the recommended initial medication. Duration of use may be indefinite, 
although most patients do not require indefinite treatment as the condition usually either 
resolves or improves, particularly if compliant with functional restoration program elements. 
 

Indications for Discontinuation – Resolution of pain, intolerance, or development of adverse 
effects. 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Selective Serotonin Reuptake Inhibitors, Bupropion, or Trazodone for 
Trigger Points/Myofascial Pain 
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Selective serotonin reuptake inhibitors, bupropion, or trazodone are not 
recommended for the treatment of trigger points/myofascial pain. 

 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Duloxetine for Muscle Tenderness and Trigger Points 
There is no recommendation for or against the use of duloxetine for the treatment of 
muscle tenderness and trigger points. A trial of duloxetine may be considered after 
other treatments with documented efficacy (e.g., different NSAIDs, aerobic exercise, 
targeted range of motion exercise, TCAs) have been attempted. However, use is 
generally not warranted. 

 

Strength of Evidence – No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality trials evaluating treatment of these patients. Norepinephrine reuptake 
inhibitor antidepressants are not invasive, have low to moderate, dose-dependent adverse 
effects, and are not costly in their generic formulations. As there is evidence for efficacy of 
norepinephrine reuptake inhibitors (TCAs, SNRIs) for treatment of LBP and other nociceptive 
pain, these are recommended (see Chronic Pain Guidelines and Low Back Complaints). As 
there is strong evidence SSRIs are ineffective for treatment of LBP, they are not recommended. 
The degree to which depression or dysthymia is present necessitates understanding of 
these complex issues and may impact these recommendations. (They may be 
nevertheless recommended for treatment of depression.) Discussions with mental health 
professionals are recommended, particularly when mental health conditions are more severe. 
There is strong evidence that treatment with SSRIs is not of benefit in patients with chronic pain, 
thus their use is not recommended for the management of trigger points without depression. 

ANTI-CONVULSANT AGENTS (INCLUDING CARBAMAZEPINE) 
Anti-convulsant agents have been utilized off-label for some chronic pain syndromes since the 
1960s. (Wiffen 05) They have been particularly used for treating neuropathic pain. (Challapalli 05)  
 

Recommendation: Anti-convulsant Agents for Trigger Points/Myofascial Pain 
Anti-convulsant agents are not recommended for treatment of trigger points/myofascial 
pain. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
There are no quality studies evaluating these medications for treatment of trigger 
points/myofascial pain. There is some evidence of efficacy for treatment of radicular or 
neuropathic pain symptoms. However, this condition is not analogous and thus these agents are 
not recommended. 
 

Evidence for the Use of Anti-convulsants 
There are no quality studies evaluating the use of anti-convulsant agents for trigger 
points/myofascial pain. 

GABAPENTIN AND PREGABALIN 
Gabapentin and pregabalin have evidence of efficacy for short-term treatment of neuropathic 
pain and neurogenic claudication. (Backonja 98; Lesser 04; Richter 05; Dworkin 03; McCleane 01; Yaksi 07)  
 

Recommendation: Gabapentin or Pregabalin for Trigger Points/Myofascial Pain 
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There is no recommendation for or against the use of gabapentin or pregabalin for 
treatment of trigger points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials for treatment of these patients. Gabapentin and pregabalin appear 
useful for selected patients with severe fibromyalgia (see Appendix 2 in  Chronic Pain 
Guidelines) which might suggest they would be useful in patients with severe myofascial pain; 
however, there is no evidence to support use in this context. Gabapentin and pregabalin are not 
invasive, but have significant adverse effects in some patients, largely central nervous system-
related which are of concern in employed populations. Release of a generic form of gabapentin 
has reduced its cost, though pregabalin remains moderately costly. 
 

Evidence for the Use of Gabapentin and Pregabalin 
There are no quality studies evaluating the use of gabapentin and pregabalin for trigger 
points/myofascial pain. 

GLUCOCORTICOSTEROIDS (AKA “STEROIDS”) 
Glucocorticosteroids have been used to treat acute radicular pain syndromes thought to be 
related to herniated discs and to treat complex regional pain syndrome (CRPS). (Sharma 06; 

Beniczky 05) They are not commonly used for treatment of trigger points, although they have 
commonly been used by injection (see below). 
 

Recommendation: Glucocorticosteroids for Trigger Points/Myofascial Pain 
Glucocorticosteroids administered by systemic or topical routes are not recommended. 
 

 Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Evidence in support of glucocorticosteroids to treat radiculopathy and CRPS is available. 
However, there is no quality evidence to support treatment for trigger points/myofascial pain. 
These agents are not invasive if prescribed for oral administration, are low cost, but have 
considerable adverse effects. Thus, they are not recommended. 
 

Evidence for the Use of Oral Glucocorticosteroids 
There are no quality studies evaluating the use of oral glucocorticosteroids for trigger 
points/myofascial pain. 

HERBAL AND OTHER PREPARATIONS 
See Chronic Pain Guidelines. 

SKELETAL MUSCLE RELAXANTS 
Skeletal muscle relaxants comprise a diverse set of pharmaceuticals designed to produce 
muscle relaxation through different mechanisms of action generally considered to be effects on 
the central nervous system (CNS) and not on skeletal muscle. (Abbruzzese 02; Elenbaas 80) These 
medications are widely used in primary care to treat painful conditions, most prominently LBP, 
(Cherkin 98; Di Iorio 00; van Tulder 97; Schnitzer 04, Deyo 90; Baratta 76; Arbus 90) muscle spasms, (Preston 84) and 
myalgias. As these drugs produce CNS depression, (Browning 01) there is a low, but definite risk of 
abuse. This risk appears to be substantially lower than with opioids; however, there are patients 
in whom abuse has been reported involving some if not all of these agents. (Littrell 93; Toth 04) 
Carisoprodol is more commonly abused because an active metabolite is meprobamate, a potent 
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and highly abused sedative-hypnotic. (Littrell 93) Regardless, it is recommended that caution be 
exerted involving all of these agents when there is a history of substance abuse or requests for 
specific medications. (Krismer 07) 
 

Recommendation: Muscle Relaxants for Trigger Points/Myofascial Pain 
Muscle relaxants are not recommended for patients with trigger points/myofascial pain. 
 

 Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials for treatment of these patients. Skeletal muscle relaxants have been 
widely used for the treatment of tender and trigger points on the supposition that prescription of 
the muscle relaxant will directly treat the disorder. However, there is no evidence to support this 
theory. These agents are not invasive, have significant adverse effects, and are low to 
moderately costly. Skeletal muscle relaxants have largely been used in the setting of acute pain 
and there is much less evidence for their efficacy for the treatment of chronic pain, especially 
trigger points/myofascial pain. 
Evidence for the Use of Skeletal Muscle Relaxants 
There are no quality studies evaluating the use of skeletal muscle relaxants for trigger 
points/myofascial pain. 

OPIOIDS 
See Opioids Guidelines. 

Devices/Physical Methods 

TAPING AND KINESIOTAPING  
Taping and kinesiotaping are used on the extremities, particularly in sports settings. Taping 
(white athletic taping, cotton mesh adhesive tape often over gauze) is intended to stabilize and 
support while restricting ROM; thus is used for treatment and preventive purposes. (Cools 02; 

Baquie 02; Host 95; Smith 09) Taping has been used to treat myofascial pain. (Garcia-Muro 10) It is often 
utilized immediately prior to an activity and then removed, or the cotton mesh may be applied 
and removed after hours of use. Kinesiotaping (thinner, elastic tape) is also intended for 
treatment, including pain relief; however, it allows full ROM in contrast with traditional taping. (Hsu 

09; Host 95; Miller 09; Hadala 09; Fu 08; Walsh 10; Yoshida 07; Kalichman 10; Kaya 10: Garcia-Muro10; Thelen 08) Kinesiotaping is 
proprietary; proponents believe the tape should be applied in specific patterns and may or may 
not be stretched depending on the injury. Regardless, all types of taping are utilized to attempt 
to treat musculoskeletal disorders. Difficulty with tolerating the various types of tape may be 
problematic for some patients. 
 

Recommendation: Taping and Kinesiotaping for Trigger Points/Myofascial Pain 
There is no recommendation for or against the use of taping and kinesiotaping for the 
treatment of trigger points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is one high-quality trial of kinesiotaping for treatment of shoulder pain, of short-term 
duration that failed to show improvements in pain (Thelen 08); there are no other quality trials. 
Kinesiotaping and taping have not been shown to have sustained efficacy. As use and 
movement are thought to be helpful for treating trigger points/ myofascial pain, the rationale for 
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taping the shoulder and back for myofascial pain/trigger points seems limited. These 
interventions are not invasive. Taping and kinesiotaping have potential adverse effects among 
those who do not tolerate it or the adhesives, but they are generally minor. When the fees for 
both the tape and its application are considered, taping is costly, especially since there are 
alternative interventions that have been shown to be effective. As there is no quality evidence of 
durable effects, there is no recommendation for or against their use. 
 

Evidence for the Use of Taping and Kinesiotaping 
There are no quality studies evaluating the use of kinesiotaping and taping for trigger 
points/myofascial pain. 

MAGNETS AND MAGNETIC STIMULATION 
High intensity magnetic stimulation purportedly causes depolarization of nerves and has been 
found to result in an antinociceptive effect in rats. (Lin 02) Electromagnetic fields have been 
known to increase osteoblastic activity. Therefore, proponents believe that magnetic fields have 
therapeutic value in the treatment of MSDs. 
 

Recommendation: Magnets and Magnetic Stimulation for Trigger Points/Myofascial Pain 
Magnets and magnetic stimulation are not recommended for the treatment of trigger 
points/myofascial pain. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There is no significant evidence base from which to draw conclusions on the utility of magnets 
as a treatment of these patients. Magnets have proven unsuccessful in quality studies of other 
MSDs including back pain and plantar fasciitis (see Low Back Complaints and Ankle and Foot 
Complaints). Other treatments have demonstrated efficacy. Magnets are not invasive, have no 
adverse effects, and are low cost. 
 

Evidence for the Use of Magnets and Magnetic Stimulation 
There are no quality studies evaluating the use of magnets and magnetic stimulation to treat 
trigger points/myofascial pain. 

ACUPUNCTURE 
Acupuncture has been used for treatment of chronic pain patients including trigger 
points/myofascial pain. (Edwards 03) 
 

Recommendation: Acupuncture for Chronic Trigger Points/Myofascial Pain 
Acupuncture is recommended for select use in chronic moderate to severe chronic 
trigger points/myofascial pain as an adjunct to more efficacious treatments. 
 

Indications – Moderate to severe chronic trigger points/myofascial pain. Prior treatments should 
include NSAIDs, exercise, and a trial of dry needling or injection(s) with bupivacaine.  
 

Frequency/Duration – A limited course as an adjunct to a conditioning program that has both 
graded aerobic exercise and strengthening and stretching exercises for treatment of trigger 
points/myofascial pain during which time there are clear objective and functional goals that are 
to be achieved. 
 

Indications for Discontinuation – Resolution, intolerance, non-compliance including non-
compliance with aerobic and strengthening and stretching exercises. 
 

 Strength of Evidence − Recommended, Evidence (C) 
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Rationale for Recommendation 
There are few quality studies evaluating acupuncture for the treatment of tender and trigger 
points; they tend to have significant design flaws which limit the strength of conclusions. Efficacy 
of acupuncture for this indication is suggested by the highest quality available study that has a 
non-acupuncture comparison group, (Edwards 03) yet that study has significant flaws. Considering 
acupuncture’s efficacy in treating chronic LBP, efficacy for this indication would not be 
surprising. For LBP, there is no quality evidence suggesting that one type of acupuncture is 
superior to another (e.g., Chinese vs. Japanese). High-quality studies with sizable populations 
and long follow-up periods are needed. Acupuncture is minimally invasive, has low adverse 
effects, and is moderately costly. Acupuncture is recommended to assist in increasing functional 
activity levels more rapidly and the primary attention should remain on the conditioning program. 
In patients not involved in a conditioning program, or who are non-compliant with graded 
increases in activity levels, this intervention is not recommended. 
 

Evidence for the Use of Acupuncture 
There are 6 moderate-quality RCTs incorporated into this analysis. 

Hot and Cold Therapies 
It has been proposed that cold and heat have actual therapeutic benefits to modify the disease 
processes (e.g., cold to allegedly reduce acute inflammation and swelling and heat to speed 
healing through increased blood supply). (Grana 93; Michlovitz 96) However, others propose that 
these various modalities are all distractants that do not materially alter the clinical course. Still 
others postulate that the distractants allow increased activity levels, thus even though there may 
be no direct action of these modalities and the disease processes, this theory supports using 
these modalities through indirect mechanism(s) of action. Many patients with chronic pain report 
a temporary soothing effect from the application of heat or the use of ice packs in the home 
setting. 

CRYOTHERAPIES 
Cold or cryotherapies involve applications of cold or cooling devices to the skin and have 
sometimes been used for treatment of trigger points/myofascial pain. 
 

Recommendation: Home Use of Cryotherapies for Trigger Points/Myofascial Pain 
There is no recommendation for or against the home use of cryotherapies for trigger 
points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I)  
 
 

Rationale for Recommendation 
There are no quality trials. Self applications of cryotherapies using towels or reusable devices 
are not invasive, without complications and do not have any appreciable costs. As there is no 
evidence as well as there are concerns cryotherapy may be unhelpful for these patients, there is 
no recommendation. 
 

Evidence for the Use of Cryotherapies 
There are no quality studies evaluating the use of cryotherapies for trigger points/myofascial 
pain. 
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HEAT THERAPIES 
There are many forms of heat therapy for treatment of musculoskeletal pain including hot packs, 
moist hot packs, sauna, warm baths, infrared, diathermy and ultrasound. Many of these have 
been utilized for treatment of patients with myofascial pain/trigger points. 
 

Recommendation: Self-application of Heat Therapy for Trigger Points/Myofascial Pain 
Self-application of low-tech heat therapy is recommended for treatment of trigger 
points/myofascial pain. 

 

Indications – Applications may be periodic or continuous. Applications should be home-based 
as there is no evidence for efficacy of provider-based heat treatments. Primary emphasis should 
generally be on functional restoration program elements, rather than on passive treatments in 
patients with chronic pain. 
 

Frequency/Duration – Periodic self-applications. Education regarding home heat application 
should be part of the treatment plan if heat has been effective for reducing pain. 
 

Indications for Discontinuation – Intolerance, increased pain, development of a burn, other 
adverse event. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials for treatment of trigger points/myofascial pain patients. There is a pilot 
study suggesting that those with trigger points may respond differently to heat applied prior to 
exercise. (Nadler 01) Non-proprietary, self applications of heat therapies are not invasive, have low 
adverse effects provided excessive heat is not used, and may have no associated costs and are 
recommended.  
 

Evidence for the Use of Heat Therapies 
There are no quality studies evaluating heat therapies for trigger points/myofascial pain. 

DIATHERMY 
Diathermy is a heat treatment that has been used clinically to heat tissue. There are two forms 
of diathermy – short wave and microwave. (High-dose diathermy is also used to coagulate 
tissue.) Proponents believe diathermy penetrates deeper than hot packs or heating pads and 
stimulates healing. 
 

Recommendation: Diathermy for Trigger Points/Myofascial Pain 
Diathermy is not recommended for treatment of trigger points/myofascial pain. 
 

 Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Diathermy has not been shown to be more effective than placebo diathermy for treatment of 
multiple conditions, (Sweetman 93; Koes BMJ 92, Koes Spine 92, Koes JManip 92, Koes 93) although trigger 
points/myofascial pain have not been studied. Diathermy is not invasive, has low adverse 
effects, but is moderately costly and lacks evidence of efficacy, thus it is not recommended for 
treatment of trigger points/myofascial pain. 
 

Evidence for the Use of Diathermy 
There are no quality studies evaluating the use of diathermy for trigger points/myofascial pain. 
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INFRARED THERAPY 
Infrared therapy is a heat treatment created by various devices producing electromagnetic 
radiation in the infrared spectrum. 
 

Recommendation: Infrared Therapy for Trigger Points/Myofascial Pain 
Provider-based infrared therapy is not recommended for trigger points/myofascial pain. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials on infrared therapy for trigger points/myofascial pain. Infrared is not 
invasive, has low potential for adverse effects, but is moderate cost and thus is not 
recommended. 
 

Evidence for the Use of Infrared Therapy 
There are no quality studies evaluating the use of infrared therapy for trigger points/myofascial 
pain. 

ULTRASOUND 
Therapeutic ultrasound has been used for treatment of myofascial pain/trigger points. (Gam 98) 
 

Recommendation: Ultrasound for the Treatment of Trigger Points/Myofascial Pain 
Ultrasound is not recommended for treatment of trigger points/myofascial pain. 
 

Strength of Evidence − Not Recommended, Evidence (C) 
 
 

Rationale for Recommendation 
There is one quality trial that evaluated ultrasound for treatment of trigger points/myofascial pain 
which found ultrasound to be ineffective. (Gam 98) The other trial compared two different active 
ultrasound techniques for acute pain of less than 2 weeks duration, raising questions about 
applicability to the typical trigger point/myofascial pain patient. (Majlesi 04) Ultrasound is not 
invasive, has few adverse effects, but is moderately costly and appears ineffective and is thus 
not recommended. 
 

Evidence for the Use of Ultrasound 
There are 2 moderate quality RCTs incorporated into this analysis. (Gam 98; Majilesi 04) 

LOW-LEVEL LASER THERAPY 
Low-level laser treatment usually involves laser energy that does not induce significant heating. 
It is theorized that the mechanism of action is through photoactivation of the oxidative chain. 
(Fitz-Ritson 01) 
 

Recommendation: Low-level Laser Therapy for Trigger Points/Myofascial Pain 
There is no recommendation for or against the use of low-level laser therapy for the 
treatment of trigger points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are quality trials for treatment of trigger points/myofascial pain, however different lasers 
and treatment regimens have been used and no long-term results have been reported. Quality 
evidence is conflicting, (Gur 04; Dundar 07; Altan 05) with the highest quality studies finding no benefit. 
(Dundar 07; Altan 05) The quality study that showed benefit found minimal difference between the 
treatment groups. (Gur 04) Low-level laser therapy is not invasive, is unlikely to have significant 
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adverse effects, but is moderate to high cost. Longer term evaluation, utilization of objective 
measures, and standardization of the treatment regimens is required in addition to consistent, 
quality evidence of efficacy. Thus, there is no recommendation for or against low-level laser 
therapy for treating trigger points/ myofascial pain patients. 
 

Evidence for the Use of Low-level Laser Therapy 
There are 3 moderate quality RCTs incorporated into this analysis. 

Manipulation and Mobilization 
Manipulation and mobilization are two types of manual therapy that have been used widely to 
treat musculoskeletal disorders, although mostly spine disorders. (Hurwitz 02; Cleland 07; Sloop 82; Wood 01; 

van Schalkwyk 00; Bronfort 01; Giles 03; Skargren 97; Koes Spine 92, Koes BMJ 92,93) or in patients with shoulder pain not 
of trigger points/myofascial pain origin. (Mintken 0; Strunce 09; Bergman 04) 
 

Recommendation: Manipulation and Mobilization for Trigger Points/Myofascial Pain 
There is no recommendation for or against the use of manipulation and mobilization for 
trigger points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 

 
 

Rationale for Recommendation 
There are no quality studies. Manipulation and mobilization are not invasive, have some 
adverse effects and are moderately costly depending on numbers of treatments. In the absence 
of evidence of efficacy for patients specifically with trigger points/myofascial pain, there is no 
recommendation. 

MASSAGE 
Massage is a commonly used treatment for chronic muscular pain administered by providers as 
well as others. It is sometimes referred to as soft tissue mobilization. A complicating factor in 
this review is the varying methods of massage that are employed, including in more recent trials 
described below. 
 

1. Recommendation: Massage for Trigger Points/Myofascial Pain 
Massage is recommended for select use in patients with trigger points/myofascial 
pain as an adjunct to active treatments consisting primarily of a graded aerobic and 
strengthening exercise program. 

 

Indications – Moderate to severe chronic pain associated with trigger points/myofascial pain 
without underlying serious pathology is as an adjunct to a conditioning program that has both 
graded aerobic exercise, strengthening, and stretching exercises. The intervention is 
recommended to assist in increasing functional activity levels more rapidly and the primary 
attention should remain on the conditioning program. In those not involved in a conditioning 
program, or who are non-compliant with graded increases in activity levels, this intervention 
is not recommended. 

 

Frequency/Duration – Three to 5 visits; if ongoing objective improvement, up to 8 to 10 
additional treatments appropriate. In unusual circumstances involving more severe cases 
with ongoing transitions to an active treatment program and with evidence of improvement, 
an additional 3 to 5 treatments may be indicated. 

 

Indications for Discontinuation –Resolution, intolerance, lack of benefit, non-compliance with 
aerobic and strengthening exercises. 
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Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: Mechanical Massage Device for Trigger Points/Myofascial Pain 
The use of mechanical massage devices applied by rehabilitation service providers or 
massage therapists to administer massage is not recommended for trigger 
points/myofascial pain. (Melzack 83; Ferrell 97; Werners 99) 

 

 Strength of Evidence − Not Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
Massage is a commonly used treatment for musculoskeletal pain, (Cen 03) but few studies 
evaluated disorders other than LBP (Preyde 00; Kalauokalani 01; Melzack 83) and there are few quality 
studies for treatment of trigger points/ myofascial pain. One study of myofascial trigger points 
was negative. (Gam 98) Another of neck pain was negative. (Irnich 01) However, a third of diffuse 
musculoskeletal pain showed massage was superior to relaxation therapy. (Hasson 04) Thus, the 
literature suggests massage is a weakly effective treatment that is not as effective as active 
exercise or acupuncture. Massage is not invasive, has low risk of adverse effects aside from 
short-term pain, (Cherkin 01) and is moderately costly. It is recommended for treatment of chronic 
pain as an adjunct to a conditioning program. Mechanical devices are not recommended. The 
better quality studies utilized massage therapists to administer the massage treatments, 
suggesting that the experience of the professional and quality of the massage may be important 
factors. 
 

Evidence for the Use of Massage 
There are 12 moderate-quality RCTs incorporated into this analysis. 
 
We searched Massge for rotator cuff tears, massive rotator cuff tears, tendon rotator cuff tears, rotator 
cuff partial- and full-thickness tears, rotator cuff tendinopathy, rotator cuff tendinosis, rotator cuff 
tendinitis, impingement syndrome, bursitis, supraspinatus tendinitis, and bicipital tears. We included 1 
RCT. 

MYOFASCIAL RELEASE 
Myofascial release is a soft-tissue treatment technique that is most commonly used to treat 
myofascial pain. There are no quality studies identified regarding myofascial release. It is 
sometimes performed in conjunction with massage. Other providers may use this therapy in 
conjunction with or instead of trigger point injections or needling. 
 

Recommendation: Myofascial Release for Trigger Points/Myofascial Pain 
There is no recommendation for myofascial release for trigger points/myofascial pain. It 
may be used as an option in place of trigger point injections (not to exceed 4 to 6 
treatments). 
 

 Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
Myofascial release has not been shown to be effective. It is not invasive, but the treatment is 
passive and moderately costly. There are active interventions shown to be efficacious. 
 

Evidence for the Use of Myofascial Release 
There are no quality studies evaluating the use of myofascial release for trigger 
points/myofascial pain. 
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Electrical Therapies 
There are multiple forms of electrical therapies used to treat musculoskeletal pain. These 
include transcutaneous electrical stimulation (TENS), percutaneous electrical nerve stimulation 
(PENS), H-Wave® stimulation, sympathetic electrotherapy, microcurrent, and interferential. The 
mechanism(s) of action, if any, are unclear. 

HIGH VOLTAGE GALVANIC, H-WAVE STIMULATION, INTERFERENTIAL THERAPY, MICROCURRENT, IONTOPHORESIS 
High voltage galvanic, H-wave stimulation, interferential therapy, microcurrent, and 
iontophoresis are electrical therapies. They are commonly believed to be efficacious through 
distraction or through promoting healing. Iontophoresis additionally attempts to transdermally 
deliver medications, typically glucocorticosteroids NSAIDs, lidocaine, etc., through the dermis to 
the target tissue. 
 
 

Recommendation: High Voltage Galvanic Therapy, H-Wave Stimulation, Interferential Therapy, 
Microcurrent, or Iontophoresis for Trigger Points/Myofascial Pain 
There is no recommendation for or against high voltage galvanic, H-wave stimulation, 
interferential therapy, microcurrent, or iontophoresis for the treatment of trigger 
points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials for these electrical therapies. Electrical therapies are not invasive, 
have low adverse effects and are moderately costly. As there is no quality evidence, there is no 
recommendation for or against these treatments. 
 

Evidence for the Use of High Voltage Galvanic, H-Wave Stimulation, Interferential Therapy, 
Microcurrent, or Iontophoresis 
There are no quality studies evaluating the use of high voltage galvanic, H-wave stimulation, 
interferential therapy, microcurrent, or iontophoresis for trigger points/myofascial pain.  

PERCUTANEOUS ELECTRICAL NERVE STIMULATION (PENS) 
Percutaneous electrical nerve stimulation involves inserting needles to a depth of 1 to 4 
centimeters around a nerve serving a painful area. The techniques described in available 
studies differ. 
 

Recommendation: PENS for Trigger Points/Myofascial Pain 
PENS is not recommended for treating trigger points/myofascial pain. 
 

Strength of Evidence − Not Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
PENS has been evaluated in small scale, short-term studies of LBP, but no quality studies have 
been reported for treatment of trigger points/myofascial pain. PENS is minimally invasive and no 
significant adverse effects have been reported (although most articles failed to include a section 
on complications). However, it is high cost and with absence of evidence of efficacy, it is not 
recommended. 
 

Evidence for the Use of PENS 
There are no quality studies evaluating the use of PENS for trigger points/myofascial pain. 
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TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) 
Transcutaneous electrical nerve stimulation (TENS) is a modality to control pain through 
electrical stimulation delivered by pads placed on the surface of the skin for the treatment of 
many painful conditions, including both non-inflammatory and inflammatory disorders. (Gemignani 

91; van Tulder 06; Long 91; Khadilkar 06; Shealy 03; Richardson 81; Rushton 02) Either a low-intensity prolonged (30 plus 
minutes) stimulation through an active electrode over the painful area or a higher intensity over 
the painful area for a brief (15 to 30 minutes) amount of time (commonly referred to as 
hyperstimulation analgesia) are the two most common treatment protocols. (Robinson 96) There are 
reports that both low- and high-frequency TENS stimulate the endogenous opioid system, but 
the type of response is dependent on frequency of stimulation. Through these mechanisms, it is 
theorized that there may be a mechanism for increased physical activity in TENS users. 
(Richardson 80) Low intensity, high-frequency stimulation is generally 80 to 200Hz, whereas brief 
higher intensity low frequency is generally 4 to 8Hz. Some studies do not report the frequency of 
the stimulation. 
 

Recommendation: TENS for Trigger Points/Myofascial Pain 
There is no recommendation for or against use of TENS for treatment of trigger 
points/myofascial pain. 
 

Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality studies for trigger points/myofascial pain. (Hsueh 97; Chee 86) Most of the 
quality evidence is available on treating spine pain. (Oosterhof 06; Oosterhof 08; Koke 04; Chiu 05; Vitiello 07; 

Bloodworth 04; Deyo 90; Jarzem 05) TENS is not invasive, has no significant adverse effects, and is 
moderately costly, but there is no evidence of efficacy for trigger points/myofascial pain. Other 
treatments have documented efficacy. There is no recommendation for or against the use of 
TENS. 
 

Evidence for the Use of TENS 
There are no quality studies evaluating the use of TENS for trigger points/myofascial pain. 

Injection Therapies 

ANESTHETIC AND/OR CORTICOSTEROID INJECTIONS 
These injections are targeted directly into those muscle knots or clinically tender spots and 
typically consist of an anesthetic with or without glucocorticoid. (Han 97; Eff Hlthcr 00) The goal is to 
resolve the muscle knot. 
 

1. Recommendation: Trigger Point Injections Using Local Anesthetic 
Trigger point injections consisting solely of a topical anesthetic such as bupivacaine 
are recommended as a second or tertiary option for subacute or chronic trigger points 
that are not resolving. (Adjunctive use of a glucocorticosteroid is not recommended. (Porta 

00)) 
 

Indications – Persistent moderate to severe trigger points not resolving with more 
conservative means (e.g., NSAID, progressive aerobic exercises, and other exercises). 

 

Frequency/Duration – Up to 4 injections a session with a follow-up appointment to assess 
subjective and objective measures of efficacy. Injections should not be repeated more than 
every 3 to 4 weeks. (Ojala 06) If results are not satisfactory after the first injection, a second 
may be attempted. If there are not subjective and objective improvements at that point, 
further injections are not recommended. (Ojala 06) In general, up to 3 injections are 



Copyright ©2020 Reed Group, Ltd.  Page | 179 
 

recommended to allow sufficient time to (re)establish a program of active therapy or identify 
modalities for successful self-application. Repeated injections should be linked to subjective 
and objective functional improvements. The use of therapeutic injections without participation 
in an active exercise or rehabilitation program is not recommended. (Kamanli 05, Wheeler 01) 

 

Indications for Discontinuation – Resolution, intolerance, completion of 2 set(s) of injections 
without materially affecting the condition. 

 

Strength of Evidence − Recommended, Evidence (C) 
 
 

2. Recommendation: Trigger Point Injections Using Glucocorticosteroids 
Glucocorticosteroids are not recommended for use in trigger point injections. (Porta 00) 

 

Strength of Evidence − Not Recommended, Evidence (C) 
 
 

Rationale for Recommendations 
The literature on this subject is heterogeneous. Study designs, health outcomes assessed, 
interventions performed all differ widely across these studies. (Byrn 93; Sonne 85) The highest quality 
study that addressed a typical patient with periscapular or cervical tender points or trigger points 
found no difference between bupivacaine and botulinum other than much lower cost for 
bupivacaine. (Graboski 05) The next highest quality study of typical patients suggests anesthetic 
injections were superior to saline. (Hameroff 81) There are no long-term studies or follow-up to 
suggest enduring benefits of these injections. There is no evidence that a steroid is required for 
efficacy of these injections, particularly those that are tender point injections. (Porta 00) 
Considering glucocorticosteroids also have adverse effects, use of glucocorticosteroids in these 
injections is not recommended. A study evaluated injection with 1% lidocaine versus 
lidocaine/water mixture and suggested that the lidocaine/water mixture had less injection site 
pain and better pain outcomes at 14 days after injection, (Iwama 00) however, another report by 
the same author found no differences among 4 injection mixtures. (Iwama 01) These injections are 
invasive, have rare adverse effects, (Garvey 89) and are moderately costly depending on number. 
An injectable anesthetic, typically either lidocaine or bupivacaine are recommended. (Iwama 00, 

Kamanli 05) There are no studies evaluating them on a longer term basis, though there are studies 
suggesting benefits lasting up to 14 days. (Collee 91) Acupuncture is an alternative to these 
injections. 
 

Evidence for the Use of Anesthetic and/or Corticosteroid Injections 
There is 1 high- and 7 moderate-quality RCTs or crossover trials incorporated into this analysis. 

BOTULINUM INJECTIONS 
Botulinum injections have antinociceptive properties and have been used to produce muscle 
paresis. (Gobel 06; Qerama 06; Richards 07; Ferrante 05) Adherents believe that this pharmacologically 
induced resting of the muscle is useful as a treatment for a number of MSDs. However, these 
injections have primarily been used for numerous non-occupational conditions such as cervical 
dystonia (Lew 97,00; Benecke 05; Brans 96, 98; Brashear 98; Brin 99; Tassorelli 06; Poewe 98; Pappert 08; Ostergaard 94; 

Odergren 98; Laubis-Herrmann 02; Ranoux 08; Naumann 02; Lu 95; Comella 05; Truong 05), torticollis (Tsui 86; Blackie 90; 

Lorentz 91; Moore 91; Koller 90; Greene 90; Gelb 89), strabismus, migraine prophylaxis (Evers 04), 
blepharospasm, (Charles 04) neuropathic pain after neck dissection, (Wittekindt 06) and severe 
primary axillary hyperhidrosis (see Chronic Pain Guidelines). (Charles 04; Naumann 01) They have 
also been used to treat upper back and myofascial pain, (Gobel 06, Porta 04; DeAndres 03) Botulinum 
injections have been used to treat trigger points and myofascial pain. These injections are 
thought to directly treat a taut muscle band and to have analgesic properties. (Qerama 06; Richards 

07; Ferrante 05) 
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Recommendation: Botulinum Injections for Trigger Points/Myofascial Pain 
Botulinum injections are moderately not recommended for treating trigger 
points/myofascial pain. 
 

Strength of Evidence − Moderately Not Recommended, Evidence (B) 
 
 

Rationale for Recommendation 
Botulinum toxin A to treat trigger points/myofascial pain has been evaluated in multiple quality 
studies with nearly all studies finding a lack of benefit when compared with saline. Within this 
body of evidence, there are five high-quality studies with the four largest studies all finding a 
lack of clear benefit. (Göbel 06; Ferrante 05; Lew 08; Ojala 06) One study suggested some modest results 
compared with saline injection (Göbel 06) but this study utilized a more severely affected patient 
population, suggested low magnitude of benefit, and the benefit was eliminated by the end of 
the trial. Moderate-quality studies also failed to find benefits from botulinum injection. (Ojala 06; 

Qerama 06) There is one positive study in favor of botulinum, (Porta 00) but the control group utilized a 
depot preparation of methylprednisolone and thus, that study cannot directly address the utility 
of botulinum injections. Botulinum does not appear superior to bupivacaine (Graboski 05) and the 
latter has a much lower adverse effect profile. Those studies that evaluated botulinum injections 
for the management of neck pain or tension headaches did not demonstrate benefits greater 
than placebo. (Wheeler 98, 01; Silberstein 06) Botulinum injections are invasive, have adverse effects that 
include fatalities (Li 05) and are costly. There are no quality studies available with long-term 
follow-up. (Argoff 03, Difazio 02) These injections induce weakness, yet many of the most successful 
interventions identified in other sections of this guideline build strength and/or endurance. There 
are other types of successful treatments identified elsewhere that are recommended. With 
quality evidence lacking of meaningful benefits, botulinum injections are moderately not 
recommended for treatment of trigger points/myofascial pain. 
 
Evidence for Botulinum Injections 
There are 5 high- (one with two reports) and 6 moderate-quality RCTs or crossover trials 
incorporated into this analysis. 

Psychological Services 
Psychological and behavioral factors are key components of chronic nonmalignant pain 
conditions. Evaluation of patients with chronic trigger points/myofascial pain or pain that is not 
resolving as expected for psychological factors is frequently utilized (see Chronic Pain 
Guidelines for indications for cognitive behavioral therapy). 
 
Recommendation: Psychological Evaluation for Chronic Trigger Points/Myofascial Pain 
A psychological evaluation is recommended as part of the evaluation and management 
of patients with chronic trigger points/myofascial pain to assess whether psychological 
factors will need to be considered and treated as part of the overall treatment plan. 
 

Strength of Evidence − Recommended, Insufficient Evidence (I) 
 
 

Rational for Recommendation 
There are no quality trials. Psychological assessments are routinely accomplished to evaluate 
for the existence and impacts of psychological factors. Evaluations are generally low cost and, 
when done appropriately, present little risk of harm. In patients with chronic pain, psychological 
evaluation is recommended to evaluate these issues and potentially assist in developing a 
better treatment plan. 
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Evidence for Psychological Evaluations 
There are no quality studies of psychological evaluation for trigger points/myofascial pain. 

Biofeedback 
Biofeedback has been used for myofascial pain/trigger points. 
 

Recommendation: Biofeedback for Trigger Points/Myofascial Pain 
There is no recommendation for or against the use of biofeedback for treatment trigger 
points/myofascial pain. 
 

 Strength of Evidence − No Recommendation, Insufficient Evidence (I) 
 
 

Rationale for Recommendation 
There are no quality trials addressing biofeedback for myofascial pain/trigger point patients. 
There are few quality trials of low back pain and other disorders and the available moderate 
quality trials of LBP conflict. (Altmaier 92; Bush 85; Donaldson 94; Asfour 90) Biofeedback is not invasive, 
has no complications, is moderately expensive, but with a lack of demonstrated efficacy, there is 
no recommendation. 

Work Conditioning, Work Hardening, and Early Intervention Programs 
Few patients with myofascial pain syndrome/trigger points require these programs (see Chronic 
Pain Guidelines). 

Interdisciplinary Pain Rehabilitation Programs 
These programs are generally not required for trigger point/myofascial pain patients (see 
Chronic Pain Guidelines). 
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Appendix 1. Thoracic Outlet Compression Syndrome (TOS) 
Thoracic outlet syndrome (TOS) is one of the most controversial entrapment syndromes (Sheth 01; 

Peet 56; Huang 04; Wilbourn 90, 99; Roos 90; Fechter 93; Franklin 00, 13) with some experts questioning its 
existence. (Campbell 91; Sheth 01; Huang 04) There are no quality epidemiological studies linking this 
disorder to work. The most commonly reported cause is congenital. As there are no quality trials 
for treatment, it is included in this Appendix for informational purposes as there are patients 
affected with this condition who require evaluation and consideration of treatment. 
 

Generally, when an anatomic cause of neurovascular compression includes unequivocal 
objective evidence of sequelae of compression, the syndrome is not controversial. (Wilbourn 90; 

Watson 09) The vast majority of cases include vague symptoms without a clearly identifiable 
source of compression (e.g., cervical rib); thus, those cases are often controversial. (Sheth 01; 

Wilbourn 90) Additional evidence from cadaver studies suggests only approximately 10% of people 
have bilaterally normal anatomy with most individuals having anomalous bands in the thoracic 
outlet, raising concerns about the implications of congenital bands identified in the context of a 
diagnosis of TOS. (Juvonen 95; Roos 90) While there are different classification schemes, (Campbell 91) 
there are 3 syndromes that are generally recognized (Sheth 01; Huang 04; Watson 09): 

1.  Compression of the brachial plexus (neurogenic TOS) 
2. Compression of the subclavian vein or artery (vascular TOS) 
3. Non-specific or Disputed TOS (aka symptomatic TOS) 
 

Vascular TOS is thought to be relatively rare, affecting approximately 5% of cases, (Fechter 93; 

Campbell 91; Roos 71, 87; Rob 58; Sanders 90; Huges 48) involving thrombosis rarely. (Schubart 86; Perler 86) The 
majority of TOS cases are believed to have neurological symptoms and are disputed. (Wilbourn 90; 

Roos 87) Only 1 to 3% of cases are believed to have true neurogenic TOS in a C8/T1 distribution. 
(Wilbourn 90; Gilliatt 84; Wilbourn 88) Adding to the confusion is the diversity of symptoms that 
purportedly may include facial pain, visual disturbances, tachycardia, dyspnea, dysphagias, 
vertigo, tinnitus, and sleep disturbances. (Atasoy 96; Fechter 93; Kaymak 04; Ozcakar 05) Many of these 
symptoms are also characteristic of anxiety disorders. 
 

Thoracic outlet syndrome is believed to involve compression of the neurological or vascular 
structures connecting the arm to the torso due to any cause. (Peet 56) Syndrome labels that have 
been used and causes include cervical rib syndrome, costoclavicular syndrome, first thoracic rib 
syndrome, scalenus anticus syndrome, hyperabduction syndrome, cervicobrachial 
neurovascular compression syndrome, shoulder-arm syndrome, hyperextension-hyperflexion 
cervical injury, brachial plexus adhesions, clavicular fracture malunion, effort vein thrombosis 
syndrome, macromastia, pneumatic hammer syndrome, brachial plexus syndrome, Adson’s 
syndrome, Paget-Schroetter syndrome, shoulder-girdle syndrome, fractured clavicle syndrome, 
cervical brachial compression syndrome, pectoralis minor syndrome, humeral head syndrome, 
and Rucksack paralysis. (Sheth 01; Singh 09; Iwuagwu 05; Alexandre 05; Crotti 05; Yoo 09) The most common 
cause is believed to be congenital. (Fechter 93) 
 

There are 3 broad anatomic locations for compression: 1) scalene triangle; 2) costoclavicular 
triangle; and 3) the subcoracoid space. (Watson 09) The scalene triangle is mostly muscular along 
with the first thoracic rib and transmits the nerve trunks between the scalenus muscles as well 
as the subclavian vein and artery near the first rib. The costoclavicular triangle is formed by the 
first rib, clavicle, subclavius muscle, upper border of the scapula, and subscapularis muscle. 
The subcoracoid space is beneath the coracoid process and is closely related to the 
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clavipectoral fascia and costocoracoid ligament. Patients are often thought to have multiple 
abnormalities, (Pang 88) which adds to confusion and controversies. 
 

It has been speculated there may be occupational physical factors associated with TOS, (Parziale 

00) but there are no confirming quality epidemiological studies. Also, there is no consistent 
pattern of work tasks that has been postulated as risk factors as both heavy work and sedentary 
work have been proposed. (Parziale 00) Similarly, overhead work is another purported factor for 
which quality evidence is lacking. There are no quality studies evaluation treatments for TOS. 
(Vanti 07; Povlsen 10) Non-operative treatment has been implemented for initial patient management. 
Surgery has been utilized for those who fail non-operative treatment. (Sheth 01) 

Diagnostic Criteria 
There are no consensus diagnostic criteria for TOS. Symptoms in vascular TOS cases include 
reduced pulses, ischemia, venous engorgement, and edema that may vary depending on the 
degree of arterial and/or venous narrowing. (Huang 04; Wilbourn 99; Sheth 01) Symptoms in many cases of 
neurogenic TOS include shoulder and neck pain, pain radiating into the upper extremity, muscle 
weakness in the upper extremity, and loss of sensation in the distribution of the affected 
neurological structure(s). Poorly defined symptoms largely lacking specificity contribute to the 
controversial nature of, and difficulty diagnosing, disputed TOS. (Wilbourn 90; Mackinnon 96) The 
differential diagnosis of neurogenic TOS as well as disputed TOS is thought to prominently 
include cervical radiculopathy, cervical spondylosis, carpal tunnel syndrome, pronator 
syndrome, radial nerve entrapments, ulnar neuropathies, fibromyalgia, multiple sclerosis, 
vasculitis, and Horner’s syndrome. (Campbell 91; Mackinnon 96; Muscolino 08; Huang 04; Watson 09) 
 

The false positive rates of normal patients vs. CTS in a comparative study for common physical 
examination maneuvers used for TOS raise considerable concern about diagnostic accuracy of 
common physical examination maneuvers. (Nord 08) The false-positive rate for the Adson A test in 
normals was 9% vs. 42% in CTS patients. For Adson B, the false positive rate was 20% vs. 
45%. For the costoclavicular maneuver, the rates were 48% vs. 16%, for the Roos elevated arm 
test the values were 77% vs. 30% and the supraclavicular pressure test 94% vs. 56%. Similar 
results have been elsewhere reported. (Seror 05) Similar findings have been reported in healthy 
subjects, although requiring at least 3 of 4 positive maneuvers (Adson’s (paresthesias or loss 
radial pulse with deep inspiration and head rotated, hands in lap), costoclavicular maneuver 
(shoulders in an exaggerated military narrowing space between the clavicle and first rib), 
elevated arm stress test (Roos), supraclavicular pressure (pressure in supraclavicular fossa 
causing pain and paresthesias in upper extremity) (Nord 08) with provocation of arm symptoms 
has been reported to decrease the false positive rate. (Plewa 98) Clinical tests are also reportedly 
poor predictors for surgical outcomes. (Sadeghi-Azandaryani 09) 

Special Studies and Diagnostic And Treatment Considerations 
There are no quality studies of diagnostic tests for any of the types of TOS; an evidence-based 
work-up protocol is not available. Specific tests are recommended to focus on the type of TOS 
thought to be present. For all types of TOS, x-ray is recommended. X-rays may be needed of 
shoulders, neck, and chest. (Vanti 07) Other studies may be helpful, including MRI with contrast 
and CT. (Vanti 07) MRI with provocative maneuvers has been reported to improve the value of the 
MRI. (Demirbag 07) Electrodiagnostic studies are also recommended, particularly to attempt to 
seek objective evidence of neurological impingement. 
 

1. Recommendation: X-ray to Diagnose TOS 
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X-ray is recommended to diagnose TOS. 
 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

2. Recommendation: MRI or CT to Diagnose TOS 
MRI or CT is recommended to diagnose TOS. 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

3. Recommendation: Electrodiagnostic Studies to Diagnose TOS 
Electrodiagnostic studies are recommended to diagnose TOS, and are required prior 
to surgery. (Washington State 10) 

 

Strength of Evidence – Recommended, Insufficient Evidence (I) 
 
 

Rationale for Recommendations 
Although there are no quality studies, (Tolson 04; Vanti 07; Tsao 14) electrodiagnostic studies are 
recommended. Prior to considering surgery, they are recommended as the outcomes in 
workers’ compensation patients are reportedly poor. (Franklin 00, 13; Washington State 10) For vascular 
TOS cases, diagnostic test considerations may include duplex scanning, Dopplers, venography, 
venous pressure measurements, (Sanders 90) as well as coagulation studies, chest radiography, 
spiral CT, MRI and ventilation/ perfusion nuclear scanning. Arterial TOS is evaluated with 
diagnostic tests that may include duplex scanning, Dopplers, and arteriograms. (Sanders 08) 
Additional studies may be required to evaluate other potential disorders in the differential such 
as neoplasia. 

Work Activities 
There are no quality studies of work activities for patients with TOS. Patients appear able to 
return to occupational activities. Limitations are sometimes utilized to avoid symptomatic 
aggravation especially for more physically demanding work. Limitations may include no 
overhead use, no lifting more than 15 pounds, no heavy carrying, no repeated forceful use and 
avoidance of other activities that significantly increase symptoms. (Sheth 01) Limitations are 
gradually reduced as recovery progresses. If surgery is performed, there is a similar need for 
workplace limitations that are gradually reduced. 

Initial Care 
Initial care of TOS is based on the exact type of compression. For acute venous TOS with 
potential thrombus, evaluation and confirmation of the thrombus is urgent. Treatment is based 
on confirmation of thrombus; otherwise there usually are no urgent care requirements. For 
arterial TOS cases, evaluation and urgent management may be required depending on the 
severity of the compression and vascular impairment. Disputed TOS cases require evaluation of 
disparate conditions in the differential diagnosis. Initial care may include symptomatic 
management with over-the-counter analgesics, self-applications of heat and ice. 

Follow-Up Visits 
Patients with TOS generally require at least a few, and generally many follow-up appointments 
for purposes of performing diagnostic tests, monitoring symptoms and signs for consistent 
findings, evaluating and advancing treatment, and gradually reducing limitations if the progress 
allows. Patients with slower resolution, those in need of operative care, or those with other 
accompanying disorders will require considerably greater numbers of appointments. 
Frequencies of appointments may also be greater where workplace limitations are required and 
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job demands are higher. Post-operative rehabilitation can be considerable, particularly in 
disputed TOS cases with workers compensation. (Goff 98; Green 91; Franklin 00) In those cases, there 
may be a requirement for therapy on a prolonged basis to recover as much function as possible. 

Medications 
Arterial TOS treatment is thought to generally require surgery to address a structural defect. 
(Watson 09; Jamieson 96; Huang 04; Sultan 01) Medications are generally not indicated as a primary initial 
focus, although some use of thrombolytics and anticoagulation may be required acutely. 
 

Acute venous TOS with documented thrombosis is often treated by anticoagulation (Adams 65; 

Drapanas 66; Swinton 68; Tilney 70; Dalal 72; Prescott 79; Campbell 77; Glovickzki 86; Ameli 87; Brochner 89) and may 
involve fibrinolytics depending on severity of the condition and perceived risks. (de Leon 09; Tilney 70; 

Ameli 87; Becker 83; Taylor 85; Druy 85; Vogel 85; Glovickzki 86; Smith-Behn 86; Huey 87; Landercasper 87; O’Leary 87; Shuttleworth 87; 

Wiles 87) Thrombectomy (Sanders 90; Drapanas 66; DeWeese 70; Gaylis 74) and venoplasty (de Leon 09) are 
options for treatment of moderate to severe clots. 
 

True neurological TOS is thought to be largely associated with anatomic defects. (Watson 09) 
However, authors have required a trial of non-operative care and reserved surgical treatment for 
those with advancing neurological symptoms or signs. (Watson 09; Dale 82; Mingoli 95; Sanders 02; 

Degeorges 04) For disputed TOS, the existence of the condition, evaluation, and treatment are 
controversial. (Wilbourn 90) Non-operative treatments are generally the first interventions 
attempted. (Lindgren 97; Sharp 01) Specific recommendations have included NSAIDs, (Parziele 00; Crosby 

04) muscle relaxants, (Parziele 00; Crosby 04) biofeedback, (Parziale 00; Crosby 04) and anti-depressants. 
(Parziale 00) 
 

In the absence of quality evidence, it is recommended that neurogenic TOS and disputed TOS 
be treated as neuropathic pain and managed according to the recommendations in the Chronic 
Pain Guideline. Briefly, recommended medications include: NSAIDs (Evidence C); 
concomitant use of cytoprotective agents in patients with a high-risk factor profile who also have 
indications for NSAIDs (Evidence C); acetaminophen particularly if NSAIDs are contraindicated 
(Evidence C); tricyclic anti-depressants (Evidence C); duloxetine for limited use in select 
diabetic peripheral neuropathy and peripheral neuropathic pain patients (Evidence B); 
carbamazepine as a potential adjunct as a 4th- or 5th-line treatment for neuropathic pain 
(Evidence C); carbamazepine as a potential adjunct as a fourth- or fifth-line treatment (Evidence 
I); gabapentin and pregabalin (Evidence A); dextromethorphan for select patients (Evidence C); 
muscle relaxants for brief use as a second- or third-line agent in acute exacerbations (Evidence 
I); and opioids for select patients (Evidence I). 

Physical Methods 
Use of orthoses have been reported, (Nakatsuchi 95) but there are no quality trials evaluating their 
use. The general tendency is for the conditions to improve, thus it is unclear whether the 
orthosis improves the condition beyond what would otherwise occur and thus there is no 
recommendation for or against their use [No Recommendation, Insufficient Evidence (I)]. 
Therapy including exercise (Hanif 07; Kenny 93; Crosby 04; Vanti 07; Lindgren 97; Campbell 91; Peet 56; Anthony 93; 

Leffert 91, 94; Parziale 00; Sucher 90; Buonocore 98; Bilancini 92) and education (Leffert 91, 94; Novak 95, 96; Walsh 02; 

Tyson 75; Crosby 04; Liebenson 88) is recommended [Recommended, Insufficient Evidence (I)]. 
Exercise has often been prescribed. (Hanif 07; Kenny 93; Crosby 04; Vanti 07; Lindgren 97) However, the 
diversity of exercise regimens with completely different emphases underscores the lack of 
quality evidence. Some emphasize strengthening of the shoulder girdle (Campbell 91; Peet 56; Vanti 07) 
with most patients reporting improvement in their symptoms. (Peet 56; Kenny 93) Studies 
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recommending therapy programs include postural training; (Crosby 04; Anthony 93; Leffert 91, 94; Parziale 

00) exercises emphasizing stretching; (Sucher 90) massage traction and isometric exercises; 
(Buonocore 98) massage and acupuncture; (Peng 99) and exercises emphasizing postural 
physiotherapy including diaphragmatic breathing. (Bilancini 92) Evidence of efficacy is poor and it 
has been suspected many patients naturally improve over time. (Campbell 91) Thus, there is no 
recommendation for any particular exercise regimen. 
 

There is no quality evidence for other treatments and there is no recommendation for or against 
[No Recommendation, Insufficient Evidence (I)] all of the following: acupuncture, diathermy, 
infrared, ultrasound, laser, manual therapy, mobilization, (Boissonot 99) manipulation, massage, 
high-voltage galvanic, H-wave stimulation, iontophoresis, microcurrent, (Crosby 04) percutaneous 
electrical nerve stimulation (PENS), sympathetic electrotherapy, transcutaneous electrical 
stimulation (TENS), (Crosby 04) taping, magnets, pulsed electromagnetic frequency, and 
interferential. 
 

Home exercise programs have been utilized with 88% satisfaction at 2 years in a large 
longitudinal case series (Lindgren 97) and are recommended [Recommended, Insufficient 
Evidence (I)]. Weight loss has been used as a treatment (Crosby 04; Leffert 91; Novak 95; Parziale 00) 
and is recommended [Recommended, Insufficient Evidence (I)] particularly among obese 
patients. Psychological distress has been reportedly elevated in these patients with a 
suggestion for psychological care, relaxation and endurance training (Gockel 95) which are 
recommended for select patients [Recommended, Insufficient Evidence (I)]. 
 

In the absence of quality evidence, it is recommended neurogenic TOS and disputed TOS be 
treated as neuropathic pain and managed according to the recommendations in the Chronic 
Pain Guideline. Briefly, recommended physical/other methods include altering sleep posture 
to determine if there is reduction in pain/other symptoms (Evidence I); aerobic exercise 
(Evidence A); trial of aquatic therapy for patients who meet referral criteria for supervised 
exercise therapy and have co-morbidities that preclude effective participation in a weight-
bearing physical activity (Evidence I); self-application of low-tech heat therapy (Evidence I); 
transcutaneous electrical nerve stimulation (TENS) as an adjunct for more efficacious 
treatments (Evidence C); psychological evaluation as part of evaluation and management of 
patients with chronic pain in order to assess whether psychological factors will need to be 
considered and treated as part of treatment plan (Evidence I); cognitive-behavioral therapy as 
an adjunct to an interdisciplinary program for the treatment of chronic pain (Evidence C); 
multidisciplinary or interdisciplinary pain rehabilitation program with a focus on behavioral or 
cognitive-behavioral approaches combined with conditioning exercise for patients with chronic 
pain who demonstrate partial/total work incapacity due to pain (Evidence I); and work 
conditioning, work hardening, and early intervention programs (Evidence I). 

Injections 
Injections are thought to have generally limited indications in TOS patients. Primarily, trigger 
point injections and limited use of blocks have been used. (Crosby 04) Trigger point injections are 
recommended for patients with discrete trigger points that are consistent in location 
[Recommended, Insufficient Evidence (I)]. Based on quality evidence in the thoracic spine, it 
is suggested that these consist solely of an injectable anesthetic or dry needling, rather than 
include a glucocorticosteroid. 
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Surgical Considerations 
Patients with vascular TOS, especially arterial, are thought to have surgical indications. 
Additionally, surgery is often considered for patients with venous TOS. Chronic venous 
symptoms are typically treated with non-operative treatments including exercises, avoiding 
exacerbating symptoms and surgical treatments if symptoms are sufficiently severe and non-
operative means are unsuccessful. Surgical treatments for intrinsic venous obstruction include 
endovenectomy, (Campbell 77; Jacobson 77; Aziz 86; Gloviczki 86) patch graft, or venous bypass. (Sanders 90; 

Inahara 68; Rabinowitz 71; Hashmonai 76; Campbell 77; Jacobson 77; Pittam 87; Jain 88) As mentioned above, 
thrombectomy and venoplasty are options for treatment of moderate to severe clots. Surgical 
treatments for extrinsic compression include first rib resection, (Etheredge 79; Siegel 67; Adams 68; 

Gergoudis 80; Urschel 91; Bondarev 92; Atasoy 96; Pupka 04; Mercier 73; Glass 75; Etheredge 79; Druy 85; Vogel 85; Taylor 

85; Gloviczki 86; Brochner 89; Salo 88; Pittam 87; Shuttleworth 87) clavulectomy, (Lord 88; Pairolero 81; Adams 68; 

Rabinowitz 71; Etheredge 79; Gloviczki 86) or costoclavicular ligament and subclavius muscle division. 
(Sanders 90; McLaughlin 39; McCleery 51; Adams 68; Rabinowitz 71; Daskalakis 80; Salo 88) Surgery is recommended 
for treatment of vascular TOS [Recommended, Insufficient Evidence (I)]. 
 

For neurogenic TOS and, particularly disputed TOS, surgical treatment has been considered 
controversial. Prior to considering surgery, treatment should consist of a supervised exercise 
and postural program with documented compliance from at least 8 to 12 weeks (Parziale 00) to 3 to 
6 months and failure to improve then documented. (Kenny 93) Impairment of work or activities of 
daily living should also be present. (Washington State 10) Surgery is recommended for highly select 
cases of neurogenic TOS [Recommended, Insufficient Evidence (I)]. There is no 
recommendation for or against surgery for disputed TOS [No Recommendation, Insufficient 
Evidence (I)]. 
 

Surgery has most often involved resection of either a cervical rib or the first thoracic rib via 
supraclavicular, infraclavicular or transaxillary approaches. (Sheth 01; Murphy 1910; Clagett 62; Roos 66; Molina 

98; Edwards 99; Toso 99; McCarthy 99; Sanders 96; Donaghy 99) Additional operative procedures include neurolysis, 
(Sheth 01) fasciectomy, (Sheth 01) and scalenectomy or scalenotomy. (Cina 94; Mattson 04; Qvarfordt 84; 

Roos 82) The only RCT is of low quality, although it suggests transaxillary rib resection was 
superior to supraclavicular neuroplasty of the brachial plexus. (Sheth 05) 
 

Some studies report excellent or good post-operative results in approximately 80% of patients. 
(Degeorges 04; Green 91; Mattson 04; Sanders 96) However, post-surgical prognoses of disputed TOS in a 
workers’ compensation population is reportedly poor (Goff 98; Green 91) with a population-based 
study reporting 60% remaining disabled from work at 1 year after surgery. (Franklin 00) Similar 
relatively poor surgical results have been reported in a pain clinic treating patients who 
sustained their injuries in motor vehicle crashes with 47% reporting very good pain relief vs. 
20% with non-operative treatment, (Mailis 95) as well as a study that found accidents similarly 
conveyed a worse prognosis. (Green 91) Surgical complications are high; these procedures are 
sources of malpractice exposure. (Parziale 00) A considerable minority of patients undergoing 
surgery redevelop symptoms, estimated at 15 to 30%. (Sanders 90; Atasoy 04) 

Evidence for Thoracic Outlet Syndrome 
There is 1 low-quality RCT comparing operative techniques for thoracic outlet syndrome. 
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Appendix 2: Evidence Tables for Low-Quality Randomized Controlled Trials 
and Non-Randomized Studies 
The following low-quality randomized controlled studies (RCTs) and other studies were 
reviewed by the Evidence-based Practice Shoulder Panel to be all inclusive, but were not relied 
upon for purposes of the development of this document’s guidance on treatments because they 
were not of high quality due to one or more errors (e.g., lack of defined methodology, incomplete 
database searches, selective use of the studies and inadequate or incorrect interpretation of the 
studies’ results, etc.), which may render the conclusions invalid. ACOEM’s Methodology 
requires that only moderate- to high-quality literature be used in making recommendations. 
(Harris 08) 



Copyright ©2020 Reed Group, Ltd.  Page | 189 
 

References 
1. Urwin M, Symmons D, Allison T, et al. Estimating the burden of musculoskeletal disorders in the 
community: the comparative prevalence of symptoms at different anatomical sites, and the relation to social 
deprivation. Ann Rheum Dis. 1998;57(11):649-55. 
2. Chard MD, Hazleman R, Hazleman BL, King RH, Reiss BB. Shoulder disorders in the elderly: a community 
survey. Arthritis Rheum. 1991;34(6):766-9. 
3. Bongers PM. The cost of shoulder pain at work. BMJ. 2001;322(7278):64-5. 
4. Speed CA. Fortnightly review: Corticosteroid injections in tendon lesions. Br Med J. 2001;323(7309):382-6. 
5. Dinnes J, Loveman E, McIntyre L, Waugh N. The effectiveness of diagnostic tests for the assessment of 
shoulder pain due to soft tissue disorders: a systematic review. Health Technol Assess. 2003;7(29):iii, 1-166. 
6. Silverstein B, Viikari-Juntura E, Kalat J. Use of a prevention index to identify industries at high risk for work-
related musculoskeletal disorders of the neck, back, and upper extremity in Washington state, 1990-1998. Am J Ind 
Med. 2002;41(3):149-69. 
7. Silverstein B, Welp E, Nelson N, Kalat J. Claims incidence of work-related disorders of the upper 
extremities: Washington state, 1987 through 1995. Am J Public Hea lth. 1998;88(12):1827-33. 
8. Punnett L. The costs of work-related musculoskeletal disorders in automotive manufacturing. New Solut. 
1999;9(4):403-26. 
9. Waehrer G, Leigh JP, Miller TR. Costs of occupational injury and illness within the health services sector. 
Int J Health Serv. 2005;35(2):343-59. 
10. Brown ND, Thomas NI. Exploring variables among medical center employees with injuries: developing 
interventions and strategies. Aaohn J. 2003;51(11):470-81. 
11. Meislin RJ, Sperling JW, Stitik TP. Persistent shoulder pain: epidemiology, pathophysiology, and diagnosis. 
Am J Orthop (Belle Mead NJ). 2005;34(12 Suppl):5-9. 
12. Holtby R, Razmjou H. Impact of work-related compensation claims on surgical outcome of patients with 
rotator cuff related pathologies: a matched case-control study. J Shoulder Elbow Surg. 2010;19(3):452-60. 
13. Frieman BG, Fenlin JM, Jr. Anterior acromioplasty: effect of litigation and workers' compensation. J 
Shoulder Elbow Surg. 1995;4(3):175-81. 
14. Misamore GW, Ziegler DW, Rushton JL, 2nd. Repair of the rotator cuff. A comparison of results in two 
populations of patients. J Bone Joint Surg Am. 1995;77(9):1335-9. 
15. Koljonen P, Chong C, Yip D. Difference in outcome of shoulder surgery between workers' compensation 
and nonworkers' compensation populations. Int Orthop. 2009;33(2):315-20. 
16. Smith KL, Harryman DT, 2nd, Antoniou J, Campbell B, Sidles JA, Matsen FA, 3rd. A prospective, 
multipractice study of shoulder function and health status in patients with documented rotator cuff tears. J Shoulder 
Elbow Surg. 2000;9(5):395-402. 
17. Henn RF, 3rd, Kang L, Tashjian RZ, Green A. Patients with workers' compensation claims have worse 
outcomes after rotator cuff repair. J Bone Joint Surg Am. 2008;90(10):2105-13. 
18. Croft P, Pope D, Silman A. The clinical course of shoulder pain: prospective cohort study in primary care. 
Primary Care Rheumatology Society Shoulder Study Group. BMJ. 1996;313(7057):601-2. 
19. van der Windt DA, Koes BW, de Jong BA, Bouter LM. Shoulder disorders in general practice: incidence, 
patient characteristics, and management. Ann Rheum Dis. 1995;54(12):959-64. 
20. van der Windt DA, van der Heijden GJ, van den Berg SG, ter Riet G, de Winter AF, Bouter LM. Ultrasound 
therapy for musculoskeletal disorders: a systematic review. Pain. 1999;81(3):257-71. 
21. Winters JC, Sobel JS, Groenier KH, Arendzen JH, Meyboom-De Jong B. A shoulder pain score: a 
comprehensive questionnaire for assessing pain in patients with shoulder complaints. Scand J Rehabil Med. 
1996;28(3):163-7. 
22. Gartsman GM, Brinker MR, Khan M, Karahan M. Self-assessment of general health status in patients with 
five common shoulder conditions. J Shoulder Elbow Surg. 1998;7(3):228-37. 
23. Largacha M, Parsons IMt, Campbell B, Titelman RM, Smith KL, Matsen F, 3rd. Deficits in shoulder function 
and general health associated with sixteen common shoulder diagnoses: a study of 2674 patients. J Shoulder 
Elbow Surg. 2006;15(1):30-9. 
24. Viikari-Juntura E, Shiri R, Solovieva S, et al. Risk factors of atherosclerosis and shoulder pain--is there an 
association? A systematic review. Eur J Pain. 2008;12(4):412-26. 
25. Harryman DT, 2nd, Hettrich CM, Smith KL, Campbell B, Sidles JA, Matsen FA, 3rd. A prospective 
multipractice investigation of patients with full-thickness rotator cuff tears: the importance of comorbidities, practice, 
and other covariables on self-assessed shoulder function and health status. J Bone Joint Surg Am. 2003;85-
A(4):690-6. 



Copyright ©2020 Reed Group, Ltd.  Page | 190 
 

26. Kaergaard A, Andersen JH. Musculoskeletal disorders of the neck and shoulders in female sewing 
machine operators: prevalence, incidence, and prognosis. Occup Environ Med. 2000;57(8):528-34. 
27. Silverstein BA, Viikari-Juntura E, Fan ZJ, Bonauto DK, Bao S, Smith C. Natural course of nontraumatic 
rotator cuff tendinitis and shoulder symptoms in a working population. Scand J Work Environ Health. 
2006;32(2):99-108. 
28. Green S, Buchbinder R, Glazier R, Forbes A. Systematic review of randomised controlled trials of 
interventions for painful shoulder: selection criteria, outcome assessment, and efficacy. BMJ. 1998;316(7128):354-
60. 
29. Thomas E, Croft PR, Paterson SM, Dziedzic K, Hay EM. What influences participants' treatment preference 
and can it influence outcome? Results from a primary care-based randomised trial for shoulder pain. Br J Gen 
Pract. 2004;54(499):93-6. 
30. Garg A, Hegmann K, Kapellusch J. Short-cycle overhead work and shoulder girdle muscle fatigue. Intl J 
Industrial Ergonomics. 2006;36581-97. 
31. Garg A, Hegmann K, Kapellusch J. Maximum one-handed shoulder strength for overhead work as a 
function of shoulder posture in females. Occup Ergonomics. 2005;51-10. 
32. Garg A, Hegmann K, Schwoerer B, Kapellusch J. The effect of maximum voluntary contraction on 
endurance times for the shoulder girdle. Int J Ind Ergonomics. 2002;30103-13. 
33. Main CJ, Williams AC. Musculoskeletal pain. BMJ. 2002;325(7363):534-7. 
34. Dickson JA, Crosby EH. Periarthritis of the shoulder-an analysis of 200 cases. J Amner Med Assoc. 
1932;99(2252). 
35. Lippmann R. Frozen shoulder; periarthritis; bicipital tenosynovitis. Arch Surg. 1943;47283-96. 
36. Jim YF, Hsu HC, Chang CY, Wu JJ, Chang T. Coexistence of calcific tendinitis and rotator cuff tear: an 
arthrographic study. Skeletal Radiol. 1993;22(3):183-5. 
37. Talamo G, Angtuaco E, Walker RC, et al. Avascular necrosis of femoral and/or humeral heads in multiple 
myeloma: results of a prospective study of patients treated with dexamethasone-based regimens and high-dose 
chemotherapy. J Clin Oncology. 2005;23(22):5217-23. 
38. Helenius I, Jalanko H, Remes V, et al. Avascular bone necrosis of the hip joint after solid organ 
transplantation in childhood: a clinical and MRI analysis. Transplantation. 2006;81(12):1621-7. 
39. Codman E. Rupture of the supraspinatus tendon. Clin Orthop Relat Res. 1911;2543-26. 
40. Codman E. Complete rupture of the supraspinatus tendon. Operative treatment with report of two 
successful cases. Boston Med Surg J. 1911;164708-10. 
41. Codman E. Obscure lesions of the shoulder rupture of the supraspinatus tendon. Boston Med Surg J. 
1927;196381. 
42. Codman E. The shoulder: rupture of the supraspinatus tendon and other lesions in or about the 
subacromial bursa. Miller & Medical. Boston: Thomas Todd; 1934:123-77. 
43. Wilson C, Duff G. Pathologic study of degeneration and rupture of the supraspinatus tendon. Archives of 
Surgery. 1943;47(2):121-35. 
44. Olsson O. Degenerative changes of the shoulder joint and their connection with shoulder pain; a 
morphological and clinical investigation with special attention to the cuff and biceps tendon. Acta Chir Scand Suppl. 
1953;1811-130. 
45. Keyes E. Anatomical observations on senile change in the shoulder. J Bone Joint Surg. 1935;17953-60. 
46. Keyes E. Observations on rupture of supraspinatus tendon. Based upon a study of 73 cadavers. Ann Surg. 
1933;97849-56. 
47. Von Meyer A. Chronic functional lesions of the shoulder. Arch Surg. 1937;35646-74. 
48. Skinner H. Anatomical considerations relative to rupture of the supraspinatus tendon. J Bone Joint Surg. 
1937;19137-51. 
49. Cotton RE, Rideout DF. Tears of the Humeral Rotator Cuff; a Radiological and Pathological Necropsy 
Survey. J Bone Joint Surg Br. 1964;46314-28. 
50. Macnab I. Rotator cuff tendinitis. Ann R Coll Surg Engl. 1973;53(5):271-87. 
51. Fu FH, Harner CD, Klein AH. Shoulder impingement syndrome. A critical review. Clin Orthop Relat Res. 
1991(269):162-73. 
52. Schellingerhout JM, Verhagen AP, Thomas S, Koes BW. Lack of uniformity in diagnostic labeling of 
shoulder pain: time for a different approach. Man Ther. 2008;13(6):478-83. 
53. Neer CS, 2nd, Kirby RM. Revision of humeral head and total shoulder arthroplasties. Clin Orthop Relat 
Res. 1982(170):189-95. 
54. Hijioka A, Suzuki K, Nakamura T, Hojo T. Degenerative change and rotator cuff tears. An anatomical study 
in 160 shoulders of 80 cadavers. Arch Orthop Trauma Surg. 1993;112(2):61-4. 



Copyright ©2020 Reed Group, Ltd.  Page | 191 
 

55. Ishii H, Brunet JA, Welsh RP, Uhthoff HK. "Bursal reactions" in rotator cuff tearing, the impingement 
syndrome, and calcifying tendinitis. J Shoulder Elbow Surg. 1997;6(2):131-6. 
56. Chard MD, Cawston TE, Riley GP, Gresham GA, Hazleman BL. Rotator cuff degeneration and lateral 
epicondylitis: a comparative histological study. Ann Rheum Dis. 1994;53(1):30-4. 
57. Belling Sorensen AK, Jorgensen U. Secondary impingement in the shoulder. An improved terminology in 
impingement. Scand J Med Sci Sports. 2000;10(5):266-78. 
58. Itoi E, Minagawa H, Yamamoto N, Seki N, Abe H. Are pain location and physical examinations useful in 
locating a tear site of the rotator cuff? Am J Sports Med. 2006;34(2):256-64. 
59. Lindblom K, Palmer I. Ruptures of the tendon aponeurosis of the shoulder joint---the so-called 
supraspinatus ruptures. Acta Chir Scand. 1939;82133-42. 
60. Rathbun JB, Macnab I. The microvascular pattern of the rotator cuff. J Bone Joint Surg Br. 1970;52(3):540-
53. 
61. Moseley HF. The vascular supply of the rotator cuff. Surg Clin North Am. 1963;431521-2. 
62. Rothman RH, Parke WW. The vascular anatomy of the rotator cuff. Clin Orthop Relat Res. 1965;41176-86. 
63. Chansky HA, Iannotti JP. The vascularity of the rotator cuff. Clin Sports Med. 1991;10(4):807-22. 
64. Brooks CH, Revell WJ, Heatley FW. A quantitative histological study of the vascularity of the rotator cuff 
tendon. J Bone Joint Surg Br. 1992;74(1):151-3. 
65. Morken T, Moen B, Riise T, et al. Prevalence of musculoskeletal symptoms among aluminium workers. 
Occup Med (Lond). 2000;50(6):414-21. 
66. Silverstein BA, Bao SS, Fan ZJ, et al. Rotator cuff syndrome: personal, work-related psychosocial and 
physical load factors. J Occup Environ Med. 2008;50(9):1062-76. 
67. Miranda H, Viikari-Juntura E, Heistaro S, Heliovaara M, Riihimaki H. A population study on differences in 
the determinants of a specific shoulder disorder versus nonspecific shoulder pain without clinical findings. Am J 
Epidemiol. 2005;161(9):847-55. 
68. Miranda H, Viikari-Juntura E, Martikainen R, Takala EP, Riihimaki H. A prospective study of work related 
factors and physical exercise as predictors of shoulder pain. Occup Environ Med. 2001;58(8):528-34. 
69. Luime J, Verhagen A, Miedema H. Does this patient have an instability of the shoulder or a labrum lesion? 
Jama. 2004;292(16):1989-99. 
70. Wendelboe AM, Hegmann KT, Gren LH, Alder SC, White GL, Jr., Lyon JL. Associations between body-
mass index and surgery for rotator cuff tendinitis. J Bone Joint Surg Am. 2004;86-A(4):743-7. 
71. Skov T, Borg V, Orhede E. Psychosocial and physical risk factors for musculoskeletal disorders of the 
neck, shoulders, and lower back in salespeople. Occup Environ Med. 1996;53(5):351-6. 
72. Stenlund B, Goldie I, Hagberg M, Hogstedt C. Shoulder tendinitis and its relation to heavy manual work and 
exposure to vibration. Scand J Work Environ Health. 1993;19(1):43-9. 
73. Kane SM, Dave A, Haque A, Langston K. The incidence of rotator cuff disease in smoking and non-
smoking patients: a cadaveric study. Orthopedics. 2006;29(4):363-6. 
74. Meyer A. Unrecognized occupational destruction of the tendon of the long head of the biceps brachii. Arch 
Surg. 1921;ii:130. 
75. Meyer A. Furhter evidences of attrition in the human body. Am J Anat. 1924;xxxiv241. 
76. Meyer A. Spontaneous dislocation of the tendon of the long head of the biceps brachii. Arch Surg. 
1926;xiii109. 
77. Neer CS, 2nd. Anterior acromioplasty for the chronic impingement syndrome in the shoulder: a preliminary 
report. J Bone Joint Surg Am. 1972;54(1):41-50. 
78. Milgrom C, Schaffler M, Gilbert S, van Holsbeeck M. Rotator-cuff changes in asymptomatic adults. The 
effect of age, hand dominance and gender. J Bone Joint Surg Br. 1995;77(2):296-8. 
79. Worland R, Lee D, Orozco C, Soza-Rex F, Keenan J. Correlation of age, acromial morphology, and rotator 
cuff tear pathology diagnosed by ultrasound in asymptomatic patients. J South Orthop Assoc. 2003;12(1):23-6. 
80. Zuckerman J, Cuomo F, Rokito S. Definition and classification of frozen shoulder: a consensus approach. J 
Shoulder Elbow Surg. 1994;3(1):S72. 
81. Bigliani LU, Ticker JB, Flatow EL, Soslowsky LJ, Mow VC. The relationship of acromial architecture to 
rotator cuff disease. Clin Sports Med. 1991;10(4):823-38. 
82. Bonsell S, Pearsall AWt, Heitman RJ, Helms CA, Major NM, Speer KP. The relationship of age, gender, 
and degenerative changes observed on radiographs of the shoulder in asymptomatic individuals. J Bone Joint Surg 
Br. 2000;82(8):1135-9. 
83. Hegmann K. Chapter 2: Common neuromusculoskeletal disorders. In: King P, ed. Sourcebook of 
Occupational Rehabilitation. New York: Plenum Press; 1998. 
84. Needell S, Zlatkin M, Sher J, Murphy B, Uribe J. MR imaging of the rotator cuff: peritendinous and bone 
abnormalities in an asymptomatic population. Am J Roentgenol. 1996;166(4):863-7. 



Copyright ©2020 Reed Group, Ltd.  Page | 192 
 

85. Reilly P, MacLeod I, MacFarland R, Windley J, Emery R. Dead men and radiologists don't lie: a review of 
cadaveric and radiological studies of rotator cuff tear prevalance. Ann Royal College of Surg Engl. 2006;88116-21. 
86. Lewis JS. Rotator cuff tendinopathy/subacromial impingement syndrome: is it time for a new method of 
assessment? Br J Sports Med. 2009;43(4):259-64. 
87. Lewis JS. Rotator cuff tendinopathy. Br J Sports Med. 2009;43(4):236-41. 
88. Miniaci A, Dowdy PA, Willits KR, Vellet AD. Magnetic resonance imaging evaluation of the rotator cuff 
tendons in the asymptomatic shoulder. Am J Sports Med. 1995;23(2):142-5. 
89. Sakurai G, Ozaki J, Tomita Y, Nakagawa Y, Kondo T, Tamai S. Morphologic changes in long head of 
biceps brachii in rotator cuff dysfunction. J Orthop Sci. 1998;3(3):137-42. 
90. Sher J, Uribe J, Posada A, Murphy B, Zlatkin M. Abnormal findings on magnetic resonance images of 
asymptomatic shoulders. J Bone Joint Surg Am. 1995;77(1):10-5. 
91. Yamamoto N, Muraki T, Sperling JW, et al. Impingement mechanisms of the Neer and Hawkins signs. J 
Shoulder Elbow Surg. 2009;18(6):942-7. 
92. Yamamoto A, Takagishi K, Osawa T, et al. Prevalence and risk factors of a rotator cuff tear in the general 
population. J Shoulder Elbow Surg. 2010;19(1):116-20. 
93. Tempelhof S, Rupp S, Seil R. Age-related prevalence of rotator cuff tears in asymptomatic shoulders. J 
Shoulder Elbow Surg. 1999;8(4):296-9. 
94. Schibany N, Zehetgruber H, Kainberger F, et al. Rotator cuff tears in asymptomatic individuals: a clinical 
and ultrasonographic screening study. Eur J Radiol. 2004;51(3):263-8. 
95. Linsell L, Dawson J, Zondervan K, et al. Prevalence and incidence of adults consulting for shoulder 
conditions in UK primary care; patterns of diagnosis and referral. Rheumatology (Oxford). 2006;45(2):215-21. 
96. Cassou B, Derriennic F, Monfort C, Norton J, Touranchet A. Chronic neck and shoulder pain, age, and 
working conditions: longitudinal results from a large random sample in France. Occup Environ Med. 
2002;59(8):537-44. 
97. Roquelaure Y, Ha C, Leclerc A, et al. Epidemiologic surveillance of upper-extremity musculoskeletal 
disorders in the working population. Arthritis Rheum. 2006;55(5):765-78. 
98. Clayton RA, Court-Brown CM. The epidemiology of musculoskeletal tendinous and ligamentous injuries. 
Injury. 2008;39(12):1338-44. 
99. Yamaguchi K, Ditsios K, Middleton WD, Hildebolt CF, Galatz LM, Teefey SA. The demographic and 
morphological features of rotator cuff disease. A comparison of asymptomatic and symptomatic shoulders. J Bone 
Joint Surg Am. 2006;88(8):1699-704. 
100. Moosmayer S, Smith HJ, Tariq R, Larmo A. Prevalence and characteristics of asymptomatic tears of the 
rotator cuff: an ultrasonographic and clinical study. J Bone Joint Surg Br. 2009;91(2):196-200. 
101. Bang MD, Deyle GD. Comparison of supervised exercise with and without manual physical therapy for 
patients with shoulder impingement syndrome. J Orthop Sports Phys Ther. 2000;30(3):126-37. 
102. Senbursa G, Baltaci G, Atay A. Comparison of conservative treatment with and without manual physical 
therapy for patients with shoulder impingement syndrome: a prospective, randomized clinical trial. Knee Surg 
Sports Traumatol Arthrosc. 2007;15(7):915-21. 
103. Conroy DE, Hayes KW. The effect of joint mobilization as a component of comprehensive treatment for 
primary shoulder impingement syndrome. J Orthop Sports Phys Ther. 1998;28(1):3-14. 
104. Bergman GJ, Winters JC, Groenier KH, et al. Manipulative therapy in addition to usual medical care for 
patients with shoulder dysfunction and pain: a randomized, controlled trial. Ann Intern Med. 2004;141(6):432-9. 
105. Brox JI, Staff PH, Ljunggren AE, Brevik JI. Arthroscopic surgery compared with supervised exercises in 
patients with rotator cuff disease (stage II impingement syndrome). Br Med J. 1993;307(6909):899-903. 
106. Haahr JP, Andersen JH. Exercises may be as efficient as subacromial decompression in patients with 
subacromial stage II impingement: 4-8-years' follow-up in a prospective, randomized study. Scand J Rheumatol. 
2006;35(3):224-8. 
107. Haahr JP, Ostergaard S, Dalsgaard J, et al. Exercises versus arthroscopic decompression in patients with 
subacromial impingement: a randomised, controlled study in 90 cases with a one year follow up. Ann Rheum Dis. 
2005;64(5):760-4. 
108. Mannion AF, Muntener M, Taimela S, Dvorak J. Comparison of three active therapies for chronic low back 
pain: results of a randomized clinical trial with one-year follow-up. Rheumatology. 2001;40(7):772-8. 
109. Kankaanpaa M, Taimela S, Airaksinen O, Hanninen O. The efficacy of active rehabilitation in chronic low 
back pain. Effect on pain intensity, self-experienced disability, and lumbar fatigability. Spine (Phila Pa 1976). 
1999;24(10):1034-42. 
110. Cohen I, Rainville J. Aggressive exercise as treatment for chronic low back pain. Sports Med. 
2002;32(1):75-82. 



Copyright ©2020 Reed Group, Ltd.  Page | 193 
 

111. Danielsen JM, Johnsen R, Kibsgaard SK, Hellevik E. Early aggressive exercise for postoperative 
rehabilitation after discectomy. Spine (Phila Pa 1976). 2000;25(8):1015-20. 
112. Mayer T, Gatchel R. Functional Restoration for Spinal Disorders: The Sports Medicine Approach. 
Philadelphia: Lea & Febiger; 1988. 
113. Mayer T, Gatchel R, Kishino N, et al. Objective assessment of spine function following industrial accident. 
A prospective study with comparison group and one-year follow-up. Spine (Phila Pa 1976). 1985;10(6):482-93. 
114. Mayer TG, Gatchel RJ, Kishino N, et al. A prospective short-term study of chronic low back pain patients 
utilizing novel objective functional measurement. Pain. 1986;25(1):53-68. 
115. Mayer TG, Gatchel RJ, Mayer H, Kishino ND, Keeley J, Mooney V. A prospective two-year study of 
functional restoration in industrial low back injury. An objective assessment procedure. Jama. 1987;258(13):1763-7. 
116. Rainville J, Kim RS, Katz JN. A review of 1985 Volvo Award winner in clinical science: objective 
assessment of spine function following industrial injury: a prospective study with comparison group and 1-year 
follow-up. Spine (Phila Pa 1976). 2007;32(18):2031-4. 
117. Jousset N, Fanello S, Bontoux L, et al. Effects of functional restoration versus 3 hours per week physical 
therapy: a randomized controlled study. Spine (Phila Pa 1976). 2004;29(5):487-93; discussion 94. 
118. Hildebrandt J, Pfingsten M, Saur P, Jansen J. Prediction of success from a multidisciplinary treatment 
program for chronic low back pain. Spine (Phila Pa 1976). 1997;22(9):990-1001. 
119. Dawson J, Fitzpatrick R, Carr A. The assessment of shoulder instability. The development and validation of 
a questionnaire. J Bone Joint Surg Br. 1999;81(3):420-6. 
120. Lippitt S, Harryman D, Matsen FI. A practical tool for evaluating function: The simple shoulder test. The 
Shoulder: A Balance of Mobility and Stability. Rosemont, IL: American Academy of Orthopaedic Surgeons; 
1993:501-18. 
121. Constant CR, Murley AH. A clinical method of functional assessment of the shoulder. Clin Orthop Relat 
Res. 1987(214):160-4. 
122. Williams GN, Gangel TJ, Arciero RA, Uhorchak JM, Taylor DC. Comparison of the single assessment 
numeric evaluation method and two shoulder rating scales. Outcomes measures after shoulder surgery. Am J 
Sports Med. 1999;27(2):214-21. 
123. Godfrey J, Hamman R, Lowenstein S, Briggs K, Kocher M. Reliability, validity, and responsiveness of the 
simple shoulder test: psychometric properties by age and injury type. J Shoulder Elbow Surg. 2007;16(3):260-7. 
124. Beaton D, Richards RR. Assessing the reliability and responsiveness of 5 shoulder questionnaires. J 
Shoulder Elbow Surg. 1998;7(6):565-72. 
125. Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk V, Bombardier C. Measuring the whole or the parts? 
Validity, reliability, and responsiveness of the Disabilities of the Arm, Shoulder and Hand outcome measure in 
different regions of the upper extremity. J Hand Ther. 2001;14(2):128-46. 
126. Beaton DE, Richards RR. Measuring function of the shoulder. A cross-sectional comparison of five 
questionnaires. J Bone Joint Surg Am. 1996;78(6):882-90. 
127. Beaton DE, Schemitsch E. Measures of health-related quality of life and physical function. Clin Orthop 
Relat Res. 2003(413):90-105. 
128. Bot SD, Terwee CB, van der Windt DA, Bouter LM, Dekker J, de Vet HC. Clinimetric evaluation of shoulder 
disability questionnaires: a systematic review of the literature. Ann Rheum Dis. 2004;63(4):335-41. 
129. Cook KF, Gartsman GM, Roddey TS, Olson SL. The measurement level and trait-specific reliability of 4 
scales of shoulder functioning: an empiric investigation. Arch Phys Med Rehabil. 2001;82(11):1558-65. 
130. Kirkley A, Litchfield R, Thain L, Spouge A. Agreement between magnetic resonance imaging and 
arthroscopic evaluation of the shoulder joint in primary anterior dislocation of the shoulder. Clin J Sport Med. 
2003;13(3):148-51. 
131. Kocher MS, Horan MP, Briggs KK, Richardson TR, O'Holleran J, Hawkins RJ. Reliability, validity, and 
responsiveness of the American Shoulder and Elbow Surgeons subjective shoulder scale in patients with shoulder 
instability, rotator cuff disease, and glenohumeral arthritis. J Bone Joint Surg Am. 2005;87(9):2006-11. 
132. L'Insalata JC, Warren RF, Cohen SB, Altchek DW, Peterson MG. A self-administered questionnaire for 
assessment of symptoms and function of the shoulder. J Bone Joint Surg Am. 1997;79(5):738-48. 
133. Lohr KN, Aaronson NK, Alonso J, et al. Evaluating quality-of-life and health status instruments: 
development of scientific review criteria. Clin Ther. 1996;18(5):979-92. 
134. Ohlsson K, Hansson GA, Balogh I, et al. Disorders of the neck and upper limbs in women in the fish 
processing industry. Occup Environ Med. 1994;51(12):826-32. 
135. Michener LA, McClure PW, Sennett BJ. American Shoulder and Elbow Surgeons Standardized Shoulder 
Assessment Form, patient self-report section: reliability, validity, and responsiveness. J Shoulder Elbow Surg. 
2002;11(6):587-94. 



Copyright ©2020 Reed Group, Ltd.  Page | 194 
 

136. Roach KE, Budiman-Mak E, Songsiridej N, Lertratanakul Y. Development of a shoulder pain and disability 
index. Arthritis Care Res. 1991;4(4):143-9. 
137. Roddey TS, Olson SL, Cook KF, Gartsman GM, Hanten W. Comparison of the University of California-Los 
Angeles Shoulder Scale and the Simple Shoulder Test with the shoulder pain and disability index: single-
administration reliability and validity. Phys Ther. 2000;80(8):759-68. 
138. Leggin BG, Michener LA, Shaffer MA, Brenneman SK, Iannotti JP, Williams GR, Jr. The Penn shoulder 
score: reliability and validity. J Orthop Sports Phys Ther. 2006;36(3):138-51. 
139. Gabel CP, Michener LA, Burkett B, Neller A. The Upper Limb Functional Index: development and 
determination of reliability, validity, and responsiveness. J Hand Ther. 2006;19(3):328-48; quiz 49. 
140. Gabel CP, Yelland M, Melloh M, Burkett B. A modified QuickDASH-9 provides a valid outcome instrument 
for upper limb function. BMC Musculoskelet Disord. 2009;10161. 
141. Oh JH, Kim JY, Kim WS, Gong HS, Lee JH. The evaluation of various physical examinations for the 
diagnosis of Type II superior labrum anterior and posterior lesion. Am J Sports Med. 2008;36(2):353-9. 
142. Jones GL, Galluch DB. Clinical assessment of superior glenoid labral lesions: a systematic review. Clin 
Orthop Relat Res. 2007;45545-51. 
143. Tennent TD, Beach WR, Meyers JF. A review of the special tests associated with shoulder examination. 
Part II: laxity, instability, and superior labral anterior and posterior (SLAP) lesions. Am J Sports Med. 
2003;31(2):301-7. 
144. Mirkovic M, Green R, Taylor N, Perrott M. Accuracy of clinical tests to diagnose superior labral anterior and 
posterior (SLAP) lesions. Physical Therapy Reviews. 2005;10(1):5-14. 
145. Walton DM, Sadi J. Identifying SLAP lesions: a meta-analysis of clinical tests and exercise in clinical 
reasoning. Phys Ther Sport. 2008;9(4):167-76. 
146. Berg EE, Ciullo JV. A clinical test for superior glenoid labral or 'SLAP' lesions. Clinical Journal Of Sport 
Medicine: Official Journal Of The Canadian Academy Of Sport Medicine. 1998;8(2):121-3. 
147. Holtby R, Razmjou H. Accuracy of the Speed's and Yergason's tests in detecting biceps pathology and 
SLAP lesions: comparison with arthroscopic findings. Arthroscopy. 2004;20(3):231-6. 
148. Wilk KE, Reinold MM, Dugas JR, Arrigo CA, Moser MW, Andrews JR. Current concepts in the recognition 
and treatment of superior labral (SLAP) lesions. J Orthop Sports Phys Ther. 2005;35(5):273-91. 
149. Ben Kibler W, Sciascia AD, Hester P, Dome D, Jacobs C. Clinical utility of traditional and new tests in the 
diagnosis of biceps tendon injuries and superior labrum anterior and posterior lesions in the shoulder. Am J Sports 
Med. 2009;37(9):1840-7. 
150. Myers T, Zemanovic J, Andrews J. The resisted supination external rotation test: a new test for the 
diagnosis of superior labral anterior posterior lesions. American Journal of Sports Medicine. 2005;33(9):1315-20. 
151. Mimori K, Muneta T, Nakagawa T, Shinomiya K. A new pain provocation test for superior labral tears of the 
shoulder. Am J Sports Med. 1999;27(2):137-42. 
152. Ebinger N, Magosch P, Lichtenberg S, Habermeyer P. A new SLAP test: the supine flexion resistance test. 
Arthroscopy: The Journal Of Arthroscopic & Related Surgery: Official Publication Of The Arthroscopy Association 
Of North America And The International Arthroscopy Association. 2008;24(5):500-5. 
153. Stetson WB, Templin K. The crank test, the O'Brien test, and routine magnetic resonance imaging scans in 
the diagnosis of labral tears. Am J Sports Med. 2002;30(6):806-9. 
154. Liu S, Henry M, Nuccion S. A prospective evaluation of a new physical examination in predicting glenoid 
labral tears. American Journal of Sports Medicine. 1996;24(6):721-5. 
155. Swaringen JC, Mell AG, Langenderfer J, LaScalza S, Hughes RE, Kuhn JE. Electromyographic analysis of 
physical examination tests for type II superior labrum anterior-posterior lesions. Journal Of Shoulder And Elbow 
Surgery / American Shoulder And Elbow Surgeons [Et Al ]. 2006;15(5):576-9. 
156. Green RA, Taylor NF, Mirkovic M, Perrott M. An evaluation of the anatomic basis of the O'Brien active 
compression test for superior labral anterior and posterior (SLAP) lesions. J Shoulder Elbow Surg. 2008;17(1):165-
71. 
157. Dessaur WA, Magarey ME. Diagnostic accuracy of clinical tests for superior labral anterior posterior 
lesions: a systematic review. J Orthop Sports Phys Ther. 2008;38(6):341-52. 
158. Calvert E, Chambers GK, Regan W, Hawkins RH, Leith JM. Special physical examination tests for superior 
labrum anterior posterior shoulder tears are clinically limited and invalid: a diagnostic systematic review. J Clin 
Epidemiol. 2009;62(5):558-63. 
159. Rhee YG, Cho NS, Cho SH. Traumatic anterior dislocation of the shoulder: factors affecting the progress of 
the traumatic anterior dislocation. Clin Orthop Surg. 2009;1(4):188-93. 
160. McCaughey R, Green RA, Taylor NF. The anatomical basis of the resisted supination external rotation test 
for superior labral anterior to posterior lesions. Clinical Anatomy (New York, N Y ). 2009;22(6):665-70. 



Copyright ©2020 Reed Group, Ltd.  Page | 195 
 

161. Kim Y-S, Kim J-M, Ha K-Y, Choy S, Joo M-W, Chung Y-G. The Passive Compression Test. Am J Sports 
Med. 2007;35(9):p1489-94. 
162. McClure P, Tate AR, Kareha S, Irwin D, Zlupko E. A clinical method for identifying scapular dyskinesis, part 
1: reliability. J Athl Train. 2009;44(2):160-4. 
163. Uhl T, Kibler W, Gecewich B, et al. Evaluation of clinical assessment methods for scapular dyskinesis. 
Arthroscopy. 2009;25(11):1240-8. 
164. Hanchard. Physical tests for shoulder impingements and local lesions of bursa, tendon or labrum that may 
accompany impingement. Cochrane Database of Systematic Reviews. 2008. 
165. Hegedus E, Goode A, Campbell S, et al. Physical examination tests of the shoulder: a systematic review 
with meta-analysis of individual tests. Br J Sports Med. 2008;42(2):80-92. 
166. Munro W, Healy R. The validity and accuracy of clinical tests used to detect labral pathology of the 
shoulder--a systematic review. Man Ther. 2009;14(2):119-30. 
167. Beaudreuil J, Nizard R, Thomas T, et al. Contribution of clinical tests to the diagnosis of rotator cuff 
disease: a systematic literature review. Joint Bone Spine. 2009;76(1):15-9. 
168. Hughes PC, Taylor NF, Green RA. Most clinical tests cannot accurately diagnose rotator cuff pathology: a 
systematic review. Aust J Physiother. 2008;54(3):159-70. 
169. Park HB, Yokota A, Gill HS, El Rassi G, McFarland EG. Diagnostic accuracy of clinical tests for the 
different degrees of subacromial impingement syndrome. J Bone Joint Surg Am. 2005;87(7):1446-55. 
170. Silva L, Andreu JL, Munoz P, et al. Accuracy of physical examination in subacromial impingement 
syndrome. Rheumatology (Oxford). 2008;47(5):679-83. 
171. Farber AJ, Castillo R, Clough M, Bahk M, McFarland EG. Clinical assessment of three common tests for 
traumatic anterior shoulder instability. J Bone Joint Surg Am. 2006;88(7):1467-74. 
172. Lo IK, Nonweiler B, Woolfrey M, Litchfield R, Kirkley A. An evaluation of the apprehension, relocation, and 
surprise tests for anterior shoulder instability. Am J Sports Med. 2004;32(2):301-7. 
173. Gerber C, Ganz R. Clinical assessment of instability of the shoulder. With special reference to anterior and 
posterior drawer tests. J Bone Joint Surg Br. 1984;66(4):551-6. 
174. Gross ML, Distefano MC. Anterior release test. A new test for occult shoulder instability. Clin Orthop Relat 
Res. 1997(339):105-8. 
175. Nakagawa S, Yoneda M, Hayashida K, Obata M, Fukushima S, Miyazaki Y. Forced shoulder abduction 
and elbow flexion test: a new simple clinical test to detect superior labral injury in the throwing shoulder. 
Arthroscopy. 2005;21(11):1290-5. 
176. Speer K, Hannafin J, Altchek D, Warren R. An evaluation of the shoulder relocation test. Am J Sports Med. 
1994;22(2):177-83. 
177. Pandya NK, Colton A, Webner D, Sennett B, Huffman GR. Physical examination and magnetic resonance 
imaging in the diagnosis of superior labrum anterior-posterior lesions of the shoulder: a sensitivity analysis. 
Arthroscopy. 2008;24(3):311-7. 
178. Safran MR. Nerve injury about the shoulder in athletes, part 2: long thoracic nerve, spinal accessory nerve, 
burners/stingers, thoracic outlet syndrome. Am J Sports Med. 2004;32(4):1063-76. 
179. Mackinnon SE, Novak CB. Thoracic outlet syndrome. Curr Probl Surg. 2002;39(11):1070-145. 
180. Nord KM, Kapoor P, Fisher J, et al. False positive rate of thoracic outlet syndrome diagnostic maneuvers. 
Electromyogr Clin Neurophysiol. 2008;48(2):67-74. 
181. O'Brien SJ, Pagnani MJ, Fealy S, McGlynn SR, Wilson JB. The active compression test: a new and 
effective test for diagnosing labral tears and acromioclavicular joint abnormality. Am J Sports Med. 1998;26(5):610-
3. 
182. Chronopoulos E, Kim TK, Park HB, Ashenbrenner D, McFarland EG. Diagnostic value of physical tests for 
isolated chronic acromioclavicular lesions. Am J Sports Med. 2004;32(3):655-61. 
183. Calis M, Akgun K, Birtane M, Karacan I, Calis H, Tuzun F. Diagnostic values of clinical diagnostic tests in 
subacromial impingement syndrome. Ann Rheum Dis. 2000;59(1):44-7. 
184. Michener LA, Walsworth MK, Doukas WC, Murphy KP. Reliability and diagnostic accuracy of 5 physical 
examination tests and combination of tests for subacromial impingement. Arch Phys Med Rehabil. 
2009;90(11):1898-903. 
185. McGee S. Examination of the musculoskeletal system: the shoulder. Evidence-based Physical Diagnosis, 
2nd Edtion: Saunder Elsevier; 2007:628-38. 
186. Zaslav KR. Internal rotation resistance strength test: a new diagnostic test to differentiate intra-articular 
pathology from outlet (Neer) impingement syndrome in the shoulder. J Shoulder Elbow Surg. 2001;10(1):23-7. 
187. Murrell GA, Walton JR. Diagnosis of rotator cuff tears. Lancet. 2001;357(9258):769-70. 
188. Hertel R, Ballmer FT, Lombert SM, Gerber C. Lag signs in the diagnosis of rotator cuff rupture. J Shoulder 
Elbow Surg. 1996;5(4):307-13. 



Copyright ©2020 Reed Group, Ltd.  Page | 196 
 

189. MacDonald PB, Clark P, Sutherland K. An analysis of the diagnostic accuracy of the Hawkins and Neer 
subacromial impingement signs. J Shoulder Elbow Surg. 2000;9(4):299-301. 
190. Parentis MA, Glousman RE, Mohr KS, Yocum LA. An evaluation of the provocative tests for superior labral 
anterior posterior lesions. Am J Sports Med. 2006;34(2):265-8. 
191. Boileau P, Ahrens PM, Hatzidakis AM. Entrapment of the long head of the biceps tendon: the hourglass 
biceps--a cause of pain and locking of the shoulder. J Shoulder Elbow Surg. 2004;13(3):249-57. 
192. Litaker D, Pioro M, El Bilbeisi H, Brems J. Returning to the bedside: using the history and physical 
examination to identify rotator cuff tears. J Am Geriatr Soc. 2000;48(12):1633-7. 
193. Itoi E, Kido T, Sano A, Urayama M, Sato K. Which is more useful, the "full can test" or the "empty can test," 
in detecting the torn supraspinatus tendon? Am J Sports Med. 1999;27(1):65-8. 
194. Leroux JL, Thomas E, Bonnel F, Blotman F. Diagnostic value of clinical tests for shoulder impingement 
syndrome. Rev Rhum Engl Ed. 1995;62(6):423-8. 
195. Wolf EM, Agrawal V. Transdeltoid palpation (the rent test) in the diagnosis of rotator cuff tears. J Shoulder 
Elbow Surg. 2001;10(5):470-3. 
196. Lyons AR, Tomlinson JE. Clinical diagnosis of tears of the rotator cuff. J Bone Joint Surg Br. 
1992;74(3):414-5. 
197. Scheibel M, Magosch P, Pritsch M, Lichtenberg S, Habermeyer P. The belly-off sign: a new clinical 
diagnostic sign for subscapularis lesions. Arthroscopy. 2005;21(10):1229-35. 
198. Miller CA, Forrester GA, Lewis JS. The validity of the lag signs in diagnosing full-thickness tears of the 
rotator cuff: a preliminary investigation. Arch Phys Med Rehabil. 2008;89(6):1162-8. 
199. Barth JR, Burkhart SS, De Beer JF. The bear-hug test: a new and sensitive test for diagnosing a 
subscapularis tear. Arthroscopy. 2006;22(10):1076-84. 
200. Gill HS, El Rassi G, Bahk MS, Castillo RC, McFarland EG. Physical examination for partial tears of the 
biceps tendon. Am J Sports Med. 2007;35(8):1334-40. 
201. Gerber C, Krushell RJ. Isolated rupture of the tendon of the subscapularis muscle. Clinical features in 16 
cases. J Bone Joint Surg Br. 1991;73(3):389-94. 
202. Tokish J, Decker M, Ellis H, Torry M, Hawkins R. The belly-press test for the physical examination of hte 
subscapularis muscle: electromyographic validation and comparison to the lift-off test. J Shoulder Elbow Surg. 
2003;12(5):427-30. 
203. Walch G, Boulahia A, Calderone S, Robinson AH. The 'dropping' and 'hornblower's' signs in evaluation of 
rotator-cuff tears. J Bone Joint Surg Br. 1998;80(4):624-8. 
204. Castoldi F, Blonna D, Hertel R. External rotation lag sign revisited: accuracy for diagnosis of full thickness 
supraspinatus tear. J Shoulder Elbow Surg. 2009;18(4):529-34. 
205. Heyworth BE, Williams RJ, 3rd. Internal impingement of the shoulder. Am J Sports Med. 2009;37(5):1024-
37. 
206. Meister K, Buckley B, Batts J. The posterior impingement sign: diagnosis of rotator cuff and posterior labral 
tears secondary to internal impingement in overhand athletes. Am J Orthop (Belle Mead NJ). 2004;33(8):412-5. 
207. Guanche C, Jones D. Clinical testing for tears of the glenoid labrum. Arthroscopy. 2003;19(5):517-23. 
208. Ardic F, Kahraman Y, Kacar M, Kahraman MC, Findikoglu G, Yorgancioglu ZR. Shoulder impingement 
syndrome: relationships between clinical, functional, and radiologic findings. Am J Phys Med Rehabil. 
2006;85(1):53-60. 
209. Morgan CD, Burkhart SS, Palmeri M, Gillespie M. Type II SLAP lesions: three subtypes and their 
relationships to superior instability and rotator cuff tears. Arthroscopy. 1998;14(6):553-65. 
210. Tong HC, Haig AJ, Yamakawa K. The Spurling test and cervical radiculopathy. Spine (Phila Pa 1976). 
2002;27(2):156-9. 
211. Woodward TW, Best TM. The painful shoulder: part I. Clinical evaluation. Am Fam Physician. 
2000;61(10):3079-88. 
212. Jia X, Ji JH, Petersen SA, Keefer J, McFarland EG. Clinical evaluation of the shoulder shrug sign. Clin 
Orthop Relat Res. 2008;466(11):2813-9. 
213. Brox JI. Regional musculoskeletal conditions: shoulder pain. Best Pract Res Clin Rheumatol. 
2003;17(1):33-56. 
214. Kibler WB. Specificity and sensitivity of the anterior slide test in throwing athletes with superior glenoid 
labral tears. Arthroscopy. 1995;11(3):296-300. 
215. American Medical Association Council on Ethical and Judicial Affairs. Code of Medical Ethics: Current 
Opinions with Annotations, 2002-2003 edition. Chicago, IL: AMA Press; 2002. 
216. Harkness EF, Macfarlane GJ, Nahit ES, Silman AJ, McBeth J. Mechanical and psychosocial factors predict 
new onset shoulder pain: a prospective cohort study of newly employed workers. Occup Environ Med. 
2003;60(11):850-7. 



Copyright ©2020 Reed Group, Ltd.  Page | 197 
 

217. Andersen JH, Gaardboe O. Prevalence of persistent neck and upper limb pain in a historical cohort of 
sewing machine operators. Am J Ind Med. 1993;24(6):677-87. 
218. Andersen JH, Kaergaard A, Mikkelsen S, et al. Risk factors in the onset of neck/shoulder pain in a 
prospective study of workers in industrial and service companies. Occup Environ Med. 2003;60(9):649-54. 
219. Bernard B, Sauter S, Fine L, Petersen M, Hales T. Job task and psychosocial risk factors for work-related 
musculoskeletal disorders among newspaper employees. Scand J Work Environ Health. 1994;20(6):417-26. 
220. Burdorf A, Monster A. Exposure to vibration and self-reported health complaints of riveters in the aircraft 
industry. Ann Occup Hyg. 1991;35(3):287-98. 
221. Chiang HC, Ko YC, Chen SS, Yu HS, Wu TN, Chang PY. Prevalence of shoulder and upper-limb disorders 
among workers in the fish-processing industry. Scand J Work Environ Health. 1993;19(2):126-31. 
222. Flodmark BT, Aase G. Musculoskeletal symptoms and type A behaviour in blue collar workers. Br J Ind 
Med. 1992;49(10):683-7. 
223. Hales T, Habes D, Fine L, Hornung R, Boiano J. Hazard Evaluation and Technical Assistance Report: John 
Morrell and Co., Sioux Falls, SD. Cincinnati, OH: U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control, National Institute for Occupational Safety and Health, NIOSH Report No. 
HHE 88-180-1958; 1989. 
224. Hoekstra E, Hurrell J, Swanson N. Hazard Evaluation and Technical Assistance Report: Social Security 
Administration Teleservice Centers, Boston, MA; Fort Lauderdale, FL. Cincinnati, OH: U.S. Department of Health 
and Human Services, Public Health Service, Centers for Disease Control and Prevention, National Institute for 
Occupational Safety and Health, NIOSH, Report No. 92–0382–2450; 1994. 
225. Hughes RE, Silverstein BA, Evanoff BA. Risk factors for work-related musculoskeletal disorders in an 
aluminum smelter. Am J Ind Med. 1997;32(1):66-75. 
226. Ignatius YT, Yee TY, Yan LT. Self reported musculoskeletal problems amongst typist and possible risk 
factors. J Hum Ergol (Tokyo). 1993;22(2):83-93. 
227. Jonsson B. Electromyographic studies of job rotation. Scand J Work Environ Health. 1988;14 Suppl 1108-
9. 
228. Kiken S, Stringer W, Fine L, Sinks L, Tanaka S. Health Hazard Evaluation Report No. HETA-89-307-2009, 
Perdue Farms, Inc., Lewiston, North Carolina, Robersonville, North Carolina. Cincinnati, OH: U.S. Department of 
Health and Human Services, NIOSH; 1990. 
229. Kilbom A, Persson J, Jonsson B. Risk factors for work-related disorders of the neck and shoulder with 
special emphasis on working postures and movements. In: Corlett W, Manenica N, eds. The Ergonomics of 
Working Postures. London: Taylor and Francis; 1986:44-53. 
230. Kvarnstrom S. Occurrence of musculoskeletal, disorders in a manufacturing industry with special attention 
to occupational shoulder disorders. Scand J Rehabil Med Suppl. 1983;81-114. 
231. Magnusson ML, Pope MH, Wilder DG, Areskoug B. Are occupational drivers at an increased risk for 
developing musculoskeletal disorders? Spine (Phila Pa 1976). 1996;21(6):710-7. 
232. Milerad E, Ekenvall L. Symptoms of the neck and upper extremities in dentists. Scand J Work Environ 
Health. 1990;16(2):129-34. 
233. Ohara H, Aoyama H, Itani T. Health hazard among cash register operators and the effect of improved 
working conditions. J Hum Ergol (Tokyo). 1976;5(1):31-40. 
234. Ohlsson K, Attewell R, Skerfving S. Self-reported symptoms in the neck and upper limbs of female 
assembly workers. Impact of length of employment, work pace, and selection. Scand J Work Environ Health. 
1989;15(1):75-80. 
235. Onishi N, Nomura H, Sakai K, Yamamoto T, Hirayama K, Itani T. Shoulder muscle tenderness and physical 
features of female industrial workers. J Hum Ergol (Tokyo). 1976;5(2):87-102. 
236. Ostergren PO, Hanson BS, Balogh I, et al. Incidence of shoulder and neck pain in a working population: 
effect modification between mechanical and psychosocial exposures at work? Results from a one year follow up of 
the Malmo shoulder and neck study cohort. J Epidemiol Community Health. 2005;59(9):721-8. 
237. Picavet HS, Schouten JS. Musculoskeletal pain in the Netherlands: prevalences, consequences and risk 
groups, the DMC(3)-study. Pain. 2003;102(1-2):167-78. 
238. Punnett L, Robins JM, Wegman DH, Keyserling WM. Soft tissue disorders in the upper limbs of female 
garment workers. Scand J Work Environ Health. 1985;11(6):417-25. 
239. Rossignol AM, Morse EP, Summers VM, Pagnotto LD. Video display terminal use and reported health 
symptoms among Massachusetts clerical workers. J Occup Med. 1987;29(2):112-8. 
240. Sakakibara H, Miyao M, Kondo T, Yamada S. Overhead work and shoulder-neck pain in orchard farmers 
harvesting pears and apples. Ergonomics. 1995;38(4):700-6. 
241. Sakakibara H, Miyao M, Kondo T, Yamada S, Nakagawa T, Kobayashi F. Relation between overhead work 
and complaints of pear and apple orchard workers. Ergonomics. 1987;30(5):805-15. 



Copyright ©2020 Reed Group, Ltd.  Page | 198 
 

242. Schibye B, Skov T, Ekner D, Christiansen JU, Sjogaard G. Musculoskeletal symptoms among sewing 
machine operators. Scand J Work Environ Health. 1995;21(6):427-34. 
243. Partridge RE, Duthie JJ. Rheumatism in dockers and civil servants. A comparison of heavy manual and 
sedentary workers. Ann Rheum Dis. 1968;27(6):559-68. 
244. Ekberg K, Karlsson M, Axelson O, Malm P. Cross-sectional study of risk factors for symptoms in the neck 
and shoulder area. Ergonomics. 1995;38(5):971-80. 
245. Sweeney M, Petersen M, O’Neill V. Hazard Evaluation and Technical Assistance Report: Registry of 
Interpreters for the Deaf, Ohio Chapter. Cincinnati, OH: U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control and Prevention, National Institute for Occupational Safety and Health, 
NIOSH, Report No. HHE 92-0268-2477 
1994. 
246. Wells JA, Zipp JF, Schuette PT, McEleney J. Musculoskeletal disorders among letter carriers. A 
comparison of weight carrying, walking & sedentary occupations. J Occup Med. 1983;25(11):814-20. 
247. Aaras A. The impact of ergonomic intervention on individual health and corporate prosperity in a 
telecommunications environment. Ergonomics. 1994;37(10):1679-96. 
248. Alipour A, Ghaffari M, Shariati B, Jensen I, Vingard E. Four-year incidence of sick leave because of neck 
and shoulder pain and its association with work and lifestyle. Spine (Phila Pa 1976). 2009;34(4):413-8. 
249. Andersen JH, Gaardboe O. Musculoskeletal disorders of the neck and upper limb among sewing machine 
operators: a clinical investigation. Am J Ind Med. 1993;24(6):689-700. 
250. Bergqvist U, Wolgast E, Nilsson B, Voss M. Musculoskeletal disorders among visual display terminal 
workers: individual, ergonomic, and work organizational factors. Ergonomics. 1995;38(4):763-76. 
251. Bergqvist U, Wolgast E, Nilsson B, Voss M. The influence of VDT work on musculoskeletal disorders. 
Ergonomics. 1995;38(4):754-62. 
252. Bjelle A, Hagberg M, Michaelson G. Occupational and individual factors in acute shoulder-neck disorders 
among industrial workers. Br J Ind Med. 1981;38(4):356-63. 
253. Blader S, Barck-Holst U, Danielsson S, et al. Neck and shoulder complaints among sewing-machine 
operators: a study concerning frequency, symptomatology and dysfunction. Appl Ergon. 1991;22(4):251-7. 
254. Brandt LP, Andersen JH, Lassen CF, et al. Neck and shoulder symptoms and disorders among Danish 
computer workers. Scand J Work Environ Health. 2004;30(5):399-409. 
255. Ekberg K, Bjorkqvist B, Malm P, Bjerre-Kiely B, Karlsson M, Axelson O. Case-control study of risk factors 
for disease in the neck and shoulder area. Occup Environ Med. 1994;51(4):262-6. 
256. Eltayeb S, Staal JB, Hassan A, de Bie RA. Work related risk factors for neck, shoulder and arms 
complaints: a cohort study among Dutch computer office workers. J Occup Rehabil. 2009;19(4):315-22. 
257. Feveile H, Jensen C, Burr H. Risk factors for neck-shoulder and wrist-hand symptoms in a 5-year follow-up 
study of 3,990 employees in Denmark. Int Arch Occup Environ Health. 2002;75(4):243-51. 
258. Fredriksson K, Alfredsson L, Thorbjornsson CB, et al. Risk factors for neck and shoulder disorders: a 
nested case-control study covering a 24-year period. Am J Ind Med. 2000;38(5):516-28. 
259. Ghaffari M, Alipour A, Farshad AA, Yensen I, Vingard E. Incidence and recurrence of disabling low back 
pain and neck-shoulder pain. Spine (Phila Pa 1976). 2006;31(21):2500-6. 
260. Grooten WJ, Mulder M, Josephson M, Alfredsson L, Wiktorin C. The influence of work-related exposures 
on the prognosis of neck/shoulder pain. Eur Spine J. 2007;16(12):2083-91. 
261. Hagberg M, Wegman DH. Prevalence rates and odds ratios of shoulder-neck diseases in different 
occupational groups. Br J Ind Med. 1987;44(9):602-10. 
262. Holmstrom EB, Lindell J, Moritz U. Low back and neck/shoulder pain in construction workers: occupational 
workload and psychosocial risk factors. Part 1: Relationship to low back pain. Spine (Phila Pa 1976). 
1992;17(6):663-71. 
263. Holmstrom EB, Lindell J, Moritz U. Low back and neck/shoulder pain in construction workers: occupational 
workload and psychosocial risk factors. Part 2: Relationship to neck and shoulder pain. Spine (Phila Pa 1976). 
1992;17(6):672-7. 
264. Hooftman WE, van der Beek AJ, Bongers PM, van Mechelen W. Is there a gender difference in the effect 
of work-related physical and psychosocial risk factors on musculoskeletal symptoms and related sickness 
absence? Scand J Work Environ Health. 2009;35(2):85-95. 
265. Hunting W, Laubli T, Grandjean E. Postural and visual loads at VDT workplaces. I. Constrained postures. 
Ergonomics. 1981;24(12):917-31. 
266. Kilbom A, Persson J. Work technique and its consequences for musculoskeletal disorders. Ergonomics. 
1987;30(2):273-9. 



Copyright ©2020 Reed Group, Ltd.  Page | 199 
 

267. Lapointe J, Dionne CE, Brisson C, Montreuil S. Interaction between postural risk factors and job strain on 
self-reported musculoskeletal symptoms among users of video display units: a three-year prospective study. Scand 
J Work Environ Health. 2009;35(2):134-44. 
268. Linton SJ, Kamwendo K. Risk factors in the psychosocial work environment for neck and shoulder pain in 
secretaries. J Occup Med. 1989;31(7):609-13. 
269. Nyman T, Mulder M, Iliadou A, Svartengren M, Wiktorin C. Physical workload, low back pain and neck-
shoulder pain: a Swedish twin study. Occup Environ Med. 2009;66(6):395-401. 
270. Ohlsson K, Attewell RG, Palsson B, et al. Repetitive industrial work and neck and upper limb disorders in 
females. Am J Ind Med. 1995;27(5):731-47. 
271. Punnett L, Fine LJ, Keyserling WM, Herrin GD, Chaffin DB. Back disorders and nonneutral trunk postures 
of automobile assembly workers. Scand J Work Environ Health. 1991;17(5):337-46. 
272. Ryan GA, Bampton M. Comparison of data process operators with and without upper limb symptoms. 
Community Health Stud. 1988;12(1):63-8. 
273. Tola S, Riihimaki H, Videman T, Viikari-Juntura E, Hanninen K. Neck and shoulder symptoms among men 
in machine operating, dynamic physical work and sedentary work. Scand J Work Environ Health. 1988;14(5):299-
305. 
274. Tornqvist EW, Hagberg M, Hagman M, Risberg EH, Toomingas A. The influence of working conditions and 
individual factors on the incidence of neck and upper limb symptoms among professional computer users. Int Arch 
Occup Environ Health. 2009;82(6):689-702. 
275. van den Heuvel SG, van der Beek AJ, Blatter BM, Bongers PM. Do work-related physical factors predict 
neck and upper limb symptoms in office workers? Int Arch Occup Environ Health. 2006;79(7):585-92. 
276. Vihma T, Nurminen M, Mutanen P. Sewing-machine operators' work and musculo-skeletal complaints. 
Ergonomics. 1982;25(4):295-8. 
277. Viikari-Juntura E, Vuori J, Silverstein B, Kalimo R, Kuosma E, Videman T. A life-long prospective study on 
the role of psychosocial factors in neck-shoulder and low back pain. Spine (Phila Pa 1976). 1991;161056-61. 
278. Bernard BE. Musculoskeletal Disorders and Workplace Factors. A Critical Review of Epidemiologic 
Evidence for Work-Related Musculoskeletal Disorders of the Neck, Upper Extremity, and Low Back: U.S. 
Department of Health and Human Services, Public Health Service, Centers for Disease Control and Prevention, 
National Institute for Occupational Safety and Health: NIOSH Publication No. 97-141; 1997. 
279. Kuorinka I, Forcier L. Work-related Musculoskeletal Disorders (WMSDs): A Reference Book for Prevention. 
London: Taylor & Francis; 1995. 
280. Welch LS, Hunting KL, Kellogg J. Work-related musculoskeletal symptoms among sheet metal workers. 
Am J Ind Med. 1995;27(6):783-91. 
281. Kamwendo K, Linton SJ, Moritz U. Neck and shoulder disorders in medical secretaries. Part II. 
Ergonomical work environment and symptom profile. Scand J Rehabil Med. 1991;23(3):135-42. 
282. Trinkoff AM, Lipscomb JA, Geiger-Brown J, Brady B. Musculoskeletal problems of the neck, shoulder, and 
back and functional consequences in nurses. Am J Ind Med. 2002;41(3):170-8. 
283. Roquelaure Y, Mariel J, Fanello S, et al. Active epidemiological surveillance of musculoskeletal disorders in 
a shoe factory. Occup Environ Med. 2002;59(7):452-8. 
284. Frost P, Andersen JH. Shoulder impingement syndrome in relation to shoulder intensive work. Occup 
Environ Med. 1999;56(7):494-8. 
285. Moore JS, Garg A. The Strain Index: a proposed method to analyze jobs for risk of distal upper extremity 
disorders. Am Ind Hyg Assoc J. 1995;56(5):443-58. 
286. Hegmann K, et al. The Strain Index and Risk for Shoulder Disorders, Proceedings of the XVth Triennial 
Congress of the International Ergonomics Association. Maastricht, Netherlands. 20061-4. 
287. Herberts P, Kadefors R, Andersson G, Petersen I. Shoulder pain in industry: an epidemiological study on 
welders. Acta Orthop Scand. 1981;52(3):299-306. 
288. Herberts P, Kadefors R, Hogfors C, Sigholm G. Shoulder pain and heavy manual labor. Clin Orthop Relat 
Res. 1984(191):166-78. 
289. Herberts P, Kadefors R. A study of painful shoulder in welders. Acta Orthop Scand. 1976;47(4):381-7. 
290. Bjelle A, Hagberg M, Michaelsson G. Clinical and ergonomic factors in prolonged shoulder pain among 
industrial workers. Scand J work and Health. 1979205-10. 
291. Silverstein B. The prevalence of upper extremity cumulative trauma disorders in industry [Dissertation]. Ann 
Arbor, MI: The University of Michigan; 1985. 
292. Baron S. Hazard evaluation and technical assistance report: Shoprite Supermarkets, New Jersey - New 
York. Cincinnati, OH: U.S. Department of Health and Human Services; 1991. 



Copyright ©2020 Reed Group, Ltd.  Page | 200 
 

293. Kaerlev L, Jensen A, Nielsen PS, Olsen J, Hannerz H, Tuchsen F. Hospital contacts for injuries and 
musculoskeletal diseases among seamen and fishermen: a population-based cohort study. BMC Musculoskelet 
Disord. 2008;98. 
294. Frost P, Bonde JP, Mikkelsen S, et al. Risk of shoulder tendinitis in relation to shoulder loads in 
monotonous repetitive work. Am J Ind Med. 2002;41(1):11-8. 
295. Zakaria D. Rates of carpal tunnel syndrome, epicondylitis, and rotator cuff claims in Ontario workers during 
1997. Chronic Dis Can. 2004;25(2):32-9. 
296. Silverstein B, Fan ZJ, Smith CK, et al. Gender adjustment or stratification in discerning upper extremity 
musculoskeletal disorder risk? Scand J Work Environ Health. 2009;35(2):113-26. 
297. Descatha A, Roquelaure Y, Chastang JF, Evanoff B, Cyr D, Leclerc A. Description of outcomes of upper-
extremity musculoskeletal disorders in workers highly exposed to repetitive work. J Hand Surg Am. 2009;34(5):890-
5. 
298. Melchior M, Roquelaure Y, Evanoff B, et al. Why are manual workers at high risk of upper limb disorders? 
The role of physical work factors in a random sample of workers in France (the Pays de la Loire study). Occup 
Environ Med. 2006;63(11):754-61. 
299. Luopajarvi T, Kuorinka I, Virolainen M, Holmberg M. Prevalence of tenosynovitis and other injuries of the 
upper extremities in repetitive work. Scand J Work Environ Health. 1979;5 suppl 348-55. 
300. McCormack RR, Jr., Inman RD, Wells A, Berntsen C, Imbus HR. Prevalence of tendinitis and related 
disorders of the upper extremity in a manufacturing workforce. J Rheumatol. 1990;17(7):958-64. 
301. Bergenudd H, Lindgarde F, Nilsson B, Petersson CJ. Shoulder pain in middle age. A study of prevalence 
and relation to occupational work load and psychosocial factors. Clin Orthop Relat Res. 1988(231):234-8. 
302. Kukkonen R. Prevention of fatigue amongst data entry operators. In: Kvalseth TO, ed. Ergonomics of 
Workstation Design. London: Butterworth-Heinemann; 1983:28-34. 
303. Fallentin N, Juul-Kristensen B, Mikkelsen S, et al. Physical exposure assessment in monotonous repetitive 
work--the PRIM study. Scand J Work Environ Health. 2001;27(1):21-9. 
304. van Eijsden-Besseling MD, van den Bergh KA, Staal JB, de Bie RA, van den Heuvel WJ. The course of 
nonspecific work-related upper limb disorders and the influence of demographic factors, psychologic factors, and 
physical fitness on clinical status and disability. Arch Phys Med Rehabil. 2010;91(6):862-7. 
305. Macfarlane GJ, Norrie G, Atherton K, Power C, Jones GT. The influence of socioeconomic status on the 
reporting of regional and widespread musculoskeletal pain: results from the 1958 British Birth Cohort Study. Ann 
Rheum Dis. 2009;68(10):1591-5. 
306. Johansson JA, Rubenowitz S. Risk indicators in the psychosocial and physical work environment for work-
related neck, shoulder and low back symptoms: a study among blue- and white-collar workers in eight companies. 
Scand J Rehabil Med. 1994;26(3):131-42. 
307. van den Heuvel SG, van der Beek AJ, Blatter BM, Hoogendoorn WE, Bongers PM. Psychosocial work 
characteristics in relation to neck and upper limb symptoms. Pain. 2005;114(1-2):47-53. 
308. Manninen P, Heliovaara M, Riihimaki H, Makela P. Does psychological distress predict disability? Int J 
Epidemiol. 1997;26(5):1063-70. 
309. Leroyer A, Edme JL, Vaxevanoglou X, et al. Neck, shoulder, and hand and wrist pain among administrative 
employees: relation to work-time organization and psychosocial factors at work. J Occup Environ Med. 
2006;48(3):326-33. 
310. Roquelaure Y, Ha C, Rouillon C, et al. Risk factors for upper-extremity musculoskeletal disorders in the 
working population. Arthritis Rheum. 2009;61(10):1425-34. 
311. Harkness EF, Macfarlane GJ, Nahit E, Silman AJ, McBeth J. Mechanical injury and psychosocial factors in 
the work place predict the onset of widespread body pain: a two-year prospective study among cohorts of newly 
employed workers. Arthritis Rheum. 2004;50(5):1655-64. 
312. Andersen JH, Haahr JP, Frost P. Risk factors for more severe regional musculoskeletal symptoms: a two-
year prospective study of a general working population. Arthritis Rheum. 2007;56(4):1355-64. 
313. Mantyselka P, Lupsakko T, Kautiainen H, Vanhala M. Neck-shoulder pain and depressive symptoms: a 
cohort study with a 7-year follow-up. Eur J Pain. 2010;14(2):189-93. 
314. Myers D, Silverstein B, Nelson NA. Predictors of shoulder and back injuries in nursing home workers: a 
prospective study. Am J Ind Med. 2002;41(6):466-76. 
315. Borg K, Hensing G, Alexanderson K. Predictive factors for disability pension--an 11-year follow up of young 
persons on sick leave due to neck, shoulder, or back diagnoses. Scand J Public Health. 2001;29(2):104-12. 
316. van den Heuvel SG, Heinrich J, Jans MP, van der Beek AJ, Bongers PM. The effect of physical activity in 
leisure time on neck and upper limb symptoms. Prev Med. 2005;41(1):260-7. 
317. Hamberg-van Reenen HH, Ariens GA, Blatter BM, van Mechelen W, Bongers PM. A systematic review of 
the relation between physical capacity and future low back and neck/shoulder pain. Pain. 2007;130(1-2):93-107. 



Copyright ©2020 Reed Group, Ltd.  Page | 201 
 

318. Karpansalo M, Manninen P, Lakka TA, Kauhanen J, Rauramaa R, Salonen JT. Physical workload and risk 
of early retirement: prospective population-based study among middle-aged men. J Occup Environ Med. 
2002;44(10):930-9. 
319. Sakai H, Fujita K, Sakai Y, Mizuno K. Immunolocalization of cytokines and growth factors in subacromial 
bursa of rotator cuff tear patients. Kobe J Med Sci. 2001;47(1):25-34. 
320. Gotoh M, Hamada K, Yamakawa H, et al. Interleukin-1-induced subacromial synovitis and shoulder pain in 
rotator cuff diseases. Rheumatology (Oxford). 2001;40(9):995-1001. 
321. Voloshin I, Gelinas J, Maloney MD, O'Keefe RJ, Bigliani LU, Blaine TA. Proinflammatory cytokines and 
metalloproteases are expressed in the subacromial bursa in patients with rotator cuff disease. Arthroscopy. 
2005;21(9):1076. 
322. Santavirta S, Konttinen YT, Antti-Poika I, Nordstrom D. Inflammation of the subacromial bursa in chronic 
shoulder pain. Arch Orthop Trauma Surg. 1992;111(6):336-40. 
323. Hyvonen P, Melkko J, Lehto VP, Jalovaara P. Involvement of the subacromial bursa in impingement 
syndrome of the shoulder as judged by expression of tenascin-C and histopathology. J Bone Joint Surg Br. 
2003;85(2):299-305. 
324. Gotoh M, Hamada K, Yamakawa H, Inoue A, Fukuda H. Increased substance P in subacromial bursa and 
shoulder pain in rotator cuff diseases. J Orthop Res. 1998;16(5):618-21. 
325. Yanagisawa K, Hamada K, Gotoh M, et al. Vascular endothelial growth factor (VEGF) expression in the 
subacromial bursa is increased in patients with impingement syndrome. J Orthop Res. 2001;19(3):448-55. 
326. Carp SJ, Barbe MF, Winter KA, Amin M, Barr AE. Inflammatory biomarkers increase with severity of upper-
extremity overuse disorders. Clin Sci (Lond). 2007;112(5):305-14. 
327. Baumgarten KM, Gerlach D, Galatz LM, et al. Cigarette smoking increases the risk for rotator cuff tears. 
Clin Orthop Relat Res. 2010;468(6):1534-41. 
328. Leino-Arjas P. Smoking and musculoskeletal disorders in the metal industry: a prospective study. Occup 
Environ Med. 1998;55(12):828-33. 
329. Abboud JA, Kim JS. The effect of hypercholesterolemia on rotator cuff disease. Clin Orthop Relat Res. 
2010;468(6):1493-7. 
330. Cole A, Gill TK, Shanahan EM, Phillips P, Taylor AW, Hill CL. Is diabetes associated with shoulder pain or 
stiffness? Results from a population based study. J Rheumatol. 2009;36(2):371-7. 
331. Tashjian RZ, Farnham JM, Albright FS, Teerlink CC, Cannon-Albright LA. Evidence for an inherited 
predisposition contributing to the risk for rotator cuff disease. J Bone Joint Surg Am. 2009;91(5):1136-42. 
332. Beall DP, Williamson EE, Ly JQ, et al. Association of biceps tendon tears with rotator cuff abnormalities: 
degree of correlation with tears of the anterior and superior portions of the rotator cuff. AJR Am J Roentgenol. 
2003;180(3):633-9. 
333. Gill TJ, McIrvin E, Kocher MS, Homa K, Mair SD, Hawkins RJ. The relative importance of acromial 
morphology and age with respect to rotator cuff pathology. J Shoulder Elbow Surg. 2002;11(4):327-30. 
334. Ogawa K, Yoshida A, Inokuchi W, Naniwa T. Acromial spur: relationship to aging and morphologic changes 
in the rotator cuff. J Shoulder Elbow Surg. 2005;14(6):591-8. 
335. Lambert RG, Dhillon SS, Jhangri GS, et al. High prevalence of symptomatic enthesopathy of the shoulder 
in ankylosing spondylitis: deltoid origin involvement constitutes a hallmark of disease. Arthritis Rheum. 
2004;51(5):681-90. 
336. Stuart MJ, Smith A. Injuries in Junior A ice hockey. A three-year prospective study. Am J Sports Med. 
1995;23(4):458-61. 
337. Dohjima T, Sumi Y, Ohno T, Sumi H, Shimizu K. The dangers of snowboarding: a 9-year prospective 
comparison of snowboarding and skiing injuries. Acta Orthop Scand. 2001;72(6):657-60. 
338. Webb J, Bannister G. Acromioclavicular disruption in first class rugby players. Br J Sports Med. 
1992;26(4):247-8. 
339. Nordqvist A, Petersson CJ. Incidence and causes of shoulder girdle injuries in an urban population. J 
Shoulder Elbow Surg. 1995;4(2):107-12. 
340. Petersson CJ. Degeneration of the acromioclavicular joint. A morphological study. Acta Orthop Scand. 
1983;54(3):434-8. 
341. Lehtinen JT, Kaarela K, Belt EA, Kautiainen HJ, Kauppi MJ, Lehto MU. Incidence of acromioclavicular joint 
involvement in rheumatoid arthritis: a 15 year endpoint study. J Rheumatol. 1999;26(6):1239-41. 
342. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee osteoarthritis. The 
Framingham Study. Ann Intern Med. 1988;109(1):18-24. 
343. Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: new insights. Part 1: the disease and its risk 
factors. Ann Intern Med. 2000;133(8):635-46. 



Copyright ©2020 Reed Group, Ltd.  Page | 202 
 

344. Oliveria SA, Felson DT, Cirillo PA, Reed JI, Walker AM. Body weight, body mass index, and incident 
symptomatic osteoarthritis of the hand, hip, and knee. Epidemiology. 1999;10(2):161-6. 
345. Acheson RM, Collart AB. New Haven survey of joint diseases. XVII. Relationship between some systemic 
characteristics and osteoarthrosis in a general population. Ann Rheum Dis. 1975;34(5):379-87. 
346. Mahakkanukrauh P, Surin P. Prevalence of osteophytes associated with the acromion and 
acromioclavicular joint. Clin Anat. 2003;16(6):506-10. 
347. Stenlund B, Goldie I, Hagberg M, Hogstedt C, Marions O. Radiographic osteoarthrosis in the 
acromioclavicular joint resulting from manual work or exposure to vibration. Br J Ind Med. 1992;49(8):588-93. 
348. Balci N, Balci MK, Tuzuner S. Shoulder adhesive capsulitis and shoulder range of motion in type II diabetes 
mellitus: association with diabetic complications. J Diabetes Complications. 1999;13(3):135-40. 
349. Arkkila PE, Kantola IM, Viikari JS, Ronnemaa T. Shoulder capsulitis in type I and II diabetic patients: 
association with diabetic complications and related diseases. Ann Rheum Dis. 1996;55(12):907-14. 
350. Lind T, Kroner K, Jensen J. The epidemiology of fractures of the proximal humerus. Arch Orthop Trauma 
Surg. 1989;108(5):285-7. 
351. Hovelius L, Olofsson A, Sandstrom B, et al. Nonoperative treatment of primary anterior shoulder dislocation 
in patients forty years of age and younger. A prospective twenty-five year follow-up. J Bone Joint Surg Am. 
2008;90(5):945-52. 
352. Griffith J, Antonio G, Yung P, et al. Prevalence, pattern, and spectrum of glenoid bone loss in anterior 
shoulder dislocation: CT analysis of 218 patients. Am J Roentgenol. 2008;190(5):1247-54. 
353. Owens B, Duffey M, Nelson B, DeBerardino T, Taylor D, Mountcastle S. The incidence and characteristics 
of shoulder instability at the United States Military Academy. Am J Sports Med. 2007;35(7):1168-73. 
354. Cho N, Hwang J, Rhee Y. Arthroscopic stabilization in anterior shoulder instability: collision athletes versus 
noncollision athletes. Arthroscopy. 2006;22(9):947-53. 
355. Headey J, Brooks J, Kemp S. The epidemiology of shoulder injuries in English professional rugby union. 
Am J Sports Med. 2007;35(9):1537-43. 
356. Vermeiren J, Handelberg F, Casteleyn P, Opdecam P. The rate of recurrence of traumatic anterior 
dislocation of the shoulder. A study of 154 cases and a review of the literature. Int Orthop. 1993;17(6):337-41. 
357. Myers J, Ju Y, Hwang J, McMahon P, Rodosky M, Lephart S. Reflexive muscle activation alterations in 
shoulders with anterior glenohumeral instability. Am J Sports Med. 2004;32(4):1013-21. 
358. Moreau C, Moreau S. Chiropractic management of a professional hockey player with recurrent shoulder 
instability. J Manipulative Physiol Ther. 2001;24(6):425-30. 
359. Shibata Y, Honjo N, Shinoda T, Kumano T, Naito M. Pressure between the humeral head and the 
subscapularis tendon after the modified Boytchev procedure. J Shoulder Elbow Surg. 2004;13(2):170-3. 
360. DePalma A, Callery G, Bennett G. Variational anatomy and degenerative lesions of the shoulder joint. 
AAOS Instructional Course Lect. 1949;6255-81. 
361. Kuorinka I, Koskinen P. Occupational rheumatic diseases and upper limb strain in manual jobs in a light 
mechanical industry. Scand J Work Environ Health. 1979;5 suppl 339-47. 
362. Knave BG, Wibom RI, Bergqvist UO, Carlsson LL, Levin MI, Nylen PR. Work with video display terminals 
among office employees. II. Physical exposure factors. Scand J Work Environ Health. 1985;11(6):467-74. 
363. Yu I, Wong T. Musculoskeletal problems among VDU workers in a Hong Kong bank. Occup Med. 
1996;46(4):275-80. 
364. Rudolph L. NIOSH Research Projects. Musculoskeletal disorders: physicians and the return-to-work- 
process. 1997,7. 
365. Sheth RN, Belzberg AJ. Diagnosis and treatment of thoracic outlet syndrome. Neurosurg Clin N Am. 
2001;12(2):295-309. 
366. Wilbourn AJ. The thoracic outlet syndrome is overdiagnosed. Arch Neurol. 1990;47(3):328-30. 
367. Watson LA, Pizzari T, Balster S. Thoracic outlet syndrome part 1: clinical manifestations, differentiation and 
treatment pathways. Man Ther. 2009;14(6):586-95. 
368. McMaster WC, Troup J. A survey of interfering shoulder pain in United States competitive swimmers. Am J 
Sports Med. 1993;21(1):67-70. 
369. Rupp S, Berninger K, Hopf T. Shoulder problems in high level swimmers--impingement, anterior instability, 
muscular imbalance? Int J Sports Med. 1995;16(8):557-62. 
370. Richardson AB, Jobe FW, Collins HR. The shoulder in competitive swimming. Am J Sports Med. 
1980;8(3):159-63. 
371. Penny JN, Smith C. The prevention and treatment of swimmer's shoulder. Can J Appl Sport Sci. 
1980;5(3):195-202. 
372. Kennedy JC, Hawkins R, Krissoff WB. Orthopaedic manifestations of swimming. Am J Sports Med. 
1978;6(6):309-22. 



Copyright ©2020 Reed Group, Ltd.  Page | 203 
 

373. Bak K, Fauno P. Clinical findings in competitive swimmers with shoulder pain. Am J Sports Med. 
1997;25(2):254-60. 
374. Stocker D, Pink M, Jobe FW. Comparison of shoulder injury in collegiate- and master's-level swimmers. 
Clin J Sport Med. 1995;5(1):4-8. 
375. Keogh JP, Nuwayhid I, Gordon JL, Gucer PW. The impact of occupational injury on injured worker and 
family: outcomes of upper extremity cumulative trauma disorders in Maryland workers. Am J Ind Med. 
2000;38(5):498-506. 
376. Cann AP, Connolly M, Ruuska R, et al. Inter-rater reliability of output measures for a posture matching 
assessment approach: a pilot study with food service workers. Ergonomics. 2008;51(4):556-72. 
377. Stephens JP, Vos GA, Stevens EM, Jr., Moore JS. Test-retest repeatability of the Strain Index. Appl Ergon. 
2006;37(3):275-81. 
378. Rucker N, Moore JS. Predictive validity of the strain index in manufacturing facilities. Appl Occup Environ 
Hyg. 2002;17(1):63-73. 
379. Hughes RE, An KN. Force analysis of rotator cuff muscles. Clin Orthop Relat Res. 1996(330):75-83. 
380. Verhagen AP, Karels C, Bierma-Zeinstra SM, et al. Ergonomic and physiotherapeutic interventions for 
treating work-related complaints of the arm, neck or shoulder in adults. Cochrane Database Syst Rev. 
2006;3CD003471. 
381. Rempel D, Tittiranonda P, Burastero S, Hudes M, So Y. Effect of keyboard keyswitch design on hand pain. 
J Occup Environ Med. 1999;41(2):111-9. 
382. Rempel DM, Krause N, Goldberg R, Benner D, Hudes M, Goldner GU. A randomised controlled trial 
evaluating the effects of two workstation interventions on upper body pain and incident musculoskeletal disorders 
among computer operators. Occup Environ Med. 2006;63(5):300-6. 
383. Gerr F, Marcus M, Monteilh C, Hannan L, Ortiz D, Kleinbaum D. A randomised controlled trial of postural 
interventions for prevention of musculoskeletal symptoms among computer users. Occup Environ Med. 
2005;62(7):478-87. 
384. Tittiranonda P, Rempel D, Armstrong T, Burastero S. Effect of four computer keyboards in computer users 
with upper extremity musculoskeletal disorders. Am J Ind Med. 1999;35(6):647-61. 
385. Herbert R, Gerr F, Dropkin J. Clinical evaluation and management of work-related carpal tunnel syndrome. 
Am J Ind Med. 2000;37(1):62-74. 
386. van den Heuvel SG, de Looze MP, Hildebrandt VH, The KH. Effects of software programs stimulating 
regular breaks and exercises on work-related neck and upper-limb disorders. Scand J Work Environ Health. 
2003;29(2):106-16. 
387. Lee K, Swanson N, Sauter S, Wickstrom R, Waikar A, Mangum M. A review of physical exercises 
recommended for VDT operators. Appl Ergon. 1992;23(6):387-408. 
388. Galinsky T, Swanson N, Sauter S, Dunkin R, Hurrell J, Schleifer L. Supplementary breaks and stretching 
exercises for data entry operators: a follow-up field study. Am J Ind Med. 2007;50(7):519-27. 
389. Galinsky TL, Swanson NG, Sauter SL, Hurrell JJ, Schleifer LM. A field study of supplementary rest breaks 
for data-entry operators. Ergonomics. 2000;43(5):622-38. 
390. Carter JB, Banister EW. Musculoskeletal problems in VDT work: a review. Ergonomics. 1994;37(10):1623-
48. 
391. Silverstein BA, Armstrong TJ, Longmate A, Woody D. Can in-plant exercise control musculoskeletal 
symptoms? J Occup Med. 1988;30(12):922-7. 
392. Feuerstein M, Nicholas RA, Huang GD, Dimberg L, Ali D, Rogers H. Job stress management and 
ergonomic intervention for work-related upper extremity symptoms. Appl Ergon. 2004;35(6):565-74. 
393. Fenety A, Walker JM. Short-term effects of workstation exercises on musculoskeletal discomfort and 
postural changes in seated video display unit workers. Phys Ther. 2002;82(6):578-89. 
394. Balci R, Aghazadeh F. Effects of exercise breaks on performance, muscular load, and perceived discomfort 
in data entry and cognitive tasks. Comput Ind Eng. 2004;46399-411. 
395. Henning RA, Jacques P, Kissel GV, Sullivan AB, Alteras-Webb SM. Frequent short rest breaks from 
computer work: effects on productivity and well-being at two field sites. Ergonomics. 1997;40(1):78-91. 
396. Balci R, Aghazadeh F. The effect of work-rest schedules and type of task on the discomfort and 
performance of VDT users. Ergonomics. 2003;46(5):455-65. 
397. McLean L, Tingley M, Scott RN, Rickards J. Computer terminal work and the benefit of microbreaks. Appl 
Ergon. 2001;32(3):225-37. 
398. Floru R, Cail F. Data-entry task on VDU: Underload or overload? . In: Knave B, Wideback P-G, eds. Work 
With Display Units 86. Amsterdam: Elsevier Science; 1987:56-767. 
399. Sauter S, Swanson N. The effects of frequent rest breaks on performance and well-being in repetitive 
computer work. Paper presented at Work with Display Units 92, Berlin; 1992. 



Copyright ©2020 Reed Group, Ltd.  Page | 204 
 

400. Kopardekar P, Mital A. The effect of different work-rest schedules on fatigue and performance of a 
simulated directory assistance operator's task. Ergonomics. 1994;37(10):1697-707. 
401. Ketola R, Toivonen R, Hakkanen M, Luukkonen R, Takala EP, Viikari-Juntura E. Effects of ergonomic 
intervention in work with video display units. Scand J Work Environ Health. 2002;28(1):18-24. 
402. Werner RA, Franzblau A, Gell N. Randomized controlled trial of nocturnal splinting for active workers with 
symptoms of carpal tunnel syndrome. Arch Phys Med Rehabil. 2005;86(1):1-7. 
403. Turner JA, Franklin G, Fulton-Kehoe D, et al. Early predictors of chronic work disability associated with 
carpal tunnel syndrome: a longitudinal workers' compensation cohort study. Am J Ind Med. 2007;50(7):489-500. 
404. Bonzani PJ, Millender L, Keelan B, Mangieri MG. Factors prolonging disability in work-related cumulative 
trauma disorders. J Hand Surg Am. 1997;22(1):30-4. 
405. Gimeno D, Amick BC, 3rd, Habeck RV, Ossmann J, Katz JN. The role of job strain on return to work after 
carpal tunnel surgery. Occup Environ Med. 2005;62(11):778-85. 
406. Abasolo L, Carmona L, Hernandez-Garcia C, et al. Musculoskeletal work disability for clinicians: time 
course and effectiveness of a specialized intervention program by diagnosis. Arthritis Rheum. 2007;57(2):335-42. 
407. Arnetz BB, Sjogren B, Rydehn B, Meisel R. Early workplace intervention for employees with 
musculoskeletal-related absenteeism: a prospective controlled intervention study. J Occup Environ Med. 
2003;45(5):499-506. 
408. Kuijpers T, van der Windt DA, van der Heijden GJ, Twisk JW, Vergouwe Y, Bouter LM. A prediction rule for 
shoulder pain related sick leave: a prospective cohort study. BMC Musculoskelet Disord. 2006;797. 
409. Lotters F, Burdorf A. Prognostic factors for duration of sickness absence due to musculoskeletal disorders. 
Clin J Pain. 2006;22(2):212-21. 
410. Faber E, Kuiper JI, Burdorf A, Miedema HS, Verhaar JA. Treatment of impingement syndrome: a 
systematic review of the effects on functional limitations and return to work. J Occup Rehabil. 2006;16(1):7-25. 
411. De Bruijn C, Goossens M, de Bie R, Ament A, Geraets J, Dinant GJ. Cost-effectiveness of an education 
and activation program for patients with acute and subacute shoulder complaints compared to usual care. Int J 
Technol Assess Health Care. 2007;23(1):80-8. 
412. Kuhn JE. Exercise in the treatment of rotator cuff impingement: a systematic review and a synthesized 
evidence-based rehabilitation protocol. J Shoulder Elbow Surg. 2009;18(1):138-60. 
413. Brox JI, Gjengedal E, Uppheim G, et al. Arthroscopic surgery versus supervised exercises in patients with 
rotator cuff disease (stage II impingement syndrome): a prospective, randomized, controlled study in 125 patients 
with a 2 1/2-year follow-up. J Shoulder Elbow Surg. 1999;8(2):102-11. 
414. Ludewig PM, Borstad JD. Effects of a home exercise programme on shoulder pain and functional status in 
construction workers. Occup Environ Med. 2003;60(11):841-9. 
415. Rahme H, Solem-Bertoft E, Westerberg CE, Lundberg E, Sorensen S, Hilding S. The subacromial 
impingement syndrome. A study of results of treatment with special emphasis on predictive factors and pain-
generating mechanisms. Scand J Rehabil Med. 1998;30(4):253-62. 
416. Walther M, Werner A, Stahlschmidt T, Woelfel R, Gohlke F. The subacromial impingement syndrome of the 
shoulder treated by conventional physiotherapy, self-training, and a shoulder brace: results of a prospective, 
randomized study. J Shoulder Elbow Surg. 2004;13(4):417-23. 
417. Werner A, Walther M, Ilg A, Stahlschmidt T, Gohlke F. Self-training versus conventional physiotherapy in 
subacromial impingement syndrome. Z Orthop Ihre Grenzgeb. 2002;140(4):375-80. 
418. Bernaards CM, Ariens GA, Hildebrandt VH. The (cost-)effectiveness of a lifestyle physical activity 
intervention in addition to a work style intervention on the recovery from neck and upper limb symptoms in 
computer workers. BMC Musculoskelet Disord. 2006;780. 
419. Geraets JJ, Goossens ME, de Bruijn CP, et al. A behavioural treatment for chronic shoulder complaints: 
concepts, development, and study design. Aust J Physiother. 2004;50(1):33-8. 
420. McClure PW, Bialker J, Neff N, Williams G, Karduna A. Shoulder function and 3-dimensional kinematics in 
people with shoulder impingement syndrome before and after a 6-week exercise program. Phys Ther. 
2004;84(9):832-48. 
421. Bennell K, Coburn S, Wee E, et al. Efficacy and cost-effectiveness of a physiotherapy program for chronic 
rotator cuff pathology: a protocol for a randomised, double-blind, placebo-controlled trial. BMC Musculoskelet 
Disord. 2007;886. 
422. Kelly SM, Wrightson PA, Meads CA. Clinical outcomes of exercise in the management of subacromial 
impingement syndrome: a systematic review. Clin Rehabil. 2010;24(2):99-109. 
423. Kromer TO, Tautenhahn UG, de Bie RA, Staal JB, Bastiaenen CH. Effects of physiotherapy in patients with 
shoulder impingement syndrome: a systematic review of the literature. J Rehabil Med. 2009;41(11):870-80. 
424. Geraets JJ, Goossens ME, de Groot IJ, et al. Effectiveness of a graded exercise therapy program for 
patients with chronic shoulder complaints. Aust J Physiother. 2005;51(2):87-94. 



Copyright ©2020 Reed Group, Ltd.  Page | 205 
 

425. Smith MD, Thomas D, McCredie M, Brooks PM. Piroxicam versus naproxen in the treatment of painful 
shoulder. Pharmatherapeutica. 1986;4(9):585-9. 
426. Van der Heijden GJ, Leffers P, Wolters PJ, et al. No effect of bipolar interferential electrotherapy and 
pulsed ultrasound for soft tissue shoulder disorders: a randomised controlled trial. Ann Rheum Dis. 1999;58(9):530-
40. 
427. Ginn KA, Cohen ML. Exercise therapy for shoulder pain aimed at restoring neuromuscular control: a 
randomized comparative clinical trial. J Rehabil Med. 2005;37(2):115-22. 
428. Geraets JJ, Goossens ME, de Bruijn CP, et al. Cost-effectiveness of a graded exercise therapy program for 
patients with chronic shoulder complaints. Int J Technol Assess Health Care. 2006;22(1):76-83. 
429. Johansson KM, Adolfsson LE, Foldevi MO. Effects of acupuncture versus ultrasound in patients with 
impingement syndrome: randomized clinical trial. Phys Ther. 2005;85(6):490-501. 
430. Herrera-Lasso I, Mobarak L, Fernández-Domíngeuz L, Cardiel M, Alarcón-Segovia D. Comparative 
effectiveness of packages of treatment including ultrasound or transcutaneous electrical nerve stimulation in painful 
shoulder syndrome. Physiotherapy. 1993;79251-3. 
431. Bal A, Eksioglu E, Gurcay E, Gulec B, Karaahmet O, Cakci A. Low-level laser therapy in subacromial 
impingement syndrome. Photomed Laser Surg. 2009;27(1):31-6. 
432. Aktas I, Akgun K, Cakmak B. Therapeutic effect of pulsed electromagnetic field in conservative treatment of 
subacromial impingement syndrome. Clin Rheumatol. 2007;26(8):1234-9. 
433. Citaker S, Taskiran H, Akdur H, Arabaci U, Ekici G. Comparison of the mobilization and proprioceptive 
neuromuscular facilitation methods in the treatment of shoulder impingement sydrome. Pain Clin. 2005;17(2):197-
202. 
434. Gerdesmeyer L, Wagenpfeil S, Haake M, et al. Extracorporeal shock wave therapy for the treatment of 
chronic calcifying tendonitis of the rotator cuff: a randomized controlled trial. Jama. 2003;290(19):2573-80. 
435. Blair B, Rokito AS, Cuomo F, Jarolem K, Zuckerman JD. Efficacy of injections of corticosteroids for 
subacromial impingement syndrome. J Bone Joint Surg Am. 1996;78(11):1685-9. 
436. McInerney JJ, Dias J, Durham S, Evans A. Randomised controlled trial of single, subacromial injection of 
methylprednisolone in patients with persistent, post-traumatic impingment of the shoulder. Emerg Med J. 
2003;20(3):218-21. 
437. Plafki C, Steffen R, Willburger RE, Wittenberg RH. Local anaesthetic injection with and without 
corticosteroids for subacromial impingement syndrome. Int Orthop. 2000;24(1):40-2. 
438. Akgun K, Birtane M, Akarirmak U. Is local subacromial corticosteroid injection beneficial in subacromial 
impingement syndrome? Clin Rheumatol. 2004;23(6):496-500. 
439. Hay EM, Thomas E, Paterson SM, Dziedzic K, Croft PR. A pragmatic randomised controlled trial of local 
corticosteroid injection and physiotherapy for the treatment of new episodes of unilateral shoulder pain in primary 
care. Ann Rheum Dis. 2003;62(5):394-9. 
440. Giombini A, Di Cesare A, Safran MR, Ciatti R, Maffulli N. Short-term effectiveness of hyperthermia for 
supraspinatus tendinopathy in athletes: a short-term randomized controlled study. Am J Sports Med. 
2006;34(8):1247-53. 
441. Philadelphia Panel evidence-based clinical practice guidelines on selected rehabilitation interventions for 
shoulder pain. Phys Ther. 2001;81(10):1719-30. 
442. Johansson K, Oberg B, Adolfsson L, Foldevi M. A combination of systematic review and clinicians' beliefs 
in interventions for subacromial pain. Br J Gen Pract. 2002;52(475):145-52. 
443. Koester MC, George MS, Kuhn JE. Shoulder impingement syndrome. Am J Med. 2005;118(5):452-5. 
444. Cardoso de Souza M, Trajano Jorge R, Jones A, Lombardi Junior I, Natour J. Progressive resistance 
training in patients with shoulder impingement syndrome: literature review. Reumatismo. 2009;61(2):84-9. 
445. van der Heijden GJ, van der Windt DA, de Winter AF. Physiotherapy for patients with soft tissue shoulder 
disorders: a systematic review of randomised clinical trials. BMJ. 1997;315(7099):25-30. 
446. Desmeules F, Cote C, Fremont P. Therapeutic exercise and orthopedic manual therapy for impingement 
syndrome: a systematic review. Clin J Sport Med. 2003;13176-82. 
447. Michener LA, Walsworth MK, Burnet EN. Effectiveness of rehabilitation for patients with subacromial 
impingement syndrome: a systematic review. J Hand Ther. 2004;17(2):152-64. 
448. Lombardi I, Jr., Magri AG, Fleury AM, Da Silva AC, Natour J. Progressive resistance training in patients 
with shoulder impingement syndrome: a randomized controlled trial. Arthritis Rheum. 2008;59(5):615-22. 
449. Ginn KA, Herbert RD, Khouw W, Lee R. A randomized, controlled clinical trial of a treatment for shoulder 
pain. Phys Ther. 1997;77(8):802-9; discussion 10-1. 
450. Winters JC, Sobel JS, Groenier KH, Arendzen HJ, Meyboom-de Jong B. Comparison of physiotherapy, 
manipulation, and corticosteroid injection for treating shoulder complaints in general practice: randomised, single 
blind study. BMJ. 1997;314(7090):1320-5. 



Copyright ©2020 Reed Group, Ltd.  Page | 206 
 

451. van Eijsden-Besseling MD, Staal JB, van Attekum A, de Bie RA, van den Heuvel WJ. No difference 
between postural exercises and strength and fitness exercises for early, non-specific, work-related upper limb 
disorders in visual display unit workers: a randomised trial. Aust J Physiother. 2008;54(2):95-101. 
452. Wang SS, Trudelle-Jackson EJ. Comparison of customized versus standard exercises in rehabilitation of 
shoulder disorders. Clin Rehabil. 2006;20(8):675-85. 
453. Brox J, Brevik J. Prognostic factors in patients with rotator tendinosis (stage II impingement syndrome) of 
the shoulder. Scand J Prim Health Care. 1996;14(2):100-5. 
454. Takeda Y, Kashiwaguchi S, Endo K, Matsuura T, Sasa T. The most effective exercise for strengthening the 
supraspinatus muscle: evaluation by magnetic resonance imaging. Am J Sports Med. 2002;30(3):374-81. 
455. Burke W, Vangsness C, Powers C. Strengthening the supraspinatus: a clinical and biomechanical review. 
Clin Orthop Relat Res. 2002(402):292-8. 
456. Thigpen CA, Padua DA, Morgan N, Kreps C, Karas SG. Scapular kinematics during supraspinatus 
rehabilitation exercise: a comparison of full-can versus empty-can techniques. Am J Sports Med. 2006;34(4):644-
52. 
457. Bast S, Vangsness C, Jr, Takemura J, Folkins E, Landel R. The effects of concentric versus eccentric 
isokinetic strength training of the rotator cuff in the plane of the scapula at various speeds. Bull Hosp Jt Dis. 
1998;57(3):139-44. 
458. Jonsson P, Wahlstrom P, Ohberg L, Alfredson H. Eccentric training in chronic painful impingement 
syndrome of the shoulder: results of a pilot study. Knee Surg Sports Traumatol Arthrosc. 2006;14(1):76-81. 
459. Hardy DC, Vogler JB, 3rd, White RH. The shoulder impingement syndrome: prevalence of radiographic 
findings and correlation with response to therapy. AJR Am J Roentgenol. 1986;147(3):557-61. 
460. Burbank KM, Lemos MJ, Bell G, Lemos DW. Incidence of os acromiale in patients with shoulder pain. Am J 
Orthop (Belle Mead NJ). 2007;36(3):153-5. 
461. Cadet ER, Hsu JW, Levine WN, Bigliani LU, Ahmad CS. The relationship between greater tuberosity 
osteopenia and the chronicity of rotator cuff tears. J Shoulder Elbow Surg. 2008;17(1):73-7. 
462. Gartsman GM, Taverna E. The incidence of glenohumeral joint abnormalities associated with full-thickness, 
reparable rotator cuff tears. Arthroscopy. 1997;13(4):450-5. 
463. Harreld KL, Marker DR, Wiesler ER, Shafiq B, Mont MA. Osteonecrosis of the humeral head. J Am Acad 
Orthop Surg. 2009;17(6):345-55. 
464. Ficat R. Idiopathic bone necrosis of the femoral head. Early diagnosis and treatment. J Bone Joint Surg Br. 
1985;67(1):3-9. 
465. Fouse M, Nottage WM. All-arthroscopic rotator cuff repair. Sports Med Arthrosc. 2007;15(4):208-15. 
466. Abrams JS. Arthroscopic approach to massive rotator cuff tears. Instr Course Lect. 2006;5559-66. 
467. Baker CL, Whaley AL, Baker M. Arthroscopic rotator cuff tear repair. J Surg Orthop Adv. 2003;12(4):175-
90. 
468. Ahmad CS, Levine WN, Bigliani LU. Arthroscopic rotator cuff repair. Orthopedics. 2004;27(6):570-4. 
469. Boszotta H, Prunner K. Arthroscopically assisted rotator cuff repair. Arthroscopy. 2004;20(6):620-6. 
470. Guyette TM, Bae H, Warren RF, Craig E, Wickiewicz TL. Results of arthroscopic subacromial 
decompression in patients with subacromial impingement and glenohumeral degenerative joint disease. J Shoulder 
Elbow Surg. 2002;11(4):299-304. 
471. Baumann B, Genning K, Bohm D, Rolf O, Gohlke F. Arthroscopic prevalence of pulley lesions in 1007 
consecutive patients. J Shoulder Elbow Surg. 2008;17(1):14-20. 
472. Bishop JY, Flatow EL. Management of glenohumeral arthritis: a role for arthroscopy? Orthop Clin North 
Am. 2003;34(4):559-66. 
473. Stevens K, Tao C, Lee SU, et al. Subchondral fractures in osteonecrosis of the femoral head: comparison 
of radiography, CT, and MR imaging. Am J Roentgenol. 2003;180(2):363-8. 
474. Jurik AG, Albrechtsen J. The use of computed tomography with two- and three-dimensional reconstructions 
in the diagnosis of three- and four-part fractures of the proximal humerus. Clin Radiol. 1994;49(11):800-4. 
475. Sinha AK, Kaeding CC, Wadley GM. Upper extremity stress fractures in athletes: clinical features of 44 
cases. Clin J Sport Med. 1999;9(4):199-202. 
476. Svahn T, Elmstedt E, Lewander R, Lundgren G, Magnusson G. Avascular necrosis of the bone in 99 renal 
allograft recipients. Scand J Urol Nephrol. 1975(29 Suppl):135-7. 
477. Moghekar AR, Karli N, Chaudhry V. Brachial plexopathies: etiology, frequency, and electrodiagnostic 
localization. J Clin Neuromuscul Dis. 2007;9(1):243-7. 
478. Wilbourn AJ. Plexopathies. Neurol Clin. 2007;25(1):139-71. 
479. Mulyadi E, Harish S, O'Neill J, Rebello R. MRI of impingement syndromes of the shoulder. Clin Radiol. 
2009;64(3):307-18. 



Copyright ©2020 Reed Group, Ltd.  Page | 207 
 

480. Chang EY, Moses DA, Babb JS, Schweitzer ME. Shoulder impingement: objective 3D shape analysis of 
acromial morphologic features. Radiology. 2006;239(2):497-505. 
481. Tuite MJ, Cirillo RL, De Smet AA, Orwin JF. Superior labrum anterior-posterior (SLAP) tears: evaluation of 
three MR signs on T2-weighted images. Radiology. 2000;215(3):841-5. 
482. Connell D, Potter H, Wickiewicz T, Altchek D, Warren R. Noncontrast magnetic resonance imaging of 
superior labral lesions: 102 cases confirmed at arthroscopic surgery. American Journal of Sports Medicine. 
1999;27(2):208-13. 
483. McFarland EG, Tanaka MJ, Garzon-Muvdi J, Jia X, Petersen SA. Clinical and imaging assessment for 
superior labrum anterior and posterior lesions. Current Sports Medicine Reports. 2009;8(5):234-9. 
484. Cartland JP, Crues JV, 3rd, Stauffer A, Nottage W, Ryu RK. MR imaging in the evaluation of SLAP injuries 
of the shoulder: findings in 10 patients. AJR American Journal Of Roentgenology. 1992;159(4):787-92. 
485. Chang D, Mohana-Borges A, Borso M, Chung CB. SLAP lesions: anatomy, clinical presentation, MR 
imaging diagnosis and characterization. Eur J Radiol. 2008;68(1):72-87. 
486. Tirman PF, Bost FW, Steinbach LS, et al. MR arthrographic depiction of tears of the rotator cuff: benefit of 
abduction and external rotation of the arm. Radiology. 1994;192(3):851-6. 
487. Wnorowski DC, Levinsohn EM, Chamberlain BC, McAndrew DL. Magnetic resonance imaging assessment 
of the rotator cuff: is it really accurate? Arthroscopy. 1997;13(6):710-9. 
488. Tung G, Entzian D, Green A, Jeffrey B. High-field and low-field MR imaging of superior glenoid labral tears 
and associated tendon injuries. AJR. 2000;1741107-14. 
489. Reuss BL, Schwartzberg R, Zlatkin MB, Cooperman A, Dixon. Magnetic resonance imaging accuracy for 
the diagnosis of superior labrum anterior-posterior lesions in the community setting: eighty-three arthroscopically 
confirmed cases. Journal of Shoulder and Elbow Surgery. 2006;15(5):580-5. 
490. Yamakawa S, Hashizume H, Ichikawa N, Itadera E, Inoue H. Comparative studies of MRI and operative 
findings in rotator cuff tear. Acta Med Okayama. 2001;55(5):261-8. 
491. Jones L, Hungerford D. Osteonecrosis: etiology, diagnosis, and treatment. Curr Opin Rheumatol. 
2004;16443-9. 
492. Koo KH, Kim R, Ko GH, Song HR, Jeong ST, Cho SH. Preventing collapse in early osteonecrosis of the 
femoral head. A randomised clinical trial of core decompression. J Bone Joint Surg Br. 1995;77(6):870-4. 
493. Coombs R, de WM Thomas R. Avascular necrosis of the hip. Br J Hospital Med. 1994;51(6):275-80. 
494. Cherian S, Laorr A, Saleh K, Kuskowski M, Bailey R, Cheng E. Quantifying the extent of femoral head 
involvement in osteonecrosis. J Bone Joint Surg Am. 2003;85309-15. 
495. Radke S, Rader C, Kenn W, Kirschner S, Walther M, Eulert J. Transient marrow edema syndrome of the 
hip: results after core decompression. A prospective MRI-controlled study in 22 patients. Arch Orthop Trauma Surg. 
2003;123(5):223-7. 
496. Scheiber C, Meyer ME, Dumitresco B, et al. The pitfalls of planar three-phase bone scintigraphy in 
nontraumatic hip avascular osteonecrosis. Clin Nucl Med. 1999;24(7):488-94. 
497. Blanchard TK, Bearcroft PW, Maibaum A, Hazelman BL, Sharma S, Dixon AK. Magnetic resonance 
imaging or arthrography for shoulder problems: a randomised study. European Journal of Radiology. 1999;30(1):5-
10. 
498. Kassarjian A, Yoon LS, Belzile E, Connolly SA, Millis MB, Palmer WE. Triad of MR arthrographic findings in 
patients with cam-type femoroacetabular impingement. Radiology. 2005;236(2):588-92. 
499. Leunig M, Podeszwa D, Beck M, Werlen S, Ganz R. Magnetic resonance arthrography of labral disorders 
in hips with dysplasia and impingement. Clin Orthop Relat Res. 2004(418):74-80. 
500. Armfield D, Towers J, Robertson D. Radiographic and MR imaging of the athletic hip. Clin Sports Med. 
2006;25(2):211-39, viii. 
501. Bredella M, Stoller D. MR imaging of femoroacetabular impingement. Magn Reson Imaging Clin N Am. 
2005;13(4):653-64. 
502. Torstensen ET, Hollinshead RM. Comparison of magnetic resonance imaging and arthroscopy in the 
evaluation of shoulder pathology. J Shoulder Elbow Surg. 1999;8(1):42-5. 
503. Burk DL, Jr., Karasick D, Kurtz AB, et al. Rotator cuff tears: prospective comparison of MR imaging with 
arthrography, sonography, and surgery. AJR Am J Roentgenol. 1989;153(1):87-92. 
504. Berhouet J, Collin P, Benkalfate T, et al. Massive rotator cuff tears in patients younger than 65 years. 
Epidemiology and characteristics. Orthop Traumatol Surg Res. 2009;95(4 Suppl 1):S13-8. 
505. Singson RD, Hoang T, Dan S, Friedman M. MR evaluation of rotator cuff pathology using T2-weighted fast 
spin-echo technique with and without fat suppression. AJR Am J Roentgenol. 1996;166(5):1061-5. 
506. Epstein RE, Schweitzer ME, Frieman BG, Fenlin JM, Jr., Mitchell DG. Hooked acromion: prevalence on MR 
images of painful shoulders. Radiology. 1993;187(2):479-81. 



Copyright ©2020 Reed Group, Ltd.  Page | 208 
 

507. Schmerl M, Pollard H, Hoskins W. Labral injuries of the hip: a review of diagnosis and management. J 
Manipulative Physiol Ther. 2005;28(8):632. 
508. Hunter JC, Blatz DJ, Escobedo EM. SLAP lesions of the glenoid labrum: CT arthrographic and arthroscopic 
correlation. Radiology. 1992;184(2):513-8. 
509. Palmer WE. MR arthrography of the rotator cuff and labral-ligamentous complex. Semin Ultrasound CT 
MR. 1997;18(4):278-90. 
510. Peh WC. Magnetic resonance arthrography of the labral-ligamentous complex of the shoulder: an update. 
Ann Acad Med Singapore. 2002;31(5):614-20. 
511. Waldt S, Burkart A, Lange P, Imhoff AB, Rummeny EJ, Woertler K. Diagnostic performance of MR 
arthrography in the assessment of superior labral anteroposterior lesions of the shoulder. AJR American Journal Of 
Roentgenology. 2004;182(5):1271-8. 
512. Jee WH, McCauley TR, Katz LD, Matheny JM, Ruwe PA, Daigneault JP. Superior labral anterior posterior 
(SLAP) lesions of the glenoid labrum: reliability and accuracy of MR arthrography for diagnosis. Radiology. 
2001;218(1):127-32. 
513. Lin E. Magnetic resonance arthrography of superior labrum anterior-posterior lesions: a practical approach 
to interpretation. Curr Probl Diagn Radiol. 2009;38(2):91-7. 
514. Bencardino JT, Beltran J, Rosenberg ZS, et al. Superior labrum anterior-posterior lesions: diagnosis with 
MR arthrography of the shoulder. Radiology. 2000;214(1):267-71. 
515. Monu JU, Pope TL. MR diagnosis of superior labral anterior posterior (SLAP) injuries of the glenoid labrum: 
value of routine imaging without intraarticular injection of contrast material. Am J Roentgenology. 
1994;163(6):1425-9. 
516. Antonio GE, Griffith JF, Yu AB, Yung PS, Chan KM, Ahuja AT. First-time shoulder dislocation: High 
prevalence of labral injury and age-related differences revealed by MR arthrography. J Magn Reson Imaging. 
2007;26(4):983-91. 
517. Loew R, Kreitner KF, Runkel M, Zoellner J, Thelen M. MR arthrography of the shoulder: comparison of low-
field (0.2 T) vs high-field (1.5 T) imaging. Eur Radiol. 2000;10(6):989-96. 
518. Chandnani VP, Yeager TD, DeBerardino T, et al. Glenoid labral tears: prospective evaluation with MRI 
imaging, MR arthrography, and CT arthrography. AJR Am J Roentgenol. 1993;161(6):1229-35. 
519. Oh CH, Schweitzer ME, Spettell CM. Internal derangements of the shoulder: decision tree and cost-
effectiveness analysis of conventional arthrography, conventional MRI, and MR arthrography. Skeletal Radiol. 
1999;28(12):670-8. 
520. Naqvi G, Jadaan M, Harrington P. Accuracy of ultrasonography and magnetic resonance imaging for 
detection of full thickness rotator cuff tears. Int J Shoulder Surg. 2009;3(4):94-7. 
521. Iannotti J, Ciccone J, Buss D, et al. Accuracy of office-based ultrasonography of the shoulder for the 
diagnosis of rotator cuff tears. J Bone Joint Surg Am. 2005;871305-11. 
522. Moosikasuwan JB, Miller TT, Burke BJ. Rotator cuff tears: clinical, radiographic, and US findings. 
Radiographics. 2005;25(6):1591-607. 
523. Crass JR, Craig EV, Feinberg SB. Ultrasonography of rotator cuff tears: a review of 500 diagnostic studies. 
J Clin Ultrasound. 1988;16(5):313-27. 
524. Shahabpour M, Kichouh M, Laridon E, Gielen JL, De Mey J. The effectiveness of diagnostic imaging 
methods for the assessment of soft tissue and articular disorders of the shoulder and elbow. Eur J Radiol. 
2008;65(2):194-200. 
525. Kim H, Kim S, Seo Y-I. Ultrasonographic findings of painful shoulders and correlation between physical 
examination and ultrasonographic rotator cuff tear 
Mod Rheumatol. 2007;17(3):213-9. 
526. Hedtmann A, Fett H. Ultrasonography of the shoulder in subacromial syndromes with disorders and injuries 
of the rotator cuff. Orthopade. 1995;24(6):498-508. 
527. Zehetgruber H, Lang T, Wurnig C. Distinction between supraspinatus, infraspinatus and subscapularis 
tendon tears with ultrasound in 332 surgically confirmed cases. Ultrasound Med Biol. 2002;28(6):711-7. 
528. Brenneke SL, Morgan CJ. Evaluation of ultrasonography as a diagnostic technique in the assessment of 
rotator cuff tendon tears. Am J Sports Med. 1992;20(3):287-9. 
529. Furtschegger A, Resch H. Value of ultrasonography in preoperative diagnosis of rotator cuff tears and 
postoperative follow-up. Eur J Radiol. 1988;8(2):69-75. 
530. Mack LA, Gannon MK, Kilcoyne RF, Matsen RA, 3rd. Sonographic evaluation of the rotator cuff. Accuracy 
in patients without prior surgery. Clin Orthop Relat Res. 1988(234):21-7. 
531. Mack LA, Nyberg DA, Matsen FA, 3rd. Sonographic evaluation of the rotator cuff. Radiol Clin North Am. 
1988;26(1):161-77. 



Copyright ©2020 Reed Group, Ltd.  Page | 209 
 

532. Middleton WD, Reinus WR, Totty WG, Melson CL, Murphy WA. Ultrasonographic evaluation of the rotator 
cuff and biceps tendon. J Bone Joint Surg Am. 1986;68(3):440-50. 
533. Read JW, Perko M. Shoulder ultrasound: diagnostic accuracy for impingement syndrome, rotator cuff tear, 
and biceps tendon pathology. J Shoulder Elbow Surg. 1998;7(3):264-71. 
534. Alasaarela E, Leppilahti J, Hakala M. Ultrasound and operative evaluation of arthritic shoulder joints. Ann 
Rheum Dis. 1998;57(6):357-60. 
535. Koivikko MP, Mustonen AOT. Shoulder magnetic resonance arthrography: a prospective randomized study 
of anterior and posterior ultrasonography-guided contrast injections. Informa Healthcare; 2008:912 - 7. 
536. Guckel C, Nidecker A. Diagnosis of tears in rotator-cuff-injuries. Eur J Radiol. 1997;25(3):168-76. 
537. Blanchard TK, Constant CR, Bearcroft PW, Marshall TJ, Dixon AK. Imaging of the rotator cuff: an 
arthrographic pitfall. Eur Radiol. 1998;8(5):817-9. 
538. Green S, Buchbinder R, Glazier R, Forbes A. Interventions for shoulder pain. Cochrane Database Syst 
Rev. 2000(2):CD001156. 
539. van der Windt DA, van der Heijden GJ, Scholten RJ, Koes BW, Bouter LM. The efficacy of non-steroidal 
anti-inflammatory drugs (NSAIDS) for shoulder complaints. A systematic review. J Clin Epidemiol. 1995;48(5):691-
704. 
540. Ginsberg F, Famaey JP. A double-blind comparison of slow-release and standard tablet formulations of 
fentiazac in the treatment of patients with tendinitis and bursitis. Curr Med Res Opin. 1985;9(7):442-8. 
541. Calabro JJ, Londino AV, Jr., Eyvazzadeh C. Sustained-release indomethacin in the management of the 
acute painful shoulder from bursitis and/or tendinitis. Am J Med. 1985;79(4C):32-8. 
542. Abdul-Hadi O, Parvizi J, Austin MS, Viscusi E, Einhorn T. Nonsteroidal anti-inflammatory drugs in 
orthopaedics. J Bone Joint Surg Am. 2009;91(8):2020-7. 
543. Itzkowitch D, Ginsberg F, Leon M, Bernard V, Appelboom T. Peri-articular injection of tenoxicam for painful 
shoulders: a double-blind, placebo controlled trial. Clin Rheumatol. 1996;15(6):604-9. 
544. Adebajo AO, Nash P, Hazleman BL. A prospective double blind dummy placebo controlled study 
comparing triamcinolone hexacetonide injection with oral diclofenac 50 mg TDS in patients with rotator cuff 
tendinitis. J Rheumatol. 1990;17(9):1207-10. 
545. Petri M, Dobrow R, Neiman R, Whiting-O'Keefe Q, Seaman WE. Randomized, double-blind, placebo-
controlled study of the treatment of the painful shoulder. Arthritis Rheum. 1987;30(9):1040-5. 
546. Berry H, Fernandes L, Bloom B, Clark RJ, Hamilton EB. Clinical study comparing acupuncture, 
physiotherapy, injection and oral anti-inflammatory therapy in shoulder-cuff lesions. Curr Med Res Opin. 
1980;7(2):121-6. 
547. Mena HR, Lomen PL, Turner LF, Lamborn KR, Brinn EL. Treatment of acute shoulder syndrome with 
flurbiprofen. Am J Med. 1986;80(3A):141-4. 
548. Acetaminophen Safety - Deja Vu. The Medical Letter; 2009:53. 
549. McQuay HJ, Edwards JE, Moore RA. Evaluating analgesia: the challenges. Am J Ther. 2002;9(3):179-87. 
550. Robinson M, Mills R, Euler A. Ranitidine prevents duodenal ulcers associated with non-steroidal anti-
inflammatory drug therapy. Aliment Pharmacol Ther. 1991;5(2):143-50. 
551. Robinson MG, Griffin JW, Jr., Bowers J, et al. Effect of ranitidine on gastroduodenal mucosal damage 
induced by nonsteroidal antiinflammatory drugs. Dig Dis Sci. 1989;34(3):424-8. 
552. Ehsanullah RS, Page MC, Tildesley G, Wood JR. Prevention of gastroduodenal damage induced by non-
steroidal anti-inflammatory drugs: controlled trial of ranitidine. Br Med J. 1988;297(6655):1017-21. 
553. Antman EM, Bennett JS, Daugherty A, Furberg C, Roberts H, Taubert KA. Use of nonsteroidal 
antiinflammatory drugs: an update for clinicians: a scientific statement from the American Heart Association. 
Circulation. 2007;115(12):1634-42. 
554. Hoe-Hansen C, Norlin R. The clinical effect of ketoprofen after arthroscopic subacromial decompression: a 
randomized double-blind prospective study. Arthroscopy. 1999;15(3):249-52. 
555. Rhind V, Downie WW, Bird HA, Wright V, Engler C. Naproxen and indomethacin in periarthritis of the 
shoulder. Rheumatol Rehabil. 1982;21(1):51-3. 
556. Wober W. Comparative efficacy and safety of nimesulide and diclofenac in patients with acute shoulder, 
and a meta-analysis of controlled studies with nimesulide. Rheumatology (Oxford). 1999;38 Suppl 133-8. 
557. Bertin P, Behier JM, Noel E, Leroux JL. Celecoxib is as efficacious as naproxen in the management of 
acute shoulder pain. J Int Med Res. 2003;31(2):102-12. 
558. Vidal L, Kneer W, Baturone M, Sigmund R. Meloxicam in acute episodes of soft-tissue rheumatism of the 
shoulder. Inflamm Res. 2001;50 Suppl 1S24-9. 
559. Wober W, Rahlfs VW, Buchl N, Grassle A, Macciocchi A. Comparative efficacy and safety of the non-
steroidal anti-inflammatory drugs nimesulide and diclofenac in patients with acute subdeltoid bursitis and bicipital 
tendinitis. Int J Clin Pract. 1998;52(3):169-75. 



Copyright ©2020 Reed Group, Ltd.  Page | 210 
 

560. Lecomte J, Buyse H, Taymans J, Monti T. Treatment of tendinitis and bursitis: a comparison of nimesulide 
and naproxen sodium in a double-blind parallel trial. Eur J Rheumatol Inflamm. 1994;14(4):29-32. 
561. Zuinen C. Diclofenac/misoprostol vs diclofenac/placebo in treating acute episodes of tendinitis/bursitis of 
the shoulder. Drugs. 1993;45 Suppl 117-23. 
562. Friis J, Jarner D, Toft B, et al. Comparison of two ibuprofen formulations in the treatment of shoulder 
tendonitis. Clin Rheumatol. 1992;11(1):105-8. 
563. McIlwain HH, Platt RD. Piroxicam versus naproxen in the treatment of acute musculoskeletal disorders in 
athletes. Am J Med. 1988;84(5A):56-60. 
564. Huskisson EC, Bryans R. Diclofenac sodium in the treatment of painful stiff shoulder. Curr Med Res Opin. 
1983;8(5):350-3. 
565. Valtonen EJ. A comparative short-term trial with Voltaren (diclofenac sodium) and naproxen in soft-tissue 
rheumatism. Scand J Rheumatol Suppl. 1978(22):69-73. 
566. Duke O, Zecler E, Grahame R. Anti-inflammatory drugs in periarthritis of the shoulder: a double-blind, 
between-patient study of naproxen versus indomethacin. Rheumatol Rehabil. 1981;20(1):54-9. 
567. Yamamoto M, Sugano T, Kashiwazaki S, Kageyama T, Mizushima Y, Kameyama M. Double-blind 
comparison of piroxicam and indomethacin in the treatment of cervicobrachial syndrome and periarthritis 
scapulohumeralis (stiff shoulder). Eur J Rheumatol Inflamm. 1983;6(3):266-73. 
568. Thumb N, Kolarz G, Scherak O, Mayrhofer F. The efficacy and safety of fentiazac and diclofenac sodium in 
peri-arthritis of the shoulder: a multi-centre, double-blind comparison. J Int Med Res. 1987;15(6):327-34. 
569. Famaey JP, Ginsberg F. Treatment of periarthritis of the shoulder: a comparison of ibuprofen and 
diclofenac. J Int Med Res. 1984;12(4):238-43. 
570. Hayes TB, Fyvie A, Janke PG, Vandenburg MJ, Currie WJ. Sulindac versus ibuprofen in sprains and 
strains. Br J Sports Med. 1984;18(1):30-3. 
571. Wielandts L, Dequeker J. Double blind trial comparing fentiazac with phenylbutazone in patients with 
tendinitis. Curr Med Res Opin. 1979;6(Suppl 2):85-9. 
572. White RH, Paull DM, Fleming KW. Rotator cuff tendinitis: comparison of subacromial injection of a long 
acting corticosteroid versus oral indomethacin therapy. J Rheumatol. 1986;13(3):608-13. 
573. Graham DY, Agrawal NM, Campbell DR, et al. Ulcer prevention in long-term users of nonsteroidal anti-
inflammatory drugs: results of a double-blind, randomized, multicenter, active- and placebo-controlled study of 
misoprostol vs lansoprazole. Arch Intern Med. 2002;162(2):169-75. 
574. Challapalli V, Tremont-Lukats IW, McNicol ED, Lau J, Carr DB. Systemic administration of local anesthetic 
agents to relieve neuropathic pain. Cochrane Database Syst Rev. 2005(4):CD003345. 
575. Pandey CK, Navkar DV, Giri PJ, et al. Evaluation of the optimal preemptive dose of gabapentin for 
postoperative pain relief after lumbar diskectomy: a randomized, double-blind, placebo-controlled study. J 
Neurosurg Anesthesiol. 2005;17(2):65-8. 
576. Pandey CK, Priye S, Singh S, Singh U, Singh RB, Singh PK. Preemptive use of gabapentin significantly 
decreases postoperative pain and rescue analgesic requirements in laparoscopic cholecystectomy. Can J Anaesth. 
2004;51(4):358-63. 
577. Radhakrishnan M, Bithal PK, Chaturvedi A. Effect of preemptive gabapentin on postoperative pain relief 
and morphine consumption following lumbar laminectomy and discectomy: a randomized, double-blinded, placebo-
controlled study. J Neurosurg Anesthesiol. 2005;17(3):125-8. 
578. Turan A, Karamanlioglu B, Memis D, et al. Analgesic effects of gabapentin after spinal surgery. 
Anesthesiology. 2004;100(4):935-8. 
579. Kalso E, Edwards JE, Moore RA, McQuay HJ. Opioids in chronic non-cancer pain: systematic review of 
efficacy and safety. Pain. 2004;112(3):372-80. 
580. Hall AJ, Logan JE, Toblin RL, et al. Patterns of abuse among unintentional pharmaceutical overdose 
fatalities. Jama. 2008;300(22):2613-20. 
581. Centers for Disease Control and Prevention. Alcohol and Other Drug Use Among Victims of Motor-Vehicle 
Crashes - West Virginia, 2004-2005. MMWR. 2006;55(48):1293-6. 
582. artin TG, Iannotti JP. Reverse total shoulder arthroplasty for acute fractures and failed management after 
proximal humeral fractures. Orthop Clin North Am. 2008;39(4):451-7, vi. 
583. Ballantyne JC, Mao J. Opioid therapy for chronic pain. N Engl J Med. 2003;349(20):1943-53. 
584. Carragee EJ. Psychological screening in the surgical treatment of lumbar disc herniation. Clin J Pain. 
2001;17(3):215-9. 
585. Joranson DE, Berger JW. Regulatory issues in pain management. J Am Pharm Assoc. 2000;40(5 Suppl 
1):S60-1. 
586. Gilson AM, Ryan KM, Joranson DE, Dahl JL. A reassessment of trends in the medical use and abuse of 
opioid analgesics and implications for diversion control: 1997-2002. J Pain Symptom Manage. 2004;28(2):176-88. 



Copyright ©2020 Reed Group, Ltd.  Page | 211 
 

587. Moulin DE, Iezzi A, Amireh R, Sharpe WK, Boyd D, Merskey H. Randomised trial of oral morphine for 
chronic non-cancer pain. Lancet. 1996;347(8995):143-7. 
588. Webster LR, Butera PG, Moran LV, Wu N, Burns LH, Friedmann N. Oxytrex minimizes physical 
dependence while providing effective analgesia: a randomized controlled trial in low back pain. J Pain. 
2006;7(12):937-46. 
589. Fishbain DA, Cutler RB, Rosomoff HL, Rosomoff RS. Are opioid-dependent/tolerant patients impaired in 
driving-related skills? A structured evidence-based review. J Pain Symptom Manage. 2003;25(6):559-77. 
590. Hojsted J, Sjogren P. Addiction to opioids in chronic pain patients: a literature review. Eur J Pain. 
2007;11(5):490-518. 
591. Furlan AD, Sandoval JA, Mailis-Gagnon A, Tunks E. Opioids for chronic noncancer pain: a meta-analysis 
of effectiveness and side effects. CMAJ. 2006;174(11):1589-94. 
592. Pavelka K, Peliskova Z, Stehlikova H, Ratcliffe S, Repas C. Intraindividual differences in pain relief and 
functional improvement in osteoarthritis with diclofenac or tramadol. Clin Drug Investig. 1998;16(6):421-9. 
593. Parr G, Darekar B, Fletcher A, Bulpitt CJ. Joint pain and quality of life; results of a randomised trial. Br J 
Clin Pharmacol. 1989;27(2):235-42. 
594. Lloyd RS, Costello F, Eves MJ, James IG, Miller AJ. The efficacy and tolerability of controlled-release 
dihydrocodeine tablets and combination dextropropoxyphene/paracetamol tablets in patients with severe 
osteoarthritis of the hips. Curr Med Res Opin. 1992;13(1):37-48. 
595. Ballantyne JC. Opioids for chronic nonterminal pain. South Med J. 2006;99(11):1245-55. 
596. Breckenridge J, Clark JD. Patient characteristics associated with opioid versus nonsteroidal anti-
inflammatory drug management of chronic low back pain. J Pain. 2003;4(6):344-50. 
597. Dersh J, Mayer T, Theodore BR, Polatin P, Gatchel RJ. Do psychiatric disorders first appear preinjury or 
postinjury in chronic disabling occupational spinal disorders? Spine (Phila Pa 1976). 2007;32(9):1045-51. 
598. Balousek S, Plane MB, Fleming M. Prevalence of interpersonal abuse in primary care patients prescribed 
opioids for chronic pain. J Gen Intern Med. 2007;22(9):1268-73. 
599. Martell BA, O'Connor PG, Kerns RD, et al. Systematic review: opioid treatment for chronic back pain: 
prevalence, efficacy, and association with addiction. Ann Intern Med. 2007;146(2):116-27. 
600. Wasan AD, Davar G, Jamison R. The association between negative affect and opioid analgesia in patients 
with discogenic low back pain. Pain. 2005;117(3):450-61. 
601. Wasan AD, Kaptchuk TJ, Davar G, Jamison RN. The association between psychopathology and placebo 
analgesia in patients with discogenic low back pain. Pain Med. 2006;7(3):217-28. 
602. Michna E, Jamison RN, Pham LD, et al. Urine toxicology screening among chronic pain patients on opioid 
therapy: frequency and predictability of abnormal findings. Clin J Pain. 2007;23(2):173-9. 
603. Arkinstall W, Sandler A, Goughnour B, Babul N, Harsanyi Z, Darke AC. Efficacy of controlled-release 
codeine in chronic non-malignant pain: a randomized, placebo-controlled clinical trial. Pain. 1995;62(2):169-78. 
604. Abbruzzese G. The medical management of spasticity. Eur J Neurol. 2002;9 Suppl 130-4; discussion 53-
61. 
605. Elenbaas JK. Centrally acting oral skeletal muscle relaxants. Am J Hosp Pharm. 1980;37(10):1313-23. 
606. Cherkin DC. Primary care research on low back pain. The state of the science. Spine (Phila Pa 1976). 
1998;23(18):1997-2002. 
607. Di Iorio D, Henley E, Doughty A. A survey of primary care physician practice patterns and adherence to 
acute low back problem guidelines. Arch Fam Med. 2000;9(10):1015-21. 
608. van Tulder M, Koes B, Bouter L. Conservative treatment of acute and chronic nonspecific low back pain: A 
systematic review of randomized controlled trials of the most common interventions. Spine (Phila Pa 1976). 
1997;222128-56. 
609. van Tulder MW, Koes BW, Bouter LM. Conservative treatment of acute and chronic nonspecific low back 
pain. A systematic review of randomized controlled trials of the most common interventions. Spine (Phila Pa 1976). 
1997;22(18):2128-56. 
610. Schnitzer TJ, Ferraro A, Hunsche E, Kong SX. A comprehensive review of clinical trials on the efficacy and 
safety of drugs for the treatment of low back pain. J Pain Symptom Manage. 2004;28(1):72-95. 
611. Deyo RA, Loeser JD, Bigos SJ. Herniated lumbar intervertebral disk. Ann Intern Med. 1990;112(8):598-
603. 
612. Baratta RR. A double-blind comparative study of carisoprodol, propoxyphene, and placebo in the 
management of low back syndrome. Curr Ther Res Clin Exp. 1976;20(3):233-40. 
613. Arbus L, Fajadet B, Aubert D, et al. Activity of tetrazepam (myolastan) in low back pain: a double-blind trial 
v. placebo. Clin Trials J. 1990;27(4):258-67. 
614. Preston E, Miller C, Herbertson R. A double-blind, multicenter trial of methocarbamol (Robaxin®) and 
cyclobenzaprine (Flexeril®) in acute musculoskeletal conditions. Today’s Therapeutic Trends. 1984;11-11. 



Copyright ©2020 Reed Group, Ltd. Page | 212 

615. Brown BR, Jr., Womble J. Cyclobenzaprine in intractable pain syndromes with muscle spasm. Jama. 
1978;240(11):1151-2.
616. Hingorani K. Orphenadrin-paracetamol in backache-a double-blind controlled trial. Br J Clin Pract.
1971;25(5):227-31.
617. Bercel N. Cyclobenzaprine in the treatment of skeletal muscle spasm in osteoarthritis of the cervical and 
lumbar spine. Curr Ther Res Clin Exp. 1977;22(4):462-8.
618. Salzmann E, Pforringer W, Paal G, Gierend M. Treatment of chronic low-back syndrome with tetrazepam in 
a placebo controlled double-blind trial. J Drug Dev. 1992;4(4):219-28.
619. Lofland JH, Szarlej D, Buttaro T, Shermock S, Jalali S. Cyclobenzaprine hydrochloride is a commonly 
prescribed centrally acting muscle relaxant, which is structurally similar to tricyclic antidepressants (TCAs) and 
differs from amitriptyline by only one double bond. Clin J Pain. 2001;17(1):103-4.
620. Littrell RA, Hayes LR, Stillner V. Carisoprodol (Soma): a new and cautious perspective on an old agent. 
South Med J. 1993;86(7):753-6.
621. Toth PP, Urtis J. Commonly used muscle relaxant therapies for acute low back pain: a review of 
carisoprodol, cyclobenzaprine hydrochloride, and metaxalone. Clin Ther. 2004;26(9):1355-67.
622. Ekeberg OM, Bautz-Holter E, Tveita EK, Juel NG, Kvalheim S, Brox JI. Subacromial ultrasound guided or 
systemic steroid injection for rotator cuff disease: randomised double blind study. BMJ. 2009;338a3112.
623. Cumpston M, Johnston RV, Wengier L, Buchbinder R. Topical glyceryl trinitrate for rotator cuff disease. 
Cochrane Database Syst Rev. 2009(3):CD006355.
624. Lin J, Zhang W, Jones A, Doherty M. Efficacy of topical non-steroidal anti-inflammatory drugs in the 
treatment of osteoarthritis: meta-analysis of randomised controlled trials. BMJ. 2004;329(7461):324.
625. Ritchie LD. A clinical evaluation of flurbiprofen LAT and piroxicam gel: a multicentre study in general 
practice. Clin Rheumatol. 1996;15(3):243-7.
626. Berrazueta JR, Losada A, Poveda J, et al. Successful treatment of shoulder pain syndrome due to 
supraspinatus tendinitis with transdermal nitroglycerin. A double blind study. Pain. 1996;66(1):63-7.
627. FDA. Public Health Advisory Potential Hazards of Skin Products Containing Numbing Ingredients for 
Relieving Pain from Mammography and Other Medical Tests and Conditions. 2009.
628. Frerick H, Keitel W, Kuhn U, Schmidt S, Bredehorst A, Kuhlmann M. Topical treatment of chronic low back 
pain with a capsicum plaster. Pain. 2003;106(1-2):59-64.
629. Keitel W, Frerick H, Kuhn U, Schmidt U, Kuhlmann M, Bredehorst A. Capsicum pain plaster in chronic non-
specific low back pain. Arzneimittelforschung. 2001;51(11):896-903.
630. Yamaguchi K, Tetro A, Blam O, Evanoff B, Teefey S, Middleton W. Natural history of asymptomatic rotator 
cuff tears: a longitudinal analysis of asymptomatic tears detected sonographically. J Shoulder Elbow Surg.
2001;10(3):199-203.
631. Bokor DJ, Hawkins RJ, Huckell GH, Angelo RL, Schickendantz MS. Results of nonoperative management 
of full-thickness tears of the rotator cuff. Clin Orthop Relat Res. 1993(294):103-10.
632. Itoi E, Tabata S. Conservative treatment of rotator cuff tears. Clin Orthop Relat Res. 1992(275):165-73.
633. Goldberg BA, Nowinski RJ, Matsen FA, 3rd. Outcome of nonoperative management of full-thickness rotator 
cuff tears. Clin Orthop Relat Res. 2001(382):99-107.
634. Copping J, O'Driscoll M. Application of tape at the shoulder joint: an effective therapeutic modality for the 
treatment of impingement syndrome? Physical Therapy Reviews. 2005;10(4):231-6.
635. Alexander CM, Stynes S, Thomas A, Lewis J, Harrison PJ. Does tape facilitate or inhibit the lower fibres of 
trapezius? Man Ther. 2003;8(1):37-41.
636. Lewis JS, Wright C, Green A. Subacromial impingement syndrome: the effect of changing posture on 
shoulder range of movement. J Orthop Sports Phys Ther. 2005;35(2):72-87.
637. Ackermann B, Adams R, Marshall E. The effect of scapula taping on electromyographic activity and musical 
performance in professional violinists. Australian Journal of Physiotherapy. 2001;48197-203.
638. Thelen MD, Dauber JA, Stoneman PD. The clinical efficacy of kinesio tape for shoulder pain: a randomized, 
double-blinded, clinical trial. J Orthop Sports Phys Ther. 2008;38(7):389-95.
639. Kaya E, Zinnuroglu M, Tugcu I. Kinesio taping compared to physical therapy modalities for the treatment of 
shoulder impingement syndrome. Clin Rheumatol. 2010.
640. Zanella P, Willey S, Seibel S, Hughes C. The effect of scapular taping on shoulder joint repositioning. . 
Journal of Sport Rehabilitation. 2001;10113-23.
641. Pogliaghi S. A new taping technique for shoulder impingement. A pilot study. Europa Medicophysica. 
1998;34137–44.
642. Cools AM, Witvrouw EE, Danneels LA, Cambier DC. Does taping influence electromyographic muscle 
activity in the scapular rotators in healthy shoulders? Man Ther. 2002;7(3):154-62.

https://www.biospace.com/article/releases/-b-medwatch-b-fda-public-health-advisory-potential-hazards-of-skin-products-containing-numbing-ingredients-for-relieving-pain-from-mammography-and/


Copyright ©2020 Reed Group, Ltd. Page | 213 

643. Baquie P. Upper limb taping. Aust Fam Physician. 2002;31(4):347-9.
644. Host HH. Scapular taping in the treatment of anterior shoulder impingement. Phys Ther. 1995;75(9):803-
12.
645. Smith M, Sparkes V, Busse M, Enright S. Upper and lower trapezius muscle activity in subjects with
subacromial impingement symptoms: is there imbalance and can taping change it? Phys Ther Sport.
2009;10(2):45-50.
646. Hsu YH, Chen WY, Lin HC, Wang WT, Shih YF. The effects of taping on scapular kinematics and muscle
performance in baseball players with shoulder impingement syndrome. J Electromyogr Kinesiol. 2009;19(6):1092-9.
647. Miller P, Osmotherly P. Does scapula taping facilitate recovery for shoulder impingement symptoms? A
pilot randomized controlled trial. J Man Manip Ther. 2009;17(1):E6-E13.
648. Fu TC, Wong AM, Pei YC, Wu KP, Chou SW, Lin YC. Effect of Kinesio taping on muscle strength in
athletes-a pilot study. J Sci Med Sport. 2008;11(2):198-201.
649. Walsh SF. Treatment of a brachial plexus injury using kinesiotape and exercise. Physiother Theory Pract.
2010;26(7):490-6.
650. Yoshida A, Kahanov L. The effect of kinesio taping on lower trunk range of motions. Res Sports Med.
2007;15(2):103-12.
651. Kalichman L, Vered E, Volchek L. Relieving symptoms of meralgia paresthetica using Kinesio taping: a
pilot study. Arch Phys Med Rehabil. 2010;91(7):1137-9.
652. Garcia-Muro F, Rodriguez-Fernandez AL, Herrero-de-Lucas A. Treatment of myofascial pain in the
shoulder with Kinesio taping. A case report. Man Ther. 2010;15(3):292-5.
653. Selkowitz DM, Chaney C, Stuckey SJ, Vlad G. The effects of scapular taping on the surface
electromyographic signal amplitude of shoulder girdle muscles during upper extremity elevation in individuals with
suspected shoulder impingement syndrome. J Orthop Sports Phys Ther. 2007;37(11):694-702.
654. Lin V, Hsiao I, Kingery W. High intensity magnetic stimulation over the lumbosacral spine evokes
antinociception in rats
Clin Neurophysiol. 2002;113(7):1006-12.
655. Collacott EA, Zimmerman JT, White DW, Rindone JP. Bipolar permanent magnets for the treatment of
chronic low back pain: a pilot study. Jama. 2000;283(10):1322-5.
656. Nabeta T, Kawakita K. Relief of chronic neck and shoulder pain by manual acupuncture to tender points--a
sham-controlled randomized trial. Complement Ther Med. 2002;10(4):217-22.
657. Green S, Buchbinder R, Hetrick S. Physiotherapy interventions for shoulder pain. Cochrane Database Syst
Rev. 2006;1.
658. Guerra de Hoyos JA, Andres Martin Mdel C, Bassas y Baena de Leon E, et al. Randomised trial of long
term effect of acupuncture for shoulder pain. Pain. 2004;112(3):289-98.
659. Green S, Buchbinder R, Hetrick S. Acupuncture for shoulder pain. Cochrane Database Syst Rev.
2005(2):CD005319.
660. Kleinhenz J, Streitberger K, Windeler J, Gussbacher A, Mavridis G, Martin E. Randomised clinical trial
comparing the effects of acupuncture and a newly designed placebo needle in rotator cuff tendinitis. Pain.
1999;83(2):235-41.
661. Kong JC, Lee MS, Shin BC. Randomized clinical trials on acupuncture in korean literature: a systematic
review. Evid Based Complement Alternat Med. 2009;6(1):41-8.
662. Vas J, Ortega C, Olmo V, et al. Single-point acupuncture and physiotherapy for the treatment of painful
shoulder: a multicentre randomized controlled trial. Rheumatology (Oxford). 2008;47(6):887-93.
663. Baldry P. Superficial versus deep dry needling. Acupunct Med. 2002;20(2-3):78-81.
664. Gilbertson B, Wenner K, Russell LC. Acupuncture and arthroscopic acromioplasty. J Orthop Res.
2003;21(4):752-8.
665. Moore ME, Berk SN. Acupuncture for chronic shoulder pain. An experimental study with attention to the
role of placebo and hypnotic susceptibility. Ann Intern Med. 1976;84(4):381-4.
666. Szczurko O, Cooley K, Mills EJ, Zhou Q, Perri D, Seely D. Naturopathic treatment of rotator cuff tendinitis
among canadian postal workers: A randomized controlled trial. Arthritis Rheum. 2009;61(8):1037-45.
667. He D, Hostmark AT, Veiersted KB, Medbo JI. Effect of intensive acupuncture on pain-related social and
psychological variables for women with chronic neck and shoulder pain--an RCT with six month and three year
follow up. Acupunct Med. 2005;23(2):52-61.
668. Peng AT, Behar S, Yue SJ. Long-term therapeutic effects of electro-acupuncture for chronic neck and
shoulder pain--a double blind study. Acupunct Electrother Res. 1987;12(1):37-44.
669. Grana WA. Physical agents in musculoskeletal problems: heat and cold therapy modalities. Instr Course
Lect. 1993;42,439-42.
670. Michlovitz S. Thermal agents in rehabilitation. Philadelphia: FA Davis; 1996.



Copyright ©2020 Reed Group, Ltd.  Page | 214 
 

671. Melzack R, Jeans ME, Stratford JG, Monks RC. Ice massage and transcutaneous electrical stimulation: 
comparison of treatment for low-back pain. Pain. 1980;9(2):209-17. 
672. Nadler SF. Nonpharmacologic management of pain. J Am Osteopath Assoc. 2004;104(11 Suppl 8):S6-12. 
673. Osbahr DC, Cawley PW, Speer KP. The effect of continuous cryotherapy on glenohumeral joint and 
subacromial space temperatures in the postoperative shoulder. Arthroscopy. 2002;18(7):748-54. 
674. Speer KP, Osbahr DC, Montella BJ, Apple AS, Mair SD. Acromial morphotype in the young asymptomatic 
athletic shoulder. Journal of Shoulder and Elbow Surgery. 2001;10(5):434-7. 
675. Speer KP, Warren RF, Horowitz L. The efficacy of cryotherapy in the postoperative shoulder. J Shoulder 
Elbow Surg. 1996;5(1):62-8. 
676. Vasudevan SV. Physical rehabilitation in managing pain. Pain: Clinical Updates. 1997;V. 
677. Robertson VJ, Baker KG. A review of therapeutic ultrasound: effectiveness studies. Phys Ther. 
2001;81(7):1339-50. 
678. Downing DS, Weinstein A. Ultrasound therapy of subacromial bursitis. A double blind trial. Phys Ther. 
1986;66(2):194-9. 
679. Nykanen M. Pulsed ultrasound treatment of the painful shoulder a randomized, double-blind, placebo-
controlled study. Scand J Rehabil Med. 1995;27(2):105-8. 
680. Ebenbichler GR, Erdogmus CB, Resch KL, et al. Ultrasound therapy for calcific tendinitis of the shoulder. N 
Engl J Med. 1999;340(20):1533-8. 
681. Perron M, Malouin F. Acetic acid iontophoresis and ultrasound for the treatment of calcifying tendinitis of 
the shoulder: a randomized control trial. Arch Phys Med Rehabil. 1997;78(4):379-84. 
682. Fitz-Ritson D. Lasers and their therapeutic applications in chiropractic. J Can Chropr Assoc. 2001;45(1):26-
34. 
683. Santamato A, Solfrizzi V, Panza F, et al. Short-term effects of high-intensity laser therapy versus 
ultrasound therapy in the treatment of people with subacromial impingement syndrome: a randomized clinical trial. 
Phys Ther. 2009;89(7):643-52. 
684. England S, Farrell AJ, Coppock JS, Struthers G, Bacon PA. Low power laser therapy of shoulder 
tendonitis. Scand J Rheumatol. 1989;18(6):427-31. 
685. Vecchio P, Cave M, King V, Adebajo A, Smith M, Hazleman B. A double-blind study of the effectivenss of 
low level laser treatment of rotator cuff tendinitis. Br J Rheumatol. 1993;32(8):740-2. 
686. Binder A, Parr G, Hazleman B, Fitton-Jackson S. Pulsed electromagnetic field therapy of persistent rotator 
cuff tendinitis. A double-blind controlled assessment. Lancet. 1984;1(8379):695-88. 
687. Chard MD, Sattelle LM, Hazleman BL. The long-term outcome of rotator cuff tendinitis--a review study. Br J 
Rheumatol. 1988;27(5):385-9. 
688. Winters JC, Jorritsma W, Groenier KH, Sobel JS, Meyboom-de Jong B, Arendzen HJ. Treatment of 
shoulder complaints in general practice: long term results of a randomised, single blind study comparing 
physiotherapy, manipulation, and corticosteroid injection. BMJ. 1999;318(7195):1395-6. 
689. Teys P, Bisset L, Vicenzino B. The initial effects of a Mulligan's mobilization with movement technique on 
range of movement and pressure pain threshold in pain-limited shoulders. Man Ther. 2008;13(1):37-42. 
690. Trampas A, Kitsios A. Exercise and manual therapy for the treatment of impingement syndrome of the 
shoulder: a systematic review. Physical Therapy Reviews. 2006;11(2):125-42. 
691. Ho CY, Sole G, Munn J. The effectiveness of manual therapy in the management of musculoskeletal 
disorders of the shoulder: a systematic review. Man Ther. 2009;14(5):463-74. 
692. Boyles RE, Ritland BM, Miracle BM, et al. The short-term effects of thoracic spine thrust manipulation on 
patients with shoulder impingement syndrome. Manual Therapy. 2009;14(4):375-80. 
693. Strunce JB, Walker MJ, Boyles RE, Young BA. The immediate effects of thoracic spine and rib 
manipulation on subjects with primary complaints of shoulder pain. J Man Manip Ther. 2009;17(4):230-6. 
694. Mintken PE, Cleland JA, Carpenter KJ, Bieniek ML, Keirns M, Whitman JM. Some factors predict 
successful short-term outcomes in individuals with shoulder pain receiving cervicothoracic manipulation: a single-
arm trial. Phys Ther. 2010;90(1):26-42. 
695. Dickens VA, Williams JL, Bhamra MS. Role of physiotherapy in the treatment of subacromial impingement 
syndrome: a prospective study. Physiotherapy. 2005;91(3):159-64. 
696. Melzack R, Vetere P, Finch L. Transcutaneous electrical nerve stimulation for low back pain. A comparison 
of TENS and massage for pain and range of motion. Phys Ther. 1983;63(4):489-93. 
697. Preyde M. Effectiveness of massage therapy for subacute low-back pain: A randomized controlled trial. 
CMAJ. 2000;162(13):1815-20. 
698. Kalauokalani D, Cherkin DC, Sherman KJ, Koepsell TD, Deyo RA. Lessons from a trial of acupuncture and 
massage for low back pain: patient expectations and treatment effects. Spine (Phila Pa 1976). 2001;26(13):1418-
24. 



Copyright ©2020 Reed Group, Ltd.  Page | 215 
 

699. van den Dolder PA, Roberts DL. A trial into the effectiveness of soft tissue massage in the treatment of 
shoulder pain. Aust J Physiother. 2003;49(3):183-8. 
700. Poole H, Glenn S, Murphy P. A randomised controlled study of reflexology for the management of chronic 
low back pain. Eur J Pain. 2007;11(8):878-87. 
701. Mouzopoulos G, Stamatakos M, Mouzopoulos D, Tzurbakis M. Extracorporeal shock wave treatment for 
shoulder calcific tendonitis: a systematic review. Skeletal Radiol. 2007;36(9):803-11. 
702. Rompe JD, Burger R, Hopf C, Eysel P. Shoulder function after extracorporal shock wave therapy for calcific 
tendinitis. J Shoulder Elbow Surg. 1998;7(5):505-9. 
703. Rompe JD, Zoellner J, Nafe B. Shock wave therapy versus conventional surgery in the treatment of 
calcifying tendinitis of the shoulder. Clin Orthop Relat Res. 2001(387):72-82. 
704. Sems A, Dimeff R, Iannotti JP. Extracorporeal shock wave therapy in the treatment of chronic 
tendinopathies. J Am Acad Orthop Surg. 2006;14(4):195-204. 
705. Harniman E, Carette S, Kennedy C, Beaton D. Extracorporeal shock wave therapy for calcific and 
noncalcific tendonitis of the rotator cuff: a systematic review. J Hand Ther. 2004;17(2):132-51. 
706. Chung B, Wiley JP. Extracorporeal shockwave therapy: a review. Sports Med. 2002;32(13):851-65. 
707. Loew M, Daecke W, Kusnierczak D, Rahmanzadeh M, Ewerbeck V. Shock-wave therapy is effective for 
chronic calcifying tendinitis of the shoulder. J Bone Joint Surg Br. 1999;81(5):863-7. 
708. Cosentino R, De Stefano R, Selvi E, et al. Extracorporeal shock wave therapy for chronic calcific tendinitis 
of the shoulder: single blind study. Ann Rheum Dis. 2003;62(3):248-50. 
709. Peters J, Luboldt W, Schwarz W, Jacobi V, Herzog C, Vogl TJ. Extracorporeal shock wave therapy in 
calcific tendinitis of the shoulder. Skeletal Radiol. 2004;33(12):712-8. 
710. Albert JD, Meadeb J, Guggenbuhl P, et al. High-energy extracorporeal shock-wave therapy for calcifying 
tendinitis of the rotator cuff: a randomised trial. J Bone Joint Surg Br. 2007;89(3):335-41. 
711. Hsu CJ, Wang DY, Tseng KF, Fong YC, Hsu HC, Jim YF. Extracorporeal shock wave therapy for calcifying 
tendinitis of the shoulder. J Shoulder Elbow Surg. 2008;17(1):55-9. 
712. Hearnden A, Desai A, Karmegam A, Flannery M. Extracorporeal shock wave therapy in chronic calcific 
tendonitis of the shoulder--is it effective? Acta Orthop Belg. 2009;75(1):25-31. 
713. Pleiner J, Crevenna R, Langenberger H, et al. Extracorporeal shockwave treatment is effective in calcific 
tendonitis of the shoulder. A randomized controlled trial. Wien Klin Wochenschr. 2004;116(15-16):536-41. 
714. Cacchio A, Paoloni M, Barile A, et al. Effectiveness of radial shock-wave therapy for calcific tendinitis of the 
shoulder: single-blind, randomized clinical study. Phys Ther. 2006;86(5):672-82. 
715. Sabeti M, Dorotka R, Goll A, Gruber M, Schatz KD. A comparison of two different treatments with 
navigated extracorporeal shock-wave therapy for calcifying tendinitis - a randomized controlled trial. Wien Klin 
Wochenschr. 2007;119(3-4):124-8. 
716. Krasny C, Enenkel M, Aigner N, Wlk M, Landsiedl F. Ultrasound-guided needling combined with shock-
wave therapy for the treatment of calcifying tendonitis of the shoulder. J Bone Joint Surg Br. 2005;87(4):501-7. 
717. Haake M, Deike B, Thon A, Schmitt J. Exact focusing of extracorporeal shock wave therapy for calcifying 
tendinopathy. Clin Orthop Relat Res. 2002(397):323-31. 
718. Pan PJ, Chou CL, Chiou HJ, Ma HL, Lee HC, Chan RC. Extracorporeal shock wave therapy for chronic 
calcific tendinitis of the shoulders: a functional and sonographic study. Arch Phys Med Rehabil. 2003;84(7):988-93. 
719. Schmitt J, Haake M, Tosch A, Hildebrand R, Deike B, Griss P. Low-energy extracorporeal shock-wave 
treatment (ESWT) for tendinitis of the supraspinatus. A prospective, randomised study. J Bone Joint Surg Br. 
2001;83(6):873-6. 
720. Speed CA, Richards C, Nichols D, et al. Extracorporeal shock-wave therapy for tendonitis of the rotator 
cuff. A double-blind, randomised, controlled trial. J Bone Joint Surg Br. 2002;84(4):509-12. 
721. Park JH, Lee YS, Wang JH, Noh HK, Kim JG. Outcome of the isolated SLAP lesions and analysis of the 
results according to the injury mechanisms. Knee Surg Sports Traumatol Arthrosc. 2008;16(5):511-5. 
722. Buchbinder R, Green S, Youd JM. Corticosteroid injections for shoulder pain. Cochrane Database Syst 
Rev. 2003(1):CD004016. 
723. Goupille P, Sibilia J. Local corticosteroid injections in the treatment of rotator cuff tendinitis (except for 
frozen shoulder and calcific tendinitis). Groupe Rhumatologique Francais de l'Epaule (G.R.E.P.). Clin Exp 
Rheumatol. 1996;14(5):561-6. 
724. Arroll B, Goodyear-Smith F. Corticosteroid injections for painful shoulder: a meta-analysis. Br J Gen Pract. 
2005;55(512):224-8. 
725. Crawshaw D, Helliwell P, Hensor E, et al. Exercise therapy after corticosteroid injection for moderate to 
severe shoulder pain: large pragmatic randomised trial. Br Med J. 2010;340c3037. 
726. Hollingworth GR, Ellis RM, Hattersley TS. Comparison of injection techniques for shoulder pain: results of a 
double blind, randomised study. Br Med J. 1983;287(6402):1339-41. 



Copyright ©2020 Reed Group, Ltd.  Page | 216 
 

727. Karthikeyan S, Kwong HT, Upadhyay PK, Parsons N, Drew SJ, Griffin D. A double-blind randomised 
controlled study comparing subacromial injection of tenoxicam or methylprednisolone in patients with subacromial 
impingement. J Bone Joint Surg Br. 2010;92(1):77-82. 
728. Cloke DJ, Watson H, Purdy S, Steen IN, Williams JR. A pilot randomized, controlled trial of treatment for 
painful arc of the shoulder. J Shoulder Elbow Surg. 2008;17(1 Suppl):17S-21S. 
729. Naredo E, Cabero F, Beneyto P, et al. A randomized comparative study of short term response to blind 
injection versus sonographic-guided injection of local corticosteroids in patients with painful shoulder. J Rheumatol. 
2004;31(2):308-14. 
730. Kang MN, Rizio L, Prybicien M, Middlemas DA, Blacksin MF. The accuracy of subacromial corticosteroid 
injections: a comparison of multiple methods. J Shoulder Elbow Surg. 2008;17(1 Suppl):61S-6S. 
731. Henkus HE, Cobben LP, Coerkamp EG, Nelissen RG, van Arkel ER. The accuracy of subacromial 
injections: a prospective randomized magnetic resonance imaging study. Arthroscopy. 2006;22(3):277-82. 
732. Mathews PV, Glousman RE. Accuracy of subacromial injection: anterolateral versus posterior approach. J 
Shoulder Elbow Surg. 2005;14(2):145-8. 
733. Alvarez CM, Litchfield R, Jackowski D, Griffin S, Kirkley A. A prospective, double-blind, randomized clinical 
trial comparing subacromial injection of betamethasone and xylocaine to xylocaine alone in chronic rotator cuff 
tendinosis. Am J Sports Med. 2005;33(2):255-62. 
734. Withrington RH, Girgis FL, Seifert MH. A placebo-controlled trial of steroid injections in the treatment of 
supraspinatus tendonitis. Scand J Rheumatol. 1985;14(1):76-8. 
735. Mair SD, Viola RW, Gill TJ, Briggs KK, Hawkins RJ. Can the impingement test predict outcome after 
arthroscopic subacromial decompression? J Shoulder Elbow Surg. 2004;13(2):150-3. 
736. Chavez-Lopez MA, Navarro-Soltero LA, Rosas-Cabral A, Gallaga A, Huerta-Yanez G. Methylprednisolone 
versus triamcinolone in painful shoulder using ultrasound-guided injection. Mod Rheumatol. 2009;19(2):147-50. 
737. Vecchio PC, Hazleman BL, King RH. A double-blind trial comparing subacromial methylprednisolone and 
lignocaine in acute rotator cuff tendinitis. Br J Rheumatol. 1993;32(8):743-5. 
738. Chen MJ, Lew HL, Hsu TC, et al. Ultrasound-guided shoulder injections in the treatment of subacromial 
bursitis. Am J Phys Med Rehabil. 2006;85(1):31-5. 
739. Ucuncu F, Capkin E, Karkucak M, et al. A comparison of the effectiveness of landmark-guided injections 
and ultrasonography guided injections for shoulder pain. Clin J Pain. 2009;25(9):786-9. 
740. Oh JH, Kim SH, Kim KH, Oh CH, Gong HS. Modified impingement test can predict the level of pain 
reduction after rotator cuff repair. Am J Sports Med. 2010;38(7):1383-8. 
741. Valtonen EJ. Subacromial triamcinolone mexacetonide and methylprednisolone injections in treatment of 
supra spinam tendinitis. A comparative trial. Scand J Rheumatol Suppl. 1976(16):1-13. 
742. Cacchio A, De Blasis E, Desiati P, Spacca G, Santilli V, De Paulis F. Effectiveness of treatment of calcific 
tendinitis of the shoulder by disodium EDTA. Arthritis Rheum. 2009;61(1):84-91. 
743. Sengul I, Oz B, Yoleri O, Olmez N, Memis A, Uluc E. Sodium hyaluronate injections compared to local 
modalities for the treatment of shoulder impingement syndrome. Turk J Phys Med Rehab. 2008;54138-42. 
744. Maugars Y, Varin S, Gouin F, et al. Treatment of shoulder calcifications of the cuff: a controlled study. Joint 
Bone Spine. 2009;76(4):369-77. 
745. Moosmayer S, Smith HJ. Diagnostic ultrasound of the shoulder--a method for experts only? Results from 
an orthopedic surgeon with relative inexpensive compared to operative findings. Acta Orthop. 2005;76(4):503-8. 
746. Matava MJ, Purcell DB, Rudzki JR. Partial-thickness rotator cuff tears. Am J Sports Med. 2005;33(9):1405-
17. 
747. McKee MD, Yoo DJ. The effect of surgery for rotator cuff disease on general health status. Results of a 
prospective trial. J Bone Joint Surg Am. 2000;82-A(7):970-9. 
748. DeOrio JK, Cofield RH. Results of a second attempt at surgical repair of a failed initial rotator-cuff repair. J 
Bone Joint Surg Am. 1984;66(4):563-7. 
749. Patte D. Classification of rotator cuff lesions. Clin Orthop Relat Res. 1990(254):81-6. 
750. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle degeneration in cuff ruptures. Pre- 
and postoperative evaluation by CT scan. Clin Orthop Relat Res. 1994(304):78-83. 
751. Milano G, Grasso A, Salvatore M, Zarelli D, Deriu L, Fabbriciani C. Arthroscopic rotator cuff repair with and 
without subacromial decompression: a prospective randomized study. Arthroscopy. 2007;23(1):81-8. 
752. Wilson F, Hinov V, Adams G. Arthroscopic repair of full-thickness tears of the rotator cuff: 2- to 14-year 
follow-up. Arthroscopy. 2002;18(2):136-44. 
753. Habernek H, Schmid L, Frauenschuh E. Five year results of rotator cuff repair. Br J Sports Med. 
1999;33(6):430-3. 



Copyright ©2020 Reed Group, Ltd.  Page | 217 
 

754. Iannotti JP, Codsi MJ, Kwon YW, Derwin K, Ciccone J, Brems JJ. Porcine small intestine submucosa 
augmentation of surgical repair of chronic two-tendon rotator cuff tears. A randomized, controlled trial. J Bone Joint 
Surg Am. 2006;88(6):1238-44. 
755. Warner JJ. Management of massive irreparable rotator cuff tears: the role of tendon transfer. Instr Course 
Lect. 2001;5063-71. 
756. Bateman JE. The diagnosis and treatment of ruptures of the rotator cuff. Surg Clin North Am. 1963;431523-
30. 
757. Sherman SL, Lyman S, Koulouvaris P, Willis A, Marx RG. Risk factors for readmission and revision surgery 
following rotator cuff repair. Clin Orthop Relat Res. 2008;466(3):608-13. 
758. Ogilvie-Harris DJ, D'Angelo G. Arthroscopic surgery of the shoulder. Sports Med. 1990;9(2):120-8. 
759. Boehm TD, Werner A, Radtke S, Mueller T, Kirschner S, Gohlke F. The effect of suture materials and 
techniques on the outcome of repair of the rotator cuff: a prospective, randomised study. J Bone Joint Surg Br. 
2005;87(6):819-23. 
760. Watson M. Major ruptures of the rotator cuff. The results of surgical repair in 89 patients. J Bone Joint Surg 
Br. 1985;67(4):618-24. 
761. Lindh M, Norlin R. Arthroscopic subacromial decompression versus open acromioplasty. A two-year follow-
up study. Clin Orthop Relat Res. 1993(290):174-6. 
762. Bartolozzi A, Andreychik D, Ahmad S. Determinants of outcome in the treatment of rotator cuff disease. 
Clin Orthop Relat Res. 1994(308):90-7. 
763. Rokito AS, Zuckerman JD, Gallagher MA, Cuomo F. Strength after surgical repair of the rotator cuff. J 
Shoulder Elbow Surg. 1996;5(1):12-7. 
764. Costouros JG, Porramatikul M, Lie DT, Warner JJ. Reversal of suprascapular neuropathy following 
arthroscopic repair of massive supraspinatus and infraspinatus rotator cuff tears. Arthroscopy. 2007;23(11):1152-
61. 
765. Mallon WJ, Misamore G, Snead DS, Denton P. The impact of preoperative smoking habits on the results of 
rotator cuff repair. J Shoulder Elbow Surg. 2004;13(2):129-32. 
766. Iannotti JP, Bernot MP, Kuhlman JR, Kelley MJ, Williams GR. Postoperative assessment of shoulder 
function: a prospective study of full-thickness rotator cuff tears. J Shoulder Elbow Surg. 1996;5(6):449-57. 
767. Ellman H, Hanker G, Bayer M. Repair of the rotator cuff. End-result study of factors influencing 
reconstruction. The Journal Of Bone And Joint Surgery American Volume. 1986;68(8):1136-44. 
768. Namdari S, Green A. Range of motion limitation after rotator cuff repair. J Shoulder Elbow Surg. 
2010;19(2):290-6. 
769. Spangehl MJ, Hawkins RH, McCormack RG, Loomer RL. Arthroscopic versus open acromioplasty: a 
prospective, randomized, blinded study. J Shoulder Elbow Surg. 2002;11(2):101-7. 
770. Kempf JF, Gleyze P, Bonnomet F, et al. A multicenter study of 210 rotator cuff tears treated by arthroscopic 
acromioplasty. Arthroscopy. 1999;15(1):56-66. 
771. Gerber C, Fuchs B, Hodler J. The results of repair of massive tears of the rotator cuff. J Bone Joint Surg 
Am. 2000;82(4):505-15. 
772. Trenerry K, Walton JR, Murrell GA. Prevention of shoulder stiffness after rotator cuff repair. Clin Orthop 
Relat Res. 2005(430):94-9. 
773. Van Linthoudt D, Deforge J, Malterre L, Huber H. Rotator cuff repair. Long-term results. Joint Bone Spine. 
2003;70(4):271-5. 
774. Djurasovic M, Marra G, Arroyo JS, Pollock RG, Flatow EL, Bigliani LU. Revision rotator cuff repair: factors 
influencing results. J Bone Joint Surg Am. 2001;83-A(12):1849-55. 
775. Mohtadi NG, Hollinshead RM, Sasyniuk TM, Fletcher JA, Chan DS, Li FX. A randomized clinical trial 
comparing open to arthroscopic acromioplasty with mini-open rotator cuff repair for full-thickness rotator cuff tears: 
disease-specific quality of life outcome at an average 2-year follow-up. Am J Sports Med. 2008;36(6):1043-51. 
776. Franceschi F, Longo UG, Ruzzini L, Rizzello G, Maffulli N, Denaro V. No advantages in repairing a type II 
superior labrum anterior and posterior (SLAP) lesion when associated with rotator cuff repair in patients over age 
50: a randomized controlled trial. Am J Sports Med. 2008;36(2):247-53. 
777. Franceschi F, Ruzzini L, Longo UG, et al. Equivalent clinical results of arthroscopic single-row and double-
row suture anchor repair for rotator cuff tears: a randomized controlled trial. Am J Sports Med. 2007;35(8):1254-60. 
778. Ko SH, Lee CC, Friedman D, Park KB, Warner JJ. Arthroscopic single-row supraspinatus tendon repair 
with a modified mattress locking stitch: a prospective, randomized controlled comparison with a simple stitch. 
Arthroscopy. 2008;24(9):1005-12. 
779. Dorrestijn O, Stevens M, Diercks RL, van der Meer K, Winters JC. A new interdisciplinary treatment 
strategy versus usual medical care for the treatment of subacromial impingement syndrome: a randomized 
controlled trial. BMC Musculoskelet Disord. 2007;815. 



Copyright ©2020 Reed Group, Ltd.  Page | 218 
 

780. MacDermid J, Holtby R, Razmjou H, Bryant D. All-arthroscopic versus mini-open repair of small or 
moderate-sized rotator cuff tears: A protocol for a randomized trial [NCT00128076]. BMC Musculoskeletal 
Disorders. 2006;725. 
781. Ejnisman B, Andreoli CV, Soares BG, et al. Interventions for tears of the rotator cuff in adults. Cochrane 
Database Syst Rev. 2004(1):CD002758. 
782. Neviaser TJ. Intra-articular inflammatory diseases of the shoulder. Instr Course Lect. 1989;38199-204. 
783. Hata Y, Saitoh S, Murakami N, Seki H, Nakatsuchi Y, Takaoka K. A less invasive surgery for rotator cuff 
tear: mini-open repair. J Shoulder Elbow Surg. 2001;10(1):11-6. 
784. Rockwood CA, Lyons FR. Shoulder impingement syndrome: diagnosis, radiographic evaluation, and 
treatment with a modified Neer acromioplasty. J Bone Joint Surg Am. 1993;75(3):409-24. 
785. Ellman H, Kay SP, Wirth M. Arthroscopic treatment of full-thickness rotator cuff tears: 2- to 7-year follow-up 
study. Arthroscopy. 1993;9(2):195-200. 
786. Baker CL, Liu SH. Comparison of open and arthroscopically assisted rotator cuff repairs. Am J Sports Med. 
1995;23(1):99-104. 
787. Sauerbrey A, Getz C, Piancastelli M, Iannotti J, Ramsey M, Williams G, Jr. Arthroscopic versus mini-open 
rotator cuff repair: a comparison of clinical outcome. Arthroscopy. 2005;21(12):1415-20. 
788. Verma N, Dunn W, Adler R, et al. All-arthroscopic versus mini-open rotator cuff repair: a retrospective 
review with minimum 2-year follow-up. Arthroscopy. 2006;22(6):587-94. 
789. Skoff HD. Conservative open acromioplasty. J Bone Joint Surg Br. 1995;77(6):933-6. 
790. Youm T, Murray DH, Kubiak EN, Rokito AS, Zuckerman JD. Arthroscopic versus mini-open rotator cuff 
repair: a comparison of clinical outcomes and patient satisfaction. J Shoulder Elbow Surg. 2005;14(5):455-9. 
791. Ogilvie-Harris DJ, Demaziere A. Arthroscopic debridement versus open repair for rotator cuff tears. A 
prospective cohort study. J Bone Joint Surg Br. 1993;75(3):416-20. 
792. Seida JC, LeBlanc C, Schouten JR, et al. Systematic review: nonoperative and operative treatments for 
rotator cuff tears. Ann Intern Med. 2010;153(4):246-55. 
793. Yu E, Cil A, Harmsen WS, Schleck C, Sperling JW, Cofield RH. Arthroscopy and the dramatic increase in 
frequency of anterior acromioplasty from 1980 to 2005: an epidemiologic study. Arthroscopy. 2010;26(9 
Suppl):S142-7. 
794. Nho SJ, Shindle MK, Sherman SL, Freedman KB, Lyman S, MacGillivray JD. Systematic review of 
arthroscopic rotator cuff repair and mini-open rotator cuff repair. J Bone Joint Surg Am. 2007;89 Suppl 3127-36. 
795. Morse K, Davis AD, Afra R, Kaye EK, Schepsis A, Voloshin I. Arthroscopic versus mini-open rotator cuff 
repair: a comprehensive review and meta-analysis. Am J Sports Med. 2008;36(9):1824-8. 
796. Rubenthaler F, Ludwig J, Wiese M, Wittenberg RH. Prospective randomized surgical treatments for 
calcifying tendinopathy. Clin Orthop Relat Res. 2003(410):278-84. 
797. Gartsman GM, O'Connor D P. Arthroscopic rotator cuff repair with and without arthroscopic subacromial 
decompression: a prospective, randomized study of one-year outcomes. J Shoulder Elbow Surg. 2004;13(4):424-6. 
798. Burks R, Crim J, Brown N, Fink B, Greis P. A prospective randomized clinical trial comparing arthroscopic 
single- and double-row rotator cuff repair: magnetic resonance imaging and early clinical evaluation. Am J Sports 
Med. 2009;37674. 
799. Bishop J, Klepps S, Lo I, Bird J, Gladstone J, Flatow E. Cuff integrity after arthroscopic versus open rotator 
cuff repair: a prospective study. J Shoulder Elbow Surg. 2006;15290-9. 
800. Fealy S, Adler RS, Drakos MC, et al. Patterns of vascular and anatomical response after rotator cuff repair. 
Am J Sports Med. 2006;34(1):120-7. 
801. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome and repair integrity of 
completely arthroscopically repaired large and massive rotator cuff tears. J Bone Joint Surg Am. 2004;86-A(2):219-
24. 
802. Gladstone JN, Bishop JY, Lo IK, Flatow EL. Fatty infiltration and atrophy of the rotator cuff do not improve 
after rotator cuff repair and correlate with poor functional outcome. Am J Sports Med. 2007;35(5):719-28. 
803. Liu SH, Baker CL. Arthroscopically assisted rotator cuff repair: correlation of functional results with integrity 
of the cuff. Arthroscopy. 1994;10(1):54-60. 
804. Grasso A, Milano G, Salvatore M, Falcone G, Deriu L, Fabbriciani C. Single-row versus double-row 
arthroscopic rotator cuff repair: a prospective randomized clinical study. Arthroscopy. 2009;25(1):4-12. 
805. Bigoni M, Gorla M, Guerrasio S, et al. Shoulder evaluation with isokinetic strength testing after arthroscopic 
rotator cuff repairs. J Shoulder Elbow Surg. 2009;18(2):178-83. 
806. Husby T, Haugstvedt JR, Brandt M, Holm I, Steen H. Open versus arthroscopic subacromial 
decompression: a prospective, randomized study of 34 patients followed for 8 years. Acta Orthop Scand. 
2003;74(4):408-14. 



Copyright ©2020 Reed Group, Ltd.  Page | 219 
 

807. Matthews TJ, Hand GC, Rees JL, Athanasou NA, Carr AJ. Pathology of the torn rotator cuff tendon. 
Reduction in potential for repair as tear size increases. J Bone Joint Surg Br. 2006;88(4):489-95. 
808. Sugihara T, Nakagawa T, Tsuchiya M, Ishizuki M. Prediction of primary reparability of massive tears of the 
rotator cuff on preoperative magnetic resonance imaging. J Shoulder Elbow Surg. 2003;12(3):222-5. 
809. Chun JM, Kim SY, Kim JH. Arthroscopically assisted mini-deltopectoral rotator cuff repair. Orthopedics. 
2008;31(1):74. 
810. Boileau P, Chuinard C, Roussanne Y, Bicknell RT, Rochet N, Trojani C. Reverse shoulder arthroplasty 
combined with a modified latissimus dorsi and teres major tendon transfer for shoulder pseudoparalysis associated 
with dropping arm. Clin Orthop Relat Res. 2008;466(3):584-93. 
811. Tsiridis E, Velonis S, Limb D, Giannoudis PV. Tissue engineering approaches to rotator cuff tendon 
deficiency. Connect Tissue Res. 2008;49(6):455-63. 
812. Melillo AS, Savoie FH, 3rd, Field LD. Massive rotator cuff tears: debridement versus repair. Orthop Clin 
North Am. 1997;28(1):117-24. 
813. Cho NS, Yi JW, Rhee YG. Arthroscopic biceps augmentation for avoiding undue tension in repair of 
massive rotator cuff tears. Arthroscopy. 2009;25(2):183-91. 
814. Tanaka N, Sakahashi H, Hirose K, Ishima T, Ishii S. Augmented subscapularis muscle transposition for 
rotator cuff repair during shoulder arthroplasty in patients with rheumatoid arthritis. J Shoulder Elbow Surg. 
2006;15(1):2-6. 
815. Badhe SP, Lawrence TM, Smith FD, Lunn PG. An assessment of porcine dermal xenograft as an 
augmentation graft in the treatment of extensive rotator cuff tears. J Shoulder Elbow Surg. 2008;17(1 Suppl):35S-
9S. 
816. Sclamberg SG, Tibone JE, Itamura JM, Kasraeian S. Six-month magnetic resonance imaging follow-up of 
large and massive rotator cuff repairs reinforced with porcine small intestinal submucosa. J Shoulder Elbow Surg. 
2004;13(5):538-41. 
817. de Cupis V, Chillemi C, Marinelli M. Grammont inverted prosthesis for the treatment of cuff tear 
arthropathy: a 6-year follow-up study. Orthopedics. 2008;31(5):447. 
818. Boileau P, Watkinson DJ, Hatzidakis AM, Balg F. Grammont reverse prosthesis: design, rationale, and 
biomechanics. J Shoulder Elbow Surg. 2005;14(1 Suppl S):147S-61S. 
819. Matsen FA, 3rd, Boileau P, Walch G, Gerber C, Bicknell RT. The reverse total shoulder arthroplasty. J 
Bone Joint Surg Am. 2007;89(3):660-7. 
820. Klinger HM, Spahn G, Baums MH, Steckel H. Arthroscopic debridement of irreparable massive rotator cuff 
tears--a comparison of debridement alone and combined procedure with biceps tenotomy. Acta Chir Belg. 
2005;105(3):297-301. 
821. Young SW, Everts NM, Ball CM, Astley TM, Poon PC. The SMR reverse shoulder prosthesis in the 
treatment of cuff-deficient shoulder conditions. J Shoulder Elbow Surg. 2009;18(4):622-6. 
822. Herrera MF, Bauer G, Reynolds F, Wilk RM, Bigliani LU, Levine WN. Infection after mini-open rotator cuff 
repair. J Shoulder Elbow Surg. 2002;11(6):605-8. 
823. Freedman BA, Javernick MA, O'Brien FP, Ross AE, Doukas WC. Arthroscopic versus open distal clavicle 
excision: comparative results at six months and one year from a randomized, prospective clinical trial. J Shoulder 
Elbow Surg. 2007;16(4):413-8. 
824. Montgomery T, Yerger B, Savoie F. Management of rotator cuff tears: A comparison of arthroscopic 
debridement and surgical repair  
J Shoulder Elbow Surg. 1994;3(2):70-8. 
825. Jensen KH, Werther K, Stryger V, Schultz K, Falkenberg B. Arthroscopic shoulder surgery with epinephrine 
saline irrigation. Arthroscopy. 2001;17(6):578-81. 
826. Klintberg IH, Gunnarsson AC, Svantesson U, Styf J, Karlsson J. Early loading in physiotherapy treatment 
after full-thickness rotator cuff repair: a prospective randomized pilot-study with a two-year follow-up. Clin Rehabil. 
2009;23(7):622-38. 
827. Conti M, Garofalo R, Delle Rose G, et al. Post-operative rehabilitation after surgical repair of the rotator 
cuff. Chir Organi Mov. 2009;93 Suppl 1S55-63. 
828. Post M. Current concepts in the diagnosis and management of acromioclavicular dislocations. Clin Orthop 
Relat Res. 1985(200):234-47. 
829. Ellman H. Arthroscopic subacromial decompression: analysis of one- to three-year results. Arthroscopy. 
1987;3(3):173-81. 
830. Budoff JE, Rodin D, Ochiai D, Nirschl RP. Arthroscopic rotator cuff debridement without decompression for 
the treatment of tendinosis. Arthroscopy. 2005;21(9):1081-9. 
831. Checroun AJ, Dennis MG, Zuckerman JD. Open versus arthroscopic decompression for subacromial 
impingement. A comprehensive review of the literature from the last 25 years. Bull Hosp Jt Dis. 1998;57(3):145-51. 



Copyright ©2020 Reed Group, Ltd.  Page | 220 
 

832. Taverna E, Battistella F, Sansone V, Perfetti C, Tasto JP. Radiofrequency-based plasma microtenotomy 
compared with arthroscopic subacromial decompression yields equivalent outcomes for rotator cuff tendinosis. 
Arthroscopy. 2007;23(10):1042-51. 
833. Schroder J, van Dijk CN, Wielinga A, Kerkhoffs GM, Marti RK. Open versus arthroscopic treatment of 
chronic rotator cuff impingement. Arch Orthop Trauma Surg. 2001;121(5):241-4. 
834. Hawkins RJ, Brock RM, Abrams JS, Hobeika P. Acromioplasty for impingement with an intact rotator cuff. J 
Bone Joint Surg Br. 1988;70(5):795-7. 
835. Coghlan JA, Forbes A, McKenzie D, Bell SN, Buchbinder R. Efficacy of subacromial ropivacaine infusion 
for rotator cuff surgery. A randomized trial. J Bone Joint Surg Am. 2009;91(7):1558-67. 
836. Ingvarsson T, Hagglund G, Johnsson R. Anterior acromioplasty. A comparison of two techniques. Int 
Orthop. 1996;20(5):290-2. 
837. Dorrestijn O, Stevens M, Winters JC, van der Meer K, Diercks RL. Conservative or surgical treatment for 
subacromial impingement syndrome? A systematic review. J Shoulder Elbow Surg. 2009;18(4):652-60. 
838. Diab MA, Fernandez GN, Elsorafy K. Time and cost savings in arthroscopic subacromial decompression: 
the use of bipolar versus monopolar radiofrequency. Int Orthop. 2009;33(1):175-9. 
839. Murphy MA, Maze NM, Boyd JL, Quick DC, Buss DD. Cost-benefit comparison: holmium laser versus 
electrocautery in arthroscopic acromioplasty. J Shoulder Elbow Surg. 1999;8(3):275-8. 
840. Ellman H, Kay SP. Arthroscopic subacromial decompression for chronic impingement. Two- to five-year 
results. J Bone Joint Surg Br. 1991;73(3):395-8. 
841. Altchek DW, Warren RF, Wickiewicz TL, Skyhar MJ, Ortiz G, Schwartz E. Arthroscopic acromioplasty. 
Technique and results. J Bone Joint Surg Am. 1990;72(8):1198-207. 
842. Gartsman GM. Arthroscopic acromioplasty for lesions of the rotator cuff. J Bone Joint Surg Am. 
1990;72(2):169-80. 
843. Paulos LE, Franklin JL. Arthroscopic shoulder decompression development and application. A five year 
experience. Am J Sports Med. 1990;18(3):235-44. 
844. Boult M, Wicks M, Watson DI, MacDougal G, Shimmin A, Maddern GJ. Arthroscopic subacromial 
decompression with a holmium:YAG laser: review of the literature. ANZ J Surg. 2001;71(3):172-7. 
845. Speer KP, Lohnes J, Garrett WE, Jr. Arthroscopic subacromial decompression: results in advanced 
impingement syndrome. Arthroscopy. 1991;7(3):291-6. 
846. Sachs RA, Stone ML, Devine S. Open vs. arthroscopic acromioplasty: a prospective, randomized study. 
Arthroscopy. 1994;10(3):248-54. 
847. T'Jonck L, Lysens R, De Smet L, et al. Open versus arthroscopic subacromial decompression: analysis of 
one-year results. Physiother Res Int. 1997;2(2):46-61. 
848. Odenbring S, Wagner P, Atroshi I. Long-term outcomes of arthroscopic acromioplasty for chronic shoulder 
impingement syndrome: a prospective cohort study with a minimum of 12 years' follow-up. Arthroscopy. 
2008;24(10):1092-8. 
849. Norlin R. Arthroscopic subacromial decompression versus open acromioplasty. Arthroscopy. 
1989;5(4):321-3. 
850. Weber SC. Arthroscopic debridement and acromioplasty versus mini-open repair in the management of 
significant partial-thickness tears of the rotator cuff. Orthop Clin North Am. 1997;28(1):79-82. 
851. Constant CR. Historical background, anatomy and shoulder function. Baillieres Clin Rheumatol. 
1989;3(3):429-35. 
852. Hyvonen P, Lohi S, Jalovaara P. Open acromioplasty does not prevent the progression of an impingement 
syndrome to a tear. Nine-year follow-up of 96 cases. J Bone Joint Surg Br. 1998;80(5):813-6. 
853. Tillander BM, Norlin RO. Change of calcifications after arthroscopic subacromial decompression. J 
Shoulder Elbow Surg. 1998;7(3):213-7. 
854. Chin PY, Sperling JW, Cofield RH, Stuart MJ, Crownhart BS. Anterior acromioplasty for the shoulder 
impingement syndrome: long-term outcome. J Shoulder Elbow Surg. 2007;16(6):697-700. 
855. Henkus HE, de Witte PB, Nelissen RG, Brand R, van Arkel ER. Bursectomy compared with acromioplasty 
in the management of subacromial impingement syndrome: a prospective randomised study. J Bone Joint Surg Br. 
2009;91(4):504-10. 
856. Connor PM, Yamaguchi K, Pollock RG, Flatow EL, Bigliani LU. Comparison of arthroscopic and open 
revision decompression for failed anterior acromioplasty. Orthopedics. 2000;23(6):549-54. 
857. Mohtadi N. Exercises or arthroscopic decompression for subacromial impingement? Clin J Sport Med. 
2006;16(2):193-4. 
858. Hultenheim Klintberg I, Gunnarsson AC, Styf J, Karlsson J. Early activation or a more protective regime 
after arthroscopic subacromial decompression--a description of clinical changes with two different physiotherapy 



Copyright ©2020 Reed Group, Ltd.  Page | 221 
 

treatment protocols--a prospective, randomized pilot study with a two-year follow-up. Clin Rehabil. 2008;22(10-
11):951-65. 
859. Roddey TS, Olson SL, Gartsman GM, Hanten WP, Cook KF. A randomized controlled trial comparing 2 
instructional approaches to home exercise instruction following arthroscopic full-thickness rotator cuff repair 
surgery. J Orthop Sports Phys Ther. 2002;32(11):548-59. 
860. Andersen NH, Sojbjerg JO, Johannsen HV, Sneppen O. Self-training versus physiotherapist-supervised 
rehabilitation of the shoulder in patients treated with arthroscopic subacromial decompression: a clinical 
randomized study. J Shoulder Elbow Surg. 1999;8(2):99-101. 
861. Raab MG, Rzeszutko D, O'Connor W, Greatting MD. Early results of continuous passive motion after 
rotator cuff repair: a prospective, randomized, blinded, controlled study. Am J Orthop. 1996;25(3):214-20. 
862. Lastayo PC, Wright T, Jaffe R, Hartzel J. Continuous passive motion after repair of the rotator cuff. A 
prospective outcome study. J Bone Joint Surg Am. 1998;80(7):1002-11. 
863. Jackins S. Postoperative shoulder rehabilitation. Phys Med Rehabil Clin N Am. 2004;15(3):vi, 643-82. 
864. Wilk KE, Andrews JR. Rehabilitation following arthroscopic subacromial decompression. Orthopedics. 
1993;16(3):349-58. 
865. Singh H, Osbahr DC, Holovacs TF, Cawley PW, Speer KP. The efficacy of continuous cryotherapy on the 
postoperative shoulder: a prospective, randomized investigation. J Shoulder Elbow Surg. 2001;10(6):522-5. 
866. Kirkley A, Griffin S, Richards C, Miniaci A, Mohtadi N. Prospective randomized clinical trial comparing the 
effectiveness of immediate arthroscopic stabilization versus immobilization and rehabilitation in first traumatic 
anterior dislocations of the shoulder. Arthroscopy. 1999;15(5):507-14. 
867. Sherbondy PS, McFarland EG. Shoulder instability in the athlete. Phys Med Rehabil Clin N Am. 
2000;11(4):729-43. 
868. Kakar S, Voloshin I, Kaye EK, et al. Posterior shoulder instability: comprehensive analysis of open and 
arthroscopic approaches. Am J Orthop. 2007;36(12):655-9. 
869. Reinold MM, Wilk KE, Hooks TR, Dugas JR, Andrews JR. Thermal-assisted capsular shrinkage of the 
glenohumeral joint in overhead athletes: a 15- to 47-month follow-up. J Orthop Sports Phys Ther. 2003;33(8):455-
67. 
870. Hovelius L. Anterior dislocation of the shoulder in teen-agers and young adults. Five-year prognosis. J 
Bone Joint Surg Am. 1987;69(3):393-9. 
871. Simonet WT, Melton LJ, 3rd, Cofield RH, Ilstrup DM. Incidence of anterior shoulder dislocation in Olmsted 
County, Minnesota. Clinical Orthopaedics And Related Research. 1984(186):186-91. 
872. Kirkley S. Primary anterior dislocation of the shoulder in young patients. A ten-year prospective study. J 
Bone Joint Surg Am. 1998;80(2):300-1. 
873. Good CR, MacGillivray JD. Traumatic shoulder dislocation in the adolescent athlete: advances in surgical 
treatment. Curr Opin Pediatr. 2005;17(1):25-9. 
874. Dalton SE, Snyder SJ. Glenohumeral instability. Baillieres Clin Rheumatol. 1989;3(3):511-34. 
875. Friedman RJ, Blocker ER, Morrow DL. Glenohumeral instability. J South Orthop Assoc. 1995;4(3):182-99. 
876. Boss AP, Maurer T, Seiler S, Aeschbach A, Hintermann B, Strebel S. Continuous subacromial bupivacaine 
infusion for postoperative analgesia after open acromioplasty and rotator cuff repair: preliminary results. J Shoulder 
Elbow Surg. 2004;13(6):630-4. 
877. Hovelius L, Augustini BG, Fredin H, Johansson O, Norlin R, Thorling J. Primary anterior dislocation of the 
shoulder in young patients. A ten-year prospective study. J Bone Joint Surg Am. 1996;78(11):1677-84. 
878. Wen DY. Current concepts in the treatment of anterior shoulder dislocations. Am J Emerg Med. 
1999;17(4):401-7. 
879. Aronen JG, Regan K. Decreasing the incidence of recurrence of first time anterior shoulder dislocations 
with rehabilitation. Am J Sports Med. 1984;12(4):283-91. 
880. Burkhead WZ, Jr., Rockwood CA, Jr. Treatment of instability of the shoulder with an exercise program. J 
Bone Joint Surg Am. 1992;74(6):890-6. 
881. Line L, Murret L. Labral tears: diagnosis, treatment and rehabilitation. Athletic Therapy Today. 
1999;4(4):18-25. 
882. Liu SH, Henry MH, Nuccion S, Shapiro MS, Dorey F. Diagnosis of glenoid labral tears. A comparison 
between magnetic resonance imaging and clinical examinations. Am J Sports Med. 1996;24(2):149-54. 
883. Bottoni CR, Wilckens JH, DeBerardino TM, et al. A prospective, randomized evaluation of arthroscopic 
stabilization versus nonoperative treatment in patients with acute, traumatic, first-time shoulder dislocations. Am J 
Sports Med. 2002;30(4):576-80. 
884. Jakobsen BW, Johannsen HV, Suder P, Sojbjerg JO. Primary repair versus conservative treatment of first-
time traumatic anterior dislocation of the shoulder: a randomized study with 10-year follow-up. Arthroscopy. 
2007;23(2):118-23. 



Copyright ©2020 Reed Group, Ltd.  Page | 222 
 

885. Robinson CM, Jenkins PJ, White TO, Ker A, Will E. Primary arthroscopic stabilization for a first-time 
anterior dislocation of the shoulder. A randomized, double-blind trial. J Bone Joint Surg Am. 2008;90(4):708-21. 
886. Kirkley A, Werstine R, Ratjek A, Griffin S. Prospective randomized clinical trial comparing the effectiveness 
of immediate arthroscopic stabilization versus immobilization and rehabilitation in first traumatic anterior 
dislocations of the shoulder: long-term evaluation. Arthroscopy. 2005;21(1):55-63. 
887. Edmonds G, Kirkley A, Birmingham TB, Fowler PJ. The effect of early arthroscopic stabilization compared 
to nonsurgical treatment on proprioception after primary traumatic anterior dislocation of the shoulder. Knee Surg 
Sports Traumatol Arthrosc. 2003;11(2):116-21. 
888. Larrain MV, Botto GJ, Montenegro HJ, Mauas DM. Arthroscopic repair of acute traumatic anterior shoulder 
dislocation in young athletes. Arthroscopy. 2001;17(4):373-7. 
889. Zamora-Navas P, Borras Verdera A, Porras Garcia J, Padilla Marquez A, Linares P. Long-term results of 
the Boytchev procedure for the treatment of recurrent dislocation of the shoulder. Acta Orthop Belg. 
2001;67(3):233-5. 
890. Finestone A, Milgrom C, Radeva-Petrova DR, et al. Bracing in external rotation for traumatic anterior 
dislocation of the shoulder. J Bone Joint Surg Br. 2009;91(7):918-21. 
891. Itoi E, Hatakeyama Y, Kido T, et al. A new method of immobilization after traumatic anterior dislocation of 
the shoulder: a preliminary study. J Shoulder Elbow Surg. 2003;12(5):413-5. 
892. Itoi E, Hatakeyama Y, Sato T, et al. Immobilization in external rotation after shoulder dislocation reduces 
the risk of recurrence. A randomized controlled trial. J Bone Joint Surg Am. 2007;89(10):2124-31. 
893. Itoi E, Watanabe W, Yamada S, Shimizu T, Wakabayashi I. Range of motion after Bankart repair. Vertical 
compared with horizontal capsulotomy. Am J Sports Med. 2001;29(4):441-5. 
894. Hayashi K, Thabit G, 3rd, Massa KL, et al. The effect of thermal heating on the length and histologic 
properties of the glenohumeral joint capsule. Am J Sports Med. 1997;25(1):107-12. 
895. Arciero RA, St Pierre P. Acute shoulder dislocation. Indications and techniques for operative management. 
Clin Sports Med. 1995;14(4):937-53. 
896. Arciero RA, Wheeler JH, Ryan JB, McBride JT. Arthroscopic Bankart repair versus nonoperative treatment 
for acute, initial anterior shoulder dislocations. Am J Sports Med. 1994;22(5):589-94. 
897. Rowe CR. Prognosis in dislocations of the shoulder. The Journal Of Bone And Joint Surgery American 
Volume. 1956;38-A(5):957-77. 
898. Rowe CR, Patel D, Southmayd WW. The Bankart procedure: a long-term end-result study. J Bone Joint 
Surg Am. 1978;60(1):1-16. 
899. DeBerardino TM, Arciero RA, Taylor DC. Arthroscopic stabilization of acute initial anterior shoulder 
dislocation: the West Point experience. J South Orthop Assoc. 1996;5(4):263-71. 
900. DeBerardino TM, Arciero RA, Taylor DC, Uhorchak JM. Prospective evaluation of arthroscopic stabilization 
of acute, initial anterior shoulder dislocations in young athletes. Two- to five-year follow-up. Am J Sports Med. 
2001;29(5):586-92. 
901. Wintzell G, Haglund-Akerlind Y, Ekelund A, Sandstrom B, Hovelius L, Larsson S. Arthroscopic lavage 
reduced the recurrence rate following primary anterior shoulder dislocation. A randomised multicentre study with 1-
year follow-up. Knee Surg Sports Traumatol Arthrosc. 1999;7(3):192-6. 
902. Salmon JM, Bell SN. Arthroscopic stabilization of the shoulder for acute primary dislocations using a 
transglenoid suture technique. Arthroscopy. 1998;14(2):143-7. 
903. Wheeler JH, Ryan JB, Arciero RA, Molinari RN. Arthroscopic versus nonoperative treatment of acute 
shoulder dislocations in young athletes. Arthroscopy. 1989;5(3):213-7. 
904. Valentin A, Winge S, Engstrom B. Early arthroscopic treatment of primary traumatic anterior shoulder 
dislocation. A follow-up study. Scand J Med Sci Sports. 1998;8(6):405-10. 
905. Brophy RH, Marx RG. The treatment of traumatic anterior instability of the shoulder: nonoperative and 
surgical treatment. Arthroscopy. 2009;25(3):298-304. 
906. Yoneda. Conservative treatment of shoulder dislocation in young males. J Bone Joint Surg. 
1982;64B(B):254-5. 
907. Handoll HH, Almaiyah MA, Rangan A. Surgical versus non-surgical treatment for acute anterior shoulder 
dislocation. Cochrane Database Syst Rev. 2004(1):CD004325. 
908. Thomas SC, Matsen FA, 3rd. An approach to the repair of avulsion of the glenohumeral ligaments in the 
management of traumatic anterior glenohumeral instability. The Journal Of Bone And Joint Surgery American 
Volume. 1989;71(4):506-13. 
909. Henry JH, Genung JA. Natural history of glenohumeral dislocation--revisited. Am J Sports Med. 
1982;10(3):135-7. 
910. Hoelen MA, Burgers AM, Rozing PM. Prognosis of primary anterior shoulder dislocation in young adults. 
Arch Orthop Trauma Surg. 1990;110(1):51-4. 



Copyright ©2020 Reed Group, Ltd.  Page | 223 
 

911. Hovelius L. Shoulder dislocation in Swedish ice hockey players. Am J Sports Med. 1978;6(6):373-7. 
912. Hovelius L, Eriksson K, Fredin H, et al. Recurrences after initial dislocation of the shoulder. Results of a 
prospective study of treatment. J Bone Joint Surg Am. 1983;65(3):343-9. 
913. Hovelius L, Lind B, Thorling J. Primary dislocation of the shoulder. Factors affecting the two-year 
prognosis. Clin Orthop Relat Res. 1983(176):181-5. 
914. O'Neill DB. Arthroscopic Bankart repair of anterior detachments of the glenoid labrum. A prospective study. 
J Bone Joint Surg Am. 1999;81(10):1357-66. 
915. Kazar B, Relovszky E. Prognosis of primary dislocation of the shoulder. Acta Orthop Scand. 
1969;40(2):216-24. 
916. Kiviluoto O, Pasila M, Jaroma H, Sundholm A. Immobilization after primary dislocation of the shoulder. Acta 
Orthop Scand. 1980;51(6):915-9. 
917. McLaughlin HL, MacLellan DI. Recurrent anterior dislocation of the shoulder. II. A comparative study. J 
Trauma. 1967;7(2):191-201. 
918. Angelo RL. Controversies in arthroscopic shoulder surgery: arthroscopic versus open bankart repair, 
thermal treatment of capsular tissue, acromioplasties--are they necessary? Arthroscopy. 2003;19 Suppl 1224-8. 
919. Hayashida K, Yoneda M, Nakagawa S, Okamura K, Fukushima S. Arthroscopic Bankart suture repair for 
traumatic anterior shoulder instability: analysis of the causes of a recurrence. Arthroscopy. 1998;14(3):295-301. 
920. Stefko JM, Tibone JE, Cawley PW, ElAttrache NE, McMahon PJ. Strain of the anterior band of the inferior 
glenohumeral ligament during capsule failure. J Shoulder Elbow Surg. 1997;6(5):473-9. 
921. Taylor DC, Arciero RA. Pathologic changes associated with shoulder dislocations. Arthroscopic and 
physical examination findings in first-time, traumatic anterior dislocations. Am J Sports Med. 1997;25(3):306-11. 
922. Hawkins RJ, Angelo RL. Glenohumeral osteoarthrosis. A late complication of the Putti-Platt repair. J Bone 
Joint Surg Am. 1990;72(8):1193-7. 
923. Resch H, Povacz P, Wambacher M, Sperner G, Golser K. Arthroscopic extra-articular Bankart repair for the 
treatment of recurrent anterior shoulder dislocation. Arthroscopy. 1997;13(2):188-200. 
924. Wiley AM. Arthroscopy for shoulder instability and a technique for arthroscopic repair. Arthroscopy. 
1988;4(1):25-30. 
925. Freedman KB, Smith AP, Romeo AA, Cole BJ, Bach BR, Jr. Open Bankart repair versus arthroscopic 
repair with transglenoid sutures or bioabsorbable tacks for Recurrent Anterior instability of the shoulder: a meta-
analysis. Am J Sports Med. 2004;32(6):1520-7. 
926. Geiger DF, Hurley JA, Tovey JA, Rao JP. Results of arthroscopic versus open Bankart suture repair. Clin 
Orthop Relat Res. 1997(337):111-7. 
927. Steinbeck J, Liljenqvist U, Jerosch J. The anatomy of the glenohumeral ligamentous complex and its 
contribution to anterior shoulder stability. J Shoulder Elbow Surg. 1998;7(2):122-6. 
928. Pulavarti R, Symes T, Rangan A. Surgical interventions for shoulder instability in adults. Cochrane 
Database Syst Rev. 2009  
4(CD005077). 
929. Hintermann B, Gachter A. Arthroscopic findings after shoulder dislocation. Am J Sports Med. 
1995;23(5):545-51. 
930. Wolf E. Arthroscopic anterior shoulder capsulorrhaphy. Techniques in Orthopaedics. 1988;3(1). 
931. Lane JG, Sachs RA, Riehl B. Arthroscopic staple capsulorrhaphy: a long-term follow-up. Arthroscopy. 
1993;9(2):190-4. 
932. Coughlin L, Rubinovich M, Johansson J, White B, Greenspoon J. Arthroscopic staple capsulorrhaphy for 
anterior shoulder instability. Am J Sports Med. 1992;20(3):253-6. 
933. Robinson CM, Dobson RJ. Anterior instability of the shoulder after trauma. J Bone Joint Surg Br. 
2004;86(4):469-79. 
934. Hurley J, Bronstein R. Shoulder arthroscopy in the athlete. Practical applications. Sports Med. 
1993;15(2):133-8. 
935. Wall MS, O'Brien SJ. Arthroscopic evaluation of the unstable shoulder. Clin Sports Med. 1995;14(4):817-
39. 
936. Rook RT, Savoie FH, 3rd, Field LD. Arthroscopic treatment of instability attributable to capsular injury or 
laxity. Clin Orthop Relat Res. 2001(390):52-8. 
937. Levine WN, Rieger K, McCluskey GM, 3rd. Arthroscopic treatment of anterior shoulder instability. Instr 
Course Lect. 2005;5487-96. 
938. Armstrong A, Boyer D, Ditsios K, Yamaguchi K. Arthroscopic versus open treatment of anterior shoulder 
instability. Instr Course Lect. 2004;53559-63. 
939. Budoff JE, Wolf EM. Arthroscopic treatment of glenohumeral instability. J Hand Surg Am. 2006;31(8):1387-
96. 



Copyright ©2020 Reed Group, Ltd.  Page | 224 
 

940. Stokes DA, Savoie FH, 3rd, Field LD, Ramsey JR. Arthroscopic repair of anterior glenohumeral instability 
and rotator interval lesions. Orthop Clin North Am. 2003;34(4):529-38. 
941. Abrams JS. Innovations in arthroscopic surgery of the shoulder: advances in arthroscopic shoulder 
stabilization. Arthroscopy. 2003;19 Suppl 1106-8. 
942. Abrams JS. Role of arthroscopy in treating anterior instability of the athlete's shoulder. Sports Med 
Arthrosc. 2007;15(4):230-8. 
943. Swenson TM, Warner JJ. Arthroscopic shoulder stabilization. Overview of indications, technique, and 
efficacy. Clin Sports Med. 1995;14(4):841-62. 
944. Antoniou J, Harryman DT, 2nd. Arthroscopic posterior capsular repair. Clin Sports Med. 2000;19(1):101-14, 
vi-vii. 
945. Cole BJ, Warner JJ. Arthroscopic versus open Bankart repair for traumatic anterior shoulder instability. Clin 
Sports Med. 2000;19(1):19-48. 
946. Sandow M. Acute arthroscopic Bankart repair for initial anterior shoulder dislocation: a prospective clinical 
trial. J Shoulder Elbow Surg. 1996;5(2 part 2). 
947. Sandow MJ. Arthroscopic repair for primary shoulder dislocation: A randomized clinical trial. J Bone Joint 
Surg Br. 1995;77-B(Suppl 1). 
948. McIntyre LF, Caspari RB, Savoie FH, 3rd. The arthroscopic treatment of posterior shoulder instability: two-
year results of a multiple suture technique. Arthroscopy. 1997;13(4):426-32. 
949. Rose DJ. Arthroscopic transglenoid suture capsulorrhaphy for anterior shoulder instability. Instr Course 
Lect. 1996;4557-64. 
950. De Mulder K, Petre D, Declercq G. Arthroscopy of the shoulder. Current concepts review. Acta Orthop 
Belg. 1999;65(4):447-57. 
951. Hawkins RJ, Karas SG. Arthroscopic stabilization plus thermal capsulorrhaphy for anterior instability with 
and without Bankart lesions: the role of rehabilitation and immobilization. Instr Course Lect. 2001;5013-5. 
952. Copeland S. Arthroscopy and arthroscopic surgery of the shoulder. Br J Theatre Nurs. 1998;8(3):5-10. 
953. Nelson BJ, Arciero RA. Arthroscopic management of glenohumeral instability. Am J Sports Med. 
2000;28(4):602-14. 
954. Long JS. Shoulder arthroscopy. Orthop Nurs. 1996;15(2):21-31. 
955. Nebelung W, Jaeger A, Wiedemann E. Rationales of arthroscopic shoulder stabilization. Arch Orthop 
Trauma Surg. 2002;122(8):472-87. 
956. Stein DA, Jazrawi L, Bartolozzi AR. Arthroscopic stabilization of anterior shoulder instability: a review of the 
literature. Arthroscopy. 2002;18(8):912-24. 
957. Fealy S, Drakos MC, Allen AA, Warren RF. Arthroscopic bankart repair: experience with an absorbable, 
transfixing implant. Clin Orthop Relat Res. 2001(390):31-41. 
958. Mayfield JB, Carter C, Wang C, Warner JJ. Arthroscopic shoulder reconstruction: fast-track recovery and 
outpatient treatment. Clin Orthop Relat Res. 2001(390):10-6. 
959. Ryu RK. Arthroscopic approach to traumatic anterior shoulder instability. Arthroscopy. 2003;19 Suppl 194-
101. 
960. Millett PJ, Clavert P, Warner JJ. Arthroscopic management of anterior, posterior, and multidirectional 
shoulder instability: pearls and pitfalls. Arthroscopy. 2003;19 Suppl 186-93. 
961. Walch G, Boileau P, Levigne C, Mandrino A, Neyret P, Donell S. Arthroscopic stabilization for recurrent 
anterior shoulder dislocation: results of 59 cases. Arthroscopy. 1995;11(2):173-9. 
962. Grana WA, Buckley PD, Yates CK. Arthroscopic Bankart suture repair. Am J Sports Med. 1993;21(3):348-
53. 
963. Guanche CA, Quick DC, Sodergren KM, Buss DD. Arthroscopic versus open reconstruction of the shoulder 
in patients with isolated Bankart lesions. Am J Sports Med. 1996;24(2):144-8. 
964. Landsiedl F. Arthroscopic therapy of recurrent anterior luxation of the shoulder by capsular repair. 
Arthroscopy. 1992;8(3):296-304. 
965. Hobby J, Griffin D, Dunbar M, Boileau P. Is arthroscopic surgery for stabilisation of chronic shoulder 
instability as effective as open surgery? A systematic review and meta-analysis of 62 studies including 3044 
arthroscopic operations. J Bone Joint Surg Br. 2007;89(9):1188-96. 
966. Benedetto KP, Glotzer W. Arthroscopic Bankart procedure by suture technique: indications, technique, and 
results. Arthroscopy. 1992;8(1):111-5. 
967. Caspari RB. Arthroscopy--an orthopaedic surgical subspecialty or a technique? Arthroscopy. 
1991;7(4):390-3. 
968. Morgan CD, Bodenstab AB. Arthroscopic Bankart suture repair: technique and early results. Arthroscopy. 
1987;3(2):111-22. 
969. Altchek DW. Arthroscopy of the shoulder. Scand J Med Sci Sports. 1995;5(2):71-5. 



Copyright ©2020 Reed Group, Ltd.  Page | 225 
 

970. Kropf EJ, Tjoumakaris FP, Sekiya JK. Arthroscopic shoulder stabilization: is there ever a need to open? 
Arthroscopy. 2007;23(7):779-84. 
971. Yanmis I, Tunay S, Komurcu M, Yildiz C, Tunay VB, Gur E. Outcomes of acute arthroscopic repair and 
conservative treatment following first traumatic dislocation of the shoulder joint in young patients. Ann Acad Med 
Singapore. 2003;32(6):824-7. 
972. Bottoni CR, Smith EL, Berkowitz MJ, Towle RB, Moore JH. Arthroscopic versus open shoulder stabilization 
for recurrent anterior instability: a prospective randomized clinical trial. Am J Sports Med. 2006;34(11):1730-7. 
973. Jorgensen U, Svend-Hansen H, Bak K, Pedersen I. Recurrent post-traumatic anterior shoulder dislocation--
open versus arthroscopic repair. Knee Surg Sports Traumatol Arthrosc. 1999;7(2):118-24. 
974. Castagna A, Borroni M, Delle Rose G, et al. Effects of posterior-inferior capsular plications in range of 
motion in arthroscopic anterior Bankart repair: a prospective randomized clinical study. Knee Surg Sports 
Traumatol Arthrosc. 2009;17(2):188-94. 
975. Tan CK, Guisasola I, Machani B, et al. Arthroscopic stabilization of the shoulder: a prospective randomized 
study of absorbable versus nonabsorbable suture anchors. Arthroscopy: The Journal Of Arthroscopic & Related 
Surgery: Official Publication Of The Arthroscopy Association Of North America And The International Arthroscopy 
Association. 2006;22(7):716-20. 
976. Warme WJ, Arciero RA, Savoie FH, 3rd, Uhorchak JM, Walton M. Nonabsorbable versus absorbable 
suture anchors for open Bankart repair. A prospective, randomized comparison. Am J Sports Med. 1999;27(6):742-
6. 
977. Magnusson L, Ejerhed L, Rostgard-Christensen L, et al. A prospective, randomized, clinical and 
radiographic study after arthroscopic Bankart reconstruction using 2 different types of absorbable tacks. 
Arthroscopy. 2006;22(2):143-51. 
978. Bankart A. The pathology and treatment of recurrent dislocation of the shoulder-joint. British Journal of 
Surgery. 1938;26(101):23-9. 
979. Caprise PA, Jr., Sekiya JK. Open and arthroscopic treatment of multidirectional instability of the shoulder. 
Arthroscopy. 2006;22(10):1126-31. 
980. Hovelius L, Thorling J, Fredin H. Recurrent anterior dislocation of the shoulder. Results after the Bankart 
and Putti-Platt operations. J Bone Joint Surg Am. 1979;61(4):566-9. 
981. Millett PJ, Clavert P, Warner JJ. Open operative treatment for anterior shoulder instability: when and why? 
The Journal Of Bone And Joint Surgery American Volume. 2005;87(2):419-32. 
982. Provencher MT, Romeo AA. Posterior and multidirectional instability of the shoulder: challenges associated 
with diagnosis and management. Instr Course Lect. 2008;57133-52. 
983. Ejerhed L, Kartus J, Funck E, Kohler K, Sernert N, Karlsson J. A clinical and radiographic comparison of 
absorbable and non-absorbable suture anchors in open shoulder stabilisation. Knee Surg Sports Traumatol 
Arthrosc. 2000;8(6):349-55. 
984. Karlsson J, Magnusson L, Ejerhed L, Hultenheim I, Lundin O, Kartus J. Comparison of open and 
arthroscopic stabilization for recurrent shoulder dislocation in patients with a Bankart lesion. Am J Sports Med. 
2001;29(5):538-42. 
985. Handoll H, Brealey S, Rangan A, et al. Protocol for the ProFHER (PROximal Fracture of the Humerus: 
Evaluation by Randomisation) trial: a pragmatic multi-centre randomised controlled trial of surgical versus non-
surgical treatment for proximal fracture of the humerus in adults. BMC Musculoskelet Disord. 2009;10140. 
986. Sperber A, Hamberg P, Karlsson J, Sward L, Wredmark T. Comparison of an arthroscopic and an open 
procedure for posttraumatic instability of the shoulder: a prospective, randomized multicenter study. J Shoulder 
Elbow Surg. 2001;10(2):105-8. 
987. Fabbriciani C, Milano G, Demontis A, Fadda S, Ziranu F, Mulas PD. Arthroscopic versus open treatment of 
Bankart lesion of the shoulder: a prospective randomized study. Arthroscopy: The Journal Of Arthroscopic & 
Related Surgery: Official Publication Of The Arthroscopy Association Of North America And The International 
Arthroscopy Association. 2004;20(5):456-62. 
988. Rhee YG, Lim CT, Cho NS. Muscle strength after anterior shoulder stabilization: arthroscopic versus open 
Bankart repair. Am J Sports Med. 2007;35(11):1859-64. 
989. Kim SH, Kim HK, Sun JI, Park JS, Oh I. Arthroscopic capsulolabroplasty for posteroinferior multidirectional 
instability of the shoulder. Am J Sports Med. 2004;32(3):594-607. 
990. Roberts SN, Taylor DE, Brown JN, Hayes MG, Saies A. Open and arthroscopic techniques for the 
treatment of traumatic anterior shoulder instability in Australian rules football players. J Shoulder Elbow Surg. 
1999;8(5):403-9. 
991. Mohtadi NG, Bitar IJ, Sasyniuk TM, Hollinshead RM, Harper WP. Arthroscopic versus open repair for 
traumatic anterior shoulder instability: a meta-analysis. Arthroscopy: The Journal Of Arthroscopic & Related 



Copyright ©2020 Reed Group, Ltd.  Page | 226 
 

Surgery: Official Publication Of The Arthroscopy Association Of North America And The International Arthroscopy 
Association. 2005;21(6):652-8. 
992. Lenters TR, Franta AK, Wolf FM, Leopold SS, Matsen FA, 3rd. Arthroscopic compared with open repairs 
for recurrent anterior shoulder instability. A systematic review and meta-analysis of the literature. J Bone Joint Surg 
Am. 2007;89(2):244-54. 
993. Hewitt M, Getelman MH, Snyder SJ. Arthroscopic management of multidirectional instability: pancapsular 
plication. Orthop Clin North Am. 2003;34(4):549-57. 
994. Bak K, Spring BJ, Henderson JP. Inferior capsular shift procedure in athletes with multidirectional instability 
based on isolated capsular and ligamentous redundancy. Am J Sports Med. 2000;28(4):466-71. 
995. Choi CH, Ogilvie-Harris DJ. Inferior capsular shift operation for multidirectional instability of the shoulder in 
players of contact sports. Br J Sports Med. 2002;36(4):290-4. 
996. Fronek J, Warren RF, Bowen M. Posterior subluxation of the glenohumeral joint. J Bone Joint Surg Am. 
1989;71(2):205-16. 
997. Neer CS, 2nd, Foster CR. Inferior capsular shift for involuntary inferior and multidirectional instability of the 
shoulder. A preliminary report. J Bone Joint Surg Am. 1980;62(6):897-908. 
998. Pollock RG, Bigliani LU. Recurrent posterior shoulder instability. Diagnosis and treatment. Clin Orthop 
Relat Res. 1993(291):85-96. 
999. Hamada K, Fukuda H, Nakajima T, Yamada N. The inferior capsular shift operation for instability of the 
shoulder. Long-term results in 34 shoulders. J Bone Joint Surg Br. 1999;81(2):218-25. 
1000. Hurley JA, Anderson TE, Dear W, Andrish JT, Bergfeld JA, Weiker GG. Posterior shoulder instability. 
Surgical versus conservative results with evaluation of glenoid version. Am J Sports Med. 1992;20(4):396-400. 
1001. Duncan R, Savoie FH, 3rd. Arthroscopic inferior capsular shift for multidirectional instability of the shoulder: 
a preliminary report. Arthroscopy. 1993;9(1):24-7. 
1002. Tauro JC. Arthroscopic inferior capsular split and advancement for anterior and inferior shoulder instability: 
technique and results at 2- to 5-year follow-up. Arthroscopy. 2000;16(5):451-6. 
1003. Treacy SH, Savoie FH, 3rd, Field LD. Arthroscopic treatment of multidirectional instability. J Shoulder 
Elbow Surg. 1999;8(4):345-50. 
1004. Tibone J, Ting A. Capsulorrhaphy with a staple for recurrent posterior subluxation of the shoulder. J Bone 
Joint Surg Am. 1990;72(7):999-1002. 
1005. Tibone JE, Bradley JP. The treatment of posterior subluxation in athletes. Clin Orthop Relat Res. 
1993(291):124-37. 
1006. Wolf EM, Eakin CL. Arthroscopic capsular plication for posterior shoulder instability. Arthroscopy. 
1998;14(2):153-63. 
1007. Wintzell G, Haglund-Akerlind Y, Tidermark J, Wredmark T, Eriksson E. A prospective controlled 
randomized study of arthroscopic lavage in acute primary anterior dislocation of the shoulder: one-year follow-up. 
Knee Surg Sports Traumatol Arthrosc. 1996;4(1):43-7. 
1008. Wintzell G, Hovelius L, Wikblad L, Saebo M, Larsson S. Arthroscopic lavage speeds reduction in effusion in 
the glenohumeral joint after primary anterior shoulder dislocation: a controlled randomized ultrasound study. Knee 
Surg Sports Traumatol Arthrosc. 2000;8(1):56-60. 
1009. Wintzell G, Haglund-Akerlind Y, Nowak J, Larsson S. Arthroscopic lavage compared with nonoperative 
treatment for traumatic primary anterior shoulder dislocation: a 2-year follow-up of a prospective randomized study. 
J Shoulder Elbow Surg. 1999;8(5):399-402. 
1010. Hiemstra LA, Sasyniuk TM, Mohtadi NG, Fick GH. Shoulder strength after open versus arthroscopic 
stabilization. Am J Sports Med. 2008;36(5):861-7. 
1011. Monteiro GC, Ejnisman B, Andreoli CV, Pochini AC, Cohen M. Absorbable versus nonabsorbable sutures 
for the arthroscopic treatment of anterior shoulder instability in athletes: a prospective randomized study. 
Arthroscopy. 2008;24(6):697-703. 
1012. McDermott DM, Neumann L, Frostick SP, Wallace WA. Early results of Bankart repair with a patient-
controlled rehabilitation program. J Shoulder Elbow Surg. 1999;8(2):146-50. 
1013. O'Brien SJ, Warren RF, Schwartz E. Anterior shoulder instability. The Orthopedic Clinics Of North America. 
1987;18(3):395-408. 
1014. O'Brien SJ, Allen AA, Coleman SH, Drakos MC. The trans-rotator cuff approach to SLAP lesions: technical 
aspects for repair and a clinical follow-up of 31 patients at a minimum of 2 years. Arthroscopy: The Journal Of 
Arthroscopic & Related Surgery: Official Publication Of The Arthroscopy Association Of North America And The 
International Arthroscopy Association. 2002;18(4):372-7. 
1015. Kim SH, Ha KI, Jung MW, Lim MS, Kim YM, Park JH. Accelerated rehabilitation after arthroscopic Bankart 
repair for selected cases: a prospective randomized clinical study. Arthroscopy. 2003;19(7):722-31. 



Copyright ©2020 Reed Group, Ltd.  Page | 227 
 

1016. Parentis MA, Mohr KJ, ElAttrache NS. Disorders of the superior labrum: review and treatment guidelines. 
Clinical Orthopaedics And Related Research. 2002(400):77-87. 
1017. Altchek DW, Warren RF, Wickiewicz TL, Ortiz G. Arthroscopic labral debridement. A three-year follow-up 
study. Am J Sports Med. 1992;20(6):702-6. 
1018. Berg EE, Ciullo JV. The SLAP lesion: a cause of failure after distal clavicle resection. Arthroscopy. 
1997;13(1):85-9. 
1019. Burkhart SS, Morgan CD. The peel-back mechanism: its role in producing and extending posterior type II 
SLAP lesions and its effect on SLAP repair rehabilitation. Arthroscopy: The Journal Of Arthroscopic & Related 
Surgery: Official Publication Of The Arthroscopy Association Of North America And The International Arthroscopy 
Association. 1998;14(6):637-40. 
1020. Cordasco F, Steinmann S, Flatow E, Bigliani L. Arthroscopic treatment of glenoid labral tears... including 
commentary by Warren RF. American Journal of Sports Medicine. 1993;21(3):425-31. 
1021. Handelberg F, Willems S, Shahabpour M, Huskin JP, Kuta J. SLAP lesions: a retrospective multicenter 
study. Arthroscopy. 1998;14(8):856-62. 
1022. Kim TK, Queale WS, Cosgarea AJ, McFarland EG. Clinical features of the different types of slap lesions. J 
Bone Joint Surg Am. 2003;85(1):66-71. 
1023. Pearce CE, Burkhart SS. The pitcher's mound: a late sequela of posterior type II SLAP lesions. 
Arthroscopy. 2000;16(2):214-6. 
1024. Payne LZ. Tears of the glenoid labrum. Orthop Rev. 1994;23(7):577-83. 
1025. Resch H, Golser K, Thoeni H, Sperner G. Arthroscopic repair of superior glenoid labral detachment (the 
SLAP lesion). Journal of Shoulder and Elbow Surgery. 1993;2(3):147-55. 
1026. Segmuller HE, Hayes MG, Saies AD. Arthroscopic repair of glenolabral injuries with an absorbable fixation 
device. J Shoulder Elbow Surg. 1997;6(4):383-92. 
1027. Snyder SJ, Banas MP, Karzel RP. An analysis of 140 injuries to the superior glenoid labrum. J Shoulder 
Elbow Surg. 1995;4(4):243-8. 
1028. Warner JJ, Kann S, Marks P. Arthroscopic repair of combined Bankart and superior labral detachment 
anterior and posterior lesions: technique and preliminary results. Arthroscopy. 1994;10(4):383-91. 
1029. Andrews JR, Carson WG, Jr., McLeod WD. Glenoid labrum tears related to the long head of the biceps. 
Am J Sports Med. 1985;13(5):337-41. 
1030. Snyder SJ, Karzel RP, Del Pizzo W, Ferkel RD, Friedman MJ. SLAP lesions of the shoulder. Arthroscopy: 
The Journal Of Arthroscopic & Related Surgery: Official Publication Of The Arthroscopy Association Of North 
America And The International Arthroscopy Association. 1990;6(4):274-9. 
1031. Kippe M, Nguyen D, Ahmad C. Percutaneous techniques for shoulder labral repair. Operative Techniques 
in Sports Medicine. 2007;15(3):116-23. 
1032. Beltran J, Jbara M, Maimon R. Shoulder: labrum and bicipital tendon. Top Magn Reson Imaging. 
2003;14(1):35-49. 
1033. Maffet MW, Gartsman GM, Moseley B. Superior labrum-biceps tendon complex lesions of the shoulder. Am 
J Sports Med. 1995;23(1):93-8. 
1034. Levine WN, Flatow EL. The pathophysiology of shoulder instability. Am J Sports Med. 2000;28(6):910-7. 
1035. Mileski RA, Snyder SJ. Superior labral lesions in the shoulder: pathoanatomy and surgical management. J 
Am Acad Orthop Surg. 1998;6(2):121-31. 
1036. Burkhart SS, Fox DL. SLAP lesions in association with complete tears of the long head of the biceps 
tendon: a report of two cases. Arthroscopy. 1992;8(1):31-5. 
1037. Burkhart SS, Morgan CD, Kibler WB. Shoulder injuries in overhead athletes. The "dead arm" revisited. Clin 
Sports Med. 2000;19(1):125-58. 
1038. Trantalis J, Lo I. Superior labral anterior-posterior (SLAP) tears: recent advances and outcomes. Current 
Orthopaedic Practice. 2008;19(5):530-4. 
1039. Edwards SL, Lee JA, Bell JE, et al. Nonoperative treatment of superior labrum anterior posterior tears: 
improvements in pain, function, and quality of life. Am J Sports Med. 2010;38(7):1456-61. 
1040. Nam EK, Snyder SJ. The diagnosis and treatment of superior labrum, anterior and posterior (SLAP) 
lesions. Am J Sports Med. 2003;31(5):798-810. 
1041. Bedi A, Allen AA. Superior labral lesions anterior to posterior-evaluation and arthroscopic management. 
Clin Sports Med. 2008;27(4):607-30. 
1042. Maurer SG, Rosen JE, Bosco JA, 3rd. SLAP lesions of the shoulder. Bull Hosp Jt Dis. 2003;61(3-4):186-
92. 
1043. Powell S, Nord K, Ryu R. The diagnosis, classification, and treatment of SLAP lesions. Operative 
Techniques in Sports Medicine 2004;12(2):99-110. 



Copyright ©2020 Reed Group, Ltd.  Page | 228 
 

1044. Gartsman GM, Hammerman SM. Superior labrum, anterior and posterior lesions. When and how to treat 
them. Clin Sports Med. 2000;19(1):115-24. 
1045. Craig EV. Shoulder arthroscopy in the throwing athlete. Clin Sports Med. 1996;15(4):673-700. 
1046. Kim SH, Ha KI, Han KY. Biceps load test: a clinical test for superior labrum anterior and posterior lesions in 
shoulders with recurrent anterior dislocations. Am J Sports Med. 1999;27(3):300-3. 
1047. Karzel RP, Snyder SJ. Magnetic resonance arthrography of the shoulder. A new technique of shoulder 
imaging. Clin Sports Med. 1993;12(1):123-36. 
1048. Smith AM, McCauley TR, Jokl P. SLAP lesions of the glenoid labrum diagnosed with MR imaging. Skeletal 
Radiol. 1993;22(7):507-10. 
1049. LaBan MM, Gurin TL, Maltese JT. Slip of the lip--tears of the superior glenoid labrum-anterior to posterior 
(SLAP) syndrome. A report of four cases. American Journal Of Physical Medicine & Rehabilitation / Association Of 
Academic Physiatrists. 1995;74(6):448-52. 
1050. Musgrave DS, Rodosky MW. SLAP lesions: current concepts. Am J Orthop. 2001;30(1):29-38. 
1051. Callaghan JJ, McNiesh LM, DeHaven JP, Savory CG, Polly DW, Jr. A prospective comparison study of 
double contrast computed tomography (CT) arthrography and arthroscopy of the shoulder. Am J Sports Med. 
1988;16(1):13-20. 
1052. Enad J, Kurtz C. Isolated and combined Type II SLAP repairs in a military population. Knee Surgery, Sports 
Traumatology, Arthroscopy. 2007;15(11):8p. 
1053. D'Alessandro D, Fleischli J, Connor P. Superior labral lesions: diagnosis and management. Journal of 
Athletic Training 2000;35(3):286-92. 
1054. Higgins LD, Warner JJ. Superior labral lesions: anatomy, pathology, and treatment. Clinical Orthopaedics 
And Related Research. 2001(390):73-82. 
1055. Dodson CC, Altchek DW. SLAP lesions: an update on recognition and treatment. J Orthop Sports Phys 
Ther. 2009;39(2):71-80. 
1056. Keener JD, Brophy RH. Superior labral tears of the shoulder: pathogenesis, evaluation, and treatment. The 
Journal Of The American Academy Of Orthopaedic Surgeons. 2009;17(10):627-37. 
1057. DaSilva J, McNickle A, Cole B. Arthroscopic superior labrum anterior to posterior repair. Operative 
Techniques in Orthopaedics. 2008;18(1):53-61. 
1058. Yian E, Wang C, Millett PJ, Warner JJ. Arthroscopic repair of SLAP lesions with a bioknotless suture 
anchor. Arthroscopy: The Journal Of Arthroscopic & Related Surgery: Official Publication Of The Arthroscopy 
Association Of North America And The International Arthroscopy Association. 2004;20(5):547-51. 
1059. Gregush RV, Snyder SJ. Superior labral repair. Sports Med Arthrosc. 2007;15(4):222-9. 
1060. Brockmeier S, Voos J, Williams Iii R, Aitchek D, Cordasco F, Allen A. Outcomes after arthroscopic repair of 
Type-II SLAP lesions. J Bone Joint Surg Am. 2009;91-A(7):1595-603. 
1061. Coleman SH, Cohen DB, Drakos MC, et al. Arthroscopic Repair of Type II Superior Labral Anterior 
Posterior Lesions With and Without Acromioplasty: A Clinical Analysis of 50 Patients. American Journal of Sports 
Medicine. 2007;35(5):p749-53. 
1062. Yung PS, Fong DT, Kong MF, et al. Arthroscopic repair of isolated type II superior labrum anterior-posterior 
lesion. Knee Surgery, Sports Traumatology, Arthroscopy: Official Journal Of The ESSKA. 2008;16(12):1151-7. 
1063. Pinto M, Snyder S. Slap lesions: current operative techniques and management. Operative Techniques in 
Orthopaedics. 2001;11(1):30-7. 
1064. Westerheide KJ, Karzel RP. Ganglion cysts of the shoulder: technique of arthroscopic decompression and 
fixation of associated type II superior labral anterior to posterior lesions. Orthop Clin North Am. 2003;34(4):521-8. 
1065. Neri BR, Vollmer EA, Kvitne RS. Isolated Type II superior labral anterior posterior lesions: age-related 
outcome of arthroscopic fixation. American Journal of Sports Medicine. 2009;37(5):6p. 
1066. Kartus J, Ejerhed L, Funck E, Kohler K, Sernert N, Karlsson J. Arthroscopic and open shoulder stabilization 
using absorbable implants. A clinical and radiographic comparison of two methods. Knee Surgery, Sports 
Traumatology, Arthroscopy: Official Journal Of The ESSKA. 1998;6(3):181-8. 
1067. Field LD, Savoie FH, 3rd. Arthroscopic suture repair of superior labral detachment lesions of the shoulder. 
Am J Sports Med. 1993;21(6):783-90; discussion 90. 
1068. Yoneda M, Hirooka A, Saito S, Yamamoto T, Ochi T, Shino K. Arthroscopic stapling for detached superior 
glenoid labrum. J Bone Joint Surg Br. 1991;73(5):746-50. 
1069. Rhee YG, Lee DH, Lim CT. Unstable isolated SLAP lesion: clinical presentation and outcome of 
arthroscopic fixation. Arthroscopy: The Journal Of Arthroscopic & Related Surgery: Official Publication Of The 
Arthroscopy Association Of North America And The International Arthroscopy Association. 2005;21(9):1099. 
1070. Katz LM, Hsu S, Miller SL, et al. Poor outcomes after SLAP repair: descriptive analysis and prognosis. 
Arthroscopy: The Journal Of Arthroscopic & Related Surgery: Official Publication Of The Arthroscopy Association 
Of North America And The International Arthroscopy Association. 2009;25(8):849-55. 



Copyright ©2020 Reed Group, Ltd.  Page | 229 
 

1071. Verma NN, Garretson R, Romeo AA. Outcome of arthroscopic repair of Type II SLAP lesions in worker's 
compensation patients. HSS Journal: The Musculoskeletal Journal Of Hospital For Special Surgery. 2007;3(1):58-
62. 
1072. Rames RD, Karzel RP. Injuries to the glenoid labrum, including slap lesions. Orthop Clin North Am. 
1993;24(1):45-53. 
1073. Cohen DB, Coleman S, Drakos MC, et al. Outcomes of isolated type II SLAP lesions treated with 
arthroscopic fixation using a bioabsorbable tack. Arthroscopy: The Journal Of Arthroscopic & Related Surgery: 
Official Publication Of The Arthroscopy Association Of North America And The International Arthroscopy 
Association. 2006;22(2):136-42. 
1074. Pagnani MJ, Speer KP, Altchek DW, Warren RF, Dines DM. Arthroscopic fixation of superior labral lesions 
using a biodegradable implant: a preliminary report. Arthroscopy. 1995;11(2):194-8. 
1075. Grauer JD, Paulos LE, Smutz WP. Biceps tendon and superior labral injuries. Arthroscopy. 1992;8(4):488-
97. 
1076. Boileau P, Parratte S, Chuinard C, Roussanne Y, Shia D, Bicknell R. Arthroscopic Treatment of Isolated 
Type II SLAP Lesions: Biceps Tenodesis as an Alternative to Reinsertion. American Journal of Sports Medicine. 
2009;37(5):929-36. 
1077. Burkhart SS, Fox DL. Case report: arthroscopic repair of a type IV SLAP lesion--the red-on-white lesion as 
a component of anterior instability. Arthroscopy. 1993;9(5):488-92; discussion 93-7. 
1078. Baker CL, 3rd, Romeo AA. Combined arthroscopic repair of a type IV SLAP tear and Bankart lesion. 
Arthroscopy. 2009;25(9):1045-50. 
1079. Kaplan LD, Flanigan DC, Norwig J, Jost P, Bradley J. Prevalence and variance of shoulder injuries in elite 
collegiate football players. Am J Sports Med. 2005;33(8):1142-6. 
1080. Thorndike A, Quigley T. Injuries to the acromioclavicular joint: A plea for conservative treatment. The 
American Journal of Surgery. 1942;55(2):250-61. 
1081. Simovitch R, Sanders B, Ozbaydar M, Lavery K, Warner JJ. Acromioclavicular joint injuries: diagnosis and 
management. J Am Acad Orthop Surg. 2009;17(4):207-19. 
1082. Bergfeld JA, Andrish JT, Clancy WG. Evaluation of the acromioclavicular joint following first- and second-
degree sprains. Am J Sports Med. 1978;6(4):153-9. 
1083. Allman FL, Jr. Fractures and ligamentous injuries of the clavicle and its articulation. J Bone Joint Surg Am. 
1967;49(4):774-84. 
1084. Tossy JD, Mead NC, Sigmond HM. Acromioclavicular separations: useful and practical classification for 
treatment. Clin Orthop Relat Res. 1963;28111-9. 
1085. Rockwood CA, Jr. The shoulder: facts, confusions and myths. Int Orthop. 1991;15(4):401-5. 
1086. Tischer T, Salzmann GM, El-Azab H, Vogt S, Imhoff AB. Incidence of associated injuries with acute 
acromioclavicular joint dislocations types III through V. Am J Sports Med. 2009;37(1):136-9. 
1087. Pauly S, Gerhardt C, Haas NP, Scheibel M. Prevalence of concomitant intraarticular lesions in patients 
treated operatively for high-grade acromioclavicular joint separations. Knee Surg Sports Traumatol Arthrosc. 
2009;17(5):513-7. 
1088. Lemos MJ. The evaluation and treatment of the injured acromioclavicular joint in athletes. Am J Sports 
Med. 1998;26(1):137-44. 
1089. Nuber GW, Bowen MK. Acromioclavicular joint injuries and distal clavicle fractures. J Am Acad Orthop 
Surg. 1997;5(1):11-8. 
1090. Mignani G, Rotini R, Olmi R, Marchiodi L, Veronesi CA. The surgical treatment of Rockwood grade III 
acromioclavicular dislocations. Chir Organi Mov. 2002;87(3):153-61. 
1091. Larsen E, Bjerg-Nielsen A, Christensen P. Conservative or surgical treatment of acromioclavicular 
dislocation. A prospective, controlled, randomized study. J Bone Joint Surg Am. 1986;68(4):552-5. 
1092. Bannister GC, Wallace WA, Stableforth PG, Hutson MA. The management of acute acromioclavicular 
dislocation. A randomised prospective controlled trial. J Bone Joint Surg Br. 1989;71(5):848-50. 
1093. Powers JA, Bach PJ. Acromioclavicular separations. Closed or open treatment? Clin Orthop Relat Res. 
1974(104):213-23. 
1094. Taft TN, Wilson FC, Oglesby JW. Dislocation of the acromioclavicular joint. An end-result study. J Bone 
Joint Surg Am. 1987;69(7):1045-51. 
1095. Phillips AM, Smart C, Groom AF. Acromioclavicular dislocation. Conservative or surgical therapy. Clin 
Orthop Relat Res. 1998(353):10-7. 
1096. Skjeldal S, Lundblad R, Dullerud R. Coracoid process transfer for acromioclavicular dislocation. Acta 
Orthop Scand. 1988;59(2):180-2. 
1097. MacDonald PB, Alexander MJ, Frejuk J, Johnson GE. Comprehensive functional analysis of shoulders 
following complete acromioclavicular separation. Am J Sports Med. 1988;16(5):475-80. 



Copyright ©2020 Reed Group, Ltd.  Page | 230 
 

1098. Galpin RD, Hawkins RJ, Grainger RW. A comparative analysis of operative versus nonoperative treatment 
of grade III acromioclavicular separations. Clin Orthop Relat Res. 1985(193):150-5. 
1099. Lancaster S, Horowitz M, Alonso J. Complete acromioclavicular separations. A comparison of operative 
methods. Clin Orthop Relat Res. 1987(216):80-8. 
1100. Press J, Zuckerman JD, Gallagher M, Cuomo F. Treatment of grade III acromioclavicular separations. 
Operative versus nonoperative management. Bull Hosp Jt Dis. 1997;56(2):77-83. 
1101. Wang F, Li J, Jiang HX. Treatment of distal clavicle fracture and acromioclavicular joint dislocation with 
closed reduction and pinning. Zhongguo Gu Shang. 2008;21(7):501-2. 
1102. Sim E, Schwarz N, Hocker K, Berzlanovich A. Repair of complete acromioclavicular separations using the 
acromioclavicular-hook plate. Clin Orthop Relat Res. 1995(314):134-42. 
1103. Norrell H, Jr., Llewellyn RC. Migration of a threaded steinmann pin from an acromioclavicular joint into the 
spinal canal. a case report. J Bone Joint Surg Am. 1965;471024-6. 
1104. Sethi GK, Scott SM. Subclavian artery laceration due to migration of a Hagie pin. Surgery. 1976;80(5):644-
6. 
1105. Faraj AA, Ketzer B. The use of a hook-plate in the management of acromioclavicular injuries. Report of ten 
cases. Acta Orthop Belg. 2001;67(5):448-51. 
1106. Bosworth B. Acromioclavicular separation: new method of repair. Surg Gynecol Obste. 1941;73866–71. 
1107. Morrison DS, Lemos MJ. Acromioclavicular separation. Reconstruction using synthetic loop augmentation. 
Am J Sports Med. 1995;23(1):105-10. 
1108. Boldin C, Fankhauser F, Ratschek M, Haller-Schober EM. Foreign-body reaction after reconstruction of 
complete acromioclavicular dislocation using PDS augmentation. J Shoulder Elbow Surg. 2004;13(1):99-100. 
1109. Stewart AM, Ahmad CS. Failure of acromioclavicular reconstruction using Gore-Tex graft due to aseptic 
foreign-body reaction and clavicle osteolysis: a case report. J Shoulder Elbow Surg. 2004;13(5):558-61. 
1110. Dewar FP, Barrington TW. The Treatment of Chronic Acromio-Clavicular Dislocation. J Bone Joint Surg Br. 
1965;4732-5. 
1111. Ferris BD, Bhamra M, Paton DF. Coracoid process transfer for acromioclavicular dislocations. A report of 
20 cases. Clin Orthop Relat Res. 1989(242):184-94. 
1112. Lafosse L, Baier GP, Leuzinger J. Arthroscopic treatment of acute and chronic acromioclavicular joint 
dislocation. Arthroscopy. 2005;21(8):1017. 
1113. Jones HP, Lemos MJ, Schepsis AA. Salvage of failed acromioclavicular joint reconstruction using 
autogenous semitendinosus tendon from the knee. Surgical technique and case report. Am J Sports Med. 
2001;29(2):234-7. 
1114. LaPrade RF, Hilger B. Coracoclavicular ligament reconstruction using a semitendinosus graft for failed 
acromioclavicular separation surgery. Arthroscopy. 2005;21(10):1277. 
1115. Yoo JC, Choi NH, Kim SY, Lim TK. Distal clavicle tunnel widening after coracoclavicular ligament 
reconstruction with semitendinous tendon: a case report. J Shoulder Elbow Surg. 2006;15(2):256-9. 
1116. Levine WN, Barron OA, Yamaguchi K, Pollock RG, Flatow EL, Bigliani LU. Arthroscopic distal clavicle 
resection from a bursal approach. Arthroscopy. 1998;14(1):52-6. 
1117. Avikainen V, Ranki P, Turunen M, Lepisto P, Rokkanen P. Acromioclavicular complete dislocation. Analysis 
of the operative results in 48 patients. Ann Chir Gynaecol. 1979;68(4):117-20. 
1118. Bargren JH, Erlanger S, Dick HM. Biomechanics and comparison of two operative methods of treatment of 
complete acromioclavicular separation. Clin Orthop Relat Res. 1978(130):267-72. 
1119. Ejeskar A. Coracoclavicular wiring for acromioclavicular joint dislocation. A ten year follow-up study. Acta 
Orthop Scand. 1974;45(5):652-61. 
1120. Eskola A, Vainionpaa S, Patiala H, Rokkanen P. Outcome of operative treatment in fresh lateral clavicular 
fracture. Ann Chir Gynaecol. 1987;76(3):167-9. 
1121. Ho WP, Chen JY, Shih CH. The surgical treatment of complete acromioclavicular joint dislocation. Orthop 
Rev. 1988;17(11):1116-20. 
1122. Jalovaara P, Paivansalo M, Myllyla V, Niinimaki T. Acute acromioclavicular dislocations treated by fixation 
of the joint and ligament repair or reconstruction. Acta Orthop Belg. 1991;57(3):296-305. 
1123. Katznelson A, Nerubay J, Oliver S, Friedlander C. Dynamic repair of acromio-clavicular dislocation. Acta 
Orthop Scand. 1975;46(2):199-204. 
1124. Paavolainen P, Bjorkenheim JM, Paukku P, Slatis P. Surgical treatment of acromioclavicular dislocation: a 
review of 39 patients. Injury. 1983;14(5):415-20. 
1125. Weaver JK, Dunn HK. Treatment of acromioclavicular injuries, especially complete acromioclavicular 
separation. J Bone Joint Surg Am. 1972;54(6):1187-94. 
1126. Vainionpaa S, Kirves P, Laike E. Acromioclavicular joint dislocation - surgical results in 36 patients. Ann 
Chir Gynaecol. 1981;70(3):120-3. 



Copyright ©2020 Reed Group, Ltd.  Page | 231 
 

1127. Vandekerckhove B, van Meirhaeghe J, van Steenkiste M, de Groote W, Verbeke R, Vertongen P. Surgical 
treatment of acromioclavicular dislocations. Long-term follow-up study. Acta Orthop Belg. 1985;51(1):66-79. 
1128. DePalma A. The role of the disks of the sternoclavicular and the acromioclavicular joints. Clin Orthop. 
1959;13222-33. 
1129. Bellamy N, Bensen WG, Beaulieu A, et al. A multicenter study of nabumetone and diclofenac SR in 
patients with osteoarthritis. J Rheumatol. 1995;22(5):915-20. 
1130. Diamond HS. Double-blind crossover study of fenoprofen and aspirin in osteoarthritis. J Rheumatol. 
1976;267-70. 
1131. Mazieres B, Hucher M, Zaim M, Garnero P. Effect of chondroitin sulphate in symptomatic knee 
osteoarthritis: a multicentre, randomised, double-blind, placebo-controlled study. Ann Rheum Dis. 2007;66(5):639-
45. 
1132. Uebelhart D, Malaise M, Marcolongo R, et al. Intermittent treatment of knee osteoarthritis with oral 
chondroitin sulfate: a one-year, randomized, double-blind, multicenter study versus placebo. Osteoarthritis 
Cartilage. 2004;12(4):269-76. 
1133. Clegg DO, Reda DJ, Harris CL, et al. Glucosamine, chondroitin sulfate, and the two in combination for 
painful knee osteoarthritis. N Engl J Med. 2006;354(8):795-808. 
1134. Michel BA, Stucki G, Frey D, et al. Chondroitins 4 and 6 sulfate in osteoarthritis of the knee: a randomized, 
controlled trial. Arthritis Rheum. 2005;52(3):779-86. 
1135. Usha PR, Naidu MU. Randomised, double-blind, parallel, placebo-controlled atudy of oral glucosamine, 
methylsulfonylmethane and their combination in osteoarthritis. Clin Drug Investig. 2004;24(6):353-63. 
1136. Pavelka K, Gatterova J, Olejarova M, Machacek S, Giacovelli G, Rovati LC. Glucosamine sulfate use and 
delay of progression of knee osteoarthritis: a 3-year, randomized, placebo-controlled, double-blind study. Arch 
Intern Med. 2002;162(18):2113-23. 
1137. Reginster JY, Deroisy R, Rovati LC, et al. Long-term effects of glucosamine sulphate on osteoarthritis 
progression: a randomised, placebo-controlled clinical trial. Lancet. 2001;357(9252):251-6. 
1138. Rozendaal RM, Koes BW, van Osch GJ, et al. Effect of glucosamine sulfate on hip osteoarthritis: a 
randomized trial. Ann Intern Med. 2008;148(4):268-77. 
1139. Rein E, Kharazmi A, Winther K. A herbal remedy, Hyben Vital (stand. powder of a subspecies of Rosa 
canina fruits), reduces pain and improves general wellbeing in patients with osteoarthritis--a double-blind, placebo-
controlled, randomised trial. Phytomedicine. 2004;11(5):383-91. 
1140. Robinson P, Keenan AM, Conaghan PG. Clinical effectiveness and dose response of image-guided intra-
articular corticosteroid injection for hip osteoarthritis. Rheumatology. 2007;46(2):285-91. 
1141. Caglar-Yagci H, Unsal S, Yagci I, Dulgeroglu D, Ozel S. Safety and efficacy of ultrasound-guided intra-
articular hylan G-F 20 injection in osteoarthritis of the hip: a pilot study. Rheumatol Int. 2005;25(5):341-4. 
1142. Tikiz C, Unlu Z, Sener A, Efe M, Tuzun C. Comparison of the efficacy of lower and higher molecular weight 
viscosupplementation in the treatment of hip osteoarthritis. Clin Rheumatol. 2005;24(3):244-50. 
1143. Abate M, Pelotti P, De Amicis D, Di Iorio A, Galletti S, Salini V. Viscosupplementation with hyaluronic acid 
in hip osteoarthritis (a review). Ups J Med Sci. 2008;113(3):261-77. 
1144. van den Bekerom MP, Lamme B, Sermon A, Mulier M. What is the evidence for viscosupplementation in 
the treatment of patients with hip osteoarthritis? Systematic review of the literature. Arch Orthop Trauma Surg. 
2008;128(8):815-23. 
1145. Dagenais S. Intra-articular hyaluronic acid (viscosupplementation) for hip osteoarthritis. Issues Emerg 
Health Technol. 2007(98):1-4. 
1146. Blaine T, Moskowitz R, Udell J, et al. Treatment of persistent shoulder pain with sodium hyaluronate: a 
randomized, controlled trial. A multicenter study. J Bone Joint Surg Am. 2008;90(5):970-9. 
1147. Qvistgaard E, Christensen R, Torp-Pedersen S, Bliddal H. Intra-articular treatment of hip osteoarthritis: a 
randomized trial of hyaluronic acid, corticosteroid, and isotonic saline. Osteoarthritis Cartilage. 2006;14(2):163-70. 
1148. Migliore A, Tormenta S, Martin Martin LS, et al. The symptomatic effects of intra-articular administration of 
hylan G-F 20 on osteoarthritis of the hip: clinical data of 6 months follow-up. Clin Rheumatol. 2006;25(3):389-93. 
1149. Migliore A, Tormenta S, Massafra U, et al. Repeated ultrasound-guided intra-articular injections of 40 mg of 
Hyalgan may be useful in symptomatic relief of hip osteoarthritis. Osteoarthritis Cartilage. 2005;13(12):1126-7. 
1150. Migliore A, Tormenta S, Massafra U, et al. 18-month observational study on efficacy of intraarticular 
hyaluronic acid (Hylan G-F 20) injections under ultrasound guidance in hip osteoarthritis. Rheumatismo. 
2006;58(1):39-49. 
1151. Brocq O, Tran G, Breuil V, Grisot C, Flory P, Euller-Ziegler L. Hip osteoarthritis: short-term efficacy and 
safety of viscosupplementation by hylan G-F 20. An open-label study in 22 patients. Joint Bone Spine. 
2002;69(4):388-91. 



Copyright ©2020 Reed Group, Ltd.  Page | 232 
 

1152. Conrozier T, Mathieu P, Schott AM, et al. Factors predicting long-term efficacy of Hylan GF-20 
viscosupplementation in knee osteoarthritis. Joint Bone Spine. 2003;70(2):128-33. 
1153. Shibata Y, Midorikawa K, Emoto G, Naito M. Clinical evaluation of sodium hyaluronate for the treatment of 
patients with rotator cuff tear. J Shoulder Elbow Surg. 2001;10(3):209-16. 
1154. Pourbagher MA, Ozalay M, Pourbagher A. Accuracy and outcome of sonographically guided intra-articular 
sodium hyaluronate injections in patients with osteoarthritis of the hip. J Ultrasound Med. 2005;24(10):1391-5. 
1155. Sperling JW, Steinmann SP, Cordasco FA, Henshaw DR, Coons DA, Burkhead WZ. Shoulder arthritis in 
the young adult: arthroscopy to arthroplasty. Instr Course Lect. 2006;5567-74. 
1156. Moseley JB, O'Malley K, Petersen NJ, et al. A controlled trial of arthroscopic surgery for osteoarthritis of the 
knee. N Engl J Med. 2002;347(2):81-8. 
1157. Cook FF, Tibone JE. The Mumford procedure in athletes. An objective analysis of function. Am J Sports 
Med. 1988;16(2):97-100. 
1158. Corso SJ, Furie E. Arthroscopy of the acromioclavicular joint. Orthop Clin North Am. 1995;26(4):661-70. 
1159. Flatow EL, Duralde XA, Nicholson GP, Pollock RG, Bigliani LU. Arthroscopic resection of the distal clavicle 
with a superior approach. J Shoulder Elbow Surg. 1995;4(1 Pt 1):41-50. 
1160. Gartsman GM. Arthroscopic resection of the acromioclavicular joint. Am J Sports Med. 1993;21(1):71-7. 
1161. Lesko PD. Variation of the arthroscopic Mumford procedure for resecting the distal clavicle. J South Orthop 
Assoc. 2001;10(4):194-200; discussion  
1162. Gurd FB. The treatment of complete dislocation of the outer end of the clavicle: an hitherto undescribed 
operation. Ann Surg. 1941;113(6):1094-8. 
1163. Mumford E. Acromioclavicular dislocation: a new operative treatment. The Journal of Bone and Joint 
Surgery. 1941;23799-802. 
1164. Bigliani LU, Nicholson GP, Flatow EL. Arthroscopic resection of the distal clavicle. Orthop Clin North Am. 
1993;24(1):133-41. 
1165. Flatow EL, Cordasco FA, Bigliani LU. Arthroscopic resection of the outer end of the clavicle from a superior 
approach: a critical, quantitative, radiographic assessment of bone removal. Arthroscopy. 1992;8(1):55-64. 
1166. Charron KM, Schepsis AA, Voloshin I. Arthroscopic distal clavicle resection in athletes: a prospective 
comparison of the direct and indirect approach. Am J Sports Med. 2007;35(1):53-8. 
1167. Chronopoulos E, Gill HS, Freehill MT, Petersen SA, McFarland EG. Complications after open distal clavicle 
excision. Clin Orthop Relat Res. 2008;466(3):646-51. 
1168. Orfaly RM, Rockwood CA, Jr., Esenyel CZ, Wirth MA. A prospective functional outcome study of shoulder 
arthroplasty for osteoarthritis with an intact rotator cuff. J Shoulder Elbow Surg. 2003;12(3):214-21. 
1169. Smith KL, Matsen FA, 3rd. Total shoulder arthroplasty versus hemiarthroplasty. Current trends. Orthop Clin 
North Am. 1998;29(3):491-506. 
1170. Ballmer FT. Total shoulder arthroplasty: Some considerations related to glenoid surface contact. Journal of 
Shoulder and Elbow Surgery. 1994;3(5):299-306. 
1171. Bell SN, Gschwend N. Clinical experience with total arthroplasty and hemiarthroplasty of the shoulder using 
the Neer prosthesis. Int Orthop. 1986;10(4):217-22. 
1172. Cofield RH. Total shoulder arthroplasty with a tissue-ingrowth glenoid component. Journal of Shoulder and 
Elbow Surgery. 1992;1(2):77-85. 
1173. Neer CS, 2nd. Replacement arthroplasty for glenohumeral osteoarthritis. J Bone Joint Surg Am. 
1974;56(1):1-13. 
1174. Edwards TB, Kadakia NR, Boulahia A, et al. A comparison of hemiarthroplasty and total shoulder 
arthroplasty in the treatment of primary glenohumeral osteoarthritis: results of a multicenter study. J Shoulder 
Elbow Surg. 2003;12(3):207-13. 
1175. Radnay CS, Setter KJ, Chambers L, Levine WN, Bigliani LU, Ahmad CS. Total shoulder replacement 
compared with humeral head replacement for the treatment of primary glenohumeral osteoarthritis: a systematic 
review. J Shoulder Elbow Surg. 2007;16(4):396-402. 
1176. Parsons IMt, Weldon EJ, 3rd, Titelman RM, Smith KL. Glenohumeral arthritis and its management. Phys 
Med Rehabil Clin N Am. 2004;15(2):447-74. 
1177. Weber M, Berry DJ, Harmsen WS. Total hip arthroplasty after operative treatment of an acetabular fracture. 
J Bone Joint Surg Am. 1998;80(9):1295-305. 
1178. Brostrom LA, Wallensten R, Olsson E, Anderson D. The Kessel prosthesis in total shoulder arthroplasty. A 
five-year experience. Clin Orthop Relat Res. 1992(277):155-60. 
1179. Matsen FA, 3rd. Early effectiveness of shoulder arthroplasty for patients who have primary glenohumeral 
degenerative joint disease. J Bone Joint Surg Am. 1996;78(2):260-4. 
1180. Amstutz HC, Thomas BJ, Kabo JM, Jinnah RH, Dorey FJ. The Dana total shoulder arthroplasty. J Bone 
Joint Surg Am. 1988;70(8):1174-82. 



Copyright ©2020 Reed Group, Ltd.  Page | 233 
 

1181. Cofield RH. Total shoulder arthroplasty with the Neer prosthesis. J Bone Joint Surg Am. 1984;66(6):899-
906. 
1182. Torchia ME, Cofield RH, Settergren CR. Total shoulder arthroplasty with the Neer prosthesis: long-term 
results. J Shoulder Elbow Surg. 1997;6(6):495-505. 
1183. Barrett WP, Franklin JL, Jackins SE, Wyss CR, Matsen FA, 3rd. Total shoulder arthroplasty. J Bone Joint 
Surg Am. 1987;69(6):865-72. 
1184. Clayton ML, Ferlic DC, Jeffers PD. Prosthetic arthroplasties of the shoulder. Clin Orthop Relat Res. 
1982(164):184-91. 
1185. Boyd AD, Jr., Thomas WH, Scott RD, Sledge CB, Thornhill TS. Total shoulder arthroplasty versus 
hemiarthroplasty. Indications for glenoid resurfacing. J Arthroplasty. 1990;5(4):329-36. 
1186. Norris BL, Lachiewicz PF. Modern cement technique and the survivorship of total shoulder arthroplasty. 
Clin Orthop Relat Res. 1996(328):76-85. 
1187. Norris TR, Iannotti JP. Functional outcome after shoulder arthroplasty for primary osteoarthritis: a 
multicenter study. J Shoulder Elbow Surg. 2002;11(2):130-5. 
1188. Gartsman GM, Roddey TS, Hammerman SM. Shoulder arthroplasty with or without resurfacing of the 
glenoid in patients who have osteoarthritis. J Bone Joint Surg Am. 2000;82(1):26-34. 
1189. Boileau P, Avidor C, Krishnan SG, Walch G, Kempf JF, Mole D. Cemented polyethylene versus 
uncemented metal-backed glenoid components in total shoulder arthroplasty: a prospective, double-blind, 
randomized study. J Shoulder Elbow Surg. 2002;11(4):351-9. 
1190. Blevins FT, Pollo FE, Torzilli PA, Warren RF. Effect of humeral head component size on hemiarthroplasty 
translations and rotations. J Shoulder Elbow Surg. 1998;7(6):591-8. 
1191. Fuerst M, Fink B, Ruther W. The DUROM cup humeral surface replacement in patients with rheumatoid 
arthritis. J Bone Joint Surg Am. 2007;89(8):1756-62. 
1192. Burgess DL, McGrath MS, Bonutti PM, Marker DR, Delanois RE, Mont MA. Shoulder Resurfacing. 
2009:1228-38. 
1193. Ellenbecker TS, Bailie DS, Lamprecht D. Humeral resurfacing hemiarthroplasty with meniscal allograft in a 
young patient with glenohumeral osteoarthritis. J Orthop Sports Phys Ther. 2008;38(5):277-86. 
1194. Burkhead WZ, Jr., Hutton KS. Biologic resurfacing of the glenoid with hemiarthroplasty of the shoulder. J 
Shoulder Elbow Surg. 1995;4(4):263-70. 
1195. Burkhead WZ, Jr., Krishnan SG, Lin KC. Biologic resurfacing of the arthritic glenohumeral joint: Historical 
review and current applications. J Shoulder Elbow Surg. 2007;16(5 Suppl):S248-53. 
1196. Raiss P, Aldinger PR, Kasten P, Rickert M, Loew M. Humeral head resurfacing for fixed anterior 
glenohumeral dislocation. Int Orthop. 2009;33(2):451-6. 
1197. Harryman DT, Sidles JA, Harris SL, Lippitt SB, Matsen FA, 3rd. The effect of articular conformity and the 
size of the humeral head component on laxity and motion after glenohumeral arthroplasty. A study in cadavera. J 
Bone Joint Surg Am. 1995;77(4):555-63. 
1198. Thomas SR, Sforza G, Levy O, Copeland SA. Geometrical analysis of Copeland surface replacement 
shoulder arthroplasty in relation to normal anatomy. J Shoulder Elbow Surg. 2005;14(2):186-92. 
1199. Thomas SR, Wilson AJ, Chambler A, Harding I, Thomas M. Outcome of Copeland surface replacement 
shoulder arthroplasty. J Shoulder Elbow Surg. 2005;14(5):485-91. 
1200. Levy O, Copeland SA. Cementless surface replacement arthroplasty of the shoulder. 5- to 10-year results 
with the Copeland mark-2 prosthesis. J Bone Joint Surg Br. 2001;83(2):213-21. 
1201. Levy O, Copeland SA. Cementless surface replacement arthroplasty (Copeland CSRA) for osteoarthritis of 
the shoulder. J Shoulder Elbow Surg. 2004;13(3):266-71. 
1202. Levy O, Funk L, Sforza G, Copeland SA. Copeland surface replacement arthroplasty of the shoulder in 
rheumatoid arthritis. J Bone Joint Surg Am. 2004;86-A(3):512-8. 
1203. Copeland S. The continuing development of shoulder replacement: "reaching the surface". J Bone Joint 
Surg Am. 2006;88(4):900-5. 
1204. Savoie FH, 3rd, Brislin KJ, Argo D. Arthroscopic glenoid resurfacing as a surgical treatment for 
glenohumeral arthritis in the young patient: midterm results. Arthroscopy. 2009;25(8):864-71. 
1205. Alund M, Hoe-Hansen C, Tillander B, Heden BA, Norlin R. Outcome after cup hemiarthroplasty in the 
rheumatoid shoulder: a retrospective evaluation of 39 patients followed for 2-6 years. Acta Orthop Scand. 
2000;71(2):180-4. 
1206. Fink B, Singer J, Lamla U, Ruther W. Surface replacement of the humeral head in rheumatoid arthritis. 
Arch Orthop Trauma Surg. 2004;124(6):366-73. 
1207. Buchner M, Eschbach N, Loew M. Comparison of the short-term functional results after surface 
replacement and total shoulder arthroplasty for osteoarthritis of the shoulder: a matched-pair analysis. Arch Orthop 
Trauma Surg. 2008;128(4):347-54. 



Copyright ©2020 Reed Group, Ltd.  Page | 234 
 

1208. Scalise J, Miniaci A, Iannotti J. Resurfacing arthroplasty of the humerus: indications, surgical technique, 
and clinical results. Tech Shoulder Elbow Surg. 2007;8(3):152-60. 
1209. Misamore G. Management of osteoarthritis of the shoulder. In: Norris T, ed. Orthopaedic Knowledge 
Update: Shoulder and Elbow. Rosemont, IL: American Academy of Orthopaedic Surgeons; 1997:227-40. 
1210. Lo IK, Litchfield RB, Griffin S, Faber K, Patterson SD, Kirkley A. Quality-of-life outcome following 
hemiarthroplasty or total shoulder arthroplasty in patients with osteoarthritis. A prospective, randomized trial. J 
Bone Joint Surg Am. 2005;87(10):2178-85. 
1211. Lee SH, Dargent-Molina P, Breart G. Risk factors for fractures of the proximal humerus: results from the 
EPIDOS prospective study. J Bone Miner Res. 2002;17(5):817-25. 
1212. Kannus P, Palvanen M, Niemi S, Parkkari J, Jarvinen M, Vuori I. Increasing number and incidence of 
osteoporotic fractures of the proximal humerus in elderly people. BMJ. 1996;313(7064):1051-2. 
1213. Kristiansen B. External fixation of proximal humerus fracture. Clinical and cadaver study of pinning 
technique. Acta Orthop Scand. 1987;58(6):645-8. 
1214. Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the epidemiology of proximal humeral fractures. Clin 
Orthop Relat Res. 2006;44287-92. 
1215. Baron J, Barrett J, Karagas M. The epidemiology of peripheral fractures. . Bone. 1996;18209-13. 
1216. Benger U, Johnell O, Redlund-Johnell I. Changes in the incidence of fracture of the upper end of the 
humerus during a thrirty-year period. Clin Orthop Relat Res. 1988;231179-82. 
1217. Singer BR, McLauchlan GJ, Robinson CM, Christie J. Epidemiology of fractures in 15,000 adults: the 
influence of age and gender. J Bone Joint Surg Br. 1998;80(2):243-8. 
1218. Donaldson LJ, Cook A, Thomson RG. Incidence of fractures in a geographically defined population. J 
Epidemiol Community Health. 1990;44(3):241-5. 
1219. Court-Brown CM, Cattermole H, McQueen MM. Impacted valgus fractures (B1.1) of the proximal humerus. 
The results of non-operative treatment. J Bone Joint Surg Br. 2002;84(4):504-8. 
1220. Horak J, Nilsson BE. Epidemiology of fracture of the upper end of the humerus. Clin Orthop Relat Res. 
1975(112):250-3. 
1221. Fink HA, Ensrud KE, Nelson DB, et al. Disability after clinical fracture in postmenopausal women with low 
bone density: the fracture intervention trial (FIT). Osteoporos Int. 2003;14(1):69-76. 
1222. Nguyen TV, Center JR, Sambrook PN, Eisman JA. Risk factors for proximal humerus, forearm, and wrist 
fractures in elderly men and women: the Dubbo Osteoporosis Epidemiology Study. Am J Epidemiol. 
2001;153(6):587-95. 
1223. Kelsey JL, Browner WS, Seeley DG, Nevitt MC, Cummings SR. Risk factors for fractures of the distal 
forearm and proximal humerus. The Study of Osteoporotic Fractures Research Group. Am J Epidemiol. 
1992;135(5):477-89. 
1224. Lauritzen JB, Schwarz P, McNair P, Lund B, Transbol I. Radial and humeral fractures as predictors of 
subsequent hip, radial or humeral fractures in women, and their seasonal variation. Osteoporos Int. 1993;3(3):133-
7. 
1225. Rose SH, Melton LJ, 3rd, Morrey BF, Ilstrup DM, Riggs BL. Epidemiologic features of humeral fractures. 
Clin Orthop Relat Res. 1982(168):24-30. 
1226. Changulani M, Jain UK, Keswani T. Comparison of the use of the humerus intramedullary nail and dynamic 
compression plate for the management of diaphyseal fractures of the humerus. A randomised controlled study. Int 
Orthop. 2007;31(3):391-5. 
1227. Chapman JR, Henley MB, Agel J, Benca PJ. Randomized prospective study of humeral shaft fracture 
fixation: intramedullary nails versus plates. J Orthop Trauma. 2000;14(3):162-6. 
1228. McCormack RG, Brien D, Buckley RE, McKee MD, Powell J, Schemitsch EH. Fixation of fractures of the 
shaft of the humerus by dynamic compression plate or intramedullary nail. A prospective, randomised trial. J Bone 
Joint Surg Br. 2000;82(3):336-9. 
1229. United States Preventive Services Task Force (USPSTF). Routine aspirin or nonsteroidal anti-inflammatory 
drugs for the primary prevention of colorectal cancer: U.S. Preventive Services Task Force recommendation 
statement. Ann Intern Med. 2007;146(5):361-4. 
1230. Doetsch AM, Faber J, Lynnerup N, Watjen I, Bliddal H, Danneskiold-Samsoe B. The effect of calcium and 
vitamin D3 supplementation on the healing of the proximal humerus fracture: a randomized placebo-controlled 
study. Calcif Tissue Int. 2004;75(3):183-8. 
1231. Harris ST, Blumentals WA, Miller PD. Ibandronate and the risk of non-vertebral and clinical fractures in 
women with postmenopausal osteoporosis: results of a meta-analysis of phase III studies. Curr Med Res Opin. 
2008;24(1):237-45. 
1232. Court-Brown CM, McQueen MM. The impacted varus (A2.2) proximal humeral fracture: prediction of 
outcome and results of nonoperative treatment in 99 patients. Acta Orthop Scand. 2004;75(6):736-40. 



Copyright ©2020 Reed Group, Ltd.  Page | 235 
 

1233. Neer CS, 2nd. Displaced proximal humeral fractures. II. Treatment of three-part and four-part 
displacement. J Bone Joint Surg Am. 1970;52(6):1090-103. 
1234. Young TB, Wallace WA. Conservative treatment of fractures and fracture-dislocations of the upper end of 
the humerus. J Bone Joint Surg Br. 1985;67(3):373-7. 
1235. Mills HJ, Horne G. Fractures of the proximal humerus in adults. J Trauma. 1985;25(8):801-5. 
1236. Rasmussen S, Hvass I, Dalsgaard J, Christensen BS, Holstad E. Displaced proximal humeral fractures: 
results of conservative treatment. Injury. 1992;23(1):41-3. 
1237. Mora Guix JM, Pedros JS, Serrano AC. Updated classification system for proximal humeral fractures. Clin 
Med Res. 2009;7(1-2):32-44. 
1238. Fjalestad T, Stromsoe K, Blucher J, Tennoe B. Fractures in the proximal humerus: functional outcome and 
evaluation of 70 patients treated in hospital. Arch Orthop Trauma Surg. 2005;125(5):310-6. 
1239. Jakob RP, Miniaci A, Anson PS, Jaberg H, Osterwalder A, Ganz R. Four-part valgus impacted fractures of 
the proximal humerus. J Bone Joint Surg Br. 1991;73(2):295-8. 
1240. Lanting B, MacDermid J, Drosdowech D, Faber KJ. Proximal humeral fractures: a systematic review of 
treatment modalities. J Shoulder Elbow Surg. 2008;17(1):42-54. 
1241. Parnes N, Jupiter JB. Fixed-angle locking plating of displaced proximal humerus fractures. Instr Course 
Lect. 2010;59:539-52. 
1242. Zyto K, Ahrengart L, Sperber A, Tornkvist H. Treatment of displaced proximal humeral fractures in elderly 
patients. J Bone Joint Surg Br. 1997;79(3):412-7. 
1243. Brunner FMD, Sommer CMD, Bahrs CMD, et al. Open reduction and internal fixation of proximal humerus 
fractures using a proximal humeral locked plate: a prospective multicenter analysis. Journal of Orthopaedic 
Trauma. 2009;23(3):163-72. 
1244. Knight RA, Mayne JA. Comminuted fractures and fracture-dislocations involving the articular surface of the 
humeral head. J Bone Joint Surg Am. 1957;39-A(6):1343-55. 
1245. Szyszkowitz R, Seggl W, Schleifer P, Cundy PJ. Proximal humeral fractures. Management techniques and 
expected results. Clin Orthop Relat Res. 1993(292):13-25. 
1246. Qian QR, Wu HS, Zhou WJ, Li XH, Wu YL. Proximal humeral fractures treated with arthroplasty. Chin J 
Traumatol. 2005;8(5):283-8. 
1247. Sturzenegger M, Fornaro E, Jakob RP. Results of surgical treatment of multifragmented fractures of the 
humeral head. Arch Orthop Trauma Surg. 1982;100(4):249-59. 
1248. Jones RN, Wojeski W, Bakke J, Porter C, Searles M. Antibiotic prophylaxis of 1,036 patients undergoing 
elective surgical procedures. A prospective, randomized comparative trial of cefazolin, cefoxitin, and cefotaxime in 
a prepaid medical practice. Am J Surg. 1987;153(4):341-6. 
1249. Bell MJ, Beauchamp CG, Kellam JK, McMurtry RY. The results of plating humeral shaft fractures in 
patients with multiple injuries. The Sunnybrook experience. J Bone Joint Surg Br. 1985;67(2):293-6. 
1250. Brumback RJ, Bosse MJ, Poka A, Burgess AR. Intramedullary stabilization of humeral shaft fractures in 
patients with multiple trauma. J Bone Joint Surg Am. 1986;68(7):960-70. 
1251. Robinson CM, Christie J. The two-part proximal humeral fracture: a review of operative treatment using two 
techniques. Injury. 1993;24(2):123-5. 
1252. Drosdowech DS, Faber KJ, Athwal GS. Open reduction and internal fixation of proximal humerus fractures. 
Orthop Clin North Am. 2008;39(4):429-39, vi. 
1253. Kristiansen B, Kofoed H. Transcutaneous reduction and external fixation of displaced fractures of the 
proximal humerus. A controlled clinical trial. J Bone Joint Surg Br. 1988;70(5):821-4. 
1254. Livesley PJ, Mugglestone A, Whitton J. Electrotherapy and the management of minimally displaced fracture 
of the neck of the humerus. Injury. 1992;23(5):323-7. 
1255. Balfour GW, Mooney V, Ashby ME. Diaphyseal fractures of the humerus treated with a ready-made 
fracture brace. J Bone Joint Surg Am. 1982;64(1):11-3. 
1256. Kocher T. Beitrage zur Kenntniss einger praktisch wichtiger Frakturformen. . Basel: Carl Sallmann. 
1896585-91. 
1257. Hertel R, Hempfing A, Stiehler M, Leunig M. Predictors of humeral head ischemia after intracapsular 
fracture of the proximal humerus. J Shoulder Elbow Surg. 2004;13(4):427-33. 
1258. Brien H, Noftall F, MacMaster S, Cummings T, Landells C, Rockwood P. Neer's classification system: a 
critical appraisal. J Trauma. 1995;38(2):257-60. 
1259. Sidor ML, Zuckerman JD, Lyon T, Koval K, Cuomo F, Schoenberg N. The Neer classification system for 
proximal humeral fractures. An assessment of interobserver reliability and intraobserver reproducibility. J Bone 
Joint Surg Am. 1993;75(12):1745-50. 
1260. Siebenrock KA, Gerber C. The reproducibility of classification of fractures of the proximal end of the 
humerus. J Bone Joint Surg Am. 1993;75(12):1751-5. 



Copyright ©2020 Reed Group, Ltd.  Page | 236 
 

1261. Brorson S, Olsen BS, Frich LH, et al. Effect of osteosynthesis, primary hemiarthroplasty, and non-surgical 
management for displaced four-part fractures of the proximal humerus in elderly: a multi-centre, randomised clinical 
trial. Trials. 2009;1051. 
1262. Misra A, Kapur R, Maffulli N. Complex proximal humeral fractures in adults--a systematic review of 
management. Injury. 2001;32(5):363-72. 
1263. Handoll HH, Gibson JN, Madhok R. Interventions for treating proximal humeral fractures in adults. 
Cochrane Database Syst Rev. 2003(4):CD000434. 
1264. Bhandari M, Matthys G, McKee MD. Four part fractures of the proximal humerus. J Orthop Trauma. 
2004;18(2):126-7. 
1265. Nijs S, Broos P. Outcome of shoulder hemiarthroplasty in acute proximal humeral fractures: a frustrating 
meta-analysis experience. Acta Orthop Belg. 2009;75(4):445-51. 
1266. Lin J. Effectiveness of locked nailing for displaced three-part proximal humeral fractures. J Trauma. 
2006;61(2):363-74. 
1267. Sehr JR, Szabo RM. Semitubular blade plate for fixation in the proximal humerus. J Orthop Trauma. 
1988;2(4):327-32. 
1268. Plecko M, Kraus A. Internal fixation of proximal humerus fractures using the locking proximal humerus 
plate. Oper Orthop Traumatol. 2005;17(1):25-50. 
1269. Moda SK, Chadha NS, Sangwan SS, Khurana DK, Dahiya AS, Siwach RC. Open reduction and fixation of 
proximal humeral fractures and fracture-dislocations. J Bone Joint Surg Br. 1990;72(6):1050-2. 
1270. Fankhauser F, Boldin C, Schippinger G, Haunschmid C, Szyszkowitz R. A new locking plate for unstable 
fractures of the proximal humerus. Clin Orthop Relat Res. 2005(430):176-81. 
1271. Esser RD. Treatment of three- and four-part fractures of the proximal humerus with a modified cloverleaf 
plate. J Orthop Trauma. 1994;8(1):15-22. 
1272. Rouleau DM, Laflamme GY, Berry GK, Harvey EJ, Delisle J, Girard J. Proximal humerus fractures treated 
by percutaneous locking plate internal fixation. Orthopaedics & Traumatology: Surgery & Research. 2009;95(1):56-
62. 
1273. Sudkamp N, Bayer J, Hepp P, et al. Open reduction and internal fixation of proximal humeral fractures with 
use of the locking proximal humerus plate. Results of a prospective, multicenter, observational study. 2009:1320-8. 
1274. Kristiansen B, Angermann P, Larsen TK. Functional results following fractures of the proximal humerus. A 
controlled clinical study comparing two periods of immobilization. Arch Orthop Trauma Surg. 1989;108(6):339-41. 
1275. Karatosun V, Alekberov C, Baran O, Serin E, Alici E, Balci C. Open fractures of the proximal humerus 
treated with the Ilizarov method: 12 patients followed 3-8 years. Acta Orthop Scand. 2002;73(4):460-4. 
1276. Paavolainen P, Bjorkenheim JM, Slatis P, Paukku P. Operative treatment of severe proximal humeral 
fractures. Acta Orthop Scand. 1983;54(3):374-9. 
1277. Neer CS, 2nd. Fractures of the distal third of the clavicle. Clin Orthop Relat Res. 1968;5843-50. 
1278. Mighell MA, Kolm GP, Collinge CA, Frankle MA. Outcomes of hemiarthroplasty for fractures of the proximal 
humerus. J Shoulder Elbow Surg. 2003;12(6):569-77. 
1279. Kay SP, Amstutz HC. Shoulder hemiarthroplasty at UCLA. Clin Orthop Relat Res. 1988(228):42-8. 
1280. Kontakis G, Koutras C, Tosounidis T, Giannoudis P. Early management of proximal humeral fractures with 
hemiarthroplasty: a systematic review. J Bone Joint Surg Br. 2008;90(11):1407-13. 
1281. Kontakis G, Tosounidis T, Galanakis I, Megas P. Prosthetic replacement for proximal humeral fractures. 
Injury. 2008;39(12):1345-58. 
1282. Moeckel BH, Dines DM, Warren RF, Altchek DW. Modular hemiarthroplasty for fractures of the proximal 
part of the humerus. J Bone Joint Surg Am. 1992;74(6):884-9. 
1283. Bosch U, Skutek M, Fremerey RW, Tscherne H. Outcome after primary and secondary hemiarthroplasty in 
elderly patients with fractures of the proximal humerus. J Shoulder Elbow Surg. 1998;7(5):479-84. 
1284. Green A, Barnard W, Limbird R. Humeral head replacement for acute, four-part proximal humerus 
fractures. J Shoulder Elbow Surg 2. 1993;1249-54. 
1285. Hartsock LA, Estes WJ, Murray CA, Friedman RJ. Shoulder hemiarthroplasty for proximal humeral 
fractures. Orthop Clin North Am. 1998;29(3):467-75. 
1286. Hasan SS, Leith JM, Campbell B, Kapil R, Smith KL, Matsen FA, 3rd. Characteristics of unsatisfactory 
shoulder arthroplasties. J Shoulder Elbow Surg. 2002;11(5):431-41. 
1287. Movin T, Sjoden GO, Ahrengart L. Poor function after shoulder replacement in fracture patients. A 
retrospective evaluation of 29 patients followed for 2-12 years. Acta Orthop Scand. 1998;69(4):392-6. 
1288. Zyto K, Kronberg M, Brostrom LA. Shoulder function after displaced fractures of the proximal humerus. J 
Shoulder Elbow Surg. 1995;4(5):331-6. 
1289. Zyto K, Wallace WA, Frostick SP, Preston BJ. Outcome after hemiarthroplasty for three- and four-part 
fractures of the proximal humerus. J Shoulder Elbow Surg. 1998;7(2):85-9. 



Copyright ©2020 Reed Group, Ltd.  Page | 237 
 

1290. Robinson CM, Page RS, Hill RM, Sanders DL, Court-Brown CM, Wakefield AE. Primary hemiarthroplasty 
for treatment of proximal humeral fractures. J Bone Joint Surg Am. 2003;85-A(7):1215-23. 
1291. Rietveld A, Daanen H, Rozing P, Obermann W. The lever arm in glenohumeral abduction after 
hemiarthroplasty. J Bone Joint Surg Br. 1988;70561-5. 
1292. Kraulis J, Hunter G. the results of prosthetic replacement in fracture-dislocations of the upper end of the 
humerus. Injury. 1976;8129-31. 
1293. Boileau P, Trojani C, Walch G, Krishnan SG, Romeo A, Sinnerton R. Shoulder arthroplasty for the 
treatment of the sequelae of fractures of the proximal humerus. J Shoulder Elbow Surg. 2001;10(4):299-308. 
1294. Demirhan M, Kilicoglu O, Altinel L, Eralp L, Akalin Y. Prognostic factors in prosthetic replacement for acute 
proximal humerus fractures. J Orthop Trauma. 2003;17(3):181-8; discussion 8-9. 
1295. Dimakopoulos P, Potamitis N, Lambiris E. Hemiarthroplasty in the treatment of comminuted intraarticular 
fractures of the proximal humerus. Clin Orthop Relat Res. 1997(341):7-11. 
1296. Tanner MW, Cofield RH. Prosthetic arthroplasty for fractures and fracture-dislocations of the proximal 
humerus. Clin Orthop Relat Res. 1983(179):116-28. 
1297. Stableforth PG. Four-part fractures of the neck of the humerus. J Bone Joint Surg Br. 1984;66(1):104-8. 
1298. Goldman RT, Koval KJ, Cuomo F, Gallagher MA, Zuckerman JD. Functional outcome after humeral head 
replacement for acute three- and four-part proximal humeral fractures. J Shoulder Elbow Surg. 1995;4(2):81-6. 
1299. Prakash U, McGurty DW, Dent JA. Hemiarthroplasty for severe fractures of the proximal humerus. J 
Shoulder Elbow Surg. 2002;11(5):428-30. 
1300. Skutek M, Fremerey RW, Bosch U. Level of physical activity in elderly patients after hemiarthroplasty for 
three- and four-part fractures of the proximal humerus. Arch Orthop Trauma Surg. 1998;117(4-5):252-5. 
1301. Wretenberg P, Ekelund A. Acute hemiarthroplasty after proximal humerus fracture in old patients. A 
retrospective evaluation of 18 patients followed for 2-7 years. Acta Orthop Scand. 1997;68(2):121-3. 
1302. Hawkins RJ, Switlyk P. Acute prosthetic replacement for severe fractures of the proximal humerus. Clin 
Orthop Relat Res. 1993(289):156-60. 
1303. Rockwood CA, Jr. The reverse total shoulder prosthesis. The new kid on the block. J Bone Joint Surg Am. 
2007;89(2):233-5. 
1304. Martin TG, Iannotti JP. Reverse total shoulder arthroplasty for acute fractures and failed management after 
proximal humeral fractures. Orthop Clin North Am. 2008;39(4):451-7, vi. 
1305. Zingg U, Brunnschweiler D, Keller H, Metzger U. Percutaneous minimal osteosynthesis of fractures of the 
proximal humerus in elderly patients. Swiss Surg. 2002;8(1):11-4. 
1306. Bungaro P, Pascarella R, Rollo G, Di Gennaro GL, Ercolani C. Osteosynthesis with percutaneous wiring in 
fractures of the proximal humerus. Chir Organi Mov. 1998;83(4):381-6. 
1307. Chen CY, Chao EK, Tu YK, Ueng SW, Shih CH. Closed management and percutaneous fixation of 
unstable proximal humerus fractures. J Trauma. 1998;45(6):1039-45. 
1308. Lee C, Hansen H. Post-traumatic avascular necrosis of the humeral head in displaced proximal humeral 
fractures. J Trauma. 1981;21788-91. 
1309. Young AA, Hughes JS. Locked intramedullary nailing for treatment of displaced proximal humerus 
fractures. Orthop Clin North Am. 2008;39(4):417-28, v-vi. 
1310. Rodriguez-Merchan EC. Compression plating versus hackethal nailing in closed humeral shaft fractures 
failing nonoperative reduction. J Orthop Trauma. 1995;9(3):194-7. 
1311. Chiu FY, Chen CM, Lin CF, Lo WH, Huang YL, Chen TH. Closed humeral shaft fractures: a prospective 
evaluation of surgical treatment. J Trauma. 1997;43(6):947-51. 
1312. Darder A, Darder A, Jr., Sanchis V, Gastaldi E, Gomar F. Four-part displaced proximal humeral fractures: 
operative treatment using Kirschner wires and a tension band. J Orthop Trauma. 1993;7(6):497-505. 
1313. Matsuda M, Kiyoshige Y, Takagi M, Hamasaki M. Intramedullary bone-cement fixation for proximal humeral 
fracture in elderly patients. A report of 5 cases. Acta Orthop Scand. 1999;70(3):283-5. 
1314. Wijgman AJ, Roolker W, Patt TW, Raaymakers EL, Marti RK. Open reduction and internal fixation of three 
and four-part fractures of the proximal part of the humerus. J Bone Joint Surg Am. 2002;84-A(11):1919-25. 
1315. Hawkins RJ, Bell RH, Gurr K. The three-part fracture of the proximal part of the humerus. Operative 
treatment. J Bone Joint Surg Am. 1986;68(9):1410-4. 
1316. Bertoft ES, Lundh I, Ringqvist I. Physiotherapy after fracture of the proximal end of the humerus. 
Comparison between two methods. Scand J Rehabil Med. 1984;16(1):11-6. 
1317. Lungberg BJ, Svenungson-Hartwig E, Wikmark R. Independent exercises versus physiotherapy in 
nondisplaced proximal humeral fractures. Scand J Rehabil Med. 1979;11(3):133-6. 
1318. Clifford PC. Fractures of the neck of the humerus: a review of the late results. Injury. 1980;12(2):91-5. 
1319. Brostrom F. Early mobilization of fractures of the upper end of the humerus. Arch Surg. 1943;46614-5. 



Copyright ©2020 Reed Group, Ltd.  Page | 238 
 

1320. Hodgson SA, Mawson SJ, Stanley D. Rehabilitation after two-part fractures of the neck of the humerus. J 
Bone Joint Surg Br. 2003;85(3):419-22. 
1321. Calvisi V, Morico G, Nasi M, Caruccio P, Romanini L. Current trends in conservative treatment of fractures 
of the proximal humerus. Ital J Orthop Traumatol. 1991;17(2):179-86. 
1322. Jull G. The role of passive mobilization in the immediate management of the fractured neck of humerus. 
Australian J Physiotherapy. 1979;25107-14. 
1323. Einarsson F. Fracture of the upper end of the humerus: discussion based on the follow-up of 302 cases. 
Acta Orthop Scand Suppl. 1958;321-215. 
1324. Lefevre-Colau MM, Babinet A, Fayad F, et al. Immediate mobilization compared with conventional 
immobilization for the impacted nonoperatively treated proximal humeral fracture. A randomized controlled trial. J 
Bone Joint Surg Am. 2007;89(12):2582-90. 
1325. Hodgson SA, Mawson SJ, Saxton JM, Stanley D. Rehabilitation of two-part fractures of the neck of the 
humerus (two-year follow-up). J Shoulder Elbow Surg. 2007;16(2):143-5. 
1326. Agorastides I, Sinopidis C, El Meligy M, Yin Q, Brownson P, Frostick SP. Early versus late mobilization 
after hemiarthroplasty for proximal humeral fractures. J Shoulder Elbow Surg. 2007;16(3 Suppl):S33-8. 
1327. Revay S, Dahlstrom M, Dalen N. Water exercise versus instruction for self-training following a shoulder 
fracture. Int J Rehabil Res. 1992;15(4):327-33. 
1328. Postacchini F, Gumina S, De Santis P, Albo F. Epidemiology of clavicle fractures. J Shoulder Elbow Surg. 
2002;11(5):452-6. 
1329. Nordqvist A, Petersson C. The incidence of fractures of the clavicle. Clin Orthop Relat Res. 1994(300):127-
32. 
1330. Herscovici D, Jr., Sanders R, DiPasquale T, Gregory P. Injuries of the shoulder girdle. Clin Orthop Relat 
Res. 1995(318):54-60. 
1331. Neer CS, 2nd. Nonunion of the clavicle. J Am Med Assoc. 1960;1721006-11. 
1332. Neviaser RJ, Neviaser TJ. The frozen shoulder. Diagnosis and management. Clin Orthop Relat Res. 
1987(223):59-64. 
1333. Boehme D, Curtis RJ, Jr., DeHaan JT, Kay SP, Young DC, Rockwood CA, Jr. Non-union of fractures of the 
mid-shaft of the clavicle. Treatment with a modified Hagie intramedullary pin and autogenous bone-grafting. J Bone 
Joint Surg Am. 1991;73(8):1219-26. 
1334. Eiff MP. Management of clavicle fractures. Am Fam Physician. 1997;55(1):121-8. 
1335. Der Tavitian J, Davison JN, Dias JJ. Clavicular fracture non-union surgical outcome and complications. 
Injury. 2002;33(2):135-43. 
1336. Stanley D, Norris SH. Recovery following fractures of the clavicle treated conservatively. Injury. 
1988;19(3):162-4. 
1337. Sankarankutty M, Turner BW. Fractures of the clavicle. Injury. 1975;7(2):101-6. 
1338. Zlowodzki M, Zelle BA, Cole PA, Jeray K, McKee MD. Treatment of acute midshaft clavicle fractures: 
systematic review of 2144 fractures: on behalf of the Evidence-Based Orthopaedic Trauma Working Group. J 
Orthop Trauma. 2005;19(7):504-7. 
1339. DeFranco MJ, Patterson BM. The floating shoulder. J Am Acad Orthop Surg. 2006;14(8):499-509. 
1340. Ganz R, Noesberger B. Treatment of scapular fractures. Hefte Unfallheilkd. 1975(126):59-62. 
1341. Hardegger FH, Simpson LA, Weber BG. The operative treatment of scapular fractures. J Bone Joint Surg 
Br. 1984;66(5):725-31. 
1342. van Noort A, te Slaa RL, Marti RK, van der Werken C. The floating shoulder. A multicentre study. J Bone 
Joint Surg Br. 2001;83(6):795-8. 
1343. Labler L, Platz A, Weishaupt D, Trentz O. Clinical and functional results after floating shoulder injuries. J 
Trauma. 2004;57(3):595-602. 
1344. Ada J, Miller M. Scapular fractures. Analysis of 113 cases. Clinical Orthopaedics and Related Research. 
1991;269174-80. 
1345. Ramos L, Mencia R, Alonso A, Ferrandez L. Conservative treatment of ipsilateral fractures of the scapula 
and clavicle. J Trauma,. 1997;42239-42. 
1346. Egol KA, Connor PM, Karunakar MA, Sims SH, Bosse MJ, Kellam JF. The floating shoulder: clinical and 
functional results. J Bone Joint Surg Am. 2001;83-A(8):1188-94. 
1347. Herscovici D, Jr., Fiennes AG, Allgower M, Ruedi TP. The floating shoulder: ipsilateral clavicle and 
scapular neck fractures. J Bone Joint Surg Br. 1992;74(3):362-4. 
1348. Owens BD, Goss TP. The floating shoulder. J Bone Joint Surg Br. 2006;88(11):1419-24. 
1349. Grassi FA, Tajana MS, D'Angelo F. Management of midclavicular fractures: comparison between 
nonoperative treatment and open intramedullary fixation in 80 patients. J Trauma. 2001;50(6):1096-100. 



Copyright ©2020 Reed Group, Ltd.  Page | 239 
 

1350. Lenza M, Belloti JC, Andriolo RB, Gomes Dos Santos JB, Faloppa F. Conservative interventions for 
treating middle third clavicle fractures in adolescents and adults. Cochrane Database Syst Rev. 
2009(2):CD007121. 
1351. Zenni EJ, Jr., Krieg JK, Rosen MJ. Open reduction and internal fixation of clavicular fractures. J Bone Joint 
Surg Am. 1981;63(1):147-51. 
1352. Shen JW, Tong PJ, Qu HB. A three-dimensional reconstruction plate for displaced midshaft fractures of the 
clavicle. J Bone Joint Surg Br. 2008;90(11):1495-8. 
1353. Shen WJ, Liu TJ, Shen YS. Plate fixation of fresh displaced midshaft clavicle fractures. Injury. 
1999;30(7):497-500. 
1354. Lee YS, Huang HL, Lo TY, Hsieh YF, Huang CR. Surgical treatment of midclavicular fractures: a 
prospective comparison of Knowles pinning and plate fixation. Int Orthop. 2008;32(4):541-5. 
1355. Pai HT, Lee YS, Cheng CY. Surgical treatment of midclavicular fractures in the elderly: a comparison of 
locking and nonlocking plates. Orthopedics. 2009;32(4). 
1356. Kloen P, Werner CM, Stufkens SA, Helfet DL. Anteroinferior plating of midshaft clavicle nonunions and 
fractures. Oper Orthop Traumatol. 2009;21(2):170-9. 
1357. Lee YS, Lin CC, Huang CR, Chen CN, Liao WY. Operative treatment of midclavicular fractures in 62 
elderly patients: knowles pin versus plate. Orthopedics. 2007;30(11):959-64. 
1358. Chu CM, Wang SJ, Lin LC. Fixation of mid-third clavicular fractures with knowles pins: 78 patients followed 
for 2-7 years. Acta Orthop Scand. 2002;73(2):134-9. 
1359. Potter JM, Jones C, Wild LM, Schemitsch EH, McKee MD. Does delay matter? The restoration of 
objectively measured shoulder strength and patient-oriented outcome after immediate fixation versus delayed 
reconstruction of displaced midshaft fractures of the clavicle. J Shoulder Elbow Surg. 2007;16(5):514-8. 
1360. Duarte LR. The stimulation of bone growth by ultrasound. Arch Orthop Trauma Surg. 1983;101(3):153-9. 
1361. Dyson M, Brookes M. Stimulation of bone repair by ultrasound. Ultrasound Med Biol. 1983;Suppl 261-6. 
1362. Heckman JD, Ryaby JP, McCabe J, Frey JJ, Kilcoyne RF. Acceleration of tibial fracture-healing by non-
invasive, low-intensity pulsed ultrasound. J Bone Joint Surg Am. 1994;76(1):26-34. 
1363. Mayr E, Rudzki MM, Rudzki M, Borchardt B, Hausser H, Ruter A. Does low intensity, pulsed ultrasound 
speed healing of scaphoid fractures? Handchir Mikrochir Plast Chir. 2000;32(2):115-22. 
1364. Kristiansen TK, Ryaby JP, McCabe J, Frey JJ, Roe LR. Accelerated healing of distal radial fractures with 
the use of specific, low-intensity ultrasound. A multicenter, prospective, randomized, double-blind, placebo-
controlled study. J Bone Joint Surg Am. 1997;79(7):961-73. 
1365. Rue JP, Armstrong DW, 3rd, Frassica FJ, Deafenbaugh M, Wilckens JH. The effect of pulsed ultrasound in 
the treatment of tibial stress fractures. Orthopedics. 2004;27(11):1192-5. 
1366. Schortinghuis J, Ruben JL, Raghoebar GM, Stegenga B, de Bont LG. Does ultrasound stimulate 
osteoconduction? A placebo-controlled single-blind study using collagen membranes in the rat mandible. Int J Oral 
Maxillofac Implants. 2005;20(2):181-6. 
1367. El-Mowafi H, Mohsen M. The effect of low-intensity pulsed ultrasound on callus maturation in tibial 
distraction osteogenesis. Int Orthop. 2005;29(2):121-4. 
1368. Tsumaki N, Kakiuchi M, Sasaki J, Ochi T, Yoshikawa H. Low-intensity pulsed ultrasound accelerates 
maturation of callus in patients treated with opening-wedge high tibial osteotomy by hemicallotasis. J Bone Joint 
Surg Am. 2004;86-A(11):2399-405. 
1369. Ricardo M. The effect of ultrasound on the healing of muscle-pediculated bone graft in scaphoid non-union. 
Int Orthop. 2006;30(2):123-7. 
1370. Handolin L, Kiljunen V, Arnala I, et al. Effect of ultrasound therapy on bone healing of lateral malleolar 
fractures of the ankle joint fixed with bioabsorbable screws. J Orthop Sci. 2005;10(4):391-5. 
1371. Handolin L, Kiljunen V, Arnala I, Pajarinen J, Partio EK, Rokkanen P. The effect of low intensity ultrasound 
and bioabsorbable self-reinforced poly-L-lactide screw fixation on bone in lateral malleolar fractures. Arch Orthop 
Trauma Surg. 2005;125(5):317-21. 
1372. Emami A, Petren-Mallmin M, Larsson S. No effect of low-intensity ultrasound on healing time of 
intramedullary fixed tibial fractures. J Orthop Trauma. 1999;13(4):252-7. 
1373. Leung KS, Lee WS, Tsui HF, Liu PP, Cheung WH. Complex tibial fracture outcomes following treatment 
with low-intensity pulsed ultrasound. Ultrasound Med Biol. 2004;30(3):389-95. 
1374. Judd DB, Pallis MP, Smith E, Bottoni CR. Acute operative stabilization versus nonoperative management 
of clavicle fractures. Am J Orthop. 2009;38(7):341-5. 
1375. Andersen JH, Jacobsen K. The occupational environment and health of seamstresses. A cross-sectional 
study of neck, shoulder and arm symptoms in seamstresses in the textile industry. Ugeskr Laeger. 
1987;149(11):746-8. 



Copyright ©2020 Reed Group, Ltd.  Page | 240 
 

1376. McCandless DN, Mowbray MA. Treatment of displaced fractures of the clavicle. Sling versus figure-of-eight 
bandage. Practitioner. 1979;223(1334):266-7. 
1377. Khan LA, Bradnock TJ, Scott C, Robinson CM. Fractures of the clavicle. J Bone Joint Surg Am. 
2009;91(2):447-60. 
1378. Smekal V, Irenberger A, Struve P, Wambacher M, Krappinger D, Kralinger FS. Elastic stable intramedullary 
nailing versus nonoperative treatment of displaced midshaft clavicular fractures-a randomized, controlled, clinical 
trial. J Orthop Trauma. 2009;23(2):106-12. 
1379. Altamimi SA, McKee MD. Nonoperative treatment compared with plate fixation of displaced midshaft 
clavicular fractures. Surgical technique. J Bone Joint Surg Am. 2008;90 Suppl 2 Pt 11-8. 
1380. Canadian Orthopaedic Trauma Society. Nonoperative treatment compared with plate fixation of displaced 
midshaft clavicular fractures. A multicenter, randomized clinical trial. J Bone Joint Surg Am. 2007;89(1):1-10. 
1381. Jeray KJ. Acute midshaft clavicular fracture. J Am Acad Orthop Surg. 2007;15(4):239-48. 
1382. Denard PJ, Koval KJ, Cantu RV, Weinstein JN. Management of midshaft clavicle fractures in adults. Am J 
Orthop (Belle Mead NJ). 2005;34(11):527-36. 
1383. Craig E. Fractures of the clavicle. In: Rockwood C, Matsen F, Harryman D, eds. The Shoulder. 
Philadelphia, Pa: WB Saunders; 1990. 
1384. Graves ML, Geissler WB, Freeland AE. Midshaft clavicular fractures: the role of operative treatment. 
Orthopedics. 2005;28(8):761-4. 
1385. Miller M, Ada J. Fractures of the scapula, clavicle, and glenoid. In: Browner B, Jupiter J, Levine A, eds. 
Skeletal Trauma: Fractures, Dislocations, Ligamentous Injuries. Philadelphia: WB Saunders; 1992:1291-310. 
1386. Quigley TB. The management of simple fracture of the clavicle in adults. N Engl J Med. 1950;243(8):286-
90. 
1387. Preston CF, Egol KA. Midshaft clavicle fractures in adults. Bull NYU Hosp Jt Dis. 2009;67(1):52-7. 
1388. Barbier O, Malghem J, Delaere O, Vande Berg B, Rombouts JJ. Injury to the brachial plexus by a fragment 
of bone after fracture of the clavicle. J Bone Joint Surg Br. 1997;79(4):534-6. 
1389. Chen CH, Chen TW, Weng MC, Wang WT, Wang YL, Huang MH. The effect of electroacupuncture on 
shoulder subluxation for stroke patients. Kaohsiung J Med Sci. 2000;16(10):525-32. 
1390. Chen CH, Chen WJ, Shih CH. Surgical treatment for distal clavicle fracture with coracoclavicular ligament 
disruption. J Trauma. 2002;52(1):72-8. 
1391. Connolly JF, Dehne R. Nonunion of the clavicle and thoracic outlet syndrome. J Trauma. 1989;29(8):1127-
32; discussion 32-3. 
1392. Howard FM, Shafer SJ. Injuries to the clavicle with neurovascular complications. A study of fourteen cases. 
J Bone Joint Surg Am. 1965;47(7):1335-46. 
1393. Fujita K, Matsuda K, Sakai Y, Sakai H, Mizuno K. Late thoracic outlet syndrome secondary to malunion of 
the fractured clavicle: case report and review of the literature. J Trauma. 2001;50(2):332-5. 
1394. Miller DS, Boswick JA, Jr. Lesions of the brachial plexus associated with fractures of the clavicle. Clin 
Orthop Relat Res. 1969;64144-9. 
1395. Kay SP, Eckardt JJ. Brachial plexus palsy secondary to clavicular nonunion. Case report and literature 
survey. Clin Orthop Relat Res. 1986(206):219-22. 
1396. Bateman JE. Neurovascular syndromes related to the clavicle. Clin Orthop Relat Res. 1968;5875-82. 
1397. Jones GL, McCluskey GM, 3rd, Curd DT. Nonunion of the fractured clavicle: evaluation, etiology, and 
treatment. J South Orthop Assoc. 2000;9(1):43-54. 
1398. Anderson K. Evaluation and treatment of distal clavicle fractures. Clin Sports Med. 2003;22(2):319-26, vii. 
1399. Edwards DJ, Kavanagh TG, Flannery MC. Fractures of the distal clavicle: a case for fixation. Injury. 
1992;23(1):44-6. 
1400. Heppenstall RB. Fractures and dislocations of the distal clavicle. Orthop Clin North Am. 1975;6(2):477-86. 
1401. Hessmann M, Kirchner R, Baumgaertel F, Gehling H, Gotzen L. Treatment of unstable distal clavicular 
fractures with and without lesions of the acromioclavicular joint. Injury. 1996;27(1):47-52. 
1402. Katznelson A, Nerubay J, Oliver S. Dynamic fixation of the avulsed clavicle. J Trauma. 1976;16(10):841-4. 
1403. Poigenfurst J, Rappold G, Fischer W. Plating of fresh clavicular fractures: results of 122 operations. Injury. 
1992;23(4):237-41. 
1404. Post M. Current concepts in the treatment of fractures of the clavicle. Clin Orthop Relat Res. 1989(245):89-
101. 
1405. Neviaser RJ, Neviaser JS, Neviaser TJ. A simple technique for internal fixation of the clavicle. A long term 
evaluation. Clin Orthop Relat Res. 1975(109):103-7. 
1406. Bradbury N, Hutchinson J, Hahn D, Colton CL. Clavicular nonunion. 31/32 healed after plate fixation and 
bone grafting. Acta Orthop Scand. 1996;67(4):367-70. 



Copyright ©2020 Reed Group, Ltd.  Page | 241 
 

1407. Hill JM, McGuire MH, Crosby LA. Closed treatment of displaced middle-third fractures of the clavicle gives 
poor results. J Bone Joint Surg Br. 1997;79(4):537-9. 
1408. Jupiter JB, Leffert RD. Non-union of the clavicle. Associated complications and surgical management. J 
Bone Joint Surg Am. 1987;69(5):753-60. 
1409. Kabak S, Halici M, Tuncel M, Avsarogullari L, Karaoglu S. Treatment of midclavicular nonunion: 
comparison of dynamic compression plating and low-contact dynamic compression plating techniques. J Shoulder 
Elbow Surg. 2004;13(4):396-403. 
1410. Kemper AR, Stitzel JD, McNally C, Gabler HC, Duma SM. Biomechanical response of the human clavicle: 
the effects of loading direction on bending properties. J Appl Biomech. 2009;25(2):165-74. 
1411. Celestre P, Roberston C, Mahar A, Oka R, Meunier M, Schwartz A. Biomechanical evaluation of clavicle 
fracture plating techniques: does a locking plate provide improved stability? J Orthop Trauma. 2008;22(4):241-7. 
1412. Proubasta IR, Itarte JP, Caceres EP, et al. Biomechanical evaluation of fixation of clavicular fractures. J 
South Orthop Assoc. 2002;11(3):148-52. 
1413. Robertson C, Celestre P, Mahar A, Schwartz A. Reconstruction plates for stabilization of mid-shaft clavicle 
fractures: differences between nonlocked and locked plates in two different positions. J Shoulder Elbow Surg. 
2009;18(2):204-9. 
1414. Lubbert PH, van der Rijt RH, Hoorntje LE, van der Werken C. Low-intensity pulsed ultrasound (LIPUS) in 
fresh clavicle fractures: a multi-centre double blind randomised controlled trial. Injury. 2008;39(12):1444-52. 
1415. Nolte PA, van der Krans A, Patka P, Janssen IM, Ryaby JP, Albers GH. Low-intensity pulsed ultrasound in 
the treatment of nonunions. J Trauma. 2001;51(4):693-702; discussion -3. 
1416. Busse JW, Kaur J, Mollon B, et al. Low intensity pulsed ultrasonography for fractures: systematic review of 
randomised controlled trials. BMJ. 2009;338b351. 
1417. Hodgson S. Proximal humerus fracture rehabilitation. Clin Orthop Relat Res. 2006;442131-8. 
1418. Ideberg R, Grevsten S, Larsson S. Epidemiology of scapular fractures. Incidence and classification of 338 
fractures. Acta Orthop Scand. 1995;66(5):395-7. 
1419. Imatani RJ. Fractures of the scapula: a review of 53 fractures. J Trauma. 1975;15(6):473-8. 
1420. Rowe CR. Fractures of the Scapula. Surg Clin North Am. 1963;431565-71. 
1421. Thompson DA, Flynn TC, Miller PW, Fischer RP. The significance of scapular fractures. J Trauma. 
1985;25(10):974-7. 
1422. Armstrong CP, Van der Spuy J. The fractured scapula: importance and management based on a series of 
62 patients. Injury. 1984;15(5):324-9. 
1423. Goss TP. Fractures of the glenoid cavity. J Bone Joint Surg Am. 1992;74(2):299-305. 
1424. Guttentag IJ, Rechtine GR. Fractures of the scapula. A review of the literature. Orthop Rev. 
1988;17(2):147-58. 
1425. McGahan JP, Rab GT, Dublin A. Fractures of the scapula. J Trauma. 1980;20(10):880-3. 
1426. McGinnis M, Denton JR. Fractures of the scapula: a retrospective study of 40 fractured scapulae. J 
Trauma. 1989;29(11):1488-93. 
1427. Pasapula C, Mandalia V, Aslam N. The floating shoulder. Acta Orthop Belg. 2004;70(5):393-400. 
1428. van Noort A, van der Werken C. The floating shoulder. Injury, International Journal of the Care of the 
Injured. 2006;37218-27. 
1429. Cole PA. Scapula fractures. Orthop Clin North Am. 2002;33(1):1-18, vii. 
1430. Goss TP. The scapula: coracoid, acromial, and avulsion fractures. Am J Orthop. 1996;25(2):106-15. 
1431. Adam FF. Surgical treatment of displaced fractures of the glenoid cavity. Int Orthop. 2002;26(3):150-3. 
1432. Bauer G, Fleischmann W, Dussler E. Displaced scapular fractures: indication and long-term results of open 
reduction and internal fixation. Arch Orthop Trauma Surg. 1995;114(4):215-9. 
1433. Benchetrit E, Friedman B. Fracture of the coracoid process associated with subglenoid dislocation of the 
shoulder. A case report. J Bone Joint Surg Am. 1979;61(2):295-6. 
1434. Ecke H, Hofmann D, Walther H. Fractures of the glenoid surface of the scapula. Unfallchirurgie. 
1987;13(1):14-8. 
1435. Esenkaya I. Surgical treatment of scapular fractures. Acta Orthop Traumatol Turc. 2003;37(1):33-40. 
1436. Heyse-Moore GH, Stoker DJ. Avulsion fractures of the scapula. Skeletal Radiol. 1982;9(1):27-32. 
1437. Izadpanah M. Osteosynthese in scapula fractures (author's transl). Arch Orthop Unfallchir. 1975;83(2):153-
64. 
1438. Kavanagh BF, Bradway JK, Cofield RH. Open reduction and internal fixation of displaced intra-articular 
fractures of the glenoid fossa. J Bone Joint Surg Am. 1993;75(4):479-84. 
1439. Lantry JM, Roberts CS, Giannoudis PV. Operative treatment of scapular fractures: a systematic review. 
Injury. 2008;39(3):271-83. 
1440. Lapner PC, Uhthoff HK, Papp S. Scapula fractures. Orthop Clin North Am. 2008;39(4):459-74, vi. 



Copyright ©2020 Reed Group, Ltd.  Page | 242 
 

1441. Leung KS, Lam TP. Open reduction and internal fixation of ipsilateral fractures of the scapular neck and 
clavicle. J Bone Joint Surg Am. 1993;75(7):1015-8. 
1442. Li WJ, Liang XJ, Cheng DG, Lu XY, Zhang L, Li HH. Surgery for scapular neck displaced fracture. 
Zhonghua Yi Xue Za Zhi. 2006;86(23):1615-9. 
1443. Oh W, Jeon IH, Kyung S, Park C, Kim T, Ihn C. The treatment of double disruption of the superior shoulder 
suspensory complex. Int Orthop. 2002;26(3):145-9. 
1444. Schandelmaier P, Blauth M, Schneider C, Krettek C. Fractures of the glenoid treated by operation. A 5- to 
23-year follow-up of 22 cases. J Bone Joint Surg Br. 2002;84(2):173-7. 
1445. Vecsei V, Dann K. Surgical management of shoulderblade fractures. Aktuelle Traumatol. 1990;20(6):277-
82. 
1446. Wong-Pack WK, Bobechko PE, Becker EJ. Fractured coracoid with anterior shoulder dislocation. J Can 
Assoc Radiol. 1980;31(4):278-9. 
1447. Zilberman Z, Rejovitzky R. Fracture of the coracoid process of the scapula. Injury. 1981;13(3):203-6. 
1448. Zlowodzki M, Bhandari M, Zelle BA, Kregor PJ, Cole PA. Treatment of scapula fractures: systematic review 
of 520 fractures in 22 case series. J Orthop Trauma. 2006;20(3):230-3. 
1449. Codman E. The Shoulder: Rupture of the Supraspinatus Tendon and Other Lesions in or about the 
Subacromial Bursa. Malabar, FL: Robert E Krieger; 1984. 
1450. Dacre JE, Beeney N, Scott DL. Injections and physiotherapy for the painful stiff shoulder. Ann Rheum Dis. 
1989;48(4):322-5. 
1451. Duplay. Rotator cuff disease. Arch Gén Méd. 1872;2513. 
1452. Itoi E. Pathophysiology and treatment of atraumatic instability of the shoulder. J Orthop Sci. 2004;9(2):208-
13. 
1453. Neviaser J. Adhesive capsulitis of the shoulder. J Bone Joint Surg. 1945;27211-21. 
1454. Lundberg J. The frozen shoulder. Clinical and radiographical observations. The effect of manipulation 
under general anesthesia. Structure and glycosaminoglycan content of the joint capsule. Local bone metabolism. 
Acta Orthop Scand. 1969Suppl 119:1-59. 
1455. Wiley AM. Arthroscopic appearance of frozen shoulder. Arthroscopy. 1991;7(2):138-43. 
1456. Bunker TD, Anthony PP. The pathology of frozen shoulder. A Dupuytren-like disease. J Bone Joint Surg Br. 
1995;77(5):677-83. 
1457. Carette S. Adhesive capsulitis--research advances frozen in time? J Rheumatol. 2000;27(6):1329-31. 
1458. Bulgen DY, Binder AI, Hazleman BL, Dutton J, Roberts S. Frozen shoulder: prospective clinical study with 
an evaluation of three treatment regimens. Ann Rheum Dis. 1984;43(3):353-60. 
1459. Ogilvie-Harris DJ, Biggs DJ, Fitsialos DP, MacKay M. The resistant frozen shoulder. Manipulation versus 
arthroscopic release. Clin Orthop Relat Res. 1995(319):238-48. 
1460. Rizk TE, Pinals RS. Frozen shoulder. Semin Arthritis Rheum. 1982;11(4):440-52. 
1461. Griggs SM, Ahn A, Green A. Idiopathic adhesive capsulitis. A prospective functional outcome study of 
nonoperative treatment. J Bone Joint Surg Am. 2000;82-A(10):1398-407. 
1462. Andersen NH, Sojbjerg JO, Johannsen HV, Sneppen O. Frozen shoulder: arthroscopy and manipulation 
under general anesthesia and early passive motion. J Shoulder Elbow Surg. 1998;7(3):218-22. 
1463. Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective study of supervised neglect 
versus intensive physical therapy in seventy-seven patients with frozen shoulder syndrome followed up for two 
years. J Shoulder Elbow Surg. 2004;13(5):499-502. 
1464. Grey RG. The natural history of "idiopathic" frozen shoulder. J Bone Joint Surg Am. 1978;60(4):564. 
1465. Grubbs N. Frozen shoulder syndrome: a review of literature. J Orthop Sports Phys Ther. 1993;18(3):479-
87. 
1466. Hannafin JA, Chiaia TA. Adhesive capsulitis. A treatment approach. Clin Orthop Relat Res. 2000(372):95-
109. 
1467. Loew M, Heichel TO, Lehner B. Intraarticular lesions in primary frozen shoulder after manipulation under 
general anesthesia. J Shoulder Elbow Surg. 2005;14(1):16-21. 
1468. Miller MD, Wirth MA, Rockwood CA, Jr. Thawing the frozen shoulder: the "patient" patient. Orthopedics. 
1996;19(10):849-53. 
1469. Quraishi NA, Johnston P, Bayer J, Crowe M, Chakrabarti AJ. Thawing the frozen shoulder. A randomised 
trial comparing manipulation under anaesthesia with hydrodilatation. J Bone Joint Surg Br. 2007;89(9):1197-200. 
1470. Reeves B. The natural history of the frozen shoulder syndrome. Scand J Rheumatol. 1975;4(4):193-6. 
1471. Rowe CR. Recurrent anterior transient subluxation of the shoulder. The "dead arm" syndrome. Orthop Clin 
North Am. 1988;19(4):767-72. 
1472. Shaffer B, Tibone JE, Kerlan RK. Frozen shoulder. A long-term follow-up. J Bone Joint Surg Am. 
1992;74(5):738-46. 



Copyright ©2020 Reed Group, Ltd.  Page | 243 
 

1473. Siegel LB, Cohen NJ, Gall EP. Adhesive capsulitis: a sticky issue. Am Fam Physician. 1999;59(7):1843-52. 
1474. Murnaghan J. Frozen shoulder. In: Rockwood C, Matsen F, eds. The Shoulder. Philadelphia, Pa: WB 
Saunders Co; 1990:837-62. 
1475. Noel E, Thomas T, Schaeverbeke T, Thomas P, Bonjean M, Revel M. Frozen shoulder. Joint Bone Spine. 
2000;67(5):393-400. 
1476. Hazleman BL. The painful stiff shoulder. Rheumatol Phys Med. 1972;11(8):413-21. 
1477. Murnaghan JP. Adhesive capsulitis of the shoulder: current concepts and treatment. Orthopedics. 
1988;11(1):153-8. 
1478. Simmonds FA. Shoulder pain with particular reference to the frozen shoulder. J Bone Joint Surg Br. 
1949;31B(3):426-32. 
1479. Vecchio P, Kavanagh R, Hazleman BL, King RH. Shoulder pain in a community-based rheumatology clinic. 
Br J Rheumatol. 1995;34(5):440-2. 
1480. Waldburger M, Meier JL, Gobelet C. The frozen shoulder: diagnosis and treatment. Prospective study of 50 
cases of adhesive capsulitis. Clin Rheumatol. 1992;11(3):364-8. 
1481. Fleming A, Dodman S, Beer TC, Crown S. Personality in frozen shoulder. Ann Rheum Dis. 1975;35(5):456-
7. 
1482. Hamer J, Kirk JA. Physiotherapy and the frozen shoulder: a comparative trial of ice and ultrasonic therapy. 
N Z Med J. 1976;83(560):191-2. 
1483. Mulcahy KA, Baxter AD, Oni OO, Finlay D. The value of shoulder distension arthrography with intraarticular 
injection of steroid and local anaesthetic: a follow-up study. Br J Radiol. 1994;67(795):263-6. 
1484. Bridgman JF. Periarthritis of the shoulder and diabetes mellitus. Ann Rheum Dis. 1972;31(1):69-71. 
1485. Coventry MB. Problem of painful shoulder. J Am Med Assoc. 1953;151(3):177-85. 
1486. Fisher L, Kurtz A, Shipley M. Association between cheiroarthropathy and frozen shoulder in patients with 
insulin-dependent diabetes mellitus. Br J Rheumatol. 1986;25(2):141-6. 
1487. Hamdan TA, Al-Essa KA. Manipulation under anaesthesia for the treatment of frozen shoulder. Int Orthop. 
2003;27(2):107-9. 
1488. Kivimaki J, Pohjolainen T, Malmivaara A, et al. Manipulation under anesthesia with home exercises versus 
home exercises alone in the treatment of frozen shoulder: a randomized, controlled trial with 125 patients. J 
Shoulder Elbow Surg. 2007;16(6):722-6. 
1489. Massoud SN, Pearse EO, Levy O, Copeland SA. Operative management of the frozen shoulder in patients 
with diabetes. J Shoulder Elbow Surg. 2002;11(6):609-13. 
1490. Ogilvie-Harris DJ, Myerthall S. The diabetic frozen shoulder: arthroscopic release. Arthroscopy. 
1997;13(1):1-8. 
1491. Pal B, Anderson J, Dick WC, Griffiths ID. Limitation of joint mobility and shoulder capsulitis in insulin- and 
non-insulin-dependent diabetes mellitus. Br J Rheumatol. 1986;25(2):147-51. 
1492. Wohlgethan JR. Frozen shoulder in hyperthyroidism. Arthritis Rheum. 1987;30(8):936-9. 
1493. Bulgen DY, Hazleman BL, Voak D. HLA-B27 and frozen shoulder. Lancet. 1976;1(7968):1042-4. 
1494. Ross DG. Diagnostic overview: frozen shoulder. Orthop Nurs. 1983;2(2):45. 
1495. Hakuno A, Sashika H, Ohkawa T, Itoh R. Arthrographic findings in hemiplegic shoulders. Arch Phys Med 
Rehabil. 1984;65(11):706-11. 
1496. Bowman CA, Jeffcoate WJ, Pattrick M, Doherty M. Bilateral adhesive capsulitis, oligoarthritis and proximal 
myopathy as presentation of hypothyroidism. Br J Rheumatol. 1988;27(1):62-4. 
1497. Bulgen D, Hazleman B, Ward M, McCallum M. Immunological studies in frozen shoulder. Ann Rheum Dis. 
1978;37(2):135-8. 
1498. Esch J. Arthroscopic treatment of resistant primary (idiopathic) frozen shoulder. J Shoulder Elbow Surg. 
1994;3(1):S71. 
1499. Janda D, Hawkins R. Shoulder manipulation in patients with adhesive capsulitis and diabetes mellitus: a 
clinical note. J Shoulder Elbow Surg. 1993;236-8. 
1500. Pollock RG, Duralde XA, Flatow EL, Bigliani LU. The use of arthroscopy in the treatment of resistant frozen 
shoulder. Clin Orthop Relat Res. 1994(304):30-6. 
1501. Lorenz TH, Musser MJ. Life stress, emotions and painful stiff shoulder. Ann Intern Med. 1952;37(6):1232-
44. 
1502. Oesterreicher W, Van DAM. Social psychological researches into brachialgia and periarthritis. Arthritis 
Rheum. 1964;7670-83. 
1503. Baslund B, Thomsen BS, Jensen EM. Frozen shoulder: current concepts. Scand J Rheumatol. 
1990;19(5):321-5. 
1504. Fareed DO, Gallivan WR, Jr. Office management of frozen shoulder syndrome. Treatment with hydraulic 
distension under local anesthesia. Clin Orthop Relat Res. 1989(242):177-83. 



Copyright ©2020 Reed Group, Ltd.  Page | 244 
 

1505. Gam AN, Schydlowsky P, Rossel I, Remvig L, Jensen EM. Treatment of "frozen shoulder" with distension 
and glucorticoid compared with glucorticoid alone. A randomised controlled trial. Scand J Rheumatol. 
1998;27(6):425-30. 
1506. Omari A, Bunker TD. Open surgical release for frozen shoulder: surgical findings and results of the release. 
J Shoulder Elbow Surg. 2001;10(4):353-7. 
1507. Saccomanni B. Inflammation and shoulder pain--a perspective on rotator cuff disease, adhesive capsulitis, 
and osteoarthritis: conservative treatment. Clin Rheumatol. 2009;28(5):495-500. 
1508. van Royen BJ, Pavlov PW. Treatment of frozen shoulder by distension and manipulation under local 
anaesthesia. Int Orthop. 1996;20(4):207-10. 
1509. Lee PN, Lee M, Haq AM, Longton EB, Wright V. Periarthritis of the shoulder. Trial of treatments 
investigated by multivariate analysis. Ann Rheum Dis. 1974;33(2):116-9. 
1510. Leung MS, Cheing GL. Effects of deep and superficial heating in the management of frozen shoulder. J 
Rehabil Med. 2008;40(2):145-50. 
1511. Patel BR. A comparative study of subsyde-CR versus meloxicam in rheumatic disorders. J Indian Med 
Assoc. 2000;98(5):250-2. 
1512. Saeidian SR, Hemmati AA, Haghighi MH. Pain relieving effect of short-course, pulse prednisolone in 
managing frozen shoulder. J Pain Palliat Care Pharmacother. 2007;21(1):27-30. 
1513. Blockey NJ, Wright JK, Kellgren JH. Oral cortisone therapy in periarthritis of the shoulder; a controlled trial. 
Br Med J. 1954;1(4877):1455-7. 
1514. Buchbinder R, Green S, Youd JM, Johnston RV. Oral steroids for adhesive capsulitis. Cochrane Database 
Syst Rev. 2006(4):CD006189. 
1515. Widiastuti-Samekto M, Sianturi GP. Frozen shoulder syndrome: comparison of oral route corticosteroid and 
intra-articular corticosteroid injection. Med J Malaysia. 2004;59(3):312-6. 
1516. Sun KO, Chan KC, Lo SL, Fong DY. Acupuncture for frozen shoulder. Hong Kong Med J. 2001;7(4):381-
91. 
1517. Binder A, Hazleman BL, Parr G, Roberts S. A controlled study of oral prednisolone in frozen shoulder. Br J 
Rheumatol. 1986;25(3):288-92. 
1518. Buchbinder R, Green S. Effect of arthrographic shoulder joint distension with saline and corticosteroid for 
adhesive capsulitis. Br J Sports Med. 2004;38(4):384-5. 
1519. Biswas AK, Sur BN, Gupta CR. Treatment of periarthritis shoulder. J Indian Med Assoc. 1979;72(12):276-7. 
1520. Castellarin G, Ricci M, Vedovi E, et al. Manipulation and arthroscopy under general anesthesia and early 
rehabilitative treatment for frozen shoulders. Arch Phys Med Rehabil. 2004;85(8):1236-40. 
1521. Harryman DT, 2nd, Matsen FA, 3rd, Sidles JA. Arthroscopic management of refractory shoulder stiffness. 
Arthroscopy. 1997;13(2):133-47. 
1522. Ng CY, Amin AK, Narborough S, McMullan L, Cook R, Brenkel IJ. Manipulation under anaesthesia and 
early physiotherapy facilitate recovery of patients with frozen shoulder syndrome. Scott Med J. 2009;54(1):29-31. 
1523. Sveistrup H, McComas J, Thornton M, et al. Experimental studies of virtual reality-delivered compared to 
conventional exercise programs for rehabilitation. Cyberpsychol Behav. 2003;6(3):245-9. 
1524. Carette S, Moffet H, Tardif J, et al. Intraarticular corticosteroids, supervised physiotherapy, or a 
combination of the two in the treatment of adhesive capsulitis of the shoulder: a placebo-controlled trial. Arthritis 
Rheum. 2003;48(3):829-38. 
1525. Lathia AT, Jung SM, Chen LX. Efficacy of acupuncture as a treatment for chronic shoulder pain. J Altern 
Complement Med. 2009;15(6):613-8. 
1526. Dundar U, Toktas H, Cakir T, Evcik D, Kavuncu V. Continuous passive motion provides good pain control 
in patients with adhesive capsulitis. Int J Rehabil Res. 2009;32(3):193-8. 
1527. Laupattarakasem W. Short term continuous passive motion. A feasibility study. J Bone Joint Surg Br. 
1988;70(5):802-6. 
1528. Michael JW, Konig DP, Imhoff AB, et al. Efficiency of a postoperative treatment after rotator cuff repair with 
a continuous passive motion device (CPM). Z Orthop Ihre Grenzgeb. 2005;143(4):438-45. 
1529. Fleming A, Sally; D, TC; B, S; C. Personality in frozen shoulder. Ann Rheum Dis. 1976 35(5):456-7. 
1530. Lee M, Haq AM, Wright V, Longton EB. Periarthritis of the shoulder: a controlled trial of physiotherapy. 
Physiotherapy. 1973;59(10):312-5. 
1531. Nicholson GG. The effects of passive joint mobilization on pain and hypomobility associated with adhesive 
capsulitis of the shoulder. J Orthop Sports Phys Ther. 1985;6(4):238-46. 
1532. van der Windt DA, Koes BW, Deville W, Boeke AJ, de Jong BA, Bouter LM. Effectiveness of corticosteroid 
injections versus physiotherapy for treatment of painful stiff shoulder in primary care: randomised trial. Br Med J. 
1998;317(7168):1292-6. 



Copyright ©2020 Reed Group, Ltd.  Page | 245 
 

1533. Ryans I, Montgomery A, Galway R, Kernohan WG, McKane R. A randomized controlled trial of intra-
articular triamcinolone and/or physiotherapy in shoulder capsulitis. Rheumatology (Oxford). 2005;44(4):529-35. 
1534. Khan AA, Mowla A, Shakoor MA, Rahman MR. Arthrographic distension of the shoulder joint in the 
management of frozen shoulder. Mymensingh Med J. 2005;14(1):67-70. 
1535. Cheing GL, So EM, Chao CY. Effectiveness of electroacupuncture and interferential eloctrotherapy in the 
management of frozen shoulder. J Rehabil Med. 2008;40(3):166-70. 
1536. Carter B. Clients' experiences of frozen shoulder and its treatment with Bowen technique. Complement 
Ther Nurs Midwifery. 2002;8(4):204-10. 
1537. Guler-Uysal F, Kozanoglu E. Comparison of the early response to two methods of rehabilitation in adhesive 
capsulitis. Swiss Med Wkly. 2004;134(23-24):353-8. 
1538. Haines JF, Hargadon EJ. Manipulation as the primary treatment of the frozen shoulder. J R Coll Surg 
Edinb. 1982;27(5):271-5. 
1539. Hill JJ, Jr., Bogumill H. Manipulation in the treatment of frozen shoulder. Orthopedics. 1988;11(9):1255-60. 
1540. Kessel L, Bayley I, Young A. The upper limb: the frozen shoulder. Br J Hosp Med. 1981;25(4):334, 6-7, 9. 
1541. Maricar N, Chok B. A comparison of the effect of manual therapy with exercise therapy and exercise 
therapy alone for stiff shoulders. . Physiotherapy Singapore. 1999;299-104. 
1542. Melzer C, Wallny T, Wirth CJ, Hoffmann S. Frozen shoulder--treatment and results. Arch Orthop Trauma 
Surg. 1995;114(2):87-91. 
1543. Placzek JD, Roubal PJ, Freeman DC, Kulig K, Nasser S, Pagett BT. Long-term effectiveness of 
translational manipulation for adhesive capsulitis. Clin Orthop Relat Res. 1998(356):181-91. 
1544. Reichmister JP, Friedman SL. Long-term functional results after manipulation of the frozen shoulder. Md 
Med J. 1999;48(1):7-11. 
1545. Uitvlugt G, Detrisac DA, Johnson LL, Austin MD, Johnson C. Arthroscopic observations before and after 
manipulation of frozen shoulder. Arthroscopy. 1993;9(2):181-5. 
1546. Vermeulen HM, Rozing PM, Obermann WR, le Cessie S, Vliet Vlieland TP. Comparison of high-grade and 
low-grade mobilization techniques in the management of adhesive capsulitis of the shoulder: randomized controlled 
trial. Phys Ther. 2006;86(3):355-68. 
1547. Andersen NH, Johannsen HV, Sneppen O, Sojbjerg JO. Frozen shoulder. Arthroscopy and manipulation in 
general anesthesia, followed by early passive mobilization. Ugeskr Laeger. 1996;158(2):147-50. 
1548. Dodenhoff RM, Levy O, Wilson A, Copeland SA. Manipulation under anesthesia for primary frozen 
shoulder: effect on early recovery and return to activity. J Shoulder Elbow Surg. 2000;9(1):23-6. 
1549. Farrell CM, Sperling JW, Cofield RH. Manipulation for frozen shoulder: long-term results. J Shoulder Elbow 
Surg. 2005;14(5):480-4. 
1550. Helbig B, Wagner P, Dohler R. Mobilization of frozen shoulder under general anaesthesia. Acta Orthop 
Belg. 1983;49(1-2):267-74. 
1551. Neviaser JS. Adhesive capsulitis and the stiff and painful shoulder. Orthop Clin North Am. 1980;11(2):327-
31. 
1552. Othman A, Taylor G. Manipulation under anaesthesia for frozen shoulder. Int Orthop. 2002;26(5):268-70. 
1553. Kivimaki J, Pohjolainen T. Manipulation under anesthesia for frozen shoulder with and without steroid 
injection. Arch Phys Med Rehabil. 2001;82(9):1188-90. 
1554. Jacobs LG, Smith MG, Khan SA, Smith K, Joshi M. Manipulation or intra-articular steroids in the 
management of adhesive capsulitis of the shoulder? A prospective randomized trial. J Shoulder Elbow Surg. 
2009;18(3):348-53. 
1555. Stergioulas A. Low-power laser treatment in patients with frozen shoulder: preliminary results. Photomed 
Laser Surg. 2008;26(2):99-105. 
1556. Leandri M, Parodi CI, Corrieri N, Rigardo S. Comparison of TENS treatments in hemiplegic shoulder pain. 
Scand J Rehabil Med. 1990;22(2):69-71. 
1557. Leclaire R, Bourgouin J. Electromagnetic treatment of shoulder periarthritis: a randomized controlled trial of 
the efficiency and tolerance of magnetotherapy. Arch Phys Med Rehabil. 1991;72(5):284-7. 
1558. Rizk TE, Pinals RS, Talaiver AS. Corticosteroid injections in adhesive capsulitis: investigation of their value 
and site. Arch Phys Med Rehabil. 1991;72(1):20-2. 
1559. Sakeni RA, Al-Nimer MS. Comparison between intraarticular triamcinolone acetonide and 
methylprednisolone acetate injections in treatment of frozen shoulder. Saudi Med J. 2007;28(5):707-12. 
1560. Valtonen EJ. Subacromial betamethasone therapy. II. Subacromial betamethasone and 
methylprednisolone injections in treatment of frozen shoulder and supra spinam tendinitis. A comparative trial. Ann 
Chir Gynaecol Fenn Suppl. 1974;1889-16. 
1561. Valtonen EJ. Subacromial betamethasone therapy. I. The effect of subacromial injection of betamethasone 
in cases of painful shoulder resistant to physical therapy. Ann Chir Gynaecol Fenn Suppl. 1974;1885-8. 



Copyright ©2020 Reed Group, Ltd.  Page | 246 
 

1562. van der Heijden GJ, van der Windt DA, Kleijnen J, Koes BW, Bouter LM. Steroid injections for shoulder 
disorders: a systematic review of randomized clinical trials. Br J Gen Pract. 1996;46(406):309-16. 
1563. Weiss JJ, Ting YM. Arthrography-assisted intra-articular injection of steroids in treatment of adhesive 
capsulitis. Arch Phys Med Rehabil. 1978;59(6):285-7. 
1564. De Jong B, Dahmen R, Hogeweg J, Marti R. Intra-articular triamcinolone acetonide injection in patients with 
capsulitis of the shoulder: a comparative study of two dose regimes. Clin Rehabil. 1998;12(3):211-5. 
1565. Dahan TH, Fortin L, Pelletier M, Petit M, Vadeboncoeur R, Suissa S. Double blind randomized clinical trial 
examining the efficacy of bupivacaine suprascapular nerve blocks in frozen shoulder. J Rheumatol. 
2000;27(6):1464-9. 
1566. Andren L, Lundberg BJ. Treatment of rigid shoulders by joint distension during arthrography. Acta Orthop 
Scand. 1965;3645-53. 
1567. Bell S, Coghlan J, Richardson M. Hydrodilatation in the management of shoulder capsulitis. Australas 
Radiol. 2003;47(3):247-51. 
1568. Buchbinder R, Youd JM, Green S, et al. Efficacy and cost-effectiveness of physiotherapy following 
glenohumeral joint distension for adhesive capsulitis: a randomized trial. Arthritis Rheum. 2007;57(6):1027-37. 
1569. Rizk TE, Gavant ML, Pinals RS. Treatment of adhesive capsulitis (frozen shoulder) with arthrographic 
capsular distension and rupture. Arch Phys Med Rehabil. 1994;75(7):803-7. 
1570. Hsu SY, Chan KM. Arthroscopic distension in the management of frozen shoulder. Int Orthop. 
1991;15(2):79-83. 
1571. Jacobs LG, Barton MA, Wallace WA, Ferrousis J, Dunn NA, Bossingham DH. Intra-articular distension and 
steroids in the management of capsulitis of the shoulder. BMJ. 1991;302(6791):1498-501. 
1572. Morency G, Dussault RG, Robillard P, Samson L. Distention arthrography in the treatment of adhesive 
capsulitis of the shoulder. Can Assoc Radiol J. 1989;40(2):84-6. 
1573. Wybier M, Parlier-Cuau C, Baque MC, Champsaur P, Haddad A, Laredo JD. Distension arthrography in 
frozen shoulder syndrome. Semin Musculoskelet Radiol. 1997;1(2):251-6. 
1574. Corbeil V, Dussault RG, Leduc BE, Fleury J. Adhesive capsulitis of the shoulder: a comparative study of 
arthrography with intra-articular corticotherapy and with or without capsular distension. Can Assoc Radiol J. 
1992;43(2):127-30. 
1575. Bradley JP. Arthroscopic treatment for adhesive capsulitis. Operative Techniques in Orthopaedics. 
1991;1(3):248-52. 
1576. Ha'eri GB, Maitland A. Arthroscopic findings in the frozen shoulder. J Rheumatol. 1981;8(1):149-52. 
1577. Beaufils P, Prevot N, Boyer T, et al. Arthroscopic release of the glenohumeral joint in shoulder stiffness: a 
review of 26 cases. French Society for Arthroscopy. Arthroscopy. 1999;15(1):49-55. 
1578. Bennett WF. Addressing glenohumeral stiffness while treating the painful and stiff shoulder 
arthroscopically. Arthroscopy. 2000;16(2):142-50. 
1579. Chambler AF, Carr AJ. The role of surgery in frozen shoulder. J Bone Joint Surg Br. 2003;85(6):789-95. 
1580. Ozaki J. Pathomechanics and operative management of chronic frozen shoulder. Ann Chir Gynaecol. 
1996;85(2):156-8. 
1581. Pearsall AWt, Holovacs TF, Speer KP. The intra-articular component of the subscapularis tendon: 
anatomic and histological correlation in reference to surgical release in patients with frozen-shoulder syndrome. 
Arthroscopy. 2000;16(3):236-42. 
1582. Pearsall AWt, Osbahr DC, Speer KP. An arthroscopic technique for treating patients with frozen shoulder. 
Arthroscopy. 1999;15(1):2-11. 
1583. Warner JJ, Allen A, Marks PH, Wong P. Arthroscopic release for chronic, refractory adhesive capsulitis of 
the shoulder. J Bone Joint Surg Am. 1996;78(12):1808-16. 
1584. Watson L, Dalziel R, Story I. Frozen shoulder: a 12-month clinical outcome trial. J Shoulder Elbow Surg. 
2000;9(1):16-22. 
1585. Narouze SN, Govil H, Guirguis M, Mekhail NA. Continuous cervical epidural analgesia for rehabilitation 
after shoulder surgery: a retrospective evaluation. Pain Physician. 2009;12(1):189-94. 
1586. Tetzlaff JE, Yoon HJ, Brems J. Interscalene brachial plexus block for shoulder surgery. Reg Anesth. 
1994;19(5):339-43. 
1587. Harreld KL, Marulanda GA, Ulrich SD, Marker DR, Seyler TM, Mont MA. Small-diameter percutaneous 
decompression for osteonecrosis of the shoulder. Am J Orthop (Belle Mead NJ). 2009;38(7):348-54. 
1588. Rosingh GE, Steendijk R, van den Hooff A. Consequences of avascular necrosis of the femoral head in 
rabbits. A histological and radiological study. J Bone Joint Surg Br. 1969;51(3):551-62. 
1589. Woodhouse CF. Dynamic influences of vascular occlusion affecting the development of avascular necrosis 
of the femoral head. Clin Orthop Relat Res. 1964;32119-29. 



Copyright ©2020 Reed Group, Ltd.  Page | 247 
 

1590. Sarris I, Weiser R, Sotereanos DG. Pathogenesis and treatment of osteonecrosis of the shoulder. Orthop 
Clin North Am. 2004;35(3):397-404, xi. 
1591. Hattrup SJ, Cofield RH. Osteonecrosis of the humeral head: relationship of disease stage, extent, and 
cause to natural history. J Shoulder Elbow Surg. 1999;8(6):559-64. 
1592. Jones JP, Jr. Concepts of etiology and early pathogenesis of osteonecrosis. Instr Course Lect. 
1994;43499-512. 
1593. Volokh KY, Yoshida H, Leali A, Fetto JF, Chao EY. Prediction of femoral head collapse in osteonecrosis. J 
Biomech Eng. 2006;128(3):467-70. 
1594. Jacobs B. Epidemiology of traumatic and nontraumatic osteonecrosis. Clin Orthop Relat Res. 
1978(130):51-67. 
1595. Cruess RL. Steroid-induced avascular necrosis of the head of the humerus. Natural history and 
management. J Bone Joint Surg Br. 1976;58(3):313-7. 
1596. Cruess RL. Corticosteroid-induced osteonecrosis of the humeral head. Orthop Clin North Am. 
1985;16(4):789-96. 
1597. Jones LC, Mont MA, Le TB, et al. Procoagulants and osteonecrosis. J Rheumatol. 2003;30(4):783-91. 
1598. Loebenberg MI, Plate AM, Zuckerman JD. Osteonecrosis of the humeral head. Instr Course Lect. 
1999;48349-57. 
1599. Mankin HJ. Nontraumatic necrosis of bone (osteonecrosis). N Engl J Med. 1992;326(22):1473-9. 
1600. Mont M, Hungerford D. Non-traumatic avascular necrosis of the femoral head. J Bone Joint Surg Am. 
1995;77(3):459-74. 
1601. Nixon J. Avascular necrosis of bone: a review. J R Soc Med. 1983;76(8):681-92. 
1602. Pritchett JW. Statin therapy decreases the risk of osteonecrosis in patients receiving steroids. Clin Orthop 
Relat Res. 2001(386):173-8. 
1603. Usher BW, Jr., Friedman RJ. Steroid-induced osteonecrosis of the humeral head. Orthopedics. 
1995;18(1):47-51. 
1604. Valencia ME, Barreiro P, Soriano V, Blanco F, Moreno V, Lahoz JG. Avascular necrosis in HIV-infected 
patients receiving antiretroviral treatment: study of seven cases. HIV Clin Trials. 2003;4(2):132-6. 
1605. Chang CC, Greenspan A, Gershwin ME. Osteonecrosis: current perspectives on pathogenesis and 
treatment. Semin Arthritis Rheum. 1993;23(1):47-69. 
1606. Chung SM, Ralston EL. Necrosis of the humeral head associated with sickle cell anemia and its genetic 
variants. Clin Orthop Relat Res. 1971;80105-17. 
1607. Glesby MJ. Bone disorders in human immunodeficiency virus infection. Clin Infect Dis. 2003;37 Suppl 
2S91-5. 
1608. Babis GC, Soucacos PN. Effectiveness of total hip arthroplasty in the management of hip osteonecrosis. 
Orthop Clin North Am. 2004;35(3):359-64, x. 
1609. Wang CJ, Wang FS, Huang CC, Yang KD, Weng LH, Huang HY. Treatment for osteonecrosis of the 
femoral head: comparison of extracorporeal shock waves with core decompression and bone-grafting. J Bone Joint 
Surg Am. 2005;87(11):2380-7. 
1610. Hungerford D. Bone marrow pressure, venography and core decompression in ischemic necrosis of the 
femoral head. The Hip: Proceedings of the Seventh Open Scientific Meeting of the Hip Society. St. Louis: CV 
Mosby; 1979:218-37. 
1611. LaPorte DM, Mont MA, Mohan V, Pierre-Jacques H, Jones LC, Hungerford DS. Osteonecrosis of the 
humeral head treated by core decompression. Clin Orthop Relat Res. 1998(355):254-60. 
1612. Lai KA, Shen WJ, Yang CY, Shao CJ, Hsu JT, Lin RM. The use of alendronate to prevent early collapse of 
the femoral head in patients with nontraumatic osteonecrosis. A randomized clinical study. J Bone Joint Surg Am. 
2005;87(10):2155-9. 
1613. Cardozo JB, Andrade DM, Santiago MB. The use of bisphosphonate in the treatment of avascular necrosis: 
a systematic review. Clin Rheumatol. 2008;27(6):685-8. 
1614. Shimura K, Shimazaki C, Taniguchi K, et al. Hyperbaric oxygen in addition to antibiotic therapy is effective 
for bisphosphonate-induced osteonecrosis of the jaw in a patient with multiple myeloma. Int J Hematol. 
2006;84(4):343-5. 
1615. Castro FP, Jr., Barrack RL. Core decompression and conservative treatment for avascular necrosis of the 
femoral head: a meta-analysis. Am J Orthop. 2000;29(3):187-94. 
1616. Hardy P, Decrette E, Jeanrot C, Colom A, Lortat-Jacob A, Benoit J. Arthroscopic treatment of bilateral 
humeral head osteonecrosis. Arthroscopy. 2000;16(3):332-5. 
1617. Learmonth ID, Maloon S, Dall G. Core decompression for early atraumatic osteonecrosis of the femoral 
head. J Bone Joint Surg Br. 1990;72(3):387-90. 



Copyright ©2020 Reed Group, Ltd.  Page | 248 
 

1618. Marker DR, Seyler TM, Ulrich SD, Srivastava S, Mont MA. Do modern techniques improve core 
decompression outcomes for hip osteonecrosis? Clin Orthop Relat Res. 2008;466(5):1093-103. 
1619. Mont MA, Maar DC, Urquhart MW, Lennox D, Hungerford DS. Avascular necrosis of the humeral head 
treated by core decompression. A retrospective review. J Bone Joint Surg Br. 1993;75(5):785-8. 
1620. Mont MA, Ragland PS, Etienne G. Core decompression of the femoral head for osteonecrosis using 
percutaneous multiple small-diameter drilling. Clin Orthop Relat Res. 2004(429):131-8. 
1621. Scully SP, Aaron RK, Urbaniak JR. Survival analysis of hips treated with core decompression or 
vascularized fibular grafting because of avascular necrosis. J Bone Joint Surg Am. 1998;80(9):1270-5. 
1622. Shannon BD, Trousdale RT. Femoral osteotomies for avascular necrosis of the femoral head. Clin Orthop 
Relat Res. 2004(418):34-40. 
1623. Chapman C, Mattern C, Levine WN. Arthroscopically assisted core decompression of the proximal 
humerus for avascular necrosis. Arthroscopy. 2004;20(9):1003-6. 
1624. Dines JS, Strauss EJ, Fealy S, Craig EV. Arthroscopic-assisted core decompression of the humeral head. 
Arthroscopy. 2007;23(1):103 e1-4. 
1625. Hayes JM. Arthroscopic treatment of steroid-induced osteonecrosis of the humeral head. Arthroscopy. 
1989;5(3):218-21. 
1626. Aldridge JM, 3rd, Urbaniak JR. Avascular necrosis of the femoral head: role of vascularized bone grafts. 
Orthop Clin North Am. 2007;38(1):13-22, v. 
1627. Rindell K. Muscle pedicled bone graft in revascularization of aseptic necrosis of the humeral head. Ann 
Chir Gynaecol. 1987;76(5):283-5. 
1628. Seyler TM, Marker DR, Ulrich SD, Fatscher T, Mont MA. Nonvascularized bone grafting defers joint 
arthroplasty in hip osteonecrosis. Clin Orthop Relat Res. 2008;466(5):1125-32. 
1629. Yajima H, Tamai S, Ono H, Kizaki K. Vascularized bone grafts to the upper extremities. Plast Reconstr 
Surg. 1998;101(3):727-35; discussion 36-7. 
1630. Adili A, Trousdale RT. Femoral head resurfacing for the treatment of osteonecrosis in the young patient. 
Clin Orthop Relat Res. 2003(417):93-101. 
1631. Barnes CL, Collins DN, Nelson CL. Cup arthroplasty, surface replacement arthroplasty, and femoral head 
resurfacing for osteonecrosis. Semin Arthroplasty. 1991;2(3):222-7. 
1632. Cruess RL. Experience with steroid-induced avascular necrosis of the shoulder and etiologic 
considerations regarding osteonecrosis of the hip. Clin Orthop Relat Res. 1978(130):86-93. 
1633. Lau MW, Blinder MA, Williams K, Galatz LM. Shoulder arthroplasty in sickle cell patients with humeral head 
avascular necrosis. J Shoulder Elbow Surg. 2007;16(2):129-34. 
1634. Mansat P, Huser L, Mansat M, Bellumore Y, Rongieres M, Bonnevialle P. Shoulder arthroplasty for 
atraumatic avascular necrosis of the humeral head: nineteen shoulders followed up for a mean of seven years. J 
Shoulder Elbow Surg. 2005;14(2):114-20. 
1635. Orfaly RM, Rockwood CA, Jr., Esenyel CZ, Wirth MA. Shoulder arthroplasty in cases with avascular 
necrosis of the humeral head. J Shoulder Elbow Surg. 2007;16(3 Suppl):S27-32. 
1636. Parsch D, Lehner B, Loew M. Shoulder arthroplasty in nontraumatic osteonecrosis of the humeral head. J 
Shoulder Elbow Surg. 2003;12(3):226-30. 
1637. Aaron RK, Steinberg ME. Electrical stimulation of osteonecrosis of the femoral head. Semin Arthroplasty. 
1991;2(3):214-21. 
1638. Rijnen WH, Gardeniers JW, Buma P, Yamano K, Slooff TJ, Schreurs BW. Treatment of femoral head 
osteonecrosis using bone impaction grafting. Clin Orthop Relat Res. 2003(417):74-83. 
1639. Steinberg ME, Larcom PG, Strafford B, et al. Core decompression with bone grafting for osteonecrosis of 
the femoral head. Clin Orthop Relat Res. 2001(386):71-8. 
1640. Stulberg BN, Davis AW, Bauer TW, Levine M, Easley K. Osteonecrosis of the femoral head. A prospective 
randomized treatment protocol. Clin Orthop Relat Res. 1991(268):140-51. 
1641. Warner JJ, Philip JH, Brodsky GL, Thornhill TS. Studies of nontraumatic osteonecrosis. The role of core 
decompression in the treatment of nontraumatic osteonecrosis of the femoral head. Clin Orthop Relat Res. 
1987(225):104-27. 
1642. Allieu Y, Cenac P. Neurotization via the spinal accessory nerve in complete paralysis due to multiple 
avulsion injuries of the brachial plexus. Clin Orthop Relat Res. 1988(237):67-74. 
1643. Azze RJ, Mattar Junior J, Ferreira MC, Starck R, Canedo AC. Extraplexual neurotization of brachial plexus. 
Microsurgery. 1994;15(1):28-32. 
1644. Blaauw G, Muhlig RS, Vredeveld JW. Management of brachial plexus injuries. Adv Tech Stand Neurosurg. 
2008;33201-31. 
1645. Bowen BC, Verma A, Brandon AH, Fiedler JA. Radiation-induced brachial plexopathy: MR and clinical 
findings. AJNR Am J Neuroradiol. 1996;17(10):1932-6. 



Copyright ©2020 Reed Group, Ltd.  Page | 249 
 

1646. Brandt KE, Mackinnon SE. A technique for maximizing biceps recovery in brachial plexus reconstruction. J 
Hand Surg Am. 1993;18(4):726-33. 
1647. Brunelli G, Brunelli F. Surgical treatment of actinic brachial plexus lesions: free microvascular transfer of 
the greater omentum. J Reconstr Microsurg. 1985;1(3):197-200. 
1648. Castagno AA, Shuman WP. MR imaging in clinically suspected brachial plexus tumor. AJR Am J 
Roentgenol. 1987;149(6):1219-22. 
1649. Dart LH, Jr., MacCarty CS, Love JG, Dockerty MB. Neoplasms of the brachial plexus. Minn Med. 
1970;53(9):959-64. 
1650. Doi K, Kuwata N, Muramatsu K, Hottori Y, Kawai S. Double muscle transfer for upper extremity 
reconstruction following complete avulsion of the brachial plexus. Hand Clin. 1999;15(4):757-67. 
1651. Doi K, Muramatsu K, Hattori Y, et al. Restoration of prehension with the double free muscle technique 
following complete avulsion of the brachial plexus. Indications and long-term results. J Bone Joint Surg Am. 
2000;82(5):652-66. 
1652. Doi K, Otsuka K, Okamoto Y, Fujii H, Hattori Y, Baliarsing AS. Cervical nerve root avulsion in brachial 
plexus injuries: magnetic resonance imaging classification and comparison with myelography and computerized 
tomography myelography. J Neurosurg. 2002;96(3 Suppl):277-84. 
1653. Heelan RT, Demas BE, Caravelli JF, et al. Superior sulcus tumors: CT and MR imaging. Radiology. 
1989;170(3 Pt 1):637-41. 
1654. Hems TE, Birch R, Carlstedt T. The role of magnetic resonance imaging in the management of traction 
injuries to the adult brachial plexus. J Hand Surg Br. 1999;24(5):550-5. 
1655. Levin KH, Wilbourn AJ, Maggiano HJ. Cervical rib and median sternotomy-related brachial plexopathies: a 
reassessment. Neurology. 1998;50(5):1407-13. 
1656. McLoud TC, Filion RB, Edelman RR, Shepard JA. MR imaging of superior sulcus carcinoma. J Comput 
Assist Tomogr. 1989;13(2):233-9. 
1657. Miller JD, Pruitt S, McDonald TJ. Acute brachial plexus neuritis: an uncommon cause of shoulder pain. Am 
Fam Physician. 2000;62(9):2067-72. 
1658. Wittenberg KH, Adkins MC. MR imaging of nontraumatic brachial plexopathies: frequency and spectrum of 
findings. Radiographics. 2000;20(4):1023-32. 
1659. Midha R. Epidemiology of brachial plexus injuries in a multitrauma population. Neurosurgery. 
1997;40(6):1182-8; discussion 8-9. 
1660. Fletcher I. Traction lesions of the brachial plexus. Hand. 1969;1129-36. 
1661. Shin AY, Spinner RJ, Steinmann SP, Bishop AT. Adult traumatic brachial plexus injuries. J Am Acad 
Orthop Surg. 2005;13(6):382-96. 
1662. Narakas AO. The treatment of brachial plexus injuries. Int Orthop. 1985;9(1):29-36. 
1663. Bowen BC, Pattany PM, Saraf-Lavi E, Maravilla KR. The brachial plexus: normal anatomy, pathology, and 
MR imaging. Neuroimaging Clin N Am. 2004;14(1):59-85, vii-viii. 
1664. Rapoport S, Blair DN, McCarthy SM, Desser TS, Hammers LW, Sostman HD. Brachial plexus: correlation 
of MR imaging with CT and pathologic findings. Radiology. 1988;167(1):161-5. 
1665. Sureka J, Cherian RA, Alexander M, Thomas BP. MRI of brachial plexopathies. Clin Radiol. 
2009;64(2):208-18. 
1666. Yoshikawa T, Hayashi N, Yamamoto S, et al. Brachial plexus injury: clinical manifestations, conventional 
imaging findings, and the latest imaging techniques. Radiographics. 2006;26 Suppl 1S133-43. 
1667. Hendry AM. The treatment of residual paralysis after brachial plexus injuries. J Bone Joint Surg Br. 
1949;31B(1):42-9. 
1668. Yeoman PMS, H. J. . Brachial plexus injuries: treatment of the flail arm. J Bone Joint Surg. 1961;43-B493-
500. 
1669. Chuang DC, Lee GW, Hashem F, Wei FC. Restoration of shoulder abduction by nerve transfer in avulsed 
brachial plexus injury: evaluation of 99 patients with various nerve transfers. Plast Reconstr Surg. 1995;96(1):122-
8. 
1670. Gu YD, Cheng XM, Chen DS, et al. Femoral nerve transfer for treatment of brachial plexus root avulsion. 
Plast Reconstr Surg. 1998;102(6):1973-8; discussion 9-80. 
1671. Gu YD, Ma MK. Use of the phrenic nerve for brachial plexus reconstruction. Clin Orthop Relat Res. 
1996(323):119-21. 
1672. Merrell GA, Barrie KA, Katz DL, Wolfe SW. Results of nerve transfer techniques for restoration of shoulder 
and elbow function in the context of a meta-analysis of the English literature. J Hand Surg Am. 2001;26(2):303-14. 
1673. Songcharoen P, Mahaisavariya B, Chotigavanich C. Spinal accessory neurotization for restoration of elbow 
flexion in avulsion injuries of the brachial plexus. J Hand Surg Am. 1996;21(3):387-90. 



Copyright ©2020 Reed Group, Ltd.  Page | 250 
 

1674. Songcharoen P, Wongtrakul S, Mahaisavariya B, Spinner RJ. Hemi-contralateral C7 transfer to median 
nerve in the treatment of root avulsion brachial plexus injury. J Hand Surg Am. 2001;26(6):1058-64. 
1675. Teboul F, Kakkar R, Ameur N, Beaulieu JY, Oberlin C. Transfer of fascicles from the ulnar nerve to the 
nerve to the biceps in the treatment of upper brachial plexus palsy. J Bone Joint Surg Am. 2004;86-A(7):1485-90. 
1676. Akasaka Y, Hara T, Takahashi M. Free muscle transplantation combined with intercostal nerve crossing for 
reconstruction of elbow flexion and wrist extension in brachial plexus injuries. Microsurgery. 1991;12(5):346-51. 
1677. Chuang DC, Yeh MC, Wei FC. Intercostal nerve transfer of the musculocutaneous nerve in avulsed 
brachial plexus injuries: evaluation of 66 patients. J Hand Surg Am. 1992;17(5):822-8. 
1678. Chung DC, Carver N, Wei FC. Results of functioning free muscle transplantation for elbow flexion. J Hand 
Surg Am. 1996;21(6):1071-7. 
1679. Doi K. New reconstructive procedure for brachial plexus injury. Clin Plast Surg. 1997;24(1):75-85. 
1680. Doi K, Sakai K, Fuchigami Y, Kawai S. Reconstruction of irreparable brachial plexus injuries with 
reinnervated free-muscle transfer. Case report. J Neurosurg. 1996;85(1):174-7. 
1681. Doi K, Sakai K, Ihara K, Abe Y, Kawai S, Kurafuji Y. Reinnervated free muscle transplantation for extremity 
reconstruction. Plast Reconstr Surg. 1993;91(5):872-83. 
1682. Doi K, Sakai K, Kuwata N, Ihara K, Kawai S. Double free-muscle transfer to restore prehension following 
complete brachial plexus avulsion. J Hand Surg Am. 1995;20(3):408-14. 
1683. Doi K, Shigetomi M, Kaneko K, et al. Significance of elbow extension in reconstruction of prehension with 
reinnervated free-muscle transfer following complete brachial plexus avulsion. Plast Reconstr Surg. 
1997;100(2):364-72; discussion 73-4. 
1684. Manktelow RT, Zuker RM, McKee NH. Functioning free muscle transplantation. J Hand Surg Am. 
1984;9A(1):32-9. 
1685. Mikami Y, Nagano A, Ochiai N, Yamamoto S. Results of nerve grafting for injuries of the axillary and 
suprascapular nerves. J Bone Joint Surg Br. 1997;79(4):527-31. 
1686. Ruch DS, Friedman A, Nunley JA. The restoration of elbow flexion with intercostal nerve transfers. Clin 
Orthop Relat Res. 1995(314):95-103. 
1687. Gerwin RD. A review of myofascial pain and fibromyalgia--factors that promote their persistence. Acupunct 
Med. 2005;23(3):121-34. 
1688. Gerwin RD, Shannon S, Hong CZ, Hubbard D, Gevirtz R. Interrater reliability in myofascial trigger point 
examination. Pain. 1997;69(1-2):65-73. 
1689. Levoska S. Manual palpation and pain threshold in female office employees with and without neck-shoulder 
symptoms. Clin J Pain. 1993;9(4):236-41. 
1690. Lucas N, Macaskill P, Irwig L, Moran R, Bogduk N. Reliability of physical examination for diagnosis of 
myofascial trigger points: a systematic review of the literature. Clin J Pain. 2009;25(1):80-9. 
1691. Myburgh C, Larsen AH, Hartvigsen J. A systematic, critical review of manual palpation for identifying 
myofascial trigger points: evidence and clinical significance. Arch Phys Med Rehabil. 2008;89(6):1169-76. 
1692. Nice DA, Riddle DL, Lamb RL, Mayhew TP, Rucker K. Intertester reliability of judgments of the presence of 
trigger points in patients with low back pain. Arch Phys Med Rehabil. 1992;73(10):893-8. 
1693. Njoo KH, Van der Does E. The occurrence and inter-rater reliability of myofascial trigger points in the 
quadratus lumborum and gluteus medius: a prospective study in non-specific low back pain patients and controls in 
general practice. Pain. 1994;58(3):317-23. 
1694. Hwang M, Kang YK, Kim DH. Referred pain pattern of the pronator quadratus muscle. Pain. 
2005;116(3):238-42. 
1695. Farasyn A. Referred muscle pain is primarily peripheral in origin: the "barrier-dam" theory. Med 
Hypotheses. 2007;68(1):144-50. 
1696. Pearce JM. Myofascial pain, fibromyalgia or fibrositis? Eur Neurol. 2004;52(2):67-72. 
1697. Simons DG. New views of myofascial trigger points: etiology and diagnosis. Arch Phys Med Rehabil. 
2008;89(1):157-9. 
1698. Wheeler AH. Myofascial pain disorders: theory to therapy. Drugs. 2004;64(1):45-62. 
1699. Fleckenstein J, Zaps D, Ruger LJ, et al. Discrepancy between prevalence and perceived effectiveness of 
treatment methods in myofascial pain syndrome: results of a cross-sectional, nationwide survey. BMC 
Musculoskelet Disord. 2010;1132. 
1700. Coster L, Kendall S, Gerdle B, Henriksson C, Henriksson KG, Bengtsson A. Chronic widespread 
musculoskeletal pain - a comparison of those who meet criteria for fibromyalgia and those who do not. Eur J Pain. 
2008;12(5):600-10. 
1701. Altindag O, Gur A, Altindag A. The relationship between clinical parameters and depression level in 
patients with myofascial pain syndrome. Pain Med. 2008;9(2):161-5. 



Copyright ©2020 Reed Group, Ltd.  Page | 251 
 

1702. Friedrich M, Hahne J, Wepner F. A controlled examination of medical and psychosocial factors associated 
with low back pain in combination with widespread musculoskeletal pain. Phys Ther. 2009;89(8):786-803. 
1703. Giannakopoulos NN, Keller L, Rammelsberg P, Kronmuller KT, Schmitter M. Anxiety and depression in 
patients with chronic temporomandibular pain and in controls. J Dent. 2010;38(5):369-76. 
1704. Mongini F, Ciccone G, Ceccarelli M, Baldi I, Ferrero L. Muscle tenderness in different types of facial pain 
and its relation to anxiety and depression: A cross-sectional study on 649 patients. Pain. 2007;131(1-2):106-11. 
1705. Velly AM, Gornitsky M, Philippe P. Contributing factors to chronic myofascial pain: a case-control study. 
Pain. 2003;104(3):491-9. 
1706. Wolfe F, Smythe HA, Yunus MB, et al. The American College of Rheumatology 1990 Criteria for the 
Classification of Fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis Rheum. 1990;33(2):160-72. 
1707. Anderson DM, Sinclair PM, McBride KM. A clinical evaluation of temporomandibular joint disk plication 
surgery. Am J Orthod Dentofacial Orthop. 1991;100(2):156-62. 
1708. De Laat A, Stappaerts K, Papy S. Counseling and physical therapy as treatment for myofascial pain of the 
masticatory system. J Orofac Pain. 2003;17(1):42-9. 
1709. Magnusson T, Syren M. Therapeutic jaw exercises and interocclusal appliance therapy. A comparison 
between two common treatments of temporomandibular disorders. Swed Dent J. 1999;23(1):27-37. 
1710. Raustia AM. Diagnosis and treatment of temporomandibular joint dysfunction. Advantages of computed 
tomography diagnosis. Stomatognathic treatment and acupuncture--a randomized trial. Proc Finn Dent Soc. 
1986;82 Suppl 9-101-41. 
1711. Rubinoff MS, Gross A, McCall WD, Jr. Conventional and nonoccluding splint therapy compared for patients 
with myofascial pain dysfunction syndrome. Gen Dent. 1987;35(6):502-6. 
1712. Yap EC. Myofascial pain--an overview. Ann Acad Med Singapore. 2007;36(1):43-8. 
1713. Edwards J, Knowles N. Superficial dry needling and active stretching in the treatment of myofascial pain- a 
randomised controlled trial. Acupunct Med. 2003;2180-6. 
1714. Taimini I. The Science of Yoga: The Yoga-sutras of Patanjali in Sanskrit with Transliteration in Roman, 
Translation and Commentary in English. Madras, India: Theosophical Pub. House; 1986. 
1715. Williams KA, Petronis J, Smith D, et al. Effect of Iyengar yoga therapy for chronic low back pain. Pain. 
2005;115(1-2):107-17. 
1716. Sareen S, Kumari V, Gajebasia KS, Gajebasia NK. Yoga: a tool for improving the quality of life in chronic 
pancreatitis. World J Gastroenterol. 2007;13(3):391-7. 
1717. Galantino ML, Bzdewka TM, Eissler-Russo JL, et al. The impact of modified Hatha yoga on chronic low 
back pain: a pilot study. Altern Ther Health Med. 2004;10(2):56-9. 
1718. Sherman KJ, Cherkin DC, Erro J, Miglioretti DL, Deyo RA. Comparing yoga, exercise, and a self-care book 
for chronic low back pain: a randomized, controlled trial. Ann Intern Med. 2005;143(12):849-56. 
1719. Birch S, Jamison RN. Controlled trial of Japanese acupuncture for chronic myofascial neck pain: 
assessment of specific and nonspecific effects of treatment. Clin J Pain. 1998;14(3):248-55. 
1720. Alcoff J, Jones E, Rust P, Newman R. Controlled trial of imipramine for chronic low back pain. J Fam Pract. 
1982;14(5):841-6. 
1721. Atkinson JH, Slater MA, Williams RA, et al. A placebo-controlled randomized clinical trial of nortriptyline for 
chronic low back pain. Pain. 1998;76(3):287-96. 
1722. Wiffen P, Collins S, McQuay H, Carroll D, Jadad A, Moore A. Anticonvulsant drugs for acute and chronic 
pain. Cochrane Database Syst Rev. 2005(3):CD001133. 
1723. Backonja M, Beydoun A, Edwards KR, et al. Gabapentin for the symptomatic treatment of painful 
neuropathy in patients with diabetes mellitus: a randomized controlled trial. Jama. 1998;280(21):1831-6. 
1724. Dworkin RH, Corbin AE, Young JP, Jr., et al. Pregabalin for the treatment of postherpetic neuralgia: a 
randomized, placebo-controlled trial. Neurology. 2003;60(8):1274-83. 
1725. Lesser H, Sharma U, LaMoreaux L, Poole RM. Pregabalin relieves symptoms of painful diabetic 
neuropathy: a randomized controlled trial. Neurology. 2004;63(11):2104-10. 
1726. McCleane G. Does gabapentin have an analgestic effect on background, movement and referred pain? A 
randomized, double-blind, placebo controlled study. Pain Clinic. 2001;13(2):103-7. 
1727. Richter RW, Portenoy R, Sharma U, Lamoreaux L, Bockbrader H, Knapp LE. Relief of painful diabetic 
peripheral neuropathy with pregabalin: a randomized, placebo-controlled trial. J Pain. 2005;6(4):253-60. 
1728. Yaksi A, Ozgonenel L, Ozgonenel B. The efficiency of gabapentin therapy in patients with lumbar spinal 
stenosis. Spine (Phila Pa 1976). 2007;32(9):939-42. 
1729. Beniczky S, Tajti J, Timea Varga E, Vecsei L. Evidence-based pharmacological treatment of neuropathic 
pain syndromes. J Neural Transm. 2005;112(6):735-49. 
1730. Sharma A, Williams K, Raja SN. Advances in treatment of complex regional pain syndrome: recent insights 
on a perplexing disease. Curr Opin Anaesthesiol. 2006;19(5):566-72. 



Copyright ©2020 Reed Group, Ltd.  Page | 252 
 

1731. Deyo RA, Walsh NE, Martin DC, Schoenfeld LS, Ramamurthy S. A controlled trial of transcutaneous 
electrical nerve stimulation (TENS) and exercise for chronic low back pain. N Engl J Med. 1990;322(23):1627-34. 
1732. Browning R, Jackson JL, O'Malley PG. Cyclobenzaprine and back pain: a meta-analysis. Arch Intern Med. 
2001;161(13):1613-20. 
1733. Krismer M, van Tulder M. Low back pain (non-specific). Best Prac Res Clin Rheumatol. 2007;21(1):77-91. 
1734. Hale ME, Dvergsten C, Gimbel J. Efficacy and safety of oxymorphone extended release in chronic low 
back pain: results of a randomized, double-blind, placebo- and active-controlled phase III study. J Pain. 
2005;6(1):21-8. 
1735. Kjaersgaard-Andersen P, Nafei A, Skov O, et al. Codeine plus paracetamol versus paracetamol in longer-
term treatment of chronic pain due to osteoarthritis of the hip. A randomised, double-blind, multi-centre study. Pain. 
1990;43(3):309-18. 
1736. Peloso PM, Fortin L, Beaulieu A, Kamin M, Rosenthal N. Analgesic efficacy and safety of tramadol/ 
acetaminophen combination tablets (Ultracet) in treatment of chronic low back pain: a multicenter, outpatient, 
randomized, double blind, placebo controlled trial. J Rheumatol. 2004;31(12):2454-63. 
1737. Ruoff GE, Rosenthal N, Jordan D, Karim R, Kamin M. Tramadol/acetaminophen combination tablets for the 
treatment of chronic lower back pain: a multicenter, randomized, double-blind, placebo-controlled outpatient study. 
Clin Ther. 2003;25(4):1123-41. 
1738. Schnitzer TJ, Gray WL, Paster RZ, Kamin M. Efficacy of tramadol in treatment of chronic low back pain. J 
Rheumatol. 2000;27(3):772-8. 
1739. Simpson DM, Messina J, Xie F, Hale M. Fentanyl buccal tablet for the relief of breakthrough pain in opioid-
tolerant adult patients with chronic neuropathic pain: a multicenter, randomized, double-blind, placebo-controlled 
study. Clin Ther. 2007;29(4):588-601. 
1740. Perrot S, Krause D, Crozes P, Naim C. Efficacy and tolerability of paracetamol/tramadol (325 mg/37.5 mg) 
combination treatment compared with tramadol (50 mg) monotherapy in patients with subacute low back pain: a 
multicenter, randomized, double-blind, parallel-group, 10-day treatment study. Clin Ther. 2006;28(10):1592-606. 
1741. Veenema KR, Leahey N, Schneider S. Ketorolac versus meperidine: ED treatment of severe 
musculoskeletal low back pain. Am J Emerg Med. 2000;18(4):404-7. 
1742. Centers for Disease Control and Prevention. Adult Use of Prescription Opioid Pain Medications --- Utah, 
2008. MMWR. 2010;59(6):153-7. 
1743. Ceccherelli F, Rigoni MT, Gagliardi G, Ruzzante L. Comparison of superficial and deep acupuncture in the 
treatment of lumbar myofascial pain: a double-blind randomized controlled study. Clin J Pain. 2002;18(3):149-53. 
1744. Ceccherelli F, Tortora P, Nassimbeni C, Casale R, Gagliardi G, Giron G. The therapeutic efficacy of 
somatic acupuncture is not increased by auriculotherapy: a randomised, blind control study in cervical myofascial 
pain. Complement Ther Med. 2006;14(1):47-52. 
1745. Fu ZH, Wang JH, Sun JH, Chen XY, Xu JG. Fu's subcutaneous needling: possible clinical evidence of the 
subcutaneous connective tissue in acupuncture. J Altern Complement Med. 2007;13(1):47-51. 
1746. Itoh K, Katsumi Y, Hirota S, Kitakoji H. Randomised trial of trigger point acupuncture compared with other 
acupuncture for treatment of chronic neck pain. Complement Ther Med. 2007;15(3):172-9. 
1747. Ceccherelli F, Bordin M, Gagliardi G, Caravello M. Comparison between superficial and deep acupuncture 
in the treatment of the shoulder's myofascial pain: a randomized and controlled study. Acupunct Electrother Res. 
2001;26(4):229-38. 
1748. Ilbuldu E, Cakmak A, Disci R, Aydin R. Comparison of laser, dry needling, and placebo laser treatments in 
myofascial pain syndrome. Photomed Laser Surg. 2004;22(4):306-11. 
1749. Nadler SF, Feinberg JH, Reisman S, et al. Effect of topical heat on electromyographic power density 
spectrum in subjects with myofascial pain and normal controls: a pilot study. Am J Phys Med Rehabil. 
2001;80(11):809-15. 
1750. Koes BW, Bouter LM, van Mameren H, et al. A randomized clinical trial of manual therapy and 
physiotherapy for persistent back and neck complaints: subgroup analysis and relationship between outcome 
measures. J Manipulative Physiol Ther. 1993;16(4):211-9. 
1751. Koes BW, Bouter LM, van Mameren H, et al. Randomised clinical trial of manipulative therapy and 
physiotherapy for persistent back and neck complaints: results of one year follow up. BMJ. 1992;304(6827):601-5. 
1752. Koes BW, Bouter LM, van Mameren H, et al. The effectiveness of manual therapy, physiotherapy, and 
treatment by the general practitioner for nonspecific back and neck complaints. A randomized clinical trial. Spine 
(Phila Pa 1976). 1992;17(1):28-35. 
1753. Koes BW, Bouter LM, van Mameren H, et al. A blinded randomized clinical trial of manual therapy and 
physiotherapy for chronic back and neck complaints: physical outcome measures. J Manipulative Physiol Ther. 
1992;15(1):16-23. 



Copyright ©2020 Reed Group, Ltd.  Page | 253 
 

1754. Sweetman B, Heinrich I, Anderson J. A randomized controlled trial of exercises, short wave diathermy, and 
traction for low back pain, with evidence of diagnosis-related response to treatment J Orthopaedic Rheumatology. 
1993;6159-66. 
1755. Majlesi J, Unalan H. High-power pain threshold ultrasound technique in the treatment of active myofascial 
trigger points: a randomized, double-blind, case-control study. Arch Phys Med Rehabil. 2004;85(5):833-6. 
1756. Gur A, Sarac AJ, Cevik R, Altindag O, Sarac S. Efficacy of 904 nm gallium arsenide low level laser therapy 
in the management of chronic myofascial pain in the neck: a double-blind and randomize-controlled trial. Lasers 
Surg Med. 2004;35(3):229-35. 
1757. Dundar U, Evcik D, Samli F, Pusak H, Kavuncu V. The effect of gallium arsenide aluminum laser therapy in 
the management of cervical myofascial pain syndrome: a double blind, placebo-controlled study. Clin Rheumatol. 
2007;26(6):930-4. 
1758. Altan L, Bingol U, Aykac M, Yurtkuran M. Investigation of the effect of GaAs laser therapy on cervical 
myofascial pain syndrome. Rheumatol Int. 2005;25(1):23-7. 
1759. Waylonis G, Wilke S, O’Toole D, et al. Chronic myofascial pain: management by low-output helium-neon 
laser therapy. Arch Phys Med Rehabil. 1988;69(12):1017-20. 
1760. Bronfort G, Assendelft WJ, Evans R, Haas M, Bouter L. Efficacy of spinal manipulation for chronic 
headache: a systematic review. J Manipulative Physiol Ther. 2001;24(7):457-66. 
1761. Cleland JA, Glynn P, Whitman JM, Eberhart SL, MacDonald C, Childs JD. Short-term effects of thrust 
versus nonthrust mobilization/manipulation directed at the thoracic spine in patients with neck pain: a randomized 
clinical trial. Phys Ther. 2007;87(4):431-40. 
1762. Giles LG, Muller R. Chronic spinal pain: a randomized clinical trial comparing medication, acupuncture, and 
spinal manipulation. Spine (Phila Pa 1976). 2003;28(14):1490-502; discussion 502-3. 
1763. Hurwitz EL, Morgenstern H, Harber P, Kominski GF, Yu F, Adams AH. A randomized trial of chiropractic 
manipulation and mobilization for patients with neck pain: clinical outcomes from the UCLA neck-pain study. Am J 
Public Health. 2002;92(10):1634-41. 
1764. Skargren EI, Oberg BE, Carlsson PG, Gade M. Cost and effectiveness analysis of chiropractic and 
physiotherapy treatment for low back and neck pain. Six-month follow-up. Spine (Phila Pa 1976). 
1997;22(18):2167-77. 
1765. Sloop PR, Smith DS, Goldenberg E, Dore C. Manipulation for chronic neck pain. A double-blind controlled 
study. Spine (Phila Pa 1976). 1982;7(6):532-5. 
1766. van Schalkwyk R, Parkin-Smith G. A clinical trial investigating the possible effect of the supine cervical 
rotatory manipulation and the supine lateral break manipulation in the treatment of mechanical neck pain: a pilot 
study. J Manipulative Physiol Ther. 2000;23(5):324-31. 
1767. Wood TG, Colloca CJ, Matthews R. A pilot randomized clinical trial on the relative effect of instrumental 
(MFMA) versus manual (HVLA) manipulation in the treatment of cervical spine dysfunction. J Manipulative Physiol 
Ther. 2001;24(4):260-71. 
1768. Ferrell BA, Josephson KR, Pollan AM, Loy S, Ferrell BR. A randomized trial of walking versus physical 
methods for chronic pain management. Aging (Milano). 1997;9(1-2):99-105. 
1769. Werners R, Pynsent PB, Bulstrode CJ. Randomized trial comparing interferential therapy with motorized 
lumbar traction and massage in the management of low back pain in a primary care setting. Spine (Phila Pa 1976). 
1999;24(15):1579-84. 
1770. Cen S, Loy S, Sletten E, et al. The effect of traditional Chinese Therapeutic Massage on individuals with 
neck pain. Clin Acupunct Oriental Med. 2003;488-93. 
1771. Hsieh CY, Phillips RB, Adams AH, Pope MH. Functional outcomes of low back pain: comparison of four 
treatment groups in a randomized controlled trial. J Manipulative Physiol Ther. 1992;15(1):4-9. 
1772. Irnich D, Behrens N, Molzen H, et al. Randomised trial of acupuncture compared with conventional 
massage and "sham" laser acupuncture for treatment of chronic neck pain. BMJ. 2001;322(7302):1574-8. 
1773. Hasson D, Arnetz B, Jelveus L, Edelstam B. A randomized clinical trial of the treatment effects of massage 
compared to relaxation tape recordings on diffuse long-term pain. Psychother Psychosom. 2004;73(1):17-24. 
1774. Cherkin DC, Eisenberg D, Sherman KJ, et al. Randomized trial comparing traditional Chinese medical 
acupuncture, therapeutic massage, and self-care education for chronic low back pain. Arch Intern Med. 
2001;161(8):1081-8. 
1775. Gemignani G, Olivieri I, Ruju G, Pasero G. Transcutaneous electrical nerve stimulation in ankylosing 
spondylitis: a double-blind study. Arthritis Rheum. 1991;34(6):788-9. 
1776. Khadilkar A, Milne S, Brosseau L, et al. . Transcutaneous electrical nerve stimulation (TENS) for chronic 
low-back pain. Cochrane Database Syst Rev. 2005;3(CD003008). 
1777. Long D. Fifteen years of transcutaneous electrical stimulation for pain control. Stereotact Funct Neurosurg. 
1991;562-19. 



Copyright ©2020 Reed Group, Ltd.  Page | 254 
 

1778. Richardson R, Arbit J, Siqueira E, Zagar R. Transcutaneous electrical neurostimulation in functional pain. 
Spine (Phila Pa 1976). 1981;6(2):185-8. 
1779. van Tulder M, Koes B, Malmivaara A. Outocme of non-invasive treatment modalities on back pain: an 
evidence-based review. Eur Spine J. 2006;15(Suppl 1):S64-81. 
1780. Shealy C. Transcutaneous electrical nerve stimulation: the treatment of choice for pain and depression. J 
Altern Complement Med. 2003;9(5):619-23. 
1781. Robinson A. Transcutaneous electrical nerve stimulation for the control of pain in musculoskeletal 
disorders. J Orthop Sports Phys Ther. 1996;24(4):208-26. 
1782. Hsueh TC, Cheng PT, Kuan TS, Hong CZ. The immediate effectiveness of electrical nerve stimulation and 
electrical muscle stimulation on myofascial trigger points. Am J Phys Med Rehabil. 1997;76(6):471-6. 
1783. Chee EK, Walton H. Treatment of trigger points with microamperage transcutaneous electrical nerve 
stimulation (TENS)--(the Electro-Acuscope 80). J Manipulative Physiol Ther. 1986;9(2):131-4. 
1784. Bloodworth DM, Nguyen BN, Garver W, et al. Comparison of stochastic vs. conventional transcutaneous 
electrical stimulation for pain modulation in patients with electromyographically documented radiculopathy. Am J 
Phys Med Rehabil. 2004;83(8):584-91. 
1785. Chiu TT, Hui-Chan CW, Chein G. A randomized clinical trial of TENS and exercise for patients with chronic 
neck pain. Clin Rehabil. 2005;19(8):850-60. 
1786. Jarzem P, Harvey E, Arcaro N, Kaczorowski J. Transcutaneous electrical nerve stimulation [TENS] for 
short-term treatment of low back pain - randomized double blind crossover study of sham versus conventional 
TENS. J Musculoskeletal Pain. 2005;13(2):11-7. 
1787. Koke AJ, Schouten JS, Lamerichs-Geelen MJ, et al. Pain reducing effect of three types of transcutaneous 
electrical nerve stimulation in patients with chronic pain: a randomized crossover trial. Pain. 2004;108(1-2):36-42. 
1788. Oosterhof J, de Boo T, Oostendorp R, et al. . Outcome of transcutaneous electrical nerve stimulation in 
chronic pain: short-term results of a double-blind, randomized placebo-controlled trial. J Headache Pain. 
2006;7196-205. 
1789. Oosterhof J, Samwel H, de Boo T, et al. . Predicting outcome of TENS in chronic pain: a prospective, 
randomized, placebo controlled trial. Pain. 2008;136(1-2):11-20. 
1790. Vitiello AL, Bonello R, Pollard H. The effectiveness of ENAR for the treatment of chronic neck pain in 
Australian adults: a preliminary single-blind, randomised controlled trial. Chiropr Osteopat. 2007;159. 
1791. Han S, Harrison P. Myofascial pain syndrome and trigger-point management. Reg Anesth. 1997;22(1):89-
101. 
1792. Tschopp KP, Gysin C. Local injection therapy in 107 patients with myofascial pain syndrome of the head 
and neck. ORL J Otorhinolaryngol Relat Spec. 1996;58(6):306-10. 
1793. Acute and Chronic Low Back Pain. Effective Health Care. York, UK: Centre for Reviews and 
Dissemination, University of York, Royal Society of Medicine Press; 2000;6(5). 
1794. Porta M. A comparative trial of botulinum toxin type A and methylprednisolone for the treatment of 
myofascial pain syndrome and pain from chronic muscle spasm. Pain. 2000;85(1-2):101-5. 
1795. Ojala T, Arokoski JP, Partanen J. The effect of small doses of botulinum toxin a on neck-shoulder 
myofascial pain syndrome: a double-blind, randomized, and controlled crossover trial. Clin J Pain. 2006;22(1):90-6. 
1796. Kamanli A, Kaya A, Ardicoglu O, Ozgocmen S, Zengin FO, Bayik Y. Comparison of lidocaine injection, 
botulinum toxin injection, and dry needling to trigger points in myofascial pain syndrome. Rheumatol Int. 
2005;25(8):604-11. 
1797. Wheeler AH, Goolkasian P, Gretz SS. Botulinum toxin A for the treatment of chronic neck pain. Pain. 
2001;94(3):255-60. 
1798. Byrn C, Olsson I, Falkheden L, et al. Subcutaneous sterile water injections for chronic neck and shoulder 
pain following whiplash injuries. Lancet. 1993;341(8843):449-52. 
1799. Sonne M, Christensen K, Hansen SE, Jensen EM. Injection of steroids and local anaesthetics as therapy 
for low-back pain. Scand J Rheumatol. 1985;14(4):343-5. 
1800. Graboski CL, Gray DS, Burnham RS. Botulinum toxin A versus bupivacaine trigger point injections for the 
treatment of myofascial pain syndrome: a randomised double blind crossover study. Pain. 2005;118(1-2):170-5. 
1801. Hameroff SR, Crago BR, Blitt CD, Womble J, Kanel J. Comparison of bupivacaine, etidocaine, and saline 
for trigger-point therapy. Anesth Analg. 1981;60(10):752-5. 
1802. Iwama H, Akama Y. The superiority of water-diluted 0.25% to neat 1% lidocaine for trigger-point injections 
in myofascial pain syndrome: a prospective, randomized, double-blinded trial. Anesth Analg. 2000;91(2):408-9. 
1803. Iwama H, Ohmori S, Kaneko T, Watanabe K. Water-diluted local anesthetic for trigger-point injection in 
chronic myofascial pain syndrome: evaluation of types of local anesthetic and concentrations in water. Reg Anesth 
Pain Med. 2001;26(4):333-6. 



Copyright ©2020 Reed Group, Ltd.  Page | 255 
 

1804. Garvey TA, Marks MR, Wiesel SW. A prospective, randomized, double-blind evaluation of trigger-point 
injection therapy for low-back pain. Spine (Phila Pa 1976). 1989;14(9):962-4. 
1805. Collee G, Dijkmans BA, Vandenbroucke JP, Cats A. Iliac crest pain syndrome in low back pain. A double 
blind, randomized study of local injection therapy. J Rheumatol. 1991;18(7):1060-3. 
1806. Ferrante FM, Bearn L, Rothrock R, King L. Evidence against trigger point injection technique for the 
treatment of cervicothoracic myofascial pain with botulinum toxin type A. Anesthesiology. 2005;103(2):377-83. 
1807. Gobel H, Heinze A, Reichel G, Hefter H, Benecke R. Efficacy and safety of a single botulinum type A toxin 
complex treatment (Dysport) for the relief of upper back myofascial pain syndrome: results from a randomized 
double-blind placebo-controlled multicentre study. Pain. 2006;125(1-2):82-8. 
1808. Qerama E, Fuglsang-Frederiksen A, Kasch H, Bach FW, Jensen TS. A double-blind, controlled study of 
botulinum toxin A in chronic myofascial pain. Neurology. 2006;67(2):241-5. 
1809. Richards BA, Jensen. A double-blind, controlled study of botulinum toxin A in chronic myofascial pain. 
Neurology. 2007;68(12):963; author reply -4. 
1810. Benecke R, Jost WH, Kanovsky P, Ruzicka E, Comes G, Grafe S. A new botulinum toxin type A free of 
complexing proteins for treatment of cervical dystonia. Neurology. 2005;64(11):1949-51. 
1811. Brans JW, Lindeboom R, Aramideh M, Speelman JD. Long-term effect of botulinum toxin on impairment 
and functional health in cervical dystonia. Neurology. 1998;50(5):1461-3. 
1812. Brans JW, Lindeboom R, Snoek JW, et al. Botulinum toxin versus trihexyphenidyl in cervical dystonia: a 
prospective, randomized, double-blind controlled trial. Neurology. 1996;46(4):1066-72. 
1813. Brashear A, Ambrosius WT, Eckert GJ, Siemers ER. Comparison of treatment of tardive dystonia and 
idiopathic cervical dystonia with botulinum toxin type A. Mov Disord. 1998;13(1):158-61. 
1814. Brin MF, Lew MF, Adler CH, et al. Safety and efficacy of NeuroBloc (botulinum toxin type B) in type A-
resistant cervical dystonia. Neurology. 1999;53(7):1431-8. 
1815. Comella CL, Jankovic J, Shannon KM, et al. Comparison of botulinum toxin serotypes A and B for the 
treatment of cervical dystonia. Neurology. 2005;65(9):1423-9. 
1816. Laubis-Herrmann U, Fries K, Topka H. Low-dose botulinum toxin-a treatment of cervical dystonia - a 
double-blind, randomized pilot study. Eur Neurol. 2002;47(4):214-21. 
1817. Lew MF, Adornato BT, Duane DD, et al. Botulinum toxin type B: a double-blind, placebo-controlled, safety 
and efficacy study in cervical dystonia. Neurology. 1997;49(3):701-7. 
1818. Lew MF, Brashear A, Factor S. The safety and efficacy of botulinum toxin type B in the treatment of 
patients with cervical dystonia: summary of three controlled clinical trials. Neurology. 2000;55(12 Suppl 5):S29-35. 
1819. Lu CS, Chen RS, Tsai CH. Double-blind, placebo-controlled study of botulinum toxin injections in the 
treatment of cervical dystonia. J Formos Med Assoc. 1995;94(4):189-92. 
1820. Naumann M, Yakovleff A, Durif F. A randomized, double-masked, crossover comparison of the efficacy and 
safety of botulinum toxin type A produced from the original bulk toxin source and current bulk toxin source for the 
treatment of cervical dystonia. J Neurol. 2002;249(1):57-63. 
1821. Odergren T, Hjaltason H, Kaakkola S, et al. A double blind, randomised, parallel group study to investigate 
the dose equivalence of Dysport and Botox in the treatment of cervical dystonia. J Neurol Neurosurg Psychiatry. 
1998;64(1):6-12. 
1822. Ostergaard L, Fuglsang-Frederiksen A, Werdelin L, Sjo O, Winkel H. Quantitative EMG in botulinum toxin 
treatment of cervical dystonia. A double-blind, placebo-controlled study. Electroencephalogr Clin Neurophysiol. 
1994;93(6):434-9. 
1823. Pappert EJ, Germanson T. Botulinum toxin type B vs. type A in toxin-naive patients with cervical dystonia: 
Randomized, double-blind, noninferiority trial. Mov Disord. 2008;23(4):510-7. 
1824. Poewe W, Deuschl G, Nebe A, et al. What is the optimal dose of botulinum toxin A in the treatment of 
cervical dystonia? Results of a double blind, placebo controlled, dose ranging study using Dysport. German 
Dystonia Study Group. J Neurol Neurosurg Psychiatry. 1998;64(1):13-7. 
1825. Ranoux D, Attal N, Morain F, Bouhassira D. Botulinum toxin type A induces direct analgesic effects in 
chronic neuropathic pain. Ann Neurol. 2008;64(3):274-83. 
1826. Tassorelli C, Mancini F, Balloni L, et al. Botulinum toxin and neuromotor rehabilitation: An integrated 
approach to idiopathic cervical dystonia. Mov Disord. 2006;21(12):2240-3. 
1827. Truong D, Duane DD, Jankovic J, et al. Efficacy and safety of botulinum type A toxin (Dysport) in cervical 
dystonia: results of the first US randomized, double-blind, placebo-controlled study. Mov Disord. 2005;20(7):783-
91. 
1828. Blackie JD, Lees AJ. Botulinum toxin treatment in spasmodic torticollis. J Neurol Neurosurg Psychiatry. 
1990;53(8):640-3. 
1829. Gelb DJ, Lowenstein DH, Aminoff MJ. Controlled trial of botulinum toxin injections in the treatment of 
spasmodic torticollis. Neurology. 1989;39(1):80-4. 



Copyright ©2020 Reed Group, Ltd.  Page | 256 
 

1830. Greene P, Kang U, Fahn S, Brin M, Moskowitz C, Flaster E. Double-blind, placebo-controlled trial of 
botulinum toxin injections for the treatment of spasmodic torticollis. Neurology. 1990;40(8):1213-8. 
1831. Koller W, Vetere-Overfield B, Gray C, Dubinsky R. Failure of fixed-dose, fixed muscle injection of botulinum 
toxin in torticollis. Clin Neuropharmacol. 1990;13(4):355-8. 
1832. Lorentz IT, Subramaniam SS, Yiannikas C. Treatment of idiopathic spasmodic torticollis with botulinum 
toxin A: a double-blind study on twenty-three patients. Mov Disord. 1991;6(2):145-50. 
1833. Moore AP, Blumhardt LD. A double blind trial of botulinum toxin "A" in torticollis, with one year follow up. J 
Neurol Neurosurg Psychiatry. 1991;54(9):813-6. 
1834. Tsui JK, Eisen A, Stoessl AJ, Calne S, Calne DB. Double-blind study of botulinum toxin in spasmodic 
torticollis. Lancet. 1986;2(8501):245-7. 
1835. Evers S, Vollmer-Haase J, Schwaag S, Rahmann A, Husstedt IW, Frese A. Botulinum toxin A in the 
prophylactic treatment of migraine--a randomized, double-blind, placebo-controlled study. Cephalalgia. 
2004;24(10):838-43. 
1836. Charles PD. Botulinum neurotoxin serotype A: a clinical update on non-cosmetic uses. Am J Health Syst 
Pharm. 2004;61(22 Suppl 6):S11-23. 
1837. Wittekindt C, Liu WC, Preuss SF, Guntinas-Lichius O. Botulinum toxin A for neuropathic pain after neck 
dissection: a dose-finding study. Laryngoscope. 2006;116(7):1168-71. 
1838. Naumann M, Lowe NJ. Botulinum toxin type A in treatment of bilateral primary axillary hyperhidrosis: 
randomised, parallel group, double blind, placebo controlled trial. BMJ. 2001;323(7313):596-9. 
1839. De Andres J, Cerda-Olmedo G, Valia JC, Monsalve V, Lopez A, Minguez A. Use of botulinum toxin in the 
treatment of chronic myofascial pain. Clin J Pain. 2003;19(4):269-75. 
1840. Porta M, Maggioni G. Botulinum toxin (BoNT) and back pain. J Neurol. 2004;251 Suppl 1I15-8. 
1841. Braker C, Yariv S, Adler R, Badarny S, Eisenberg E. The analgesic effect of botulinum-toxin A on 
postwhiplash neck pain. Clin J Pain. 2008;24(1):5-10. 
1842. Cheshire WP, Abashian SW, Mann JD. Botulinum toxin in the treatment of myofascial pain syndrome. Pain. 
1994;59(1):65-9. 
1843. Freund BJ, Schwartz M. Treatment of whiplash associated neck pain [corrected] with botulinum toxin-A: a 
pilot study. J Rheumatol. 2000;27(2):481-4. 
1844. Freund BJ, Schwartz M. Relief of tension-type headache symptoms in subjects with temporomandibular 
disorders treated with botulinum toxin-A. Headache. 2002;42(10):1033-7. 
1845. Lew HL, Lee EH, Castaneda A, Klima R, Date E. Therapeutic use of botulinum toxin type A in treating neck 
and upper-back pain of myofascial origin: a pilot study. Arch Phys Med Rehabil. 2008;89(1):75-80. 
1846. Silberstein SD, Gobel H, Jensen R, et al. Botulinum toxin type A in the prophylactic treatment of chronic 
tension-type headache: a multicentre, double-blind, randomized, placebo-controlled, parallel-group study. 
Cephalalgia. 2006;26(7):790-800. 
1847. Wheeler AH, Goolkasian P, Gretz SS. A randomized, double-blind, prospective pilot study of botulinum 
toxin injection for refractory, unilateral, cervicothoracic, paraspinal, myofascial pain syndrome. Spine (Phila Pa 
1976). 1998;23(15):1662-6; discussion 7. 
1848. Li M, Goldberger BA, Hopkins C. Fatal case of BOTOX-related anaphylaxis? J Forensic Sci. 
2005;50(1):169-72. 
1849. Argoff CE. The use of botulinum toxins for chronic pain and headaches. Curr Treat Options Neurol. 
2003;5(6):483-92. 
1850. Difazio M, Jabbari B. A focused review of the use of botulinum toxins for low back pain. Clin J Pain. 
2002;18(6 Suppl):S155-62. 
1851. Altmaier EM, Lehmann TR, Russell DW, Weinstein JN, Kao CF. The effectiveness of psychological 
interventions for the rehabilitation of low back pain: a randomized controlled trial evaluation. Pain. 1992;49(3):329-
35. 
1852. Asfour SS, Khalil TM, Waly SM, Goldberg ML, Rosomoff RS, Rosomoff HL. Biofeedback in back muscle 
strengthening. Spine (Phila Pa 1976). 1990;15(6):510-3. 
1853. Bush C, Ditto B, Feuerstein M. A controlled evaluation of paraspinal EMG biofeedback in the treatment of 
chronic low back pain. Health Psychol. 1985;4(4):307-21. 
1854. Donaldson S, Romney D, Donaldson M, Skubick D. Randomized study of the application of single motor 
unit biofeedback training to chronic low back pain. J Occup Rehabil. 1994;4(1):23-37. 
1855. Fechter JD, Kuschner SH. The thoracic outlet syndrome. Orthopedics. 1993;16(11):1243-51. 
1856. Huang JH, Zager EL. Thoracic outlet syndrome. Neurosurgery. 2004;55(4):897-902; discussion -3. 
1857. Peet RM, Henriksen JD, Anderson TP, Martin GM. Thoracic-outlet syndrome: evaluation of a therapeutic 
exercise program. Proc Staff Meet Mayo Clin. 1956;31(9):281-7. 
1858. Roos DB. The thoracic outlet syndrome is underrated. Arch Neurol. 1990;47(3):327-8. 



Copyright ©2020 Reed Group, Ltd.  Page | 257 
 

1859. Wilbourn AJ. Thoracic outlet syndrome is overdiagnosed. Muscle Nerve. 1999;22(1):130-6; discussion 6-7. 
1860. Campbell JN, Naff NJ, Dellon AL. Thoracic outlet syndrome. Neurosurgical perspective. Neurosurg Clin N 
Am. 1991;2(1):227-33. 
1861. Juvonen T, Satta J, Laitala P, Luukkonen K, Nissinen J. Anomalies at the thoracic outlet are frequent in the 
general population. Am J Surg. 1995;170(1):33-7. 
1862. Rob CG, Standeven A. Arterial occlusion complicating thoracic outlet compression syndrome. Br Med J. 
1958;2(5098):709-12. 
1863. Roos DB. Experience with first rib resection for thoracic outlet syndrome. Ann Surg. 1971;173(3):429-42. 
1864. Roos DB. Edgar J. Poth Lecture. Thoracic outlet syndromes: update 1987. Am J Surg. 1987;154(6):568-73. 
1865. Sanders RJ, Haug CE, Pearce WH. Recurrent thoracic outlet syndrome. J Vasc Surg. 1990;12(4):390-8; 
discussion 8-400. 
1866. Huges E. Venous obstruction in upper extremity. Brit J Surg. 1948;36155-63. 
1867. Perler BA, Mitchell SE. Percutaneous transluminal angioplasty and transaxillary first rib resection. A 
multidisciplinary approach to the thoracic outlet syndrome. Am Surg. 1986;52(9):485-8. 
1868. Schubart P, Haeberlin J, Porter J. Intermittent subclavian venous obstruction: utility of venous pressure 
gradients. Surgery. 1986;99(3):365-8. 
1869. Wilbourn AJ. Thoracic outlet syndrome surgery causing severe brachial plexopathy. Muscle Nerve. 
1988;11(1):66-74. 
1870. Atasoy E. Thoracic outlet compression syndrome. Orthop Clin North Am. 1996;27(2):265-303. 
1871. Kaymak B, Ozcakar L, Oguz AK, Arsava M, Ozdol C. A novel finding in thoracic outlet syndrome: 
tachycardia. Joint Bone Spine. 2004;71(5):430-2. 
1872. Ozcakar L, Inanici F, Kaymak B, Abali G, Cetin A, Hascelik Z. Quantification of the weakness and fatigue in 
thoracic outlet syndrome with isokinetic measurements. Br J Sports Med. 2005;39(3):178-81. 
1873. Alexandre A, Coro L, Azuelos A, Pellone M. Thoracic outlet syndrome due to hyperextension-hyperflexion 
cervical injury. Acta Neurochir Suppl. 2005;9221-4. 
1874. Crotti FM, Carai A, Carai M, et al. TOS pathophysiology and clinical features. Acta Neurochir Suppl. 
2005;927-12. 
1875. Iwuagwu OC, Bajalan AA, Platt AJ, Stanley PR, Drew PJ. Effects of reduction mammoplasty on upper-limb 
nerve conduction across the thoracic outlet in women with macromastia: a prospective randomized study. Ann 
Plast Surg. 2005;55(5):445-8. 
1876. Yoo MJ, Seo JB, Kim JP, Lee JH. Surgical treatment of thoracic outlet syndrome secondary to clavicular 
malunion. Clin Orthop Surg. 2009;1(1):54-7. 
1877. Pang D, Wessel HB. Thoracic outlet syndrome. Neurosurgery. 1988;22(1 Pt 1):105-21. 
1878. Parziale JR, Akelman E, Weiss AP, Green A. Thoracic outlet syndrome. Am J Orthop (Belle Mead NJ). 
2000;29(5):353-60. 
1879. Povlsen B, Belzberg A, Hansson T, Dorsi M. Treatment for thoracic outlet syndrome. Cochrane Database 
Syst Rev. 2010(1):CD007218. 
1880. Vanti C, Natalini L, Romeo A, Tosarelli D, Pillastrini P. Conservative treatment of thoracic outlet syndrome. 
A review of the literature. Eura Medicophys. 2007;43(1):55-70. 
1881. Mackinnon SE, Patterson GA, Novak CB. Thoracic outlet syndrome: a current overview. Semin Thorac 
Cardiovasc Surg. 1996;8(2):176-82. 
1882. Muscolino JE. Upper extremity paraesthesia: clinical assessment and reasoning. J Bodyw Mov Ther. 
2008;12(3):268-73. 
1883. Plewa MC, Delinger M. The false-positive rate of thoracic outlet syndrome shoulder maneuvers in healthy 
subjects. Acad Emerg Med. 1998;5(4):337-42. 
1884. Sadeghi-Azandaryani M, Burklein D, Ozimek A, et al. Thoracic outlet syndrome: do we have clinical tests 
as predictors for the outcome after surgery? Eur J Med Res. 2009;14(10):443-6. 
1885. Demirbag D, Unlu E, Ozdemir F, et al. The relationship between magnetic resonance imaging findings and 
postural maneuver and physical examination tests in patients with thoracic outlet syndrome: results of a double-
blind, controlled study. Arch Phys Med Rehabil. 2007;88(7):844-51. 
1886. Tolson TD. "EMG" for thoracic outlet syndrome. Hand Clin. 2004;20(1):37-42, vi. 
1887. Sanders RJ, Hammond SL, Rao NM. Thoracic outlet syndrome: a review. Neurologist. 2008;14(6):365-73. 
1888. Franklin GM, Fulton-Kehoe D, Bradley C, Smith-Weller T. Outcome of surgery for thoracic outlet syndrome 
in Washington state workers' compensation. Neurology. 2000;54(6):1252-7. 
1889. Goff CD, Parent FN, Sato DT, et al. A comparison of surgery for neurogenic thoracic outlet syndrome 
between laborers and nonlaborers. Am J Surg. 1998;176(2):215-8. 
1890. Green RM, McNamara J, Ouriel K. Long-term follow-up after thoracic outlet decompression: an analysis of 
factors determining outcome. J Vasc Surg. 1991;14(6):739-45; discussion 45-6. 



Copyright ©2020 Reed Group, Ltd.  Page | 258 
 

1891. Jamieson WG, Chinnick B. Thoracic outlet syndrome: fact or fancy? A review of 409 consecutive patients 
who underwent operation. Can J Surg. 1996;39(4):321-6. 
1892. Sultan S, Evoy D, Eldin AS, Eldeeb M, Elmehairy N. Atraumatic acute upper limb ischemia: a series of 64 
patients in a Middle East tertiary vascular center and literature review. Vasc Surg. 2001;35(3):181-97. 
1893. Adams J, McEvoy R, DeWeese J. Primary deep venous thrombosis of upper extremity. Arch Surg. 
1965;9129-42. 
1894. Ameli FM, Minas T, Weiss M, Provan JL. Consequences of "conservative" conventional management of 
axillary vein thrombosis. Can J Surg. 1987;30(3):167-9. 
1895. Brochner G, Rojas M, Armas AJ, et al. Axillary-subclavian venous thrombosis. J Cardiovasc Surg (Torino). 
1989;30(1):108-11. 
1896. Campbell CB, Chandler JG, Tegtmeyer CJ, Bernstein EF. Axillary, subclavian, and brachiocephalic vein 
obstruction. Surgery. 1977;82(6):816-26. 
1897. Dalal AR, Pitney WR. Primary thrombosis of the axillary-subclavian veins. Med J Aust. 1972;1(13):633-4. 
1898. Drapanas T, Curran WL. Thrombectomy in the treatment of "effort" thrombosis of the axillary and 
subclavian veins. J Trauma. 1966;6(1):107-19. 
1899. Gloviczki P, Kazmier R, Hollier L. Axillary-subclavian venous occlusion. J Vasc Surg. 1986;4333-7. 
1900. Prescott SM, Tikoff G. Deep venous thrombosis of the upper extremity: a reappraisal. Circulation. 
1979;59(2):350-5. 
1901. Swinton NW, Jr., Edgett JW, Jr., Hall RJ. Primary subclavian-axillary vein thrombosis. Circulation. 
1968;38(4):737-45. 
1902. Tilney ML, Griffiths HJ, Edwards EA. Natural history of major venous thrombosis of the upper extremity. 
Arch Surg. 1970;101(6):792-6. 
1903. Becker GJ, Holden RW, Rabe FE, et al. Local thrombolytic therapy for subclavian and axillary vein 
thrombosis. Treatment of the thoracic inlet syndrome. Radiology. 1983;149(2):419-23. 
1904. de León R, Chang D, Hassoun H, et al. Multiple treatment algorithms for successful outcomes in venous 
thoracic outlet syndrome. Surgery. 2009;145(5):500-7. 
1905. Druy E, Trout H, Giordano J, Hix W. Lytic therapy in treatment of axillary and subclavian vein thrombosis. J 
Vasc Surg. 1985;2821-7. 
1906. Huey H, Morris DC, Nichols DM, Connell DG, Fry PD. Low-dose streptokinase thrombolysis of axillary-
subclavian vein thrombosis. Cardiovasc Intervent Radiol. 1987;10(2):92-5. 
1907. Landercasper J, Gall W, Fischer M, et al. Thrombolytic therapy of axillary-subclavian venous thrombosis. 
Arch Surg. 1987;122(9):1072-5. 
1908. O'Leary MR, Smith MS, Druy EM. Diagnostic and therapeutic approach to axillary-subclavian vein 
thrombosis. Ann Emerg Med. 1987;16(8):889-93. 
1909. Shuttleworth RD, van der Merwe DM, Mitchell WL. Subclavian vein stenosis and axillary vein 'effort 
thrombosis'. Age and the first rib bypass collateral, thrombolytic therapy and first rib resection. S Afr Med J. 
1987;71(9):564-6. 
1910. Smith-Behn J, Althar R, Katz W. Primary thrombosis of the axillary/subclavian vein. South Med J. 
1986;79(9):1176-8. 
1911. Taylor LM, Jr., McAllister WR, Dennis DL, Porter JM. Thrombolytic therapy followed by first rib resection for 
spontaneous ("effort") subclavian vein thrombosis. Am J Surg. 1985;149(5):644-7. 
1912. Vogel CM, Jensen JE. "Effort" thrombosis of the subclavian vein in a competitive swimmer. Am J Sports 
Med. 1985;13(4):269-72. 
1913. Wiles PG, Birtwell AJ, Davies JA, Chennells P. Subclavian vein notch: a phlebographic abnormality 
associated with subclavian-axillary vein thrombosis. Br J Hosp Med. 1987;37(4):349-50. 
1914. DeWeese JA, Adams JT, Gaiser DL. Subclavian venous thrombectomy. Circulation. 1970;41(5 
Suppl):II158-64. 
1915. Gaylis H. A rational approach to venous thrombectomy. Surg Gynecol Obstet. 1974;138(6):864-8. 
1916. Dale WA. Thoracic outlet compression syndrome. Critique in 1982. Arch Surg. 1982;117(11):1437-45. 
1917. Degeorges R, Reynaud C, Becquemin JP. Thoracic outlet syndrome surgery: long-term functional results. 
Ann Vasc Surg. 2004;18(5):558-65. 
1918. Mingoli A, Feldhaus RJ, Farina C, et al. Long-term outcome after transaxillary approach for thoracic outlet 
syndrome. Surgery. 1995;118(5):840-4. 
1919. Sanders RJ, Hammond SL. Management of cervical ribs and anomalous first ribs causing neurogenic 
thoracic outlet syndrome. J Vasc Surg. 2002;36(1):51-6. 
1920. Lindgren KA. TOS (thoracic outlet syndrome)--a challenge to conservative treatment. Nord Med. 
1997;112(8):283-7. 



Copyright ©2020 Reed Group, Ltd.  Page | 259 
 

1921. Sharp WJ, Nowak LR, Zamani T, et al. Long-term follow-up and patient satisfaction after surgery for 
thoracic outlet syndrome. Ann Vasc Surg. 2001;15(1):32-6. 
1922. Crosby CA, Wehbe MA. Conservative treatment for thoracic outlet syndrome. Hand Clin. 2004;20(1):43-9, 
vi. 
1923. Nakatsuchi Y, Saitoh S, Hosaka M, Matsuda S. Conservative treatment of thoracic outlet syndrome using 
an orthosis. J Hand Surg Br. 1995;20(1):34-9. 
1924. Anthony M. Thoracic outlet syndrome. In: Clark G, Wilgis E, Aiello B, et al, eds. Hand Rehabilitation: A 
Practical Guide. New York: Churchill Livingstone; 1993:171-86. 
1925. Bilancini S, Lucchi M, Tucci S, Di Rita L. Postural physiotherapy: a possible conservative treatment of the 
thoracic outlet syndrome. Angiologia. 1992;44(2):67-72. 
1926. Buonocore M, Manstretta C, Mazzucchi G, Casale R. The clinical evaluation of conservative treatment in 
patients with the thoracic outlet syndrome. G Ital Med Lav Ergon. 1998;20(4):249-54. 
1927. Hanif S, Tassadaq N, Rathore MF, Rashid P, Ahmed N, Niazi F. Role of therapeutic exercises in 
neurogenic thoracic outlet syndrome. J Ayub Med Coll Abbottabad. 2007;19(4):85-8. 
1928. Kenny RA, Traynor GB, Withington D, Keegan DJ. Thoracic outlet syndrome: a useful exercise treatment 
option. Am J Surg. 1993;165(2):282-4. 
1929. Leffert R. Thoracic outlet syndrome. In: Tubiana R, ed. The Hand. Philadelphia: W.B. Saunders Co; 1991. 
1930. Leffert RD. Thoracic outlet syndrome. J Am Acad Orthop Surg. 1994;2(6):317-25. 
1931. Lindgren KA. Conservative treatment of thoracic outlet syndrome: a 2-year follow-up. Arch Phys Med 
Rehabil. 1997;78(4):373-8. 
1932. Sucher BM. Thoracic outlet syndrome--a myofascial variant: Part 2. Treatment. J Am Osteopath Assoc. 
1990;90(9):810-2, 7-23. 
1933. Liebenson CS. Thoracic outlet syndrome: diagnosis and conservative management. J Manipulative Physiol 
Ther. 1988;11(6):493-9. 
1934. Novak CB, Collins ED, Mackinnon SE. Outcome following conservative management of thoracic outlet 
syndrome. J Hand Surg Am. 1995;20(4):542-8. 
1935. Novak CB, Mackinnon SE. Thoracic outlet syndrome. Orthop Clin North Am. 1996;27(4):747-62. 
1936. Tyson RR, Kaplan GF. Modern concepts of diagnosis and treatment of the thoracic outlet syndrome. 
Orthop Clin North Am. 1975;6(2):507-19. 
1937. Walsh M. Therapist’s management of brachial plexopathies. In: Hunter J, Mackin E, Callahan A, eds. 
Rehabilitation of the Hand and Upper Extremity 5th edition. Philadelphia, PA: Mosby, Inc; 2002:742-61. 
1938. Peng J. 16 cases of scalenus syndrome treated by massage and acupoint-injection. J Tradit Chin Med. 
1999;19(3):218-20. 
1939. Boissonot P, Roubieu A. Criticisms of the Peet gymnastics. Proposal of a new exercise program for the 
patient. Rev Med Interne. 1999;20500-5. 
1940. Gockel M, Lindholm H, Vastamaki M, Lindqvist A, Viljanen A. Cardiovascular functional disorder and 
distress among patients with thoracic outlet syndrome. J Hand Surg Br. 1995;20(1):29-33. 
1941. Aziz S, Straehley CJ, Whelan TJ, Jr. Effort-related axillosubclavian vein thrombosis. A new theory of 
pathogenesis and a plea for direct surgical intervention. Am J Surg. 1986;152(1):57-61. 
1942. Jacobson JH, Haimov M. Venous revascularization of the arm: report of three cases. Surgery. 
1977;81(5):599-604. 
1943. Hashmonai M, Schramek A, Farbstein J. Cephalic vein cross-over bypass for subclavian vein thrombosis: a 
case report. Surgery. 1976;80(5):563-4. 
1944. Inahara T. Surgical treatment of "effort" thrombosis of the axillary and subclavian veins. Am Surg. 
1968;34(7):479-83. 
1945. Jain KM, Smejkal R. Use of spiral vein graft to bypass occluded subclavian vein. J Cardiovasc Surg 
(Torino). 1988;29(5):572-3. 
1946. Pittam MR, Darke SG. The place of first rib resection in the management of axillary-subclavian vein 
thrombosis. Eur J Vasc Surg. 1987;1(1):5-10. 
1947. Rabinowitz R, Goldfarb D. Surgical treatment of axillosubclavian venous thrombosis: a case report. 
Surgery. 1971;70(5):703-6. 
1948. Adams J, DeWeese J, Mahoney E, Rob C. Intermittent subclavian vein obstruction without thrombosis. 
Surgery. 1968;63147-65. 
1949. Etheredge S, Wilbur B, Stoney RJ. Thoracic outlet syndrome. Am J Surg. 1979;138(1):175-82. 
1950. Gergoudis R, Barnes RW. Thoracic outlet arterial compression: prevalence in normal persons. Angiology. 
1980;31(8):538-41. 
1951. Glass BA. The relationship of axillary venous thrombosis to the thoracic outlet compression syndrome. Ann 
Thorac Surg. 1975;19(6):613-21. 



Copyright ©2020 Reed Group, Ltd.  Page | 260 
 

1952. Mercier C. The thoraco-brachial passage syndrome. Value of resection of the 1st rib. Chirurgie. 
1973;99(6):385-91. 
1953. Pupka A, Rucinski A, Skora J, et al. The treatment of subclavian artery compression with the use of ringed 
polytetrafluoroethylene vascular prostheses. Polim Med. 2004;34(4):53-61. 
1954. Salo JA, Varstela E, Ketonen P, Ala-Kulju K, Luosto R. Management of vascular complications in thoracic 
outlet syndrome. Acta Chir Scand. 1988;154(5-6):349-52. 
1955. Siegel RS, Steichen FM. Cervicothoracic outlet syndrome. Vascular compression caused by congenital 
abnormality of thoracic ribs. A case report. J Bone Joint Surg Am. 1967;49(6):1187-92. 
1956. Urschel HC, Jr., Razzuk MA. Improved management of the Paget-Schroetter syndrome secondary to 
thoracic outlet compression. Ann Thorac Surg. 1991;52(6):1217-21. 
1957. Lord J, Urschel HJ. Total claviculectomy. Surg Rounds. 1988;1117. 
1958. Pairolero PC, Walls JT, Payne WS, Hollier LH, Fairbairn JF, 2nd. Subclavian-axillary artery aneurysms. 
Surgery. 1981;90(4):757-63. 
1959. Daskalakis E, Bouhoutsos J. Subclavian and axillary vein compression of musculoskeletal origin. Br J Surg. 
1980;67(8):573-6. 
1960. McCleery R, Kesterson J, Kirtley J, Love R. Subclavius and anterior scalene muscle compression as a 
cause of intermittent obstruction of the subclavian vein. Ann Surg. 1951;133(5):588-602. 
1961. McLaughlin C, Popma A. Intermittent obstruction of the subclavian vein. Jama. 1939;1131960-8. 
1962. Clagett T. Presidential address: research and prosearch. J Thoracic Cardiovascular Surg. 1962;44153-66. 
1963. Donaghy M, Matkovic Z, Morris P. Surgery for suspected neurogenic thoracic outlet syndromes: a follow up 
study. J Neurol Neurosurg Psychiatry. 1999;67(5):602-6. 
1964. Edwards DP, Mulkern E, Raja AN, Barker P. Trans-axillary first rib excision for thoracic outlet syndrome. J 
R Coll Surg Edinb. 1999;44(6):362-5. 
1965. McCarthy MJ, Varty K, London NJ, Bell PR. Experience of supraclavicular exploration and decompression 
for treatment of thoracic outlet syndrome. Ann Vasc Surg. 1999;13(3):268-74. 
1966. Molina JE. Combined posterior and transaxillary approach for neurogenic thoracic outlet syndrome. J Am 
Coll Surg. 1998;187(1):39-45. 
1967. Murphy T. Brachial neuritis caused by pressure of first rib. Aust Med J. 1910;15582. 
1968. Roos DB. Transaxillary approach for first rib resection to relieve thoracic outlet syndrome. Ann Surg. 
1966;163(3):354-8. 
1969. Sanders RJ. Results of the surgical treatment for thoracic outlet syndrome. Semin Thorac Cardiovasc Surg. 
1996;8(2):221-8. 
1970. Toso C, Robert J, Berney T, Pugin F, Spiliopoulos A. Thoracic outlet syndrome: influence of personal 
history and surgical technique on long-term results. Eur J Cardiothorac Surg. 1999;16(1):44-7. 
1971. Cina C, Whiteacre L, Edwards R, Maggisano R. Treatment of thoracic outlet syndrome with combined 
scalenectomy and transaxillary first rib resection. Cardiovasc Surg. 1994;2(4):514-8. 
1972. Mattson RJ. Surgical approach to anterior scalenectomy. Hand Clin. 2004;20(1):57-60. 
1973. Qvarfordt PG, Ehrenfeld WK, Stoney RJ. Supraclavicular radical scalenectomy and transaxillary first rib 
resection for the thoracic outlet syndrome. A combined approach. Am J Surg. 1984;148(1):111-6. 
1974. Roos DB. The place for scalenectomy and first-rib resection in thoracic outlet syndrome. Surgery. 
1982;92(6):1077-85. 
1975. Sheth RN, Campbell JN. Surgical treatment of thoracic outlet syndrome: a randomized trial comparing two 
operations. J Neurosurg Spine. 2005;3(5):355-63. 
1976. Mailis A, Papagapiou M, Vanderlinden RG, Campbell V, Taylor A. Thoracic outlet syndrome after motor 
vehicle accidents in a Canadian pain clinic population. Clin J Pain. 1995;11(4):316-24. 
1977. Harris JS, Sinnott PL, Holland JP, et al. Methodology to update the practice recommendations in the 
American College of Occupational and Environmental Medicine's Occupational Medicine Practice Guidelines, 
second edition. J Occup Environ Med. 2008;50(3):282-95. 
 
 

 


	Impact
	Overview
	General Approach
	Overview of Shoulder Disorders
	Summary of Recommendations and Evidence
	Occupational Issues
	Diagnostic Testing
	Adaptive Equipment/Assistive Devices and Other Physical Methods
	Exercise Issues
	Medications
	Surgical Issues

	Basic Principles and Definitions
	Initial Assessment
	Medical History
	Physical Examination
	A. Regional Shoulder Examination
	Table 1. Common Physical Examination Maneuvers*‡
	B. Neurologic and Vascular Screening
	C. Assessing Red Flags
	Table 2. Red Flags for Potentially Serious Shoulder Conditions

	Diagnostic Criteria
	Table 3. Diagnostic Criteria for Non-red Flag Shoulder Disorders

	Work-Relatedness
	Rotator Cuff-related Disorders (including tendinoses, partial- and full-thickness tears, impingement syndrome and subacromial bursitis)
	Figure 1. Prevalence of Rotator Cuff Abnormalities on MRI by Age

	Acromioclavicular (AC) Sprain, Separation and Dislocation
	Acromioclavicular (AC) and Glenohumeral Arthrosis
	Adhesive Capsulitis
	Fractures
	Glenohumeral Dislocation, Instability
	Labral Tears
	Trigger Points/Myofascial Pain/Muscle Tension Syndromes
	Thoracic Outlet Syndrome
	Nonspecific Shoulder Pain

	Ergonomic Interventions for Shoulder Disorders with an Occupational Basis
	Return-to-Work Programs
	Work Activities
	Table 4. Guidelines for Modification of Work Activities and Disability Duration*


	Initial Care
	Activity Modification
	Exercise

	Follow-up Visits
	Special Studies and Diagnostic and Treatment Considerations
	Diagnostic Testing and Other Testing
	Antibodies
	C-Reactive Protein, Erythrocyte Sedimentation Rate, and Other Non-Specific Inflammatory Markers
	Cytokines
	Roentgenograms (X-Rays)
	Shoulder Arthroscopy
	Bone Scans
	Computerized Tomography (CT)
	Helical CT Scans
	Local Anesthetic Injections for Shoulder Pain Diagnosis
	Electromyography (including Nerve Conduction Studies)
	Functional Capacity Evaluations
	Magnetic Resonance Imaging (MRI)
	Magnetic Resonance (MR) Arthrogram
	Ultrasound
	Single Proton Emission Computed Tomography (SPECT) And Positron Emission Tomography (PET)
	Arthrography
	Diagnostic Injections

	Rotator Cuff Tendinopathies, Including Rotator Cuff Tendinitis, Rotator Cuff Tears (Partial- or Full-Thickness Tears), Supraspinatus Tendinitis, Calcific Tendinitis, Impingement Syndrome, Bicipital Tendinitis, Rotator Cuff Tears and Subacromial Bursitis
	Table 5. Prevalence of Rotator Cuff Tears in Asymptomatic and Symptomatic Persons as Detected by Ultrasound and MRI
	Diagnostic Criteria
	Special Studies and Diagnostic and Treatment Considerations
	Work Activities
	Initial Care
	Follow-up Visits
	Medications
	Non-Steroidal Anti-Inflammatory Drugs and Acetaminophen
	Anti-Depressants
	Anti-Convulsant Agents (including Gabapentin and Pregabalin)
	Opioids
	Skeletal Muscle Relaxants
	Systemic Glucocorticosteroids (AKA “Steroids”)
	Oral

	Topical Medications, Lidocaine Patches

	Devices/Physical Methods
	Slings and Shoulder Supports
	Taping and Kinesiotaping
	Magnets and Magnetic Stimulation
	Acupuncture
	Hot and Cold Therapies
	Cryotherapies
	Heat Therapies
	Diathermy and Infrared Therapy
	Ultrasound
	Low-Level Laser Therapy
	Pulsed Electromagnetic Field
	Manual Therapy, Manipulation and Mobilization
	Massage
	Reflexology

	Electrical Therapies
	Extracorporeal Shockwave Therapy (“Shockwave”)
	Figure 2. Chronic Calcific Tendinitis Treatment with High vs. Low vs. Sham Extracorporeal Shock Wave Therapy (Total Constant Murley Scale Scores)


	Injections
	Subacromial Glucocorticosteroid Injections
	Subacromial EDTA Mesotherapy
	Viscosupplementation Injections

	Needling and Bursoscopy
	Surgical Considerations
	Rotator Cuff Tears
	Table 6. Rotator Cuff Tear Size


	Post-Operative Rehabilitation: Rotator Cuff Tears

	Impingement Syndrome and Rotator Cuff Tendinoses Without Tears
	Figure 3. Constant’s Shoulder Score Change from Baseline (95% CI)
	Figure 4. Arthroscopic vs. Open Subcromial Decompression for Impingement Syndrome
	Post-Operative Rehabilitation: Rotator Cuff Tendinopathy

	Bicipital Tendinosis and Ruptured Bicipital Tendon
	Pectoral Strains and Tears
	Shoulder Dislocation and Instability
	Diagnostic Criteria
	Special Studies and Diagnostic and Treatment Considerations
	Work Activities
	Initial Care
	Follow-up Visits
	Medications
	Devices/Physical Methods
	Injections
	Surgical Considerations
	Post-Operative Rehabilitation: Shoulder Instability and Dislocation

	Superior Labral Anterior Posterior and Labral Tears
	Diagnostic Criteria
	Table 7. Classification of Superior Labrum Anterior and Posterior (SLAP) Lesions*
	Special Studies and Diagnostic and Treatment Considerations
	MR Arthrography
	Work Activities
	Initial Care
	Follow-Up Visits
	Medications
	Devices/Physical Methods
	Injections
	Surgical Considerations
	Post-Operative Rehabilitation


	Acromioclavicular Sprains and Dislocations
	Diagnostic Criteria
	Table 8. Acromioclavicular Joint Disruptions with Pathophysiology and Basic Treatment*

	Special Studies and Diagnostic and Treatment Considerations
	X-Ray
	Work Activities
	Initial Care
	Follow-Up Visits
	Medications
	Devices/Physical Methods
	Slings or Shoulder Immobilizers
	Exercise
	Diathermy, Infrared Therapy, Ultrasound, Laser Therapy, And Electrical Therapies (Including TENS), Taping, Magnets and Magnetic Stimulation, and Pulsed Electromagnetic Frequency

	Injections
	Surgical Considerations
	Post-Operative Rehabilitation: Acromioclavicular Separations


	Shoulder (Glenohumeral and Acromioclavicular Joint) Osteoarthrosis
	Diagnostic Criteria
	Special Studies And Diagnostic And Treatment Considerations
	X-Rays
	Work Activities
	Initial Care
	Follow-Up Visits
	Medications

	Devices/Physical Methods
	Slings and Braces
	Acupuncture
	Manual Therapy, Mobilization, Manipulation, Massage
	Hot and Cold Therapies
	Diathermy, Infrared Therapy, Ultrasound, Laser Therapy, and Electrical Therapies (Including TENS), Taping, Magnets and Magnetic Stimulation, and Pulsed Electromagnetic Frequency

	Injections
	Intra-Articular Glucocorticosteroid Injections
	Viscosupplementation Injections
	Prolotherapy Injections

	Surgical Considerations
	Arthroscopy and Chondroplasty
	Distal Clavicle Resection
	Shoulder Arthroplasty


	Shoulder Fractures
	Proximal Humeral Fractures
	Early Mobilization, Exercise, Education, Therapy and Rehabilitation

	Clavicular Fractures
	Table 9. Calculated Probability of a Nonunion at 24 Weeks After a Lateral-End Clavicular Fracture. Based on Age and Displacement in a Series of 263 Patients*
	Table 10. Bending Failure Stiffness Calculated Between 10-30n*
	Early Mobilization, Exercise, Education, Therapy and Rehabilitation

	Scapular Fractures
	Lacerations
	Work Hardening, Work Conditioning
	Interdisciplinary Pain Rehabilitation Programs

	Adhesive Capsulitis (“Frozen Shoulder” and “Painful Stiff Shoulder”)
	Diagnostic Criteria
	Special Studies And Diagnostic And Treatment Considerations
	X-Rays
	Work Activities
	Initial Care
	Follow-Up Visits
	Medications
	Devices/Physical Methods
	Education, Exercise, and Therapy and Continuous Passive Motion
	Mobilization and Manual Therapy
	Manipulation Under Anesthesia (MUA)
	Acupuncture
	Diathermy, Infrared Therapy, Ultrasound, Laser Therapy, Electrical Therapies (Including TENS), Magnets, Taping and Pulsed Electromagnetic Frequency
	Injections
	Glucocorticoid Injections
	Figure 5. Physiotherapy vs. Injection vs. Combined vs. Placebo Injection for Adhesive Capsulitis of Shoulder
	Suprascapular Nerve Blocks
	Hydrodilatation


	Surgical Considerations
	Arthroscopy
	Open Release Surgery



	Osteonecrosis
	Work Activities
	Initial Care
	Medications
	Physical Methods
	Hyperbaric Oxygen

	Surgical Considerations

	Brachial Plexus Injuries
	Special Studies and Diagnostic and Treatment Considerations
	Medications
	Physical and Other Methods
	Surgical Considerations


	Trigger Points/Myofascial Pain
	Physical Examination
	Work-Relatedness
	Special Studies and Diagnostic and Treatment Considerations
	Diagnostic Criteria
	Table 11. Diagnostic Criteria for Non-Red-Flag Conditions
	Activities and Activity Alteration
	Work Activities
	Table 12. Guidelines for Modification of Work Activities and Disability Duration
	Exercise
	Aquatic Therapy
	Yoga
	Follow-Up Visits
	Medications
	Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and Acetaminophen
	Anti-Depressants
	Anti-Convulsant Agents (Including Carbamazepine)
	Gabapentin and Pregabalin
	Glucocorticosteroids (AKA “Steroids”)
	Herbal and Other Preparations
	Skeletal Muscle Relaxants
	Opioids

	Devices/Physical Methods
	Taping and Kinesiotaping
	Magnets and Magnetic Stimulation
	Acupuncture

	Hot and Cold Therapies
	Cryotherapies
	Heat Therapies
	Diathermy
	Infrared Therapy
	Ultrasound
	Low-Level Laser Therapy

	Manipulation and Mobilization
	Massage
	Myofascial Release

	Electrical Therapies
	High Voltage Galvanic, H-Wave Stimulation, Interferential Therapy, Microcurrent, Iontophoresis
	Percutaneous Electrical Nerve Stimulation (PENS)
	Transcutaneous Electrical Nerve Stimulation (TENS)

	Injection Therapies
	Anesthetic and/or Corticosteroid Injections
	Botulinum Injections

	Psychological Services
	Biofeedback
	Work Conditioning, Work Hardening, and Early Intervention Programs
	Interdisciplinary Pain Rehabilitation Programs


	Appendix 1. Thoracic Outlet Compression Syndrome (TOS)
	Diagnostic Criteria
	Special Studies and Diagnostic And Treatment Considerations
	Work Activities
	Initial Care
	Follow-Up Visits
	Medications
	Physical Methods
	Injections
	Surgical Considerations

	Appendix 2: Evidence Tables for Low-Quality Randomized Controlled Trials and Non-Randomized Studies
	References




Accessibility Report





		Filename: 

		ACOEM_Shoulder_Aug-1-2016_CompliantVersion - LOCKED2.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



