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IMPACT

It is estimated that 14% to 71%(1) of the general population experience an episode of cervical pain at
some point during their lifetime.(2-11) and pain recurrence is common.(12) The annual prevalence of
cervical pain has been reported to be 30% to 50%.(13) The annual incidence of cervical pain ranged
from 10.4% to 21.3%.(14) Cervical pain is usually self-limiting and there are many factors that influence
outcomes in patients.(15) Out of the 291 conditions studied in Global Burden of Disease 2010 Study,
neck pain was found to rank 21st in terms of overall burden and 4th in terms of overall disability.(16)

Cervical pain accounts for a large portion of direct and indirect costs to the health care system (17)
resulting in a need to understand the condition’s natural history and what interventions for treatment of
these patients are beneficial. Prevention of neck and thoracic spine conditions are also addressed
towards the end of this guideline.

OVERVIEW

Recommendations for assessment and treatment of adults with cervical (neck) and thoracic (middle
back) spine problems are presented in this clinical practice guideline. Compared with low back pain,
there are relatively few quality trials evaluating cervical pain and still fewer that evaluate work-related
cervical pain. Therefore, studies that include non-workers’ compensation patients were used to develop
these recommendations.' Industry-sponsored trials were also included.” Most studies did not delineate
specific diagnoses for cervical pain as a precise anatomic source for most cervical pain episodes is
unknown. The lack of specific pathophysiological correlates has resulted in treatment classifications
schemes that have been at least partially validated.(18, 19)

Topics include the initial assessment and diagnosis of patients with acute, subacute, and chronic cervical
and thoracic pain problems that are potentially work-related, identification of red flags that may suggest
the presence of a serious underlying medical condition, initial management, diagnostic considerations
and special studies to identify clinical pathology, work-relatedness, modified duty and activity, and return
to work, as well as further management considerations including delayed recovery. The majority of peer-
reviewed literature categorizes pain as acute (<1 month duration), subacute (1 to 3 months duration),
and chronic (>3 months duration). These definitions have been adopted throughout this document. In
instances where a study used a different classification, those articles are grouped into one or more of
these three categories for purposes of uniformity.

Algorithms for patient management are included. This guideline’s master algorithm schematizes how
practitioners may generally manage acute, subacute, or chronic cervical and thoracic spine disorders.
The text, tables, and numbered algorithms all expand upon the master algorithm.

Many trials exclude workers’ compensation patients. This necessitates relying on those trials for evidence-based
guidance for injured workers. However, readers may infer results may differ between those with compared to those
without compensation with most literature suggesting compensation imparts somewhat worse outcomes.

iMany studies that focus on pharmaceuticals and specific devices are industry sponsored. Each study must be
evaluated on its own merits, including those not sponsored by industry. In certain areas, this also may have made
little difference as the comparisons were between the medication and placebo and the results may be stark.
However, in other studies, comparison groups may have been suboptimally treated (e.g., a low-dose of ibuprofen)
and produced a bias in favor of the medication or device. In addition, industry-sponsored studies have sometimes
been shown to have better results and lower complication rates than studies conducted by independent
investigators. In other situations, the industry-sponsored studies are superior and stand on their own merit.
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SUMMARY OF RECOMMENDATIONS AND EVIDENCE
The following is a general summary of the recommendations contained in this guideline:

The initial assessment of patients with cervical and thoracic spine problems focuses on detecting
indications of potentially serious disease, termed “red flags” (i.e., fever, serious neurologic involvement,
or major trauma).

In the absence of red flags, imaging and other tests are not recommended in the first 4 to 6 weeks of
cervical and thoracic spine symptoms, as it almost never results in a meaningful change in clinical
management. Nonprescription medication or an appropriately selected nonsteroidal anti-inflammatory
drug (NSAID), appropriate adjustment of physical activity if needed, and the use of thermal modalities
such as heat and/or cryotherapies can safely relieve discomfort. Some utilize manipulation in this phase.

In the absence of red flags, health care professionals can effectively manage most cervical and thoracic
spine problems conservatively.

An early mechanical evaluation using repeated end-range test movements to determine the presence or
absence of a directional preference and pain centralization has been suggested to guide directional
exercise treatments that are associated with better outcomes, although the quality studies have only
been done on the lower back.

At the first visit, the physician or other health care provider should assure the patient that cervical and
thoracic pain is common, has an excellent prognosis, and in most cases is not debilitating on a long-term
basis. Patients with elevated fear avoidance beliefs may require additional instructions and interventions
to be reassured of this prognosis. Patients with elevated fear avoidant beliefs are likely candidates for
utilization of tools to measure the beliefs. Patients with significantly elevated beliefs, particularly
combined with early failure to progress as expected, are considered candidates for early referral for allied
health referrals to prevent conversion to a chronic pain syndrome (see Chronic Pain guideline).(20, 21)
Theoretically, this reassurance has the potential to decrease the probability of the patient developing a
chronic pain syndrome.

To avoid undue weakness, atrophy, contractures, and debilitation from inactivity, some activity or job
modification may be helpful in the acute period. However, bed rest is not recommended for essentially all
cervical and thoracic pain and cervical radiculopathy patients other than those with unstable fractures or
similar problems with pending neurological catastrophe. Maintaining ordinary activity, as tolerated, leads
to the most rapid recovery.

All patients should be encouraged to return to usual activities and work as soon as possible as evidence
suggests this leads to the best outcomes for all spine disorders. This process may be facilitated with
temporary modified (or alternative) duty for acute and subacute pain, particularly if job demands exceed
patient symptom tolerance. Full-duty work is a reasonable option for patients with acute and subacute
pain syndromes with low physical job demands and the ability to control such demands (e.g., alternate
their posture) as well as for those with less severe presentations. Full duty work is appropriate for those
with chronic neck and thoracic pain syndromes who do not have objective evidence that work would
cause a significant risk of substantial harm that is imminent (American’s with Disabilities Act), with the
patient deciding whether the rewards of work despite symptoms is worth the “cost” of the symptoms.

Strengthening exercises have the best evidence of efficacy among the exercise regimens, whether for

acute, subacute, or chronic cervical and thoracic pain patients. This contrasts with low back pain where
aerobic exercise has the greatest evidence of efficacy.
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Non-specific stretching is not recommended as it is not helpful for treatment of cervical and thoracic pain.
However, directional exercise and slump stretching exercises may be helpful. Strengthening exercises,
including cervical stabilization exercises, are recommended, but not until the acute period of cervical and
thoracic pain has subsided.

There is evidence of efficacy for manipulation/mobilization in combination with exercise for treatment of
non-specific neck pain for short-term pain relief and increased range of motion (ROM) compared to
manipulation and/or mobilization alone or in combination.

There is some evidence for efficacy of acupuncture in chronic pain patients.

Many invasive and non-invasive therapies are intended to cure or manage pain, but no strong evidence
exists that they accomplish this as successfully as therapies that focus on restoring functional ability
without focusing on pain. In those cases, the traditional medical model of “curing” the patient does not
work well. Furthermore, patients should be aware that returning to normal activities most often aids
functional recovery.

Patients should be encouraged to accept responsibility for managing their recovery rather than expecting
the provider to provide an easy “cure.” This process will promote using activity rather than pain as a
guide, and it will make the treatment goal of return to occupational and non-occupational activities more
obvious.

If symptoms persist without improvement, further evaluation is recommended.

Within the first 3 months of cervical and thoracic spine symptoms, only patients with evidence of severe
spinal disease or severe debilitating symptoms and physiologic evidence of specific nerve root or spinal
cord compromise confirmed by appropriate imaging studies, can be expected to potentially benefit from
surgery.

Quality evidence exists from trials of lumbar spine patients, and is believed to apply to patients with
cervical and thoracic spine pain, indicating that patient outcomes are not adversely affected by delaying
surgery for weeks or a few months and continued conservative care is encouraged in patients with stable
or improving neurologic deficits who desire to avoid surgery. However, patients with either moderate to
severe neurological deficits that are not improving or trending to improvement at 4 to 6 weeks may
benefit from earlier surgical intervention. Those with progressive neurological deficit(s) are believed to
have indications for immediate surgery. Those with severe deficits that do not rapidly improve are also
candidates for earlier testing and referrals. Those with myelopathy also are candidates for early surgical
intervention.

Nonphysical factors (such as psychiatric, psychosocial, environment including non-workplace and
workplace issues, socioeconomic, litigation, or advocagenic problems) should be investigated and
addressed in cases of delayed recovery or delayed return to work.

Physicians can greatly improve patient clinical responses by providing assurance, encouraging activity,
and emphasizing that more than 90% of cervical and thoracic spine pain resolves without any specific
therapies. While patients may be looking for a clear-cut diagnosis for their axial spine pain, the risk from
a suggested “cure” for this assumed diagnosis can result in failed expectations, which may be a worse
outcome than their symptoms.

Physicians should be aware that “abnormal” findings on x-rays, magnetic resonance images, and other
diagnostic tests are so common by age 40, they are considered normal. There are higher rates of
“abnormalities” in asymptomatic people in the cervical spine compared to the thoracic spine. Bulging disc
prevalence continues to increase after age 40, and by age 60 will be encountered in 80% of patients’
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cervical spines. This requires that a careful history and physical examination be conducted by a skilled
physician in order to correlate historical, clinical, and imaging findings prior to assigning the finding on
imaging to a patient’s complaints. It is recommended that physicians unable to make those correlations,
and thus properly educate patients about these complex issues, should defer ordering imaging studies to
a qualified consultant in musculoskeletal disorders (MSDs). Without proper education on prevalence,
treatment, and prognosis, patients may become fixated on “fixing” their “abnormality” found on imaging
(which may in fact be a completely normal condition) and thus iatrogenically increase their risk of
developing chronic pain.

BASIC PRINCIPLES AND DEFINITIONS

Active Therapy: The term “active therapy” is generally thought of as the patient taking an active role in
the treatment of their spine pain via various modalities. Although there is not one specific treatment
defined by this term, it may include psychological, social, and educational components in conjunction
with therapeutic exercises.(22) Therapeutic exercises could include light aerobic activity, directional
exercises, muscle reconditioning (light-weight lifting or resistance training), physiotherapy,'! and active
physical or occupational therapy.(23)

Acute, Subacute, and Chronic Neck and Thoracic Spine Pain: Acute, subacute, and chronic neck and
thoracic spine pain are categorized as less than 1 month, 1 to 3 months, and greater than 3 months
duration, respectively.

Adjacent Segment Disease: This theory postulates that if there is disease in one spinal segment, it
increases the probability of disease in the neighboring segment. It is most commonly used to indicate the
probability of a disc problem in the segment adjacent to a fused or otherwise operated upon segment.
Whether this represents acceleration of degeneration by increased mechanical forces from the “stiffened”
adjacent segment, and/or that degenerative change is genetically more frequent and/or more
anatomically severe in those who have required surgery is controversial.(24, 25)

Aggressive Exercise Therapy: This therapy typically consists of cardiovascular training, strengthening
of muscles, and stretching in order to improve spine function.(26, 27) Aggressive exercise therapy is a
primary treatment for chronic cervical and thoracic pain and after various spine surgeries, and is
frequently initiated in the course of treating subacute cervical and thoracic pain.

Ankylosing Spondylitis: Spondylitis is a chronic inflammation of the spine and the sacroiliac (Sl) joints
that tend to affect the lumbosacral spine modestly more than the cervical-thoracic spine.

Bulging Intervertebral Disc: The intervertebral disc is a fibrocartilaginous material. Its primary function
is to allow slight movement between each individual spinal segment and significant ranges of motion
when all segments are considered together as one functional unit. A disc also acts as a shock absorber
for the spine and is composed of an annulus fibrosus (a broad circumferential ligamentous structure)
surrounding the nucleus pulposus (a gel-like substance). Identification of a bulging intervertebral disc
involves an assessment that the degree of natural disc bulging is larger than is typical at a given level.
Bulging is defined as the symmetrical presence (or apparent presence) of disc tissue “circumferentially”
(50 to 100%) beyond the edges of the ring apophyses and may be described as a “bulging disc” or
“bulging appearance.” It is not considered a form of herniation. Furthermore, “bulging” is a descriptive
term for the shape of the disc contour and not a diagnostic category. Protrusion is present if the greatest
distance, in any plane, between the edges of the disc material beyond the disc space is less than the

i large percentage of quality trials, probably a majority, use the term “physiotherapy,” which is particularly used in
Europe.
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distance between the edges of the base, in the same plane. The base is defined as the cross-sectional
area of disc material at the outer margin of the disc space of origin, where disc material displaced
beyond the disc space is continuous with disc material within the disc space. In the cranio-caudal
direction, the length of the base cannot exceed, by definition, the height of the intervertebral space.
Extrusion is present when, in at least one plane, any one distance between the edges of the disc
material beyond the disc space is greater than the distance between the edges of the base, or when no
continuity exists between the disc material beyond the disc space and that within the disc space.
Extrusion may be further specified as sequestration if the displaced disc material has lost completely
any continuity with the parent disc.(28) Providers should be aware that disc bulging increases as a day
progresses and is also magnified if an MRI is performed in a standing position.(29, 30) Other than
relatively unusual situations (e.g., large lateral bulging into a narrowed neuroforaminal space or large
central bulging into a narrowed spinal canal), bulging is thought to be an asymptomatic aging change in
nearly all patients.

Centralization: a pattern of pain response elicited and reported by patients during a form of cervical
assessment using various postures, often including end-range positioning, and repeated movements in
one direction of testing at a time. When pain referred or radiating away from the spine retreats back
toward or to the midline in response to a single direction of sustained or repeated positional spinal
testing, that pain is “centralizing” or has “centralized.”(31)

Chemonucleolysis: Chemonucleolysis is the process of injecting chymopapain (or other enzyme) into
the intervertebral disc to dissolve the gelatinous material within the disc. The disc then shrinks in size.
This procedure is less invasive than spine surgery, but though shown to be successful is currently largely
unavailable in the U.S.

Chronic Nonspecific Cervical and Thoracic Spine Pain: Cervical and/or thoracic spine pain lasting
longer than 3 months (12 weeks) is defined in this document as “chronic.” Classification of the types of
spine pain patients studied (e.g., chronic vs. subacute) in interventional studies evaluated in this
document use this definition regardless of whether other definitions were used at the onset of chronic
spine pain (e.g., some use a 6-month duration). Chronic spine pain is labeled as “nonspecific’ when it is
deemed to be not attributable to a recognized, known specific pathology.(32) The vast majority of chronic
spine pain is in the category of non-specific spine pain. There is no scientific consensus that the pain-
generating structure can be reliably identified in these pain syndromes. Included in this category are
terms used to attempt to describe these patients with specificity that includes “specific” terms such as
degenerative disc disease, discogenic spine pain, black disc disease, micro instability, cervical or
thoracic spondylosis, facet syndrome, and myofascial pain. There are specific treatments that are used
to target these patients and most of these are not supported by evidence from quality randomized
controlled trials (RCTs). As the placebo or control populations used in many studies included throughout
this document routinely improve, health care providers should not infer that improvement in pain with
such treatment is quality evidence in support of a mechanistic theory.

Delayed Recovery: Delayed recovery is an increase in the period of time prior to returning to work or
usual activities compared with the length of time expected based on average expectations, severity of
the disorder, and treatments provided.

Derangement: A non-specific term purportedly a painful displacement within the spine often used by
those performing manipulation. A derangement is considered by some proponents to be “reducible”
when a directional preference and pain centralization are elicited during a mechanical evaluation using
repeated end-range test movements.

Directional Preference: The single direction of end-range spinal bending or positioning tests that
causes an individual’'s pain to centralize, abolish, or both. Midline-only pain cannot centralize (it is
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already central) but often has a directional preference where a single direction of end-range bending or
positioning eliminates that midline pain.

Facetectomy: Facet joints of the vertebrae (also called the zygapophysial joints) are synovial fluid
lubricated joints located on each side of the posterior (back) of the spine. The joint is formed where each
side of the vertebrae overlap one another. A facetectomy is the removal of the bone that forms these
joints. This procedure is generally performed only in conjunction with other procedures such as fusion.

Failed Spine (or Back) Surgery Syndrome: Failed spine surgery syndrome (FSSS) is a term that is ill
defined and sometimes used to label a heterogeneous set of post-operative conditions that are
considered suboptimal results. The common denominator is a spinal surgery resulting in chronic pain
and persistent or recurrent disability. The ICD-9 code 722.83 (post-laminectomy syndrome) is frequently
used for this condition in the lumbar spine, and 722.81 is used in the cervical spine. While this term
indicates that spinal surgery failed to achieve its pre-operative goals, there are patients with chronic pain
who after spinal surgery improve with either time or subsequent appropriate treatment. Since physicians
try to offer hope to patients, use of this term in discussions with patients or in documents is strongly
discouraged (cervical pain, thoracic pain, spine pain, or chronic cervical pain are preferable diagnoses,
even if the office visit is coded as 722.81). However, because it is used in the ICD system and scientific
literature, it is discussed in this document.

Foramenotomy: The intervertebral foramina are the normal gap through the bone between the
vertebrae through which a spinal nerve root exits. A foramenotomy is the removal of part of the bone
around the intervertebral foramina to increase the size of this passage.

Functional Capacity Evaluation: A functional capacity evaluation (FCE) is a comprehensive battery of
performance-based tests to determine an individual’s ability to do work-like tasks and conduct activities
of daily living.(33) An FCE may be done to identify an individual's willingness/ability to perform specific
tasks associated with a job (job-specific FCE), or his or her willingness/ability to perform physical
activities associated with any job (general FCE). The term “capacity” used in FCE may be misleading, as
an FCE generally measures performance tolerance (current demonstrated ability) and effort, rather than
capacity. FCEs may be utilized for “Medical-Legal” purposes to attempt to address residual physical
tolerances and potential for rehabilitation in preparation for judicial determination of loss of earning
capacity (see discussion in Chronic Pain guideline).

Functional Improvement (especially Objective Evidence): Evaluation of the patient prior to the
initiation of treatment should include documentation regarding pain level, objective physical findings, and
current functional abilities both at home and at work. This should include a clear statement regarding
what objective or functional goals are to be achieved through use of the treatment. These measures
should be tracked during treatment and evidence of progress towards meeting these functional goals
should be sought. Examples of documentation supporting improved function would be increased physical
capabilities (with focus on job specific activities), and by the use of a validated tool(s), including the Neck
Disability Index,(34-41) Bournemouth Neck Disability Questionnaire,(42) Modified Oswestry
Questionnaire,(43, 44) Patient Specific Functional Scale, and Roland-Morris Disability Questionnaire.(45,
46) Resolution of physical findings (such as increased muscle tone, radicular symptoms, or weakness),
increased range of motion, strength, or aerobic capacity may be physical examination correlates of
improved function.

Functional Restoration: Functional restoration, like active therapy, is not one specific set of exercises,
processes or therapies, but a blend of various techniques and programs (both physical and
psychosocial). The basic principle for all of these individually tailored programs is to help patients cope
with pain and return to the functioning level required for their daily needs and work activities.(47)
Functional restoration refers to a full-day multidisciplinary program lasting from 3 to 6 weeks.(48) There
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also are work conditioning and work hardening programs that are utilized(49, 50) (see Chronic Pain
guideline for further discussion).

Herniated Intervertebral Disc: A herniated intervertebral disc involves a defect in the annulus fibrosus
with rupture of the nucleus pulposus through that opening. This is also sometimes referred to as an
“extrusion,” particularly in the radiological literature. This herniated disc may cause mechanical pressure
on and/or is theorized to chemically irritate a nerve root, causing radicular (nerve root related) pain. The
distinction between “bulging,” protrusion, and extrusion is detailed in the above definition of a “bulging”
disc.

Laminectomy: The lamina is the thin bony area of the vertebrae that covers the posterolateral aspect of
the spinal canal. A laminectomy is the complete removal of one lamina to expose or access the spinal
canal.

Laminotomy: A laminotomy is the partial removal of the lamina to expose or access the spinal canal.

Myofascial Pain: Proponents believe that pain arising from muscles and fascia can be recognized as
distinct from pain arising from ligaments, joints, and discs. However, there is no valid way to determine
whether the source of neck or thoracic pain is or is not from muscles or fascial structures. Even though
some authors have published on “myofascial neck pain”, in this review myofascial pain is considered as
non-specific cervical or thoracic pain (see Shoulder Disorders guideline for myofascial pain and trigger
points).

McGill Pain Questionnaire: The McGill Pain Questionnaire (MPQ) is a non-standardized instrument that
attempts to quantify pain, describing pain not solely in terms of intensity, but also in terms of sensory,
affective, and evaluative qualities. It was intended to provide a way of identifying differences among
different methods of relieving pain.(51, 52) However, it has been noted that the MPQ may only address
affective pain.(53)

Myelopathy: Impairment in the function of the spinal cord from external compression resulting in motor
or sensory impairment in the limbs, and/or bowel and bladder control impairment. It is often associated
with pathological changes in the spinal cord on MRI imaging. This is a considered a serious neurological
event or sequelae.

Neck Disability Index: The Neck Disability Index is a revised form of the Oswestry Low Back Pain Index
for the assessment of activities of daily living of cervical pain patients, particularly from whiplash type
injuries.(34-39, 41) It contains 10 sections addressing the impact of the cervical pain including — pain
intensity, personal care, lifting, reading, headaches, concentration, work, driving, sleeping, and
recreation.(34) However, the tool is not standardized and is frequently modified, making interpretations
difficult.(54)

Passive Modality: Passive modalities refer to various types of treatment given by a provider that usually
involve administration of some form of stimulus being applied to the body as opposed to the individual
actively doing some sort of therapy (see Active Therapy). Forms of passive modality include massage,
hydrotherapy (whirlpools, hot tubs, spas, etc.), ultrasound, and hot/cold compresses.

Percutaneous Discectomy: Percutaneous means “through the skin.” In the case of surgery, it typically
means a small incision. Discectomy is the surgical removal of an intervertebral disc. Thus, a
percutaneous discectomy is the removal of a portion of a spinal disc via a small incision (or puncture
wound) through the skin.

Physical or Occupational Therapy: The term “physical therapy” is used in ACOEM’s Guidelines
generically to mean physical medicine, therapeutic and rehabilitative evaluations and procedures. Much
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of the available research uses this term generically. This rehabilitative therapy may be performed by or
under the direction of trained and licensed individuals such as physical therapists, occupational
therapists, exercise physiologists, chiropractors, athletic trainers, and physicians. Jurisdictions may differ
on the gqualifications for licensure to perform these interventions. The Guidelines are not meant to restrict
physical therapy to being performed only by physical therapists.

Radicular Pain Syndrome: Radicular pain syndrome refers to pain in the extremities (arms, hands,
legs, and feet) that is caused by an associated nerve root being affected in or near the spine. Pain is
usually substantially worse in the extremity than in the spine. Frequently, there are minor spine
symptoms. An example is cervical radiculopathy from a disc herniation, most typically resulting in
characteristic symptoms of pain radiating down the upper extremity in those specific nerve root
distributions). Radiculopathy may result in numbness or paresthesias in the corresponding dermatome,
muscle weakness in the corresponding myotome, and/or loss of muscle stretch reflex corresponding to
the affected root level (see Table 4). The condition may occur with a thoracic nerve root, but is relatively
uncommon.

Slump Stretching: The nerve is stretched by rounding the neck and back and flexing the hip to 90° with
knee extension (ankle neutral or slightly dorsiflexed).

Spinal Motion Segment: The spine is made up of the vertebrae (bone) and connective tissue
(specifically, the intervertebral discs and ligaments). A spinal motion segment, or functional unit of the
spine, is considered to be two adjacent vertebrae, the intervening vertebral disc, the two facet joints and
the connecting ligaments. If two vertebrae are completely fused together (surgically or otherwise), then
the spinal motion of that segment becomes zero, and the overall range of motion for the entire spine is
decreased.

Spinal Stenosis: Spinal stenosis is narrowing of the spinal canal with neurological impingement on the
spinal cord and nerves. Symptoms include neck and extremity pain. Spinal stenosis may be associated
with myelopathic findings if there is significant compression of the spinal cord (see Myelopathy). This
condition is most often degenerative, though it may be acquired after significant trauma resulting in
spondylolisthesis. Most commonly, spinal stenosis involves a combination of factors that may include
facet joint osteoarthrosis with osteophytes, intervertebral disc space narrowing, hypertrophy of the
ligamentum flavum and other ligamentous structures, and/or congenital narrowing of the spinal canal.

Spondylolisthesis: Spondylolisthesis is usually classified as isthmic and/or degenerative.
Spondylolisthesis is the abnormal alignment of one vertebra in relation to the adjacent vertebral body
usually measured in millimeters of displacement between the posterior aspects of the two vertebral
bodies. Isthmic spondylolisthesis is a congenital defect. Fractures may also occur in childhood (e.g., non-
union of a stress fracture) and produce or contribute to spondylolisthesis, but requires high forces,
generally repeated, such as football linemen and female gymnasts. This form of spondylolisthesis rarely
progresses once skeletal maturity is attained. It frequently is asymptomatic, but may be rendered
symptomatic by adult trauma. Degenerative spondylolisthesis has a different pathophysiology. It occurs
as the facet joints and adjacent disc lose their stabilizing ability due to degenerative changes (e.g., facet
joint osteoarthrosis and degenerative disc space narrowing), typically in those over age 60. The degree
of spondylolisthesis tends to increase with age-related changes, especially as the degree of disc space
narrowing advances. It is usually thought to be asymptomatic unless there is neurological impingement
(e.g., accompanying spinal stenosis), or the severity is sufficiently great that there is instability. While
most commonly degenerative, it may also be acquired from major trauma.

Spondylosis: Spondylosis is the age-related degeneration of the vertebral disc in each segment of the
spine or the natural aging degeneration. It is sometimes used synonymously with the term “degenerative
disc disease.” This process may involve the spinal facets as well as the disc. Cervical spondylosis may
also lead to spinal stenosis (a harrowing of the spinal canal) putting pressure on the spinal cord and
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other nerves.(55) Spondylosis is generally considered to be a normal process of aging and is generally
thought to be asymptomatic unless neurological impingement results. This condition is generally
insignificant unless the individual has a congenitally narrowed spinal canal (i.e., congenital cervical canal
stenosis).

Visual Analog Scale: Visual Analog Scales (VAS) are figures of lines that are used to measure a
patient’s level of subjective pain. There are different types of VAS pain scales, but nearly all range in
value from “0” or “no pain” to “10” or “worst pain” (or 0 to 100). Some have no numeric designation on
them; instead a line is drawn between the extreme ends of the line noted as “no pain” and “severe pain”
and the patient’s “x” on the line is used to measure the fraction or distance between the ends. Some are
0 to 100mm in length. Some have additional verbal anchors such as “mild” and “moderate.” Despite

these nuances, the performance of these various VAS scales is believed to be valid and reliable.
INITIAL ASSESSMENT

Thorough medical and work histories and a focused physical examination (see General Approach to
Initial Assessment and Documentation guideline) are sufficient for the initial assessment of a patient
complaining of potentially work-related neck or thoracic spine symptoms. Findings of the medical history
and physical examination may alert the physician to other pathology (e.g., not of spine origin) that can
present as spine disorders. In this assessment, certain findings, referred to as red flags, raise suspicion
of serious underlying medical conditions (see Table 1). The absence of red flags and conditions rules out
the need for special studies, referral, or inpatient care during the first 4 to 6 weeks. During this time,
spontaneous recovery is expected, provided any associated workplace factors are mitigated.(32)

There also are potential psychological conditions that may be confounding and/or interacting and should
be evaluated, such as PTSD, suicidality, childhood sexual abuse, hallucinations or intoxication, which
have been called primary risk factors,(56) and have been reviewed elsewhere.(57) Suicidality though is a
potentially fatal complication, which makes it a more severe complication than cauda equina.

RED FLAGS

Features of the patient’s history or examination that indicate the possibility of potentially serious
disorders are referred to as “red flags.” These include features that suggest the possibility of acute
fractures, acute dislocations (e.g., spondylolisthesis), spinal infection, tumor, or serious or progressive
neurologic deficit. While recognizing these “red flag” disorders is clearly important, there are no high
guality prospective cohort studies to provide the evidence base for this section of the guidelines.

Table 1. Red Flags for Potentially Serious Neck or Thoracic Spine Conditions

Disorder Medical History Physical Examination/Diagnostic Testing

SPINAL DISORDERS

Fracture Major trauma, such as vehicular Percussion tenderness over specific spinous
accident or fall from height(58) processes

(Boissonnault 05)
Careful neurological examination for signs of
Minor trauma or strenuous lifting in | neurological compromise

older or potentially osteoporotic
patients

Metabolic risks for osteopenia
(including renal failure,
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hyperthyroidism, rheumatic
disorders, debility and inheritance)
Tumor and Severe localized pain over specific | Pallor, reduced blood pressure, diffuse
Neoplasia spinal processes weakness
History of cancer Tenderness over spinous process and
percussion tenderness
Age >50 years
Decreased range of motion due to protective
Constitutional symptoms, such as muscle spasm
recent unexplained weight loss or
fatigue C8 or T1 nerve root (or ulnar nerve) symptoms
or findings, especially in a smoker (Pancoast
Pain that worsens when patient is tumor)
supine
Other neurological impairment
Pain at night or at rest
Infection Risk factors for spinal infection: Tenderness over spinous processes
recent bacterial infection (e.g.,
urinary tract infection); IV drug Decreased range of motion
abuse; diabetes mellitus; or
immune suppression (due to Vital signs consistent with systemic infection
corticosteroids, transplant, or HIV) | (late):
Constitutional symptoms, such as = Tachycardia
recent fever, chills, or unexplained = Tachypnea
weight loss = Hypotension
= Elevated temperature, high white
blood cell count, or inflammatory
markers (sedimentation rate, C-
reactive protein, etc.)
= Pelvic or abdominal mass or
tenderness
Neurological impairment(s)
Progressive Severe spine pain Significant and progressive myotomal motor
Neurologic weakness
Deficit Progressive limb numbness or
weakness, bowel or bladder control | Significant and increased sensory loss — in
impairment, gait ataxia anatomical distribution
Radicular signs
Corticospinal tract involvement (gait ataxia,
Babinski sign, hyperreflexia, and limb
spasticity, etc.)
Other neurological impairment(s)
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Myelopathy Ataxic gait, impaired upper limb Hyperreflexia, ataxia, clonus, pathologic
coordination, poor or reduced finger | reflexes (Babinski, Hoffman)

movements, bladder and/or bowel
control impairment (incontinence) Other neurological impairment(s)

EXTRASPINAL DISORDERS

Pneumonia Fatigue Fever, tachypnea
Dyspnea Decreased breath sounds. May have
rhonchous breath sounds, generally in only 1
May have chest pain, usually or 2 segments, but could be widespread
pleuritic

Duliness to chest percussion
Sputum production
Purulent sputum
Subacute onset without inciting
event

Adapted from van den Hoogen 95; Jarvik 02; Bigos 94.(59-61)
ABSENCE OF RED FLAGS

Absent red flags, cervical and thoracic disorders can usually be classified into one of two working
categories:

= Nonspecific disorders, including benign, self-limited disorders with unclear etiology, such as
regional cervical pain. This includes the overwhelming majority of cervical pain patients’ problems,
generally over 95% of those with acute cervical pain.

= Specific disorders, including potentially degenerative disorders such as herniated discs, spinal
stenosis, and other neurological impingements.

It should be noted that there may be overlap between these two categories.
Cervical Pain

More than 90% of patients have no identifiable cause for their cervical pain.(62) Symptoms are pain,
usually without radiation to the limb, although some patients have radiation into the interscapular area or
upper trapezii. Radiation into an arm or forearm generally signifies radiculopathy, particularly when the
radicular pain in the extremity exceeds that in the neck or is the sole complaint. Patients with cervical
pain generally have no limb tingling, numbness, or muscle weakness other than weakness associated
with pain-producing activities. Some physicians refer to these patients as having incurred “sprains”
and/or “strains”; however, these labels are not appropriate. A sprain is a disrupted ligament and a strain
is a myotendinous junction disruption. Both imply knowledge of the anatomic cause of cervical pain and a
forceful mechanism of injury when the former is untrue for cervical pain patients and the latter may or
may not be true. Most cervical “sprains” or “strains” occur doing tasks the individual has done before
without difficulty and which do not put a significant biomechanical load on the spine. The event the
patient associates with the pain onset usually reflects when the pain first occurred rather than why the
pain occurred. Use of those terms also confuses the proper use of those diagnoses elsewhere in the
body and becomes problematic in determination of work-relatedness. Therefore, the term “nonspecific”
cervical pain should be used to describe these symptoms.(63)
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Thoracic Pain

The same pathophysiological mechanisms, conditions, and treatments apply to the thoracic spine as
they do for the cervical and lumbar spine with modest differences. Degenerative anatomic changes are
very common, if not universal, with age. However, the thoracic spine is considerably less mobile and, as
a consequence is believed to result in a lower prevalence of pain syndromes commonly attributed to
degenerative changes, and when these syndromes do occur, they are usually milder conditions. Yet,
these conditions are common in the thoracic spine with MRI evidence of herniations (37%), bulging discs
(53%), annular tears (58%), deformation of spinal cords by discs (29%), Scheurmann end-plate
irregularities or kyphosis (38%) and degenerative findings (56%).(64) There are no quality studies
identified for treatment of thoracic spine conditions, and all recommendations are based on consensus
analogy to the treatment of the cervical and lumbar spine, but have insufficient evidence.

Radicular Pain Syndromes

Radicular pain denotes pain that is in a specific neurological distribution, nearly always involving only one
nerve root. Symptoms are pain, tingling and numbness, and muscle weakness. Corresponding signs,
including sensory loss, muscle weakness, and a diminished reflex(es) all in the distribution of that one
nerve root, may be present. The diagnosis of radiculopathy is generally not complex in more severely
affected individuals. It becomes more difficult with milder symptoms, as historical features and physical
examination findings may be less pronounced or many physical examination findings may be largely
absent. There is a clinical prediction rule in the diagnosis of cervical radiculopathy. It includes Spurling
test, distraction test, upper limb tension test (ULLT1), and ipsilateral cervical rotation of less than 60
degrees.(41) It has been reported that when 3 of the 4 signs are present on exam the specificity is 94%,
sensitivity is 24%, and positive likelihood ratio is 6.1. When all 4 physical exam signs are present the
specificity is 99%, sensitivity is 39% and positive likelihood ratio is 30.3.(41) These were originally
reported in Wainner et al 2003, and have not been validated.(65)

There are multiple possible causes of radicular pain. Most commonly, in the cervical spine in younger
individuals this is due to a herniated intervertebral disc. Such a herniation involves a rupture in the
annulus fibrosus and extrusion of nucleus pulposus material, also referred to as an extrusion. A
combination of a physical displacement of the material along with a purported inflammatory chemical
reaction to this material is believed to be responsible for the development of the symptoms of
neurological compromise. It is also possible for a severe degenerative arthritic process to result in
substantial osteophytic growth around the facet joint and/or intervertebral disc space and cause radicular
symptoms. In elderly individuals this cervical spondylosis is the most common cause of radicular neck
syndromes.

Uncovertebral joints (also called Joints of Luschka) are formed between uncinate processes
above, and uncus below. These are “joints” without joint capsules or synovial fluid. They are located in
the cervical region of the spine between C3 and C6. Two lips project upward from the superior surface of
the vertebral body below, and one projects downward from the inferior surface of vertebral body above.
They allow for flexion and extension and limit lateral flexion in the cervical spine. They can enlarge and
be part of the spinal stenosis process at these levels in the cervical spine. There is considerable
controversy regarding whether these are pain-generating structures and some therapeutic interventions
specifically target these joints.

Zygapophysial (Facet) Joint Degenerative Joint Disease

Facet joints are synovial fluid filled, synovium lined, ligamentously encapsulated joints that are in
alignment along the posterior aspect of the spinal column. They are in many ways similar to nearly all
other joints in the body (the main exceptions are the intervertebral discs). Not surprisingly, facet joints are
prone towards the same maladies that affect other joints, including osteoarthrosis (degenerative joint
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disease), gout,(66) psoriatic arthritis, and many other arthritides. There appears to be a propensity
towards facet joint osteoarthrosis in those with osteoarthrosis elsewhere in the body, sometimes referred
to as “systemic osteoarthrosis.”

The diagnosis of radiographic facet joint osteoarthrosis is relatively straightforward. Roentgenograms,
particularly facet joint (or rotated) views for the lumbar spine and lateral views for the cervical spine, will
show evidence of degenerative findings (i.e., sclerosis, joint space narrowing, and cyst formation).
However, the diagnosis of pain arising from such degenerative joints is not straightforward.
Osteoarthrosis in the spine is extremely common (so common that many physicians do not record these
abnormal findings, especially when mild or moderate on imaging, as they are “normal” for age). It
appears to be largely asymptomatic. In those with multiple levels affected, there often is not pain at all of
those levels. As cervical pain is so common and the overwhelming anatomic cause of cervical pain is
unknown, it follows that attempting to diagnose the pain as related to a specific structure such as the
facet joints is quite challenging.(67)

Important diagnostic limitations to the use of diagnostic facet blocks are that they are often accomplished
involving intra-articular injection(s) of anesthetic agents. Results of the procedure therefore cannot be
directly related to the value of neurotomies.(68) Other limitations to the use of diagnostic blocks include
single level diagnostic blocks vs. multiple level blocks and the use of corticosteroids. Problems with
diagnostic blocks of the dorsal root rami include: 1) the ability to anesthetize the joint; 2) the specificity to
not anesthetize adjacent neural structures; and 3) the likelihood ratio of a single diagnostic block.(67-69)

CLINICAL SYNDROMES

The inability of conventional clinical testing and advanced imaging to reliably identify an anatomic pain
source for most cervical and lumbar pain has stimulated research attempting to reliably identify and
validate clinical syndromes or subgroups based on clusters of clinical examination findings. If
homogeneous syndromes are validated, this should enable more effective individualized care than a less
specific approach towards all non-specific cervical pain.

One syndrome with perhaps more support than others, especially in the lumbar spine, is “directional
preference.” A directional preference is often identifiable in a patient’s history and examination.
Directional preference patients typically describe a history of episodic and intermittent LBP with a
directional theme as to what positions, movements and activities commence or worsen their pain (e.g.,
flexion) and what improves or stops their pain. A presumptive pain generator’s directional preference is
that single direction of repeated end-range spinal bending tests or static positioning that causes the pain
to “centralize,” abolish, or both. Pain “centralization” is a pattern of pain response whereby pain referred
or radiating away from the spine retreats back toward or to the midline in response to a single direction of
sustained or repeated end-range spinal testing. Midline-only pain cannot centralize because it is already
central but it also frequently appears to have a directional preference where a single direction of testing
will reduce or eliminate the patient’s midline pain. After pain centralization or elimination, the pain
typically remains improved until or unless the patient moves excessively in the opposite direction of the
preferred direction. According to this syndrome’s constructs, avoiding moving in a direction that
aggravates the pain should be taught, minimized, and avoided especially during the early phase of
treatment to speed recovery.

The unique theoretical purpose of these end-range tests, performed in weight-bearing and recumbency,
is to load the spine in different bending directions. The most common cervical directional preference is
lower cervical extension, yet smaller numbers of pain-generators benefit from other directions of loading:
lateral, rotational or flexion movements. Those with an extension directional preference typically worsen
with lumbar flexion and improve with extension or simply restoring their lordosis.
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This syndrome has been referred to as a “reducible derangement” or a “directional preference
syndrome.” Its two characteristic clinical findings (directional preference and pain centralization)
purportedly have strong interexaminer reliability (Kappa = 0.9, 0.823, 0.7, % agreement: 88-100%), with
training.(70-73)

The prevalence of this directional preference syndrome is reportedly high in the lumbar and cervical
spine: 70-89% of acute(74, 75, 76, 77) and 40-50% in chronic pain.(78-81) It is commonly elicited in
axial, referred, as well as radicular pain.(82-84) There is also suggestive evidence of a concomitant
psychosocial benefit by teaching and empowerment with the knowledge and skills to effectively self-
treat.(85)

MEDICAL HISTORY AND PHYSICAL EXAMINATION

A focused and detailed medical history and physical examination are necessary to assess the patient’s
medical condition and specific cervical or thoracic complaint. This section reviews the medical history
including the questions that should be asked by the examiner.

The context of the appearance of the patient in the clinic is important. Patients with spine disorders
generally initiate treatment due to pain, which is often attributed to an ostensible injury. However, acute
spinal pain is not usually directly attributable to a discrete, definable pathophysiology Pain is also
commonly associated with sensory, affective, cognitive, social and other processes.(86-88) The pain
sensory system itself is organized into two parts, often called first and second pain. A-d nerve fibers
conduct first pain via the neospinothalamic tract to the somatosensory cortex, and provide information
about pain location and quality. In contrast, unmyelinated C fibers conduct second pain via the
paleospinothalamic tract, and provide information about pain intensity. Second pain is more closely
associated with emotion and memory neural systems than it is with sensory systems.(89-91)

As a patient’s condition transitions through the acute, subacute and chronic phases, the central nervous
system is believed to undergo reorganization. The temporal summation of second pain produces a
sensitization or “windup” of the spinal cord,(92) and the connections between the brain regions involved
in pain perception, emotion, arousal, and judgment are changed by persistent pain.(93) According to this
theory, these changes cause the CNS’s “pain neuromatrix” to become sensitized to pain.(86-88) This
CNS reorganization is also associated with changes in the volume of brain areas,(94) decreased gray
matter in the prefrontal cortex,(94) and the brain appearing to age more rapidly.(95) As pain continues
over time, the CNS remodels itself so that pain becomes less closely associated with sensation, and
more closely associated with arousal, emotion, memory and beliefs.(90, 96) Because of these CNS
processes, one should be aware that as the patient enters the subacute phase, it becomes increasingly
important to consider the psychosocial context of the disorder being treated, including the patient’s social
circumstances, arousal level, emotional state, and beliefs about the disorder. However, behavioral
complications and physiological changes associated with chronicity and central sensitization may also be
present in the acute phase, and within hours of the initial injury.(97)

Medical History

No scientific studies of the medical history in patients with cervical pain(98, 99) or thoracic pain are
available. Asking the patient open-ended questions, such as those listed below in items 2 through 8,
allows the physician to gauge the need for further discussion or specific inquiries to obtain more detailed
information.

1. What are your symptoms?

. Do you have pain or stiffness?
= Do you have numbness or tingling?
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= For traumatic injuries: Was the area deformed? Did you lose any blood or have an open
wound?

. Is the discomfort located primarily in your thoracic/mid-back? Neck? Arm?

= Do you have pain or other symptoms elsewhere? (Patients who present with a primary
complaint of upper extremity pain may well have radiculopathy from a cervical disc herniation or
other cervical spine or cervicothoracic spine pathology.)

= Do you have clumsiness with your hands or a change in your ability to walk?

. Have you lost control of your bowel or bladder? Are you soiling your undergarments?

n Do you have fever, night sweats, or weight loss?

=  When did your symptoms begin? Are your symptoms constant or intermittent? What makes the
problem worse or better?

n What is the day pattern to your pain? Are you better first getting out of bed in the morning,
during the morning, mid-day, evening, or while asleep? Are you worse as the day progresses?
Do you have a problem sleeping? What position is most comfortable? Is there any pain with
cough, sneezing, deep breathing, or laughing?

=  What positions, activities, or movements make your pain worse (more intense or radiate further
into periphery)?

. What positions, activities, or movements make your pain better (less intense or less peripheral
radiation, i.e., centralization)?

. How long can you sit, stand, walk, and bend your back or neck?

. How much weight can you lift (use items such as a gallon of milk, bag of groceries, etc., as
examples)?

2. How did your condition develop?
Past:

. Have you had similar episodes previously?
= Have you had previous testing or treatment? With whom?

Cause:

. What were you doing when you first noticed the symptoms? (It is important to obtain all
information necessary to document the biomechanical forces of injury.)

. What do you think caused the problem?

. How do you think it is related to work?

= Did your symptoms begin gradually or suddenly? Did you naotice the pain the day after the
event?

Job:

=  What are your specific job duties?
= How long do you spend performing each duty on a daily basis?
= Do you have assistance of other people or lifting devices?

Non-occupational Activities:
. What other activities (hobbies, workouts, sports) do you engage in? At home or elsewhere?
=  Any physically demanding activities requiring heavy lifting, awkward postures, prolonged sitting

or standing?
3. How do these symptoms limit you?
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=  What activities of daily living are limited? Are there specific challenges in your home
environment (e.g., steep steps)?
. How long have your activities been limited?
= Have your symptoms changed over time? How?
4. Do you have other medical problems?
5.  What are your expectations regarding your return to work and disability from this health problem?
6. What are your concerns about the potential for further injury to your neck or mid-back as you
recover?
7. How do you like your job? Your supervisor and coworkers? What is your relationship with your co-
workers and supervisor and how do they treat you?
8. What do you hope to accomplish during this visit?

Indices of functional ability are often incorporated in the history. There are several validated and partially
validated tools including the Neck Disability Index,(34-41) Bournemouth Neck Disability
Questionnaire,(42) Modified Oswestry Questionnaire,(43, 44) Patient Specific Functional Scale, and
Roland-Morris Disability Questionnaire.(45, 46)

Physical Examination

The objective of the physical examination of the cervicothoracic spine is to document a patient’s baseline
status from which to judge future improvement and to detect nerve root or spinal cord impairment that
might suggest the need for specific tests and treatment. The examination begins as soon as the
physician introduces him or herself to the patient, particularly including observations of positioning; use or
disuse of the neck, shoulders and arms; skin color and signs of distress. Vital signs, such as an elevated
temperature, may suggest the presence of an infection or neoplasm. Tachycardia may be a
sympathetic nervous system response to the patient’s pain or it may be anxiety related. For those
undergoing more advanced testing for chronic pain, tachycardia may also be relevant as indicating
potential anxiety.

The three primary distributions for spine pain are those that are:

1. Localized to the paraspinal area of the neck, with or without radiation to the shoulder or scapular
area.

2. Referred to the paraspinal area of the thoracic spine (that can be from a musculoskeletal source or
from internal organs such as heart, lungs, or abdominal aneurysm).

3. Inthe cervical or upper thoracic spine and accompanied by pain or numbness referred to the
extremities in a dermatomal or myotomal distribution and that may suggest nerve root involvement. In
addition, there may be lower limb, and/or bowel or bladder control impairment symptoms that suggest
spinal cord involvement (myelopathy).(100, 101)

Guided by the medical history, the physical examination includes:

General observation of the patient, including changes in positions, stance, and gait;

Regional examination of the cervical and thoracic spine;

Examination of organ systems related to appropriate differential diagnosis possibilities;

Neurologic examination;

Testing for cervical nerve root tension;

Monitoring pain behavior during range of motion and while seated as a clue to origin of the problem;
and

= Head protrusion (lower cervical flexion) and retraction (lower cervical extension) positions and
repeated movements to determine symptom response.(102)
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The completely objective parts of the cervical and thoracic spine examination are limited to
circumferential measurements for atrophy or findings of fasciculations (rarely present visible rhythmic
contraction of small portions of a muscle). All other findings require the patient’s cooperation, although
reflexes and pin-prick in a dermatomal distribution are generally much more objective than subjective.

Determining whether or not there is cervicothoracic nerve root compromise (and if so, the level of
compromise) is important. Symptoms correlating with specific dermatomal and myotomal levels of
compression and possible motor weakness are shown in Table 2.

Table 2. Symptoms of Cervicothoracic Nerve Root Compromise

Root Pain or Paresthesia Motor Weakness

Level

C1

C2 Occipital region

C3 Ear Neck rotation, shoulder elevation, diaphragm

C4 Top of Shoulders Shoulder elevation

C5 Medial scapular border, lateral upper arm | Deltoid, supraspinatus, infraspinatus
to elbow

C6 Lateral forearm, thumb and index finger Biceps, brachioradialis, wrist extensors

C7 Medial scapula, posterior arm, dorsum of | Triceps, wrist flexors, finger extensors, radial
forearm, middle finger (3rd digit) wrist extension

Cs8 Shoulder, ulnar side of forearm, little Thumb flexors, abductors, intrinsic hand
finger, (5th digit) muscles

T1 Upper medial forearm, medial arm Finger abduction, adduction

T2-T12 Mid to low back pain, radiating around Generally none perceptible on examination
the torso towards the anterior midline unless multiple nerve roots involved

A. Observation And Regional Neck Examination

This section on examination applies to patients presenting to an office-based examiner, and not to those
presenting to an emergency room. Shoulder disorders commonly have symptoms that are similar to
those of neck and mid back disorders, and distinguishing whether a patient has a neck/mid thoracic

problem, a shoulder problem, or both can be challenging. Shoulder pain can occasionally or frequently

radiate to at least the mid arm. The reader is referred to the guideline on shoulder disorders for a
discussion of the history and physical examination of the shoulder, but patients presenting with

complaints suggesting cervical and thoracic spine disorders should routinely have a physical examination
of the shoulder.

An important part of the examination is the observation of the patient with cervical and thoracic spine
pain. This includes head and upper thoracic posture, stance, and gait. The patient should be asked to
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walk down the hallway so there is sufficient distance over which to observe the gait and spine posture. In
the process, the ease with which the patient stands up and moves the cervical and thoracic spine should
be carefully observed. Most patients should be observed over at least 20 feet of ambulation. The
examiner should observe whether the spine is maintained in a normal or a flexed posture, and whether
there is normal spine motion during gait or “stiff necked” gait. Gait fluidity should be carefully observed.
How the patient turns around to return to the examination room is also of interest. Acute cervical and
thoracic spine pain usually decreases the mobility of the spine and produces restriction of normal spinal
movement during gait.

The disrobed, but modestly covered, patient is examined standing. The neck and spine are viewed from
behind, laterally, and anteriorly for alignment. The levels of the shoulders and any lateral spinal curves
(scoliosis) if present should be noted. The patient should have the shoulders and knees level so any
discrepancy will not be due to a weight shift. The spine is compensated if the first thoracic vertebra is
centered over the sacrum. A tape measure end held over the T1 spinous process can be used as a
plumb line to verify this. The upper extremities should be in normal alignment and used normally.
Patients with acute cervical or thoracic muscle spasm may demonstrate a list to one side — a
compensatory scoliosis, with loss of normal spinal contours. “Spasm” cannot be reliably detected by
palpation, but may be seen if it produces a list (deviated posture) or scoliosis.

The patient should perform ranges of motion (ROM) of the neck in all cardinal directions (flexion,
extension, axial rotation, and lateral bending.(102, 103) Normal ROM is 50° for forward flexion, 60° for
extension, 45° for lateral bending, and 80° for rotation,(103, 104) although ROM may decline with age in
certain disorders. Spinal motion is important in terms of symmetry and rhythm. The absolute ROM is not
of major diagnostic significance because of wide variance. Asymmetries should be noted. Inquiries
regarding which of these positions produced pain, if any, are also of interest and may be useful
therapeutically. Initial ROM is thought to be predictive of future limitations and disability.(105) ROM is
believed to become normal within 3 months of a whiplash injury.(106)

Quialitative muscle strength testing of the upper extremity muscles should be performed.(103) Both
proximal and distal muscle strength should be assessed. When differences are mild, repeated testing
may accentuate decrements through revealing earlier fatigue of affected muscle groups. Shoulder girdle
strength testing may include resisted supraspinatus (thumb down shoulder abduction or the empty can
test), biceps and triceps testing. Distal upper extremity muscle strength screening generally includes
resisted wrist extension, flexion, phalangeal flexion, and intrinsic muscles.

The patient generates uniform resistance to pressure that is overcome in a smooth fashion. Patients may
demonstrate give-way weakness, which is manifested by either resisted pressure for a few seconds and
then sudden release of the muscle or demonstrate a stepwise release of the muscle resulting in a
cogwheel or ratcheting effect. Causes of give-way weakness frequently include submaximal efforts, but
can be due to other causes including pain, misunderstanding of directions, and attempting to help the
examiner. The probability of feigning rises if the directions are repeated and give-way weakness remains.
Testing extremity flexion bilaterally and simultaneously may help identify a mechanism for observed give-
way weakness.(107-109)

In addition to the soft tissue, bony structures should be palpated. The spinous processes are covered by
ligamentous structures, not muscle, and are easily palpated. Localized tenderness may suggest the
presence of an isolated process, such as an infection, tumor, or fracture affecting that vertebral body.
Tenderness over spinous processes is considered a sign of amplification in patients with non-specific
spine pain, although it is also often present among those with fibromyalgia.(107)

Assessment of the neurologic status of the patient is important in the overall cervicothoracic evaluation.
The history is the most critical feature and guides the degree to which the neurological testing must be
performed. A positive neurologic finding will give objectivity to the patient’s subjective complaints. Each
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nerve root must be examined (Table 2). Abnormalities of motor, sensory, and reflex function are tested. It
is worthwhile to review the anatomy of the nerve roots in order to better understand abnormalities
discovered during the neurologic examination.

Each nerve root, as it leaves the spinal canal through the neural foramen, is enclosed within a sleeve
that contains spinal fluid and small blood vessels about and within the nerve. This sac, referred to as the
dural sleeve, provides nourishment to a particular nerve root. Compression and/or traction on the dura
may compress the dural sleeve’s contents and encroach upon the nerve and its blood supply. It is
thought that compression may cause pain along the course of the peripheral nerve, which and may be
accompanied by dysesthesias, motor weakness, and decreased reflex function associated with the
affected nerve root. The goal of many of the maneuvers done during this phase of the examination is to
increase nerve compression to uncover neurologic dysfunction. These maneuvers have been reported to
have high positive predictive value and specificity.(41, 110)

Of the possible neurologic abnormalities, true muscle weakness is the most reliable indicator of
persistent nerve injury with atrophy and loss of nerve conduction.(111-114) Sensory changes are
subjective, take significant time to document, and require the full cooperation and attention of the patient.
Reflex changes may have permanently occurred in a previous episode of nerve root compression.
Reflexes may not return even with recovery of sensory and motor function. With age, but also with some
medical conditions such as diabetes mellitus and hypothyroidism, reflexes diminish and are more difficult
to elicit, even without any prior history of nerve compression. The normal loss of reflexes is generally
symmetric.(115, 116) Patients who lose reflexes in both upper extremities on the basis of compression
may have spinal stenosis or a large central disc herniation.

In addition to nerve root lesions, upper motor neuron and peripheral nerve disease cause abnormalities
that may be discovered during the neurologic exam. With upper motor neuron lesions, the fine control of
muscles is lost while the trophic effects of the peripheral nerves remain intact (no atrophy or needle EMG
changes occur). Muscle strength is diminished, but in a different pattern from lower motor neuron
weakness. Patients develop spasticity of muscles (tonic contractions) and hyper-reflexia. Patients may
also develop a positive Hoffmann’s reflex (aka finger flexor reflex: flexion of the thumb tip due to tapping
the nail or flicking the tip of the third or fourth finger) or Babinski reflex (extension of the large toe and
spreading of other toes with stroking of the sole of the foot). Ankle clonus, an involuntary rhythmic plantar
flexion motion after rapid dorsiflexion of the ankle may also suggest upper motor neuron compression.
Peripheral nerve injuries may cause sensory and/or motor abnormalities, but in the distribution of the
peripheral nerve, and not in the pattern of a specific spinal nerve root. Peripheral nerves receive nerve
fibers from a number of nerve root levels.

Perhaps the most widely used physical examination sign for cervical radiculopathy is the Spurling’s
test,(117, 118) which when positive results in a reproduction of distal upper extremity symptoms
consistent with the patients symptoms and generally isolated to the distribution of one nerve root. This
maneuver, as originally described, involves the patient partially extending the neck and rotating the chin
toward the affected extremity while the examiner applies an axial load to the spine to provide further
compression of the neuroforamen on that side.(119) Mere production of cervical pain with this maneuver
does not signify neurological compromise and appears frequently misrecorded as it must involve pain in
that nerve root’s distribution.
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Table 3. The reliability of neck physical examination tests has been reported below. These data suggest
a wide range in reproducibility.

Test Inter-rater reliability: Kappa*
Range of motion 0.05-0.61

Neck and Upper Limb Strength Testing <0.60

Trigger Point Palpation 0.24-0.56

Sensory Exam: Light touch and pin prick 0.16 — 0.67

“Non-Organic” Signs 0.08 -1.00

Composite exam: inspection, range of motion, palpation, -0.18 - 0.52

and provocative tests

*Kappa values that are higher are more reproducible.

Adapted from Nordin M, Carragee E, Hogg-Johnson S, et al. Assessment of neck pain and associated disorders:
results of the Bone and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders. Spine.
2008;33(4S):S101-22.

B. Neurologic Screening

The most important neurologic deficit to recognize is myelopathy from spinal cord compression. Patients
may have symptoms of cervical pain, and arm numbness and/or weakness like other patients with neck
disorders. However, many also have additional symptoms of gait abnormality, leg numbness and/or
weakness, and some have bowel or bladder control impairment.(120)

Physical examination findings that correlate with significant myelopathy are:

1. Hyperreflexia (Grade 3 or greater);

2. Hoffman reflex (observing reflex flexion of the thumb distal phalanx when the distal phalanx of the
middle finger is “flicked” or suddenly passively pushed into flexion at the DIP joint);

3. Inverted brachioradialis reflex (during testing the brachioradialis reflex there is a decreased
response from the brachioradialis and an abnormal flexion response of the fingers);

4. Ankle clonus (forcefully dorsiflexing the ankle and maintaining pressure on the sole of the foot to
maintain ankle dorsiflexion and observing for rhythmic beats of ankle flexion and extension, at
least 4 “beats” required for sustained clonus to be abnormal);

5. Babinski sign or reflex — firmly sweeping the pointed end of a reflex hammer from the lateral sole
to the base of the toes and observing for an extensor response of the hallux (great toe);

6. Cervical stenosis — while not a physical examination finding per se, it should be recognized that
myelopathy is strongly linked to cervical stenosis, particularly congenital.

The neurologic examination most commonly focuses on a few tests that reveal evidence of nerve root

impairment, peripheral neuropathy, or spinal cord dysfunction. The most common herniated disc in the
cervical spine is the C5-C6 disc with impingement of the C6 nerve root. The clinical features of cervical
nerve root compression are summarized in Table 4.

1. Testing for Muscle Strength
There are no specific muscle tests for the C1 to C2 nerve roots.
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Table 4. Physical Examination Correlates of Cervical Nerve Root Dysfunction

nerve root(s) affected

roots affected

Root Sensory Deficit Motor Weakness Reflex
Level
C3 Ear, anterior neck, occiput, posterior Not usually detectable None
temporal area
C4 Shoulder, posterior upper arm, upper | Not usually detectable None
chest
C5 Lateral shoulder, upper arm Shoulder abduction, elbow Biceps
flexion
C6 Lateral forearm, thumb,* and perhaps | wrist extension (ECRL/ECRB) Brachioradialis,
index finger and elbow flexion (biceps) and possibly
biceps
C7 Middle finger* Elbow extension (triceps), wrist | Triceps
flexion, finger extension
Cs8 Distal forearm, ulnar ring, and little* Finger flexion Triceps
finger
T1 Medial upper forearm and arm middle finger flexion, finger None
abduction and adduction
T2-T12 Unilateral, dermatomal based on Generally none unless multiple | None

*These are the most common sensory nerve deficits related to cervical nerve root dysfunction.

2. Circumferential Measurements

Muscle atrophy is one of the few purely objective findings and can be measured with bilateral
circumferential measurements of the upper arms and forearms at a fixed distance from an anatomic point
(e.g., olecranon process). However, the dominant upper extremity usually may have an increase of up to
1cm. in circumference at the forearm and, possibly, also of the upper arm. Additional disparities in
circumference are possible based on asymmetrical job physical requirements.

3. Reflexes

The biceps reflex primarily tests the C5 root, and to a lesser extent, the C6 root. The brachioradialis
reflex tests the C6 root. The C7 root is assessed with the triceps reflex. The Hoffmann pathologic reflex
in combination with clonus may indicate an upper motor neuron lesion.

4. Sensory Examination

Testing to light touch and pinprick (sharp dull perception) in the forearm and hand is usually sufficient to
detect common nerve root compromise, but it may be necessary to perform sensory examination of the
area from the neck to the forearm to test for higher nerve root compromise. Decreased sensation over
the lateral deltoid muscle is a sign of C5 nerve root or axillary nerve compromise. Loss of sensation in
the area of the radial forearm and thumb (and perhaps the index finger) suggests C6 nerve root
involvement. Decreased sensation in the middle finger (3™ digit) may be a sign of C7 involvement,
although it also is supplied occasionally by the C6 or C8 nerve root. The C8 root may show ring and little
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finger sensory findings. The ulnar side of the little finger (5™ digit) is the purest area of C8 innervation.
The T1 nerve root can be tested by evaluating sensation in the upper medial forearm and medial arm.
The examiner should determine whether light touch can be felt, and whether the patient can distinguish
between sharp and dull stimuli. These findings are more reliable than the report that sensory stimuli feel
odd or “different” to the examinee, and yet each sensory stimulus is perceived (felt).

5. Physical Examination Tests

Ideally, the treatment of cervical or thoracic pain should be based upon a correct diagnosis. However, for
most patients a specific diagnosis that indicates the pain generating structure and the pathophysiology is

not possible, and their diagnosis is non-specific cervical pain. Physical examination rules out major
neurologic involvement and provides a baseline from which to judge improvement over time. For a
variety of reasons, a patient’s response to a single test may not be reflective of the presence of

identifiable underlying pathology.

6. Non-Organic Signs

Waddell articulated non-organic signs on physical examination of the lumbar spine in patients
with probable psychosocial confounders and these signs have also been described in cervical
spine patients.(121) However, they are not as well-known as Waddell's lumbar spine signs, and
they have not been validated in multiple studies.

Evidence for Physical Examination/Medical History

There is 1 high-quality RCT incorporated into this analysis.(99)

Bertilson | 8.0 | N= Exam Fifty-three (53) of | “Our results Suggests history
2003 100 findings 66 (80%) exam indicate that bias on most
neck with tests showed knowledge of physical exam
and medical increase in history did not maneuvers
should | history vs. | findings, 11 influence reliability | including ROM,
RCT er no medical | (17%) decrease, | of the clinical tests | tenderness,
pain; history. 2 (3%) but increased the | hypertrophy
duratio | Each unchanged vs. no | prevalence of observation,
n not patient history. Highest positive findings. strength deficiency,
specifi | examined prevalence of Bias in the nerve stretch, neck
ed by 2 positive findings direction as to compression/
examiners. | is for palpable what was positive | traction.
Exam tenderness of was presentin all | Usefulness of
order was | spinal processes | categories of tests, | palpation of spinal
randomize | and lower cervical | except the processes and
d variable. | paraspinal joints. | sensitivity (pain lower paracervical
from pinwheel) paraspinal joints of
and reflex tests.” guestionable
diagnostic
significance.
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Early Disability Prevention and Management Issues

See also the Cornerstones of Disability Prevention and Management guideline. As an example of the
biopsychosocial model, initial patient management should include alertness to the presence or
development of physical and psychosocial factors that may be barriers to recovery and, if not addressed,
are thought to increase the probability of the development of delayed recovery or chronic pain.(122-125)
Initial flags(126) drawing attention to these potential issues include excessive verbal attention to
symptoms or physical features, inquiries about permanent impairment rating during an initial
presentation, prior history of disability or impairment, familial members with acquired disabilities, a history
of mental health disorders, history of substance(s) abuse, an apparent overreaction on examination, and
presence of other non-organic physical examination signs. Besides the issues noted above, some
additional yellow flags that the physician should consider include early signs of medication dependence,
disproportionate inactivity, fear avoidance, compliance/attendance problems, resistance to transitional
work options, and provider shopping.

Management of the patient at this stage of treatment necessitates overcoming these identified barriers in
order to facilitate functional recovery and patient autonomy. Education is important, as there is evidence
that when physicians view whiplash as a relatively benign condition their patients appear to consequently
experience less debility.(127, 128) Therapies that are not resulting in functional recovery or that foster
treatment dependence should be avoided. In contrast to the “watch and wait” philosophy, it is
increasingly recognized that better outcomes are associated with maintaining work status or early return
to work and avoiding or resolving disability at the earliest possible time. Patients should be encouraged
to resume/continue normal basic and instrumental activities of daily within pain tolerance to minimize
decline in function. These concepts reflect recognition that chronicity of disability is the overriding barrier
to ultimate benefit for the injured worker. For example, the managing physician should consider early
discontinuation of ineffective treatment and avoidance of interventional procedures of questionable
significant functional benefit. For more difficult cases, referral for psychosocial evaluation and/or single-
or-interdisciplinary treatment options with a proven record of success may be needed. For providers
familiar with these management concepts, early referral (including after the first visit) to a physician well
versed in the conservative management of cervicothoracic pain is recommended upon the discovery of
these signs.

C. Indications For Further Workup

Physical examination evidence of severe or increasing neurologic compromise that correlates with the
medical history and test results may suggest a need for immediate referral. Suspicion of tumor, infection,
fracture, dislocation, or other related serious conditions, warrants further investigation and usually urgent
referral. A medical history that suggests pathology originating somewhere other than in the
cervicothoracic spine may warrant examination of the shoulder, anterior neck, esophagus, heart,
vascular system, lungs, upper abdomen, or other areas.

Associated Factors, Risk Factors and Work-Relatedness

Episodes of acute cervical and thoracic pain are sometimes due to discrete trauma, (129) including some
cases of work-related traumatic accidents. Most commonly these include effects of motor vehicle
crashes, falls from height, and accidents involving being struck by an object. However, in the Mayo Clinic
study of cervical radiculopathy cases occurring over 15 years, only 15% of cases had a history of
physical exertion or trauma preceding the onset of symptoms. (130) Cases of cervical and thoracic pain
that arise from crashes and falls occurring at work are not controversial and are considered work-related.
Non-specific cervical pain may also arise as a sequel of a motor vehicle crash (e.g., whiplash). In most
cases, work-relatedness of this condition is also not controversial. However, there are some cases where
work-relatedness becomes more unclear. Where the inciting event was low force, an activity done many
times before without incident, and/or the condition continues beyond healing duration of an injury (does
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not behave like an injury) (131) particularly in the context of a pre-existing condition, work-relatedness is
controversial.

Individual Factors

Most cases of cervical and thoracic pain in the population do not arise from an acute injury or event and
determining work-relatedness involves a more complex analysis that includes incorporation of the
epidemiology on the subject as part of the causal assessment(132) (see Work-relatedness guideline).
There is evidence for non-occupational risk factors for either non-specific cervical pain or persistence of
pain, including increasing age,(129, 132-153) female gender,(136, 139, 140, 143, 144, 147, 148, 152-
169) physical inactivity/lack of exercise,(139, 143, 163, 170) genetics,(171) poor sleep,(172-176)
smoking/tobacco,(133, 134, 143, 148, 149, 152, 177-179) obesity,(144, 146, 175, 180-184) poor
health,(151) episodes of sick leave,(185) metabolic syndrome,(186) and cardiovascular disorders.(187,
188) Most reports suggest no relationship between exercise and neck pain,(144, 148, 170, 182, 189)
although a strong U-shaped relationship reported in low back pain raises concerns about appropriate
statistical analyses in the neck pain studies(190) which is a further concern based on some comparable
epidemiological evidence of a possible U-shaped relationship in the neck.(191) Prior neck, back pain, or
other injury is a commonly reported risk.(132, 138, 143, 146, 147, 152, 155, 159, 192-194) Crystal
diseases including gout, calcium pyrophosphate, and hydroxyapatite arthritides also are known to affect
the spine.(195-197)

Poor labor market attachment and unemployment predict worse outcomes in those who subsequently
sustain whiplash.(198) Lower baseline work activities also are predictive of worse outcome among acute
whiplash patients,(157) as are higher baseline pain or disability scores, (135, 140, 157, 199-203) delay in
seeking treatment;(140) treatment with physical therapy;(204) compensation or litigation status.(140,
202)

Psychosocial and Work Organizational Factors

Psychosocial factors have been evaluated in many studies, with some reporting that these factors
appear to outweigh job physical factors,(205-209) though some have found job physical factors to be
modestly stronger.(210) Problems of inadequate recall of prior psychological, drug and alcohol issues
have been reported.(211) Robust conclusions regarding relative importance of these factors are
suggested to require quality epidemiological studies that include measured job physical factors. Available
studies have suggested increased risks with depression,(128, 143, 149, 159, 181, 212-216) anxiety
disorders,(149, 214, 215, 217, 218), stress, (219, 220) somatization,(157, 221) sexual abuse, psychiatric
problems,(178) psychological stress,(163, 222) low occupational position,(223) workplace bullying,(175)
low decision authority,(224), low social support,(152), emotional exhaustion,(175), distress,(212, 225,
226), self-efficacy,(227) high psychological demand, (132, 209, 225, 226, 228) high job strain,(137, 154,
155, 229-233) low job control,(210, 234) low supervisor support,(168, 209, 210, 235, 236) low
empowering leadership,(228) low social support,(132, 229, 232, 235, 237) low occupational
position,(223) job dissatisfaction,(166, 205, 230, 238, 239) effort-reward imbalance,(206, 208, 240) and
generally reduced productivity.(241)

One study of chronic whiplash patients suggested it is frequently accompanied by wider spread of
symptoms and is a functional somatic syndrome.(242) However, another study of whiplash patients
found no predictive value of psychosocial variables studied(243) while another found childhood
personality did not predict subsequent risk.(244) Stress biomarkers have also been identified as
potentially predictive.(245, 246) Cultural factors are also reported to influence disability.(247, 248)

Job Physical Factors

The occupational epidemiological literature base underlying cervical disorders is considerably weaker
than for the lumbosacral spine.(232) Many studies combined shoulder and cervical pain, resulting in
substantial difficulties in applying any of those studies to an individual case of any single disorder.(249,
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250) There are no prospective cohort studies reported that have measured job physical tasks while
frequently following workers over time to ascertain potential causal relationships. The relatively few
longitudinal studies largely relied on self-reported exposures and infrequent assessments of health
status, precluding strong conclusions.(133, 145, 152, 155, 166, 171, 185, 192, 205, 209, 231, 233, 251-
260) The vast majority of reported studies have utilized retrospective methods, especially cross sectional
study designs, and/or recall of job exposures through questionnaires. There is no validated ergonomic
job exposure tool for the cervical spine, and available measures are considerably weaker than for the
lumbar spine.

The available data on the importance of job physical factors include substantial conflicts. In contrast with
beliefs that manufacturing and/or manual work is the greatest risk for neck disorders, National Health
Interview Survey data, a large population-based study found the highest prevalence of neck pain was in
the military; arts, design, entertainment, sports, media; life, physical, and social science; health care
support; and installation, maintenance, and repair.(261)

A number of physical factors have been reported to be associated with cervical pain in the body of
available studies. Force was associated with cervical pain in some studies,(134, 146, 210, 262-266)
while others have been negative.(267-270) Repetition has been found associated with cervical pain in
some studies, (139, 185, 262, 271-278) though some also are negative.(267-269, 279) Posture has been
associated with cervical pain in some studies, (134, 139, 210, 230, 262-264, 274, 275, 277, 280-286)
while others have reported no association.(287-289) Prolonged sitting(185, 230, 233, 238, 290) and
whole body vibration are also suggested contributors and vibration is further reviewed below. High
“physical workload” or “mechanical exposure” has also been reportedly associated with increased
risk,(155, 166, 171, 209, 291) while lower job physical demands were purported risks in another
study,(204) but no relationship with job physical demands in others.(129, 292, 293) These activities are not
exclusive to job functions and must be reviewed as they pertain to non-occupational activities as well.
Unaccustomed work, hobbies, or sports (although there is some evidence to suggest that cycling may
contributes to neck pain(294)) is largely unstudied in the cervical spine.

It has been theorized that the job physical “stressors” do not cause spine disorders, including cervical
pain. Rather, when a disorder arises in an individual who does heavy physical work, the work is then
more difficult to accomplish and the individual is more likely to file a workers’ compensation claim. This is
compared to the sedentary worker who develops back pain and may continue to perform work though
more carefully without need to file a claim (reporting bias).(295, 296) Prospective cohort studies have
been underway for the lumbar spine to attempt to determine which of these theories (or both) are correct.
Whether these results apply to the cervical spine is yet to be determined.

There have been postulates that whole body vibration is a risk for spine disorders(156, 249, 266, 297-
306) and one author noted a risk for radiculopathy from segmental vibration.(307) However, there are
many study weakness issues in the available data which are mostly from older studies, addressed only
the lumbar spine and involved remote, higher amplitude exposures to equipment that is believed to be
substantially different from that available today, did not control for known confounders, and generally did
not control for time spent seated, which may cause fatal confounding.(308) There are far fewer data for
cervical, or especially thoracic outcomes, (134, 156, 238, 249) and no consensus there is an increased
risk for those spine segments. One study found no relationship with neck pain or problems.(309)
Additionally, heavy material handling tasks involving loading or unloading, as well as the requirement for
prolonged sitting(185, 230, 233, 238, 290) appear likely to have partially, but may have completely
confounded data in the available studies on risks of whole body vibration.(310)

Cervical Radiculopathy

Population-based data from Mayo Clinic indicate that cervical radiculopathy risk peaks among those 50-
54 years of age, is more common among men than women, is disproportionately preceded by lumbar
radiculopathy in 41% of cases, and is preceded by a specific discrete or traumatic event in only 15% of
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cases.(130) Other studies have reported associated factors include increased age,(299, 311-313) female
gender,(313, 314) male gender,(299) white race,(313) smoking,(312, 315) obesity,(316) degenerative
lumbar spine conditions, (311, 317) and degenerative thoracic spine conditions.(312) Some have noted
the apparent predominance of cardiovascular risk factors (smoking, diabetes, hypertension,
hypercholesterolemia, family history for premature myocardial infarction) for lumbar disc herniations
which might also apply to the cervical spine.(318) Lumbar radiculopathy studies should likely be
considered for systemic risks such as smoking.

Cervical radiculopathy has been relatively unstudied in occupational epidemiological studies.(249, 319-
322) Most researchers have assumed there is some increased risk from heavy lifting, similar to the
beliefs about lumbar spine risk resulting from increased intradiscal pressures from lifting. However,
guality epidemiological data supporting these theories have not been published and available data
conflict. There are studies that have reported no increased risk among workers performing data
entry,(284) industrial workers,(271)shipping dockers,(323) and assembly line packers.(270) There are
some reports of increased risk in fighter and helicopter pilots,(324) though not all report increase neck
issues in these populations.(325) A population-based study from Denmark suggested professional
drivers were at increased risk.(156)

Degenerative Cervical Spine Conditions

Similar to disc herniations, degenerative findings in the lumbar and cervical spine are well
correlated.(311) Development of degenerative cervical spine conditions on MRIs over 10 years were
related to age, but not to sex, smoking, BMI, alcohol or sports/exercise.(150) Other studies have also
suggested relationships with age(311, 326) and genetics.(327, 328) Passive coping has been shown to
be a strong risk for disabling neck pain.(329) One study of carrying loads on the head in Nigerian traders
found a link with spondylosis,(330) although extension of that activity to other typical western
occupations is unknown.

No quality epidemiological studies support the theory that degenerative spondylolisthesis, spinal
stenosis, or degenerative facet disease are occupational conditions. However, there is a biomechanical
theory that physical factors may contribute through degenerative disease in the discs, with theoretically
altered biomechanical forces in the facets resulting in or accelerating degenerative facet osteoarthrosis.
Yet osteoarthrosis is now recognized to have strong relationships with genetics and age.(331)

Thoracic Spine Pain

There are few studies of either thoracic pain or thoracic radicular pain. MRI data suggest significant
correlations between having cervical degenerative findings and also having degenerative thoracic spine
conditions,(312) which by extension suggests systemic risk factors operate throughout the spine (see
Neck/Cervical above and Low Back Disorders guidelines). One study found approximately two-times
higher prevalence of thoracic spine pain in women than in men. That study also reported lower grade
male white-collar workers were more likely to report thoracic pain while upper grade female white-collar
and professional workers were more likely to report thoracic spine pain.(332)

There is an absence of quality epidemiological prospective data with measured individual, job and
psychosocial factors regarding thoracic pain and thoracic radicular pain.(333) It is recommended that the
data on lumbar pain be utilized to help guide a tentative assessment of work-relatedness (see Low Back
Disorders guideline), although in the absence of data, it should be recognized a clear conclusion of work-
relatedness is speculative outside of discrete, significant trauma (see Work-Relatedness guideline).

Follow-up Visits

Patients with potentially work-related acute cervicothoracic disorders are recommended [Recommended
Insufficient Evidence (1)] to follow-up from every 3 to 5 days for acute severe conditions particularly with
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lost time injuries. Follow-ups may be needed less frequently, e.g. every 1 to 3 weeks for mild conditions
without lost time and are Recommended, Insufficient Evidence (l) to be with a health care provider
who can offer counsel regarding activity levels, relative rest, medication use, activity modification,
prognosis, fear avoidant belief training, and other concerns.(334) Health care providers should answer all
guestions and make these sessions interactive so that the patient is fully involved in his or her recovery.
If the patient has returned to work, these interactions may be conducted on site or by telephone to avoid
interfering with work activities. Subsequent follow-up can occur when there is need for altered treatment;
release to modified-, increased- or full-duty; or after appreciable healing or recovery can be expected.
Typically, this will be no later than 1 week into the acute pain period. At the other extreme, in the stable
chronic cervicothoracic spine pain setting, follow-up may be infrequent, such as every 6 months by

consensus.

Diagnostic Criteria

The criteria presented in the Diagnostic Criteria for Non-red Flag Conditions table (Table 5) list the
probable diagnosis or injury, potential mechanism(s) of iliness or injury, symptoms, signs, and
appropriate tests and results to consider in assessment and treatment.

Table 5. Diagnostic Criteria for Non-red Flag Conditions

paresthesias.

Probable Diagnosis | Mechanism Symptoms Signs* Tests/Results
or Injury
Acute Cervical Pain | Occurs commonly Cervical pain | Exam may be normal Not

without an apparent | that may or or show decreased recommended
(Cervical strain/sprain, | event or may be may not neck motion and/or in first 4-6
or Non-specific associated by radiate to the | superficial tenderness. | weeks unless
cervical pain, or patient with a normal | scapula or No neurologic deficit. history
“whiplash”) activity unlikely to deltoid suggests a

cause harm. and/or possible red

biceps area flag condition.

May be temporally of the

associated with a shoulder.

slip or fall, a motor Stiffness

vehicle accident, (decreased

lifting, or forceful motion).

pushing and/or Generally

pulling. without

Chronic Cervical
Pain (non-specific
cervical pain or
“chronic whiplash,
cervical spondylosis,
or pain of presumably
disc, facet, or
muscular/fascial
origin)

Persistence of non-
radicular cervical
pain beyond 3
months.

Persistence
of acute
symptoms

Exam may be normal
or show decreased
neck motion and/or

superficial tenderness.

No neurologic deficit.

Not
recommended

Copyright ©2016 Reed Group, Ltd.

30




Cervical Nerve Root | May occur without Arm pain Dermatomal sensory MRI
Compression with any obvious inciting | with or alteration, myotomal
Radiculopathy event. without strength and reflex
cervical pain. | alteration.
May be associated Paresthesias
with lifting or trauma. | (numbness) | Foraminal closing
are common. | (Spurling’s) and
C5and C6 opening (traction)
nerve root maneuvers
syndromes increase/create or
are most decrease arm
common. symptoms.
Spinal Cord Nearly always Chronic Pathologic reflexes MRI, CT
Compression with occurs in the setting | cervical pain. | (Babinski, Hoffman, Myelography
Myelopathy of congenital May or may | etc.) Hyper-reflexia
cervical stenosis. not have arm | below level of cord
Symptoms often symptoms. compression.
insidious and may
onset without any Impaired Impaired rapid
obvious inciting upper and/or | alternating movements
event. lower limb and/or gait.
coordination,
with or Other neurological
without impairment(s) (e.g.,
altered gait. | motor, sensory,
bowel/bladder
Bowel or dysfunction)
bladder
control
impairment.

*For patients with severe disorders, the physical examation can be quite helpful. However, for most patients with
cervical pain, the physical examination findings tend to have low predictability.

DIAGNOSTIC TESTS

Roentgenograms (X-Rays)

This review focuses on patients presenting to office based medical practices, and not on patients
presenting to emergency rooms, and especially not to patients presenting by ambulance after major

trauma.

X-rays demonstrate bony structure. Standard film views are generally an anterior-posterior (AP) film, and
a lateral film. Oblique views give an excellent view of the neural foramena, and can strongly suggest
foraminal stenosis. A coned-down or focused view of the odontoid may be included particularly for
evaluation of traumatic or rheumatoid arthritis cases. Flexion and extension films are not standard films,
but are occasionally used to evaluate spinal instability, particularly in the setting of rheumatoid arthritis,
degenerative spondylolisthesis, and fractures. The criteria for cervical instability are a measurement of
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4mm" or more of movement of one vertebral body in relation to an adjacent vertebral body, or angular
motion at one interspace that is 12 degrees or more greater than the motion at either the level above or
below.(104, 335) Depending on the translation forward or backwards this is referred to as anterolisthesis
or retrolisthesis.

1. Recommendation: X-ray for Acute Cervicothoracic Pain with Red Flags or Subacute or Chronic
Cervicothoracic Pain

X-ray is recommended for acute cervicothoracic pain with red flags for fracture or serious systemic
illness,(336) subacute cervicothoracic pain that is not improving, or chronic cervicothoracic pain.

Indications — Patients with red flags (e.g., dangerous mechanism of injury, over age 65 years,
paresthesias in extremities). Also indicated for subacute or chronic cervicothoracic pain
particularly when not improving as an option to rule out other possible conditions. (336)
Frequency/Duration — Obtaining x-rays once is generally sufficient. Repeat films are usually
reserved for significant changes in clinical status, i.e., significant worsening of existing symptoms
or development of new symptoms.
Harms — Medicalization or worsening of otherwise benign spine condition. Radiation exposure.
Benefits — Diagnosis of a fracture, cancer or otherwise latent medical condition(s).
Strength of Evidence — Recommended, Insufficient Evidence (1)
Level of Confidence — High
2. Recommendation: X-ray for Spondylolisthesis
Flexion and extension views are recommended for evaluating symptomatic spondylolisthesis in which
there is consideration for surgery or other invasive treatment or occasionally in the setting of minimal
trauma.(337)
Indications — Chronic severe mechanical pain suspected to be due to instability.(337)
Assessment is to measure the (dis)continuity of the spinolaminar line, along the posterior line of
the vertebral bodies, and measured soft tissue diameters at C2 and C7.
Frequency/Duration — Flexion and extension views are generally needed no more than every few
years. An experienced reader with an established protocol is recommended to avoid variation in
interpretation.(337) However, after surgical intervention, flexion/extension views may be used to
assess extent of successful fusion.
Harms — Medicalization or worsening of otherwise benign spine condition. Radiation exposure.
Benefits — Diagnosis of significant spondylolisthesis that is amenable to surgical correction.

Strength of Evidence — Recommended, Insufficient Evidence (1)

Level of Confidence — Moderate

MTest says >3.5mm, but since no one can measure 0.5mm, this really means 4mm or more.
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3. Recommendation: X-ray for Acute, Non-specific Cervicothoracic Pain
Routine x-ray is not recommended for acute, non-specific cervicothoracic pain.
Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — High

Rationale for Recommendations

There are few quality studies of x-rays, likely due to reliance on the test for many decades. X-rays are
believed to be unnecessary for the routine management of cervicothoracic pain outside of the setting of
red flags.(335, 336, 338) When red flags are identified, x-rays at the first visit are recommended to assist
in ruling out these possible conditions (fracture, neoplasias, infection).(336) A clinical prediction rule was
developed for alert and stable acute cervical trauma patients with a recommendation for x-rays if there is
a dangerous mechanism of injury, age over 65 years, or accompanying paresthesias in the extremities.
In the absence of red flags and if the patient is able to rotate the neck 45° both left and right then
radiographs are not indicated.(336) Even when red flags are suspected, judgment is recommended and
it should not be mandatory to order x-rays in all cases (e.g., significant typical cervicothoracic pain in the
course of a manual patient transfer in a patient with a remote history of cancer). In the event there is
cervical pain without any improvement over 4 to 6 weeks, x-rays may be recommended to rule out other
possible problems.(335) If an MRI is used as imaging, plain x-ray may not be needed. MRI is a more
sensitive and specific test particularly for disc-related concerns.

A prospective study examined inter-rater reliability in interpretation of flexion extension x-rays of the
cervical spine. Three orthopedic surgeons, one neurosurgeon, and 3 radiologists blindly read the same
75 flexion extension x-rays for instability. The same x-rays were re-read in a different order from 28 to
183 days later using a computer assistant program. The first read resulted in 12/75 (16%) unanimous
agreements. The second reading resulted in 57/75 (76%) unanimous agreements. It was concluded that
there was a need for standardization and quantitative definitions of spinal instability and spinal
fusion.(337)

X-rays are non-invasive, low to moderately cost, and have a low risk of adverse effects (exposure to
ionizing radiation, which has been estimated to be from 0.12 and 0.02 mSv for AP and lateral cervical x-
rays respectfully).(339) Thus, x-rays are recommended for discrete clinical situations.

Quiality Evidence
There is 1 moderate quality and 1 other study incorporated into this analysis.(336, 337)

A comprehensive literature search was conducted using PubMed, Scopus, CINAHL and Cochrane
Library without date limits using the following terms: neck, neck pain, cervical, radicular pain or
radiculopathies, neck pain diagnosis, diagnostic, diagnosis, sensitivity, specificity, positive and negative
predictive value, predictive value of tests, efficacy, efficiency; controlled clinical trial, controlled trials,
randomized controlled trial, randomized controlled trials, random allocation, random*, randomized,
randomization, randomly; systematic, retrospective studies, or prospective studies. We found and
reviewed 240 articles in PubMed, 2 in Scopus, 48 in CINAHL, 0 in Cochrane Library and O in other
sources. We considered for inclusion 2 articles from PubMed, Scopus, CINAHL, Cochrane Library and
from other sources.
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can decrease unnecessary
cervical x-rays in alert,
stable trauma patients.

?- was not specified in study; *- Not done on all participants; C- cervical, T-thoracic, L- lumbar spine; #- surgery performed in some participants; **- quantified response not

reported
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Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) is considered the gold standard in diagnostic imaging for defining soft
tissue anatomy due to its greater ability to distinguish soft tissues.(340-343) Thus, MRI is recommended
to assess potential nerve root or spinal cord compression, if the patient is a candidate for surgery or
radiation therapy, and if no contraindications to MRI exist. Computerized tomography (CT) remains an
important analytical tool especially for evaluating bony or calcified structures.(340, 341, 344, 345) MRI
may also be useful in the acute trauma setting to evaluate for soft tissue injury in non-communicative
patients with a high pre-test probability of significant injury that would need intervention.(340, 344, 345)
MRI also can determine if a fracture seen on x-ray is recent (still has marrow edema) or remote (healed
and without marrow edema).

1. Recommendation: MRI for Diagnhosing Red Flag Conditions

MRI is recommended for patients with:

1. Acute cervical pain with progressive neurologic deficit;

2. Significant trauma with no improvement in significantly painful or debilitating symptoms;

3. A history of neoplasia (cancer);

4. Multiple neurological abnormalities that span more than one neurological root level;(340, 344-
347) Previous neck surgery with increasing neurologic symptoms;

5. Fever with severe cervical pain; or

6. Symptoms or signs of myelopathy.

Harms — Medicalization or worsening of otherwise benign spine condition.
Benefits — Diagnosis of a surgically treatable condition or otherwise latent medical condition(s).
Strength of Evidence — Recommended, Evidence (C)
Level of Confidence — High
2. Recommendation: MRI for Diagnosing Subacute and Chronic Radicular Syndromes
MRI is recommended for patients with subacute or chronic radicular pain syndromes lasting at least 4 to
6 weeks in whom the dermatomal and myotomal symptoms are not trending towards improvement if
either injection is being considered or both the patient and surgeon are considering surgical treatment if
supportive findings on MRI are found.(343)
Harms — Medicalization or worsening of otherwise benign spine condition.
Benefits — Diagnosis of a surgically treatable condition or otherwise latent medical condition(s).
Strength of Evidence — Recommended, Evidence (C)
Level of Confidence — High

3. Recommendation: Early MRI for Diagnosing Acute Radicular Syndrome

MRI is not recommended for acute radicular pain syndromes. Exceptions include progressive
neurological deficit (see above) or severe impairment not trending towards improvement and either
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injection is being considered or both patient and surgeon are willing to consider early surgical treatment if
supportive findings on MRI are found.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate

4. Recommendation: Repeat MRI Imaging without Significant Clinical Deterioration in Signs and/or
Symptoms

Repeat MRI imaging in the absence of significant new radicular or myelopathy symptoms and/or signs is
not recommended. An exception would be agreement on the part of the patient and surgeon that surgery
will be performed, and the previous MRI is more than 6 months old. Cervical disc herniations are known
to resorb spontaneously, and surgery would be predicated on persisting nerve root or cord
compression.(348)
Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate
5. Recommendation: MRI for Diagnosing Non-specific Cervicothoracic Pain
MRI is not recommended for the evaluation of patients with non-specific chronic cervicothoracic pain.
MRI may be considered if the purpose is to rule out non-injury-related diagnoses in select patients, such
as possible neoplasia, infection, or other neurological illnesses, based on the presence of symptoms or
findings that suggest these diagnoses.
Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate

6. Recommendation: Flexion/Extension, Standing, or Weight-bearing MRI

Flexion/extension, standing, or weight-bearing MRI is not recommended for cervicothoracic pain or
radicular pain syndrome as the clinical utility of this technology has not been adequately established.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate
7. Recommendation: MRI for Acute Whiplash without Neurological Signs

MRI is not recommended for patients with acute whiplash in whom there is no evidence of dermatomal or
myotomal symptoms and signs.

Strength of Evidence — Not Recommended, Evidence (C)

Level of Confidence — Moderate
8. Recommendation: Open MRI
Open MRIs are not recommended for routine use except in circumstances where the patient is either
morbidly obese and exceeds the closed MRI unit’s weight specifications, or suffers from claustrophobia

that is not alleviated with a low-dose anxiolytic administered prior to the procedure.
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Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate

Figure 1. Prevalence of Asymptomatic Annular Cervical Tears and Cervical Disc Herniations on MR
Images by Three Age Groups

Prevalence of annular tears and disc herniations
on MRimages
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Data adapted from Ernst CW et al, 2005. Data for those >61 were combined with those for 46-60
as the elderly group was too small for meaningful inferences.

Rationale for Recommendation: Closed MRIs

MRI has been evaluated in quality studies (see evidence table); however, most cases of cervicothoracic
pain and radicular pain syndromes spontaneously resolve and require no imaging.(349-351) The
sensitivity and specificity of MRI or CT are difficult to define as they require a “gold standard” that is
difficult to define in spine pain since the final diagnosis often is based on the same imaging modality
being tested. Therefore, these clinical studies may be prone to incorporation bias, artificially inflating the
sensitivity and specificity with some assuming MRI has 100% sensitivity and specificity. Multiple case
series have been reported in patients with acute cervicothoracic trauma with neurologic deficits. A
retrospective review evaluated MR and CT scans in 113 acute spine trauma patients. The study reported
on a total of 166 lesions found on MRI and CT scan. MRI was reported to be superior to CT scan in
finding soft tissue injury, ligamentous injury, high-grade stenosis, and spinal cord injuries.(347) A case
series evaluated MRI and CT scans in 14 spinal trauma patients. They reported that CT missed 3
epidural hemorrhages (100%) found on MRI, and CT missed 3 of 5 (60%) intervertebral disc injuries
found on MRI.(345) It has been shown that MRI is superior to CT scan and x-ray at identifying spinal
cord injury and other soft tissue injuries.(340, 344-347, 352, 353)

A study evaluating 52 cervical radiculopathy patients with or without myelopathy reported that MRI was in
agreement with the surgical findings 74% of the time. When MRI and CT myelography were conducted
on the same patient, the radiographic diagnosis was in agreement with the surgical diagnosis 90% of the
time.(343)

A study with 497 asymptomatic patients was conducted. An overall increase of MRI findings related to
age (p <0.0001) was reported. Grade 1 or Grade 2 disc degeneration was found in 17% of the discs in
asymptomatic men and 12% of the discs in asymptomatic women in their twenties rising to 86% and
89%, respectively, in subjects over 60 years of age.(354) A study evaluated MRI findings in a cohort of
high school students with or without cervicothoracic pain. They initially surveyed students about
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symptoms while they were in high school. Seven years after the first survey was completed another
survey was done. The participants with cervicothoracic and shoulder pain on both occasions but without
significant changes over the years were chosen as the symptomatic group. Participants without
cervicothoracic or shoulder pain at both survey times were the asymptomatic group. Participants had an
MRI done at the end of the 7 years follow-up. Pathological changes of the cervical spine seen with MRI
in 24 to 27 years old were reported to be equally common in the symptomatic and asymptomatic groups;
20 degenerated discs in the symptomatic group (SG) and 26 in the asymptomatic group (AG); 14 annular
tears in the SG, 18 in the AG; 18 disc protrusions in the SG, and 29 in the AG. Disc herniations were the
only finding more prevalent in the symptomatic group, 4 in the symptomatic group and O in the
asymptomatic group.(355)

A prospective study evaluated MRI scans in acute whiplash patients at baseline and after 3 months.
Each patient was involved in a RCT evaluating immobilization, active mobilization and advice to act as
usual. The initial MRIs were performed on 178 patients and follow up MRIs on 82 (46.1%) patients. The
most frequent finding was pre-existing degeneration 139/178 (78%). Bulges or protrusions of one or
more discs were present in 35/178 (20%) of the participants. It was determined that 7 had findings on
MRI that were “traumatic” in nature (paravertebral bleeding/edema, prevertebral bleeding/edema, edema
in the spinal cord, or “traumatic” disc protrusion or bulge). The authors concluded that MRI is not the
answer to a diagnosis in the vast majority of patients developing long-lasting pain after a whiplash injury,
and early MRI scans do not predict prognosis.(356) Others have reported evidence of fatty infiltrates in
the craniocervical flexors being statistically higher on MRI in those with chronic whiplash disorders.(353)
However, a prospective, 10-year study has reported MRI findings do not explain persistent
symptoms.(357)

Another study evaluated MRI findings in relation to the transverse ligaments of the atlas (alar ligaments).
The study evaluated 92 whiplash-injured patients diagnosed as Grade 2 whiplash patients and 30
uninjured individuals who underwent proton density-weighted MRI of the craniovertebral junction at least
2 years after the injury. Twenty out of 117 (17.1%) had Grade 2 or 3 posterior atlanto-occipital membrane
lesions. No Grade 3 lesions and only one Grade 2 lesion was found in the uninjured individuals.
However, no clinical correlation was made in regard to prognosis or symptoms based in the MRI
findings.(358) In another study using the same populations it was reported that the transverse ligament
was classified as abnormal in 64% in the injured group and 27% of the uninjured group.(358) The
authors failed to explain why the alar ligament should show signs of acute injury (increased signal) 2 to 9
years after the whiplash event in spines that are not clinically unstable. Other investigators did not find
MRI evaluation of the alar ligaments clinically helpful due to the high prevalence of “abnormalities” in
normal people.(359, 360)

There is no quality evidence for use of MRI within the first 6 weeks of symptom onset. However, rare
cases are thought to need MRI and emergent/urgent surgery (see below).(343) Patients presenting with
a mild single nerve root deficit, such as an absent deep tendon reflex, should not have early MRI, as their
condition usually resolves spontaneously; thus, the test does not alter the course of treatment. Those
who have a documented neurologic status that then objectively deteriorates (particularly a significant
increase in weakness or an increased loss of sensation compared with the prior examination) and those
with a history of cancer with symptoms suggesting atypical radicular presentation do have an indication
for early imaging with MRI.

In the absence of red flags suggesting fracture or serious systemic illness, imaging before 6 weeks
produces no clear health outcomes benefit.(355, 356, 361-364) Early imaging would be expected to
result in higher overall costs and increased morbidity through the performance of some unnecessary
procedures and/or surgeries. Disc degeneration, disc bulging, and endplate changes on MRI have been
shown to either not correlate at all or correlate poorly with clinical outcomes, suggesting that MRI is not
useful for most patients.(340, 341, 354-356)
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Patients should be a priori informed that their MRI is highly unlikely to be “normal” as few patients have a
normal MRI(354), and there is a considerable rate of resolution of herniations over 6 weeks after an initial
MRI documented in the lumbar spine (see Low Back Disorders guideline). A patient handout describing
the prevalence of “abnormal findings” on MRI of asymptomatic individuals is helpful. Physicians lacking
the time or knowledge to explain these facts to patients should avoid ordering MRIs. The
discovery of degenerative changes or clinically irrelevant disc herniations in many patients may cause
them to focus on the need to “fix” MRI changes that are actually normal for their age or are asymptomatic
findings.(354) This may also become a rationale for avoiding participation in the therapeutic activities that
promote functional recovery. In addition, lack of understanding of the strengths, indications, and
limitations of a technology preclude adequate clinical interpretation of the results. In those cases,
consultation with a physician experienced in treating musculoskeletal disorders may be helpful.

A prospective, observational study using MRI preoperatively to predict postoperative recovery in 57
cervical spondylotic myelopathy (CSM) patients found MRI beneficial in predicting outcomes. The study
found those with high T2SI and spinal cord failure were found to predict poorer recovery. Patients with
low T1SI were predictive of greater impairment, and those with focal T2SI made more significant
improvements in walking. However, the evidence of prognostic power for CSM patients is
inconsistent.(365)

Open MRIs have lower ability to discern soft tissue without lower costs and are not recommended other
than in circumstances where the patient is either morbidly obese and exceeds the closed MRI unit’s
weight specifications, or suffers from claustrophobia that is not alleviated with a low-dose anxiolytic
administered prior to the procedure.

MRI is minimally invasive even when contrast is used, has few adverse effects, but is high cost. MRI
changes treatment if it detects unrecognized fracture, systemic disease, or a spinal condition for which
surgery is the recommended treatment.

Flexion/Extension, Standing (“Upright” or “Positional”’) MRIs

There are no quality trials or studies evaluating flexion/extension MRI or standing MRIs in cervicothoracic
pain patients (see Low Back Disorders guideline).

Quiality Evidence

There are 3 high-(341, 366, 367) and 15 moderate-quality studies(340, 343-347, 352, 354-356, 358, 368-
371) incorporated into this analysis.

A comprehensive literature search was conducted using multiple search engines including PubMed,
Scopus, CINAHL and Cochrane Library without date limits using the following terms: magnetic
resonance imaging, MRI, MRI scan, cervicalgia, neck pain, cervical pain, neck, cervical, vertebrae,
vertebral, spine, radiculopathy, radiculopathies, radicular pain, intervertebral disc displacement,
herniated, herniat*, displacement, displacements, displaced, disk, disc, disks, discs, pain, diagnostic,
efficacy, efficiency, sensitivity, specificity, predictive value of tests, positive predictive value and negative
predictive value. In PubMed, we found and reviewed 2,442 articles, and considered 8 for inclusion. In
Scopus, we found and reviewed 186 articles, and considered 1 for inclusion. In CINAHL, we found and
reviewed 68 articles, and considered zero for inclusion. In Cochrane Library, we found and reviewed 78
articles, and considered zero for inclusion. We also considered for inclusion 11 articles from other
sources. Of the 25 articles considered for inclusion, 17 studies and 8 systematic studies met the
inclusion criteria.
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SG-18, AG- that was (AG). Disc
29; Disc significantly herniations only
Herniations: associated with more prevalent in
SG-4 AG-0. neck pain. These SG. 7 year follow-up
findings indicate study. Aged from 24-
that patho- 27 years. Data
physiological suggest pathological
changes of changes seen by
cervical spine MRI in group aged
verified on MRI 24-27 equally
seem to explain common in
only part of the symptomatic and
occurrence of asymptomatic
neck and shoulder | subjects. Disc
pain in young herniation was the
adults.” only variable
associated with neck
pain.
Kongsted 5.5 178 Acute Open 3 Baseline “In conclusion, Traumatic findings
2008 whiplash 0.2T and | findings: MRI is not the visible with standard
injury MRI; 12 139/178 answer to a cervical MRI rare
baselin mo | (78%) had diagnosis in the following whiplash
e and nth | pre-existing vast majority of injury. No distinct
Diagnostic repeat S degeneration | patients symptomatology or
edat3 (reduced developing long- prognosis related to
months signal lasting pain after a | findings on MRI. It
intensity, whiplash injury, was not reported
reduced disc and early MRI what other
height.) scans do not interventions
Bulges or predict prognosis. | participants were
protrusions in | It may be relevant | doing during follow-
35/178 (20%). | to focus future up period. MRI does
42/178 (24%) | trials upon not appear to add
had no imaging of the diagnostic value in
abnormal upper cervical stable acute
findings. MRI | spine including whiplash patients.
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at 3 months:
(96 total
participants):
39/96 (41%)
had no
abnormal MRI
findings. 3
with no
abnormal
findings at
baseline had
abnormalities
at 3 months
3/42 (7%); 1
had mild
degeneration,
1 with Modic
Type land 1
with minor
anterolisthesi
s. 40%
reported
considerable
neck pain
and/or
headache. At
12 months
was 44%.
Headache
more frequent
in group with
traumatic MRI
findings (OR
2.8 0.4-17).
Pre-existing
degeneration
not
associated
with 3-month
outcome.
Moderate/sev
ere pre-
existing
degeneration
associated
with reduced

functional
imaging.”

MR scans were
done. 96 had MR at
3 months. *Data
suggest MR scans in
acutely injured
cervical spine
patients did not
predict outcomes.
Repeat scan at 3
months post injury
did not add to useful
information.
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risk of lasting
pain.

Benzel 1996 | 5.0 174 Acute spinal 0.064T 2 62/174 (36%) | “The T2-weighted | MRI is useful in
trauma MRI mo | had MRI sagittal images assessing soft tissue
without evidence of were most useful injury in patients
clinically soft tissue in defining acute who have an

Diagnostic obvious injury. All 62 soft-tissue injury; impaired ability to
injury, classified as axial images were | communicate. In
impaired having “lack of minimal acutely injured, x-ray
ability to of excess assistance. did not show
communicate mobility” on Posttraumatic disruption of spinal

flexion and soft-tissue cervical | integrity or equivocal
extension spine injuries and | physical exam for
films at disc herniations soft tissue injury.
follow-up. (most likely *Data suggest MR

preexisting the images can assist in

trauma) are more | diagnosing acute

common than soft tissue trama in

expected. A patients with

negative MR negative cervical x-

image should be rays following

considered as trauma.

confirmation of a

negative or

“cleared” subaxial

cervical spine.

Diagnostic and

patient

management

algorithms may be

appropriately

tailored by this

information. Thus,

MR imaging is

useful for early

acute posttrauma

assessmentin a

very select group

of patients.”

Sekhon 5.0 20 Patients who 1.5T - No significant | “Cervical Findings purportedly

2007 had MRI difference in arthroplasty may assist in
undergone pre- and post- | prostheses have surgeon’s choice of

op imaging varying which product to use
quality for articulations, if MRI image quality
Bryan and materials, after surgery is
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RCT/Diagno
stic

cervical
arthroplasty

Prestige LP
discs. PCM
and Prodisc-
C had
statistically
significant
quality
deterioration
after surgery.

kinematics, and
methods to
achieve fixation.
Optimally, the
device and local
anatomy would be
well visualized
with all imaging
methods without
significant artifact.
With current
designs, many
guestions can be
resolved with
standard
radiographs and
CT. Neural
imaging will be
required when
neurologic
symptoms are
present, which is
best performed by
MRI. Titanium and
ceramic materials
are the most MRI
compatible
materials in use
today, and will
afford the greatest
versatility and
visibility in
postoperative
imaging studies.
CT myelography
will necessarily
retain a role in
postoperative
imaging with
devices made of
stainless steel or
Co-Cr alloys.”

considered. 5
patients of each of
the four-types of disc
replacements. *Data
suggest implants
made with titanium
uses cobalt or
chrome result in
better post-operative
MR images.

Beers 1988

4.5

14

Acute cervical
cord injury

0.5T
MRI &

CT

MRI showed
hyperintensity
&/or cord
swelling in all

“These
observations
indicate that
following acute

MRI showed soft
tissue injuries well.
Sometimes able to
identify fractures, but
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(89%) in WG,
1/9 (11%) in
AG. Grade 3:

Diagnostic 15T 12 patients cervical spine not as well as
MRI with clinical trauma, MR is a radiographs or CT
neurological valuable scan. Small
findings. technique in numbers. 12/14 had
assessing injury to | neurological deficits
the spinal cord, from injury. Scans
surrounding soft done within 7 days
tissues, vertebra, from injury. Not all
and disks.” scans done in same
manner. Different
protocols used
based on availability
and clinical
presentation.
*Data suggest in
severe acutely
injured patients
cervical MRI can
help image the
cervical spine and
aid in diagnoses.
Krakenes 4.5 122 Grade 2 15T Grade 0 “Whiplash trauma | Hyperintensity in
whiplash MRI atlanto- can cause atlanto-occipital
2002 injury with occipital permanent ligament reported
normal x- membranes damage to the more frequently in
rays. Looking ligaments in alar ligaments, whiplash group than
at atlanto- 71, 22/71 which can be in control group. No
Di . occipital (31%) in shown by high- clinical correlations
iagnostic X . :
ligaments symptomatic resolution proton made to outcomes
group (AG), density-weighted based on MRI
49/71 (69%) MRI. Reliability of | findings. No
in whiplash classification of explanation made
group (WG). alar ligament for findings in
Grade 1: lesions needs to asymptomatic group.
20/23 (87%) be improved.” 92 injured and 30
in WG, 3/23 uninjured. MRI
(13%) in AG. performed =2 years
Grade 2: 8/9 after injury. No

clinical outcomes.
*Data suggest MR
image can identify
possible Alar

ligament injury 22
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11/11 in WG, years after whiplash
0/11in AG. injury.

Krakenes 4.5 122 Grade 2 15T Injured group | “In conclusion, by | Hyperintensities in

Acta Radiol whiplash MRI had 23% use of high- transverse ligaments

2003 injury with increased resolution reported more
normal x- signal protonweighted frequently in
rays; looking throughout MR sequences we | symptomatic
at transverse entire cross- found structural whiplash than

RCT/Diagno ligaments section of changes in the control group. No

stic transverse transverse clinical correlations

ligament. ligament made based on MRI
Grade 1: concomitant with findings. No
20/23in ligament sprain explanation made
whiplash several years after | for findings in
group (WG), whiplash trauma. asymptomatic group
2/23in The grading of Similar to Krakenes
asymptomatic | such lesions is 2002, but looking at
group (AG). difficult, and our transverse
Grade 2: study has ligaments. 92 injured
16/19 in WG, revealed several and 30 uninjured
3/19in AG. pitfalls. Further individuals. No
Grade 3: 5/5 clinical outcomes.
inWG, 0/5in | development of
AG. MR technology

and more

experience in *Data suggest MR

image reading images can identify

should improve possible tranverse

the grading ligaments injury 2-5

consistency. The | years after whiplash

reported protocol injury.

has the potential

to become an

important tool to

differentiate

between normal

and sprained

transverse

ligaments.”

Krakenes 4.5 122 Grade 2 1.5T 27% of “In classifying Similar to Krakenes
whiplash MRI injured injured ligaments 2002 and 2003, but
injury after whiplash and membranes looking at posterior
12-16 weeks. patients had there will be atlanto-occipital
Looking at grade 2-3 equivocal cases. membranes. 92

Copyright ©2016 Reed Group, Ltd.

52




Neuro- whiplash lesions of Hence, a one-step | injured, 30

radiology trauma tectorial difference in uninjured. No clinical

2003 causing membrane grading does not outcomes.
damage to and 17% of necessarily
tectorial and posterior indicate real
posterior atlanto- disagreement.

RCT/Diagno atlanto- occipital The weighted K *Data suggest MR

stic occipital membrane. K | coefficient was images can identify
membrane. =0.30(.19- ; used and, as possible posterior

/41) under 2™ | expected, atlanto-occipital
grading for considerably membranes 2-5
J.K.vs G.M. better values were years after whiplash
with p <0.01 found when injury.

and degree of

disagreement | disagreement was

at 51.3%. K = | taken into

0.53 (.42-.65) | consideration.

under 15t vs. Dichotomising the

24 grading groups did not

for J.K. with p | improve intra- and

<0.01 and interobserver

disagreement | agreement. Thus,

at 30.8%. a classification of

Dichotomising | these membrane

groups lesions into four

showed no grades (0-3)

improved seems

agreement. appropriate. ”

GM and HN

more lesions

JK with p

<0.05.

Cooley 2001 | 4.0 106 “History of 15T 1847 discs “Interexaminer Inter and intrarater
cervical MRI scanned, and intraexaminer | reliability using MRI
complaints to 1173 (64%) agreement were for cervical disc
warrant a MRl had normal good to very good | pathology are

Diagnostic scan” findings, concerning reliable. No clinical

477/1847 measurements outcomes

(26%) bulges, | and fair to good considered.
185/1847 concerning disk Retrospective
(10%) disc assessments. review, no clinical
protrusions, Different disk outcomes

12/1847 (1%) | displacement measured. 3

disc types reviewers looked at
extrusions. demonstrated films.

When obvious mean size
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measuring
disc
displacement
aruler vs.
digitizer
showed
correlation of
.96 (p <.01).

differences. No
significant mean
difference in
measurements
between the ruler
and the digitizer
was noted.”

*Data suggest MR
images have the
most inter- and intra-
rater reliability
issues distinguishing
between transitional
disc types.

? = was not specified in study; *= which levels done on participants not well described; C = cervical, T = thoracic, L = lumbar spine; # = surgery performed in some

participants; ** = quantified response not reported
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Electromyography

Electromyography (EMG) is a physiological test that assesses the function of the motor unit (including
the neuron’s anterior horn cell, its axon, the neuromuscular junctions and muscle fibers it supplies).(372,
373) It differs from surface EMG, which is discussed below. EMG technically refers to the needle
electromyogram and the term “EMG” is usually misused as a euphemism for an electrodiagnostic exam
that includes both needle EMG and peripheral nerve conduction testing. Among spine patients, EMG has
been used primarily to evaluate radiculopathy.(374)

1. Recommendation: EMG with Upper Extremity Symptoms

Electrodiagnostic studies, which must include needle EMG, are recommended where a CT or MRI is
equivocal and there is ongoing upper extremity pain that raise questions about whether there may be a
neurological compromise that may be identifiable (i.e., upper extremity symptoms consistent with
radiculopathy, spinal stenosis, peripheral neuropathy, etc.). Also, may be helpful for evaluation of
chronicity and/or aggravation of a pre-existing problem.

Indications — Failure to resolve or plateau of suspected radicular pain without resolution after
waiting 4 to 6 weeks (to provide for sufficient time to develop EMG abnormalities as well as time
for conservative treatment to resolve the problems), equivocal imaging findings such as CT or
MRI, and suspicion by history and physical examination that a neurologic condition other than
radiculopathy may be present instead of, or in addition to radiculopathy.

Harms — Medicalization or worsening of otherwise benign spine condition. Pain. Hematoma.
Misinterpretation if not done by an appropriately trained person.

Benefits — Diagnosis of neurological compromise.
Strength of Evidence — Recommended, Insufficient Evidence (1)
Level of Confidence — High

2. Recommendation: EMG without Upper Extremity Symptoms

Electrodiagnostic studies are not recommended for patients with acute, subacute, or chronic neck pain
who do not have significant upper extremity pain or numbness.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate
Rationale for Recommendations

Needle EMG may help determine if radiculopathy and/or spinal stenosis is present, and can help address
acuity.(375) EMG requires full knowledge of the anatomy and precise innervation of each muscle to
properly perform and interpret the test results. Needle EMG also requires the skills of an experienced
physician who can reliably spot abnormal motor potentials and recruitment patterns. Nerve conduction
studies are usually normal in radiculopathy (except, for example, for motor nerve amplitude loss in
muscles innervated by the involved nerve root in more severe radiculopathy). Nerve conduction studies
rule out other causes for upper limb symptoms (generalized peripheral neuropathy, pronator syndrome,
etc.) that can mimic radiculopathy.
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An abnormal EMG that persists after anatomic resorption of the herniation(376) and that correlates with
the patient’'s symptoms is generally considered proof the symptoms are due to radiculopathy. Thus, the
EMG study documents that management for chronic neuropathic pain appears appropriate.

As imaging studies (especially CT and MRI) have progressed, the need for EMG has declined. However,
EMG remains helpful in certain situations. These include ongoing pain suspected to be of neurological
origin, but without clear neurological compromise on imaging study. EMG can then be used to attempt to
rule in/out a physiologically important neurological compromise. An abnormal study confirming
radiculopathy permits a diagnosis of neuropathic pain (helping with pain management decisions). This
test should not be performed in the first month unless there is a desire to document pre-existing
neurological compromise, as it requires time (generally at least 3 weeks) to develop the needle EMG
abnormalities. EMG is minimally invasive, and has no long-term adverse effects (although it is somewhat
painful), and it is costly. To result in reliable measures, it must be performed by a practitioner well skilled
in the appropriate anatomy and testing procedures. Post-operative changes may persist in normal
individuals without clinical significance, thus also requiring careful interpretation.

Evidence for the Use of Electromyography
There are no quality studies regarding the use of electromyography.
We searched PubMed and Google Scholar without limits on publication dates. We used the following
search terms: Surface Electromyography, SEMG, neck pain [MESH] and Diagnostic to find 99 articles.
We reviewed 99 articles and included O articles.
Surface Electromyography
Surface electromyography (SEMG) has been used to diagnose spine pain, especially in the lumbar spine
(377-393) and involves the recording of summated muscle electrical activity by skin electrodes (such as
those used in an electrocardiogram or EKG). Unlike traditional needle EMG (see above), no needle is
used to explore specific portions of specific muscles for motor unit potentials.
1. Recommendation: Surface EMG for Diagnosing Cervical or Thoracic Pain
Surface EMG is not recommended to diagnose cervical or thoracic pain.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)

Level of Confidence — High
Rationale for Recommendation
There are no quality studies demonstrating that use of surface EMG results in improved diagnosis or
evaluation of patients with cervical or thoracic pain. Available studies in the lumbar spine have
methodological weaknesses, including poor descriptions of patients, small sample sizes, types of
machine, electrode placement, and analysis of the output making outcomes difficult to compare across
studies.(379, 383, 389, 393, 394)
The American Association of Neuromuscular and Electrodiagnostic Medicine’s position is that there are
no clinical indications for the use of SEMG in the diagnosis and treatment of disorders of nerve and
muscle, although potential future uses are possible.(395, 396) Surface EMG is not invasive, has few

adverse events, is moderately costly, but has a lack of quality evidence of benefits for the clinical
evaluation or treatment of spine disorders and thus is hot recommended.
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Evidence for the Use of Surface Electromyography
There are no quality studies regarding the use of surface electromyography.

We searched PubMed and Google Scholar without limits on publication dates. We used the following
search terms: Surface Electromyography, SEMG, neck pain [MESH] and Diagnostic to find 99 articles.
We reviewed 99 articles and included O articles.

Discography

Discography is a diagnostic test that attempts to determine if chronic spinal pain is originating from the
intervertebral disc.(397-405) A needle is inserted into the middle (nucleus pulposus) of a disc and x-ray
dye is injected. Images are then made, often with both x-rays and computed tomography (CT).(397, 400,
401, 406, 407) Discography is usually used in patients with chronic spinal pain without significant
extremity pain.(401) This procedure is fairly painful and sedation is required.(400, 401, 408-410) Unlike
in the lumbar spine, extravasation of contrast out of the disc is not considered a significant finding in
cervical discography.(402, 411-413)

Discography proponents believe that discs with more severe degrees of degeneration are more likely to
be painful.(397, 398, 400) If a patient does not experience pain on injection, that disc is considered
unlikely to be the source of chronic spinal pain. If a patient experiences pain that is mild or that is clearly
different in location or character to his or her chronic pain, that disc is also considered unlikely to be the
source of chronic spinal pain.(400, 401, 405, 414) However, if the patient experiences significant pain
that is identical in location and character to the patient’s chronic pain (“concordant pain”), proponents
believe that discography can identify the pain-generating structure responsible for chronic spinal
pain.(397-400, 407, 415, 416)

Discography has known complications including discitis, epidural abscess secondary to discitis,
herniated cervical disc, and quadriplegia.(401, 413, 417-419) Discography has been shown to result in
accelerated degeneration in the normal control discs that are injected in the lumbar spine,(420) and there
is a suggestion that this is also true in the cervical spine.(421) The technique of discography is not
standardized. There is no universally accepted definition of what constitutes a concordant painful
response. There are no published intra-rater or inter-rater reliability studies on cervical discography.
Discography is important to the subsequent discussions of spinal fusion for “degenerative disc disease,”
and artificial disc replacement, as many North American surgeons (but not European surgeons) use
discography results in surgical planning.(422) If discography can accurately identify a disc as the pain-
generating structure, then surgical procedures on that disc may logically lead to patient
improvement.(402, 423) If discography can produce pain, but cannot accurately identify that disc as the
pain generating structure, then surgery on that disc is presumably unlikely to be helpful.(408, 418, 422)
Due in part to recognition that discography is not a highly accurate test,(408, 411, 418, 422, 424)
attempts have been made to modify the test to attempt to increase the accuracy, including measurement
of pressures where pain occurs, (398, 407, 423) as well as injection of anesthetics.(400, 417, 425)

2. Recommendation: Discography for Assessing Acute, Subacute, or Chronic Cervicothoracic Pain or
Radicular Pain Syndromes

Discography, whether performed as a solitary test or when paired with imaging (e.g., MRI, CT), is not
recommended for acute, subacute, or chronic cervicothoracic pain or radicular pain syndromes.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)

Level of Confidence — Moderate
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Rationale for Recommendation

Discography has not been evaluated in high-quality studies for cervicothoracic pain. There are several
case series reports and a few comparisons between discography findings and findings on MRI. One case
series evaluated 71 chronic cervicothoracic pain patients who had concordant pain responses with
discography and then underwent anterior cervical discectomy and fusion. The authors reported 93%
excellent or good outcomes and 7% fair or poor surgical outcomes.(425) This is contrasted with another
case series that evaluated 22 patients who had concordant pain responses to discography and then
underwent anterior cervical discectomy and fusion. Excellent surgical outcomes were reported in 5%,
41% had a good outcome, 27% had a fair, and 27% had a poor surgical outcome. This study also
reported a 13% complication rate including one patient who developed quadriplegia and concluded that
discography’s benefit in diagnosis did not outweigh the complication rates.(418)

A retrospective case series evaluated 42 surgical patients — all had cervical discography prior to surgery.
The diagnoses given at discography were compared to diagnoses given after exploratory surgery. The
overall diagnostic accuracy for cervical discography compared to surgical findings was 55%. Of 12 disc
protrusions seen at surgery, 8 were identified by discography (66%). Of the 24 cases of spondylosis
diagnosed at time of surgery, 12 were identified by discography (50%).(422)

A moderate-quality retrospective study evaluated concordant pain responses in chronic cervicothoracic
pain patients without a comparison group and reported that out of 807 discs injected during discography
404 (50%) had concordant pain responses.(401) A study of 72 chronic cervicothoracic pain patients
versus 72 controls with no cervicothoracic pain was conducted to evaluate sensitivity and specificity of
discography and reported a sensitivity of 65% and specificity of 50%.(411) Thus, with a pre-test
probability of 50%, these results suggest the positive predictive value would be 56.5%.

There are a few studies comparing cervical discography to MRI.(412, 413) Parfenchuck et al(413)
examined 52 cervicothoracic pain patients who had failed conservative treatment. They performed spinal
MRI from C2-T1 and noted abnormalities. They then performed discography on all patients. Of the 62
painful discs on discography, 45 were abnormal on MRI, constituting a sensitivity of 73% and false
negative rate of 27% for MRI to detect discs that are painful with discography. Of the 42 asymptomatic
discs on discography, 28 were normal on MRI constituting a specificity of 67% and false-positive rate of
33% for MRI for abnormalities on discs that are not painful on discography.

Another study examined 20 patients, 10 who had chronic cervicothoracic pain and 10 lifelong
asymptomatic subjects. All 20 underwent discography at C3-C4 through C6-C7 after MRI. Disc
morphology and provoked responses were recorded at each level. MR examinations were judged to be
normal in 1 of the 10 asymptomatic patients (5 of the 40 discs injected in the asymptomatic patients were
painful on injection). The study examined 80 discs in the 20 subjects. Of the 31 discs reported as normal
on MRI, 27 had annular tears of varying degree. The authors concluded that MRI at the time did not
reliably detect annular defects.(412) Seventy percent of the asymptomatic subjects had painful disc
injections (4 or 5 on a 0 to 10 pain intensity scale), and 2 out of 10 had pain intensity 6 noted on
injection. These studies may describe how likely a given finding on imaging is to be associated with pain
on injection, but cannot determine whether the pain response is a true-positive or a false-positive
response. Thus, these studies are not capable of guiding further therapy.

In low back pain, the estimated positive predictive value appears to be at or below 50%, suggesting the
test is not helpful in the lumbar spine.(426) These studies have not found that discography reliably
indicates which particular disc is the source of the patient’s pain. Validity of those findings through
improved operative successes is not consistently present.(427) Studies on imaging have shown that
most imaging findings do not correlate with an individual’s pain status(426) (see Low Back Disorders
guideline).
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Discography is invasive and has adverse effects. Temporary complications include headache, nausea,
and worsened cervicothoracic pain. Uncommon, but serious reported complications include meningitis,
epidural abscess, arachnoiditis, intrathecal hematoma, intradural injection of contrast, and acute disc
herniation.(417, 418, 428) Discography results in a patient exposure to radiation of 1.5 to 4.0 rads.(429)
Most concerning is the recent report that in long-term follow-up lumbar discography of the discs that are
normal (the “negative control” discs) results in more rapid disc degeneration and an increased incidence
of disc herniation.(211) Discography requires that one or two normal discs be injected and be painless on
injection, so that the disc that is painful during injection can be identified. If discography iatrogenically
damages the normal control discs, and does not lead to improved treatment outcomes, then there is
clear evidence that discography should not be performed. A similar study has not been performed for
cervical discography; however, Nassr reported a case series that is perhaps analogous. At the time of
anterior cervical discectomy and fusion, surgeons traditionally verify they are about to operate on the
correct level (remove the correct disc) by inserting a metal needle in the disc at the start of the operation,
and then taking an intra-operative x-ray to verify the correct disc has been identified. Nassr reported a
series of cases in which surgeons inserted a needle in the wrong disc (always the disc above the disc
that was to be operated upon). In the short-term (2 years) follow-up, the “normal” disc above the level to
have surgery showed faster than expected degenerative change.(421) Discography is also costly and
has not been found to provide information that has sufficient positive or negative predictive value to
warrant its addition to the clinical examination or other testing currently under use. It is not currently
recommended, although there are potential modifications to the procedure being further studied.

A recent systematic review did not find any high quality evidence to support cervical discography, and did
not find any studies that show discography could improve clinical outcomes in patients considering
cervical surgery.(98)

Evidence for the Use of Discography

There are 13 moderate-quality studies and 2 other studies(401, 402, 408-413, 416-418, 422, 423, 425,
430) incorporated in this analysis. (There are also 20 studies included that focus on lumbar studies.(80,
367, 426, 431-447))

A comprehensive literature search was conducted using multiple search engines including PubMed,
Scopus, CINAHL and Cochrane Library without date limits using the following terms: discitis,
discography, diagnostic, efficacy, efficiency, sensitivity, specificity, predictive value of tests,
positive predictive value and negative predictive value. In PubMed we found and reviewed 18
articles, and considered 15 for inclusion. In Scopus, we found and reviewed 30 articles, and considered
zero for inclusion. In CINAHL, we found and reviewed one article, and considered zero for inclusion. In
Cochrane Library, we found and reviewed 5 articles, and considered zero for inclusion. We also
considered for inclusion zero articles from other sources. Of the 15 articles considered for inclusion, 15
studies met the inclusion criteria.
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Schellhas
1996

Diagnostic

20

10- chronic
neck and
head pain,
10-
asymptomati
c

Contrast

No

MR exams
judged
normal in
only 1 of 10
asymptomati
C patients.
Examined
80 discs in
20 subjects.
Of 31 discs
reported as
normal on
MR, 27 had
annular
tears of
varying
degree.
Concluded
MRI did not
reliably
detect
annular
defects.

“Significant
cervical disc
anular tears
often escape
magnetic
resonance
imaging
detection, and
magnetic
resonance
imaging
cannot
reliably
identify the
source(s) of
cervical
discogenic
pain.”

Participants with
chronic
cervicothoracic
pain (work comp
or legal claims
excluded).
Interobserver
agreement for
MRI and
discography in
asymptomatic
patients 88.75 %
and 91.25%
respectively.
Lack of study
details. Failed to
show
asymptomatic
annular tears is
clinically
significant. Not
all study aspects
of done in all
participants.
Videotaping not
done in all
patients, Not all
had intradiscal
anesthetic
injected. 10
asymptomatic
and 10 chronic
neck/head pain
patients. 2 of 11
normal discs on
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MRI in 10 chronic
pain patients had
concordant pain
with discography.
3 discs in
asymptomatic
patients had
significant pain
with discography.
Data suggest
both false
negative and
false positive
results on MRI

and cervical
discography.
Parfenchuck 52 Chronic Contrast No 59/104 “Our results Leakage of
1994 neck pain (56.7%) suggest that contrast occurred
discs several MRI in all discs
abnormal on | patterns irrespective of
MRI. 45/63 correlate well | clinical
Diagnostic (71_.4%) _ with pos?tive symptoms.
painful discs | or negative Complication rate
on cervical 4%. Sensitivity
discography | discography and specificity
abnormal on | responses show MRl is a
MRI. MRl'in | while other good diagnostic
detecting patterns are tool for disc
abnormal equivocal. abnormalities
discs: Sn- Magnetic without major
78%, Sp- resonance complications.
67%, False imaging is a Complication rate
Neg 27%, useful adjunct | of discography is
False Pos to cervical 4%. No mention
33%. discography of sedation. Data
but there are suggest MRI
some MRI correlates
patterns that reasonably well
cannot be but does have
considered discrepancies
pathologic, with cervical
and discography.
discography
is required to
diagnose
discogenic
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pain
syndrome.”
Shinomiya 144 | C Cervical Contrast + No Neck pain “The results Non-painful
1993 spondylitic * group 47/72 | demonstrated | group had other
myelopathy (65%) had that this neurological
or cervical provocative provocations symptoms. High
spondylitic pain; 22/72 technique rate of
Diagnostic radiculopath (30.6%) had | appeared provocative pain
y or Cervical epidural unreliable for | in group without
amyotrophy space diagnosing neck pain (50%)
leakage of symptomatic combined with
contrast. No | disk levels.” modestly higher
neck pain pain response in
group, 36/72 neck pain group
(50%) had (65%)
provocative concerning. Both
pain; 29/72 groups significant
had epidural pain response to
space discography.
leakage of Retrospective
contrast study design. No
sedation
used/reported.
65% in neck pain
group had
provocative pain
where 50% in
control group had
provocative pain.
Data suggest
cervical
discography was
unreliable. Given
retrospective
nature of study,
further studies
are needed.
Simmons 507 | C, Chronic pain | Saline + 3years | Ifimproved “On the basis | Retrospective
1975 T, L and after of a review of | record review.
contrast surgery, 507 patients, | No control group.
considered discography Diagnostic
positive. was a reliable | values unclear as
Diagnostic C_er_vical diagnostic _ patients already
clinical procedure in scheduled for
exam: 43%; | determining surgery. No
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X-ray: the positive
46.5%; symptomatic discography
myelography | level in patients refused
: 45.6; discogenic surgery to
miscography | disease of the | ascertain non-
1 91%. cervical and surgical
Lumbar lumbar outcomes.
clinical spine.” Discography
exam: done in cervical,
44 .2%; x- thoracic and
ray: 71.5%; lumbar spine.
myelography Data suggest
: 45.6%; discography can
discography: aid in
82.2% determination as
to what level of
spine to operate
on.
Holt 1964 50 Asymptomati | Contrast No Was painin | “Cervical Used 50%
¢ patients every disc discography sodium
injected with | is a painful diatrizoate as
contrast; 10 and contrast material,
Diagnostic of 148 discs | expensive which is more
injected did procedure irritating than
not leak and is without | non-ionic
contrast. diagnostic contrast.
value.” Population used
likely had high
burden of

psychological
conditions which
complicates
findings with
discography.
Results suggest
in this population
approach
unhelpful
diagnostically.
Done on only
volunteers with
no history of
spine pain. Only
looked at
extravasation of
contrast, not
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pain. Sedation
was used. Data
suggest
extravasation in
cervical
discography is
not indicative of
pain generating
discs.
Ohnmeiss 187 LBP Contrast + No Pain limited “[Allthough Study to
1999 to low back aching pain ascertain areas
and buttocks | was the most | of referred pain
was prevalent in during
frequently entire study discography in
Diagnostic associated group, lumbar spine.
with lack of patients with Data may be
disc discogenic helpful if
pathology pain used repeated in
(58.3%) significantly diagnosing pain
Anterior more symbols | generators with
thigh pain indicating using
was seen aching discography.
with L4-L5 sensation. “Mild” sedation
disc. Pain of a used. Data
burning suggest pain
sensation diagrams in low
was indicated | back pain
more patients who had
frequently in failed
the conservative
discogenic therapy could be
pain group. helpful in
Pain drawings | identifying
appear to be discogenic pain
a helpful when compared
diagnostic to lumbar
tool for discography
identifying results.
lumbar
discogenic
pain.”
Connor 31 Neck pain, Contrast + 38 1/22 (5%) “In view of Complication rate
1993 suboccipital * months | had an these of 13%
headache, excellent findings, we considerably
and outcome believe that higher than other
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periscapular after after surgery | diagnostic publications.
discomfort surgery | 9/22 (41%) cervical Minimum follow-
Diagnostic had a good discography up period 24
result 6/22 does not months. Longer-
(27%) had a | provide the term follow-up
fair result; degree of suggests results
6/22 (27%) clinical not strong. No
had a poor predictive patient with
result; 4/31 value radiculopathy. No
(13%) had a | necessary to sedation was
major substantiate used. 26/31 had
complication | the potential concordant pain
; 3/31 (10%) | risks inherent | and were
had a minor | to the positive, 88%
complication | procedure.” were C5-6 and
C6-7. 22/26 had
anterior fusion.
13%
complication rate
including
quadriplegia.
Data suggest
that cervical +
discography did
not correlate with
positive surgical
outcomes.
Grubb 2000 173 Chronic Saline No Of 807 discs | “Discography | 50% concordant
pain, failed and injected 404 | is a safe and pain yet
medical contrast (50%) had valuable concluded it is a
managemen concordant diagnostic useful diagnostic
Diagnostic t pain procedure procedure.
responses. showing Retrospective
Many had characteristic | record review
evidence of pain patterns | over 12 years
multilevel that may have | time of clinical
disease. clinical data. Patients
significance. failed
In more than conservative
half of the therapy first
studies, three | before
or more levels | discography.
were Used mild IV
identified as sedation. Did all
pain level they could
generators, access. 2.3%
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suggesting complication
that treatment | rate. Data
decisions suggest
based on multidiscography
information may be helpful,
from fewer but due to
discs injected | retrospective
during record review
discography nature of study
may be conclusions need
tenuous.” further study.
Roth 1976 71 Medically 2% local | + + No 60.6% “Analgesic No comparison
intractable anesthe | 100 * classified as | discography group. Reported
cervical- tic % excellent is the most 100% positive
discogenic had results, effective test response rate on
Diagnostic syndrome posit 32.4% as for diagnosis injection. No
ive good, 1.4% and location sedation used.
resul as fair, and in the painful- | They use
ts 5.6% as disk analgesia if
poor. syndrome.” concordant pain
was experienced.
Data suggest
analgesia and
relief of
symptoms may
be more
diagnostic than
concurrent pain
by injection.
Ohnmeiss 161 Neck pain, Contrast | - + No 60% of “There was No blinding, no
2000 or shoulder * normal good comparison
pain, and appearing agreement groups. Lack of
arm pain discs on between the baseline
imaging radiographic characteristics
Diagnostic painless with | appearance makes it difficult
discography. | of the disc to apply to
25% of and the pain clinical
normal provocation management of a
appearing results. Discs | patient group.
discs on that were Results suggest
imaging had | painless but more positive
non- disrupted results with more
concordant were found abnormal
pain on among older appearing discs.
discography. | patients. No mention of
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77.8% of Among such sedation. Data
disrupted patients, suggest MRI
discs on discography findings correlate
imaging may be with cervical
painful with particularly discography, but
discography | helpful in there are false
differentiating | negatives and
clinically false positives.
significant
abnormalities
from those
associated
with aging.”
Whitecloud 34 Neck pain, Contrast + 27 10/34 (32%) | “Cervical No control group.
1987 and/or * months | classified as | discography Patients had
shoulder after having should be neck pain with
pain, and/or surgery | excellent used as a last | normal
occipital surgical diagnostic myelogram prior
Diagnostic headache, outcome. modality in to discography
and/or 13/34 (38%) | the treatment | and surgery. No
periscapular had good, of patients patients included
pain 4/34 (12%) presenting who did not have
had fair, with chronic surgery to follow
6/34 (18%) neck, their outcomes.
had poor. shoulder and | No radicular
**24 who upper symptoms.
had extremity Retrospective
excellent or discomfort. record review.
good Discography 37/40 in litigation
outcomes 20 | should be or workers’ comp
had a single | proceeded by | cases. Given a
level fusion, | aCT “mild analgesic,”
where only 1 | evaluation never injected
of 10 who with or more than 0.5cc
had fair or without of solution. Data
poor had a contrast or suggest cervical
single level magnetic discography
fusion. nuclear could be helpful
resonance in determining
evaluation.” surgical levels

prior to use of
MRI scan.
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Klafta 1969 42 Chronic Contrast + + ? 4/6 (67%) “Cervical Diagnostic
neck pain * * disc discography accuracy
protrusions is a safe reported for
seen at procedure of discography in
Diagnostic surgery seen | limited value study 53% when
on and should compared to
discography. | only be findings seen
9/21 (43%) judged in during surgery.
of relation to the | No long-term
spondylosis | clinical follow-up to
seen on picture, assess clinical
surgery seen | roentgenogra | outcomes from
on ms, and surgery.
discography. | myelograms. Retrospective
Overall Cervical record review.
diagnostic discography Data suggest
accuracy of was valuable | cervical
discography | inthe discography can
19/36 (53%). | demonstratio | be helpful but
Myelography | n of can also lead to
accurate in degeneration | false positive and
26/36 (72%). | of the disc. false negative
Myelography | diagnoses.
could not do
this.
Discograms
demonstrated
degeneration
of the disc in
all cases of
spondylosis,
although the
degree of
degeneration
could not be
accurately
ascertained.”
Slipman 41 Neck pain Contrast + + No Unilateral “In Study to
2005 * symptoms conclusion, ascertain areas
provoked as | these results | of referred pain
often as confirm the during
bilateral. C7- | observations | discography.
Diagnostic T1 disc only | of prior Data suggest
one to investigators pain distributions
that cervical potentially
internal disc related to
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produce

disruption can

cervical discs. No

0.6% of the
patients and
0.16% of the
cervical disc
injections.”

midline pain. | elicit axial and | sedation used.
peripheral Only patients
symptoms. who had pain
The particular | 26/20,
patterns of concordant pain
pain completed pain
generation diagram. Data
allow the suggest that
discographer | certain discs
to pre- case pain in
procedurally certain areas.
anticipate
disc levels to
assess. With
these data,
the number of
disc
punctures
that are
required can
be limited
rather than
routinely
assessing all
cervical
discs.”
Zeidman N/ | 1,3 Degenerativ | Saline & | +** + No Discitis in “This study Retrospective
1995 A 57 e disc * 0.16%, demonstrates | record review;
disease and | Contrast 0.07% significant main purpose to
severe neck prevertebral | complications | evaluate
pain abscess, 7 from complication
Diagnostic of 1357 had | diagnostic rates related to
disc space discography discography.
infections procedures
occurring in
less than
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Simmons
1969

Diagnostic

Carragee
2000

Prospective
case series

31

47

Chronic pain
with or
without
neurological
signs

Patients with
single level
discectomy
for sciatica
previously.

Saline &

Contrast

Contrast

*

1 week

1 mo

30/31
(96.8%) had
a “good”
result after
surgery.
Clinical
exam: 9/31
(29.0%)
correct in
identifying
level for pain
generation;
myelography
17121
(33.3%)
correct;
discography
30/31
(96.8%)
correct.

Asymptomati
¢ subjects
with normal
psychometri
c testing had
painful disc
injections at
levels that
had previous
surgery in
40% studied.
Symptomatic
patients with
normal
psychometri
¢ testing with
painful discs
on
discography
43%. 70% of
symptomatic
patients with
abnormal
psychometri

“Until a good
theory is
proposed to
explain pain
production
from cervical
disc disease
and until a
method of
investigation
is outlined on
this principle,
diagnostic
disc puncture
is the best
method for
investigation
of disease of
the cervical
discs.”

No control group.
Multiple sub-
analyses that
complicate
interpretation.
Paper contained
more than one
study result. No
intermediate or
long-term follow-
up completed for
discography
study group.
Complicated
study design.
Multiple
studies/case
series/opinions.

Results suggest
positive
discography in
patients with
emotional stress
or abnormal
psychometric
testing be
interpreted with
caution.
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¢ scores had

painful disc
injections.
Carragee 50 Asymptomati | Contrast 4 years | Psychometri Results suggest
2004 c cases and c scores at patients with a
controls start of study history of
predicted somatization
future LBP distress and non-
Prospective (p <.01) lumbar chronic
control study Chronic non- pain be carefully
lumbar pain screened when
weakly considering
associated invasive
with future procedures.
LBP (p =
0.06).
Painful disc
injection did
not predict
future LBP.
Carragee 26 10 Contrast 1 year Positive pain Subjects with
2000 asymptomati response to other chronic
¢, 10 chronic discography pain issues and
neck and reported in somatization
arm pain but 10% of disorders more
Prospective no back asymptomati likely to have
study pain, 6 c group, positive pain
primary 40% in response to
somatization cervical pain lumbar
disorder group, and discography
83% in regardless of
somatization clinical history of
group. LBP. Suggests

caution in
interpreting
results.
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Madan 2002 73 Underwent Contrast 2.8 Group A and According to
LBP surgery. years Group B had study provocative
A=41 satisfactory discography has
surgery outcomes; limited efficacy in
Prospective without 75.6% and improving clinical
study discography. 81.2% outcome scores
B=32 respectively. after low back
discography surgery for
screening discogenic back
before pain.
surgery
Carragee 62 30 with Contrast 2 years | Highly Despite removal
2006 positive effective of pain generator
single-level success as diagnosed by
discogram, criteria: 72% discography,
32 with in approximately
Prospective spondylolisth spondylolisth half continued
study esis. esis group with significant
and 27% in pain and
presumed impairment.
discogenic Complete
group. removal of
Minimal supposed pain
effective source in
success: spondylolisthesis
91% in group frequently
spondylolisth completely
esis, 43% in removed pain.
discogenic
Jackson 124 Chronic pain | Contrast No Discography Discography less
1989 patients who Sn- 81%, accurate than
underwent Sp- 31%. CT,CT
surgical CT- myelography,
exploration discography: and
Prospective Sn- 92%, myelpgraphy.
Study Sp- 81%. CT-discography
Disc accurate,
Injection: especially in
Sn- 43%, patients with
Sp- 89%. possible
foraminal or
recurrent
herniated discs.
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Walsh 1990

Prospective
study

17

7 with LBP,
10
asymptomati
C patients

Contrast

No

False
positive rate:
0%. Sp-
100%.

Discography
revealed
abnormal
findings in 65%
of discs in
symptomatic
group inall 7
patients. Small
sample size
precludes strong
conclusions.

Collins 1990

Prospective
study

29

Chronic
pain, failed
conservative
therapy

Contrast

No

Discography
correlated
with MRI in
90% of
discs.

All with a
symptomatic
level at
discography had
evidence of
degeneration on
MRI. Results
suggest disc
levels that
appear normal
on MRI should
not undergo
discography. MRI
can lead to a
reduction of disc
levels requiring
injection.
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Birney 1992 90 Incapacitatin | Contrast No MRI MRI described as
g LBP or degeneratio a sensitive and
radicular n: Sn- 93%, specific tool for
pain; 20 had Sp- 100%. diagnosing

Prospective prior surgery MRI degeneration and

study at one or herniation: herniation. No
more of Sn- 100% clinical outcome
investigated Sp- 93%. data presented to
levels. Discography evaluate if either

degeneration: test selected

Sn- 100% patients with

Sp- 100%. better outcomes

Discography after surgery.

herniation: MRI appears

Sn- 88% Sp- valid tool in

100%. diagnosing disc
degeneration and
herniation.

Schneiderm 36 Chronic LBP | Contrast No MRI 99% Suggests no

an 1987 accurate in reason to do
predicting discography if
whether disc MRI does not
would be show any

Prospective normal or abnormalities. No

study abnormal on clinical
discography. correlation or

outcomes
discussed.

Osti 1992 33 LBP Contrast No All discs MRl is a
identified as diagnostic tool
abnormal on for degenerative
MRI disc disease,

Prospective abnormal on since no clinical

study discography. correlations or
6/60 (10%) outcomes
of normal reported it is
discs on MRI difficult to assess
showed clinical relevance
degeneration of findings.
on
discography.

27/39 (69%)
of discs with
typical pain
with
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discography
had
abnormal
signals on
MRI.

Linson 1990 50 Chronic LBP | Contrast No 6% negative 30/57 (53%)
failed correlation. 5 discs read as
conservative discs read degenerative by
therapy by MRI as discography had

Prospective normal were reproduction of

Study read on back pain with

discography injection. MRI is
as abnormal. a valid diagnostic
1 disc read tool for

as abnormal degenerative

on MRI was disc disease.
read as

normal on

discography.

Gibson 1986 22 Mechanical Contrast No 44/50 (88%) MRI is a valid
back pain of discs diagnostic tool

evaluated as for diagnosing
degenerative degenerative

Prospective by both MRI disc disease.

study and

discography.

Ito 1998 39 Chronic LBP | Contrast No 23% Results state
failed concordant there are many
conservative pain with degenerated
measures discography, discs seen on T2

Prospective 33% non- MRI without pain

study concordant reproduction on

pain, 45% discography.
no pain with
discography.
Detecting
concordant
pain
reproduction
on MRI:
Radial tears,
Sn- 87% Sp-
66%.
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Degeneration:

Sn- 9%, Sp-
100%.
Concentric
and
transverse
tears: Sn-
52%, Sp-
80%.
Disruption of
outermost
annulus: Sn-
35%, Sp-
90%.

Carragee 108 3 groups: 1) | Contrast | - No 23% Group Failure to find a

2002 13 with good 1 positive definitive spinal
results from discograms; lesion that
cervical 50% Group consistently
spine 2 had causes chronic

Prospective surgery; 2) positive LBP illness

study 12 continued discograms; without
pain after 73% of associated co-
cervical Group 3 morbidities
surgery; 3) positive suggests social,
52 chronic discograms. emotional,

LBP seeking Disc neurophysiologic
discography degeneration al variables exert
for possible with annular a strong
surgery disruption permissive effect.

43% in

Groups 1 &

2,50% in

Group 3.

Discography:

Sp- 74%,

PPV- 31%.

Laslett 2005 69 Chronic LBP | Contrast | Loca No Sensitivity, Report of
patients | specificity, centralization in
seeking out anes and positive non-distressed
discography theti likelihood and not severely

Prospective c ratios for disabled chronic

study centralizatio LBP patients

n: 40%, suggest
94%, 6.4. In discography not
presence of necessarily

Copyright ©2016 Reed Group, Ltd.

76




severe
disability:
46%, 80%,
3.2.1n
presence of
distress:
45%, 89%,
4.1. With
moderate,
minimal or
no disability:
37%, 100%.
With no or
minimal
distress:
35%, 100%.

indicated if a
McKenzie
centralization
exam is positive;
since expected
results of
discography
already known
(positive pain
provocation.)

Derby 2005

Prospective
study

106

16
asymptomati
C patients;
90 chronic
LBP who
failed
conservative
therapy

Contrast

Loca

anes
theti

*

In
asymptomati
¢ patients:
Grade 3
annular
tears
exhibited in
32/55 (58%).
141/199
(71%) of
discs in
symptomatic
patients had
Grade 3
annular
tears. All
discs in
asymptomati
c group
classified as
negative.

Pain tolerance
regardless of
clinical status
influenced pain
provocation with
discography.
Mental and
physical distress
influences
outcomes with
discography
need to be
considered when
choosing patients
to send to
discography.
Higher grade
annular tears
more likely
painful on
discography than
lower grade
tears. About 50%
Grade 4 tears
painful with
discography both
high and low
pressure. Leaves
50% of Grade 4
tears not painful.
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Annular tears
can be a pain
generator, but
only up to 50% of

time in study.
Carragee 121 69 with no Contrast - Positive Using low-
2006 clinically injections pressure
significant correlated guideline of 15-
LBP; 52 with with annular 25 psi unlikely to
chronic LBP disruption, eliminate all or
Retrospectiv considering abnormal most false-
e case additional psychometri positive
series treatment c findings, injections in
and chronic patients with pain
pain states. sensitivity risk
17/69 (25%) factors. In
in patients without
experiment psychological
group had distress, chronic
positive low- pain, or previous
pressure surgery low-
discography. pressure
14/52 (27%) discography
of chronic likely more
LBP patients accurate, but
had positive these are not
low-pressure typically patients
discography. referred for
procedure.
Manchikanti 50 25 chronic Contrast No 14/25 (56%) No differences in
2001 LBP patients in non- positive
with somatization outcomes with
somatization group and discography
disorder and 12/25 (48%) based on a
Prospective 25 without in o diagno_sis'of
study somatization somatization
group disorder.
judged
positive.
Jackson 59 Patients with - MRI: Sn- MRI compared
1989 chronic LBP 64%, Sp- well to other
who 87%; CT: diagnostic
underwent Sn- 60%, modalities in
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Prospective
study

testing and
then surgical
exploration

Sp- 86%;
CT-

Myelography:

Sn- 73%,
Sp- 79%;

Myelography:

Sn- 56%,
Sp- 86%

study. Itis a
good choice for
imaging when
considering more
invasive
treatment for
herniated lumbar
discs.

? = was not specified in study; * = which levels done on participants not well described; C = cervical, T = thoracic, L = lumbar spine; # = exact pressure measurement not

reported; ** = quantified response not reported; * = surgery done on some participants, but not all
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MRI Discography
MRI is sometimes paired with discography for evaluation of the intervertebral discs.
1. Recommendation: MRI Discography for Evaluating Herniated Discs
MRI discography is not recommended for evaluating herniated discs.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)

Level of Confidence — Moderate
Rationale for Recommendation
There is no quality evidence supporting this combined test. The role of discography combined with MRI
for evaluating herniated discs has not been determined. MRI discography is invasive, has adverse
effects, and is costly. Therefore, it is not recommended.
Evidence for the Use of MRI Discography
There are no quality studies incorporated into this analysis.
A comprehensive literature search was conducted using multiple search engines including PubMed,
Scopus, CINAHL and Cochrane Library without date limits using the following terms: MRI discography,
cervicalgia, neck pain, cervical pain, neck, cervical, vertebrae, vertebral, spine, radiculopathy,
radiculopathies, radicular pain, intervertebral disc displacement, herniated, herniat*, displacement,
displacements, displaced, disk, disc, disks, discs, pain, diagnostic, efficacy, efficiency, sensitivity,
specificity, predictive value of tests, positive predictive value and negative predictive value. In
PubMed, we found and reviewed 26 articles, and considered zero for inclusion. In Scopus, we found and
reviewed 22 articles, and considered zero for inclusion. In CINAHL, we found and reviewed one articles,
and considered zero for inclusion. In Cochrane Library, we found and reviewed 5 articles, and
considered zero for inclusion. We also considered for inclusion zero articles from other sources. Of the
zero articles considered for inclusion, zero randomized controlled trials and zero systematic studies met
the inclusion criteria.
Single Photon Emission Computed Tomography (SPECT)
Single photon emission computerized tomography or SPECT is a nuclear tomographic imaging
technique using gamma rays.(448) SPECT scanning is a less invasive modality that has been used, for
example to attempt to make the diagnosis of facet joint arthritis.(449)
Recommendation: SPECT for Cervical and Thoracic Pain and Related Disorders

SPECT is not recommended for the evaluation of patients with cervical or thoracic pain and related
disorders.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)

Level of Confidence — Low
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Rationale for Recommendation

There is no quality evidence with patient-related outcomes that SPECT is helpful in improving care of
acute, subacute, or chronic cervical pain, thoracic pain, or radicular pain syndromes or other spine-
related conditions. Some data suggest SPECT may outperform bone scanning. Additional studies are
needed to determine if SPECT adds something to the diagnosis, treatment and outcomes beyond that
obtained by a careful history, physical examination, plain x-rays, and clinical impression before it can be
recommended for evaluating, e.g., facet arthropathies.

Evidence for use of Single Photon Emission Computerized Tomography (SPECT)

There are 2 moderate-quality studies incorporated into this analysis.(450, 451) There is 1 low-quality
study in Appendix 1.(449)

A comprehensive literature search was conducted using multiple search engines including PubMed,
Scopus, CINAHL and Cochrane Library without date limits using the following terms: Single-photon
emission computed tomography, single-photon emission computerized tomography, SPECT, cervicalgia,
neck pain, cervical pain, neck, cervical, vertebrae, vertebral, spine, radiculopathy, radiculopathies,
radicular pain, intervertebral disc displacement, herniated, herniat*, displacement, displacements,
displaced, disk, disc, disks, discs, pain, diagnostic, efficacy, efficiency, sensitivity, specificity,
predictive value of tests, positive predictive value and negative predictive value. In PubMed, we
found and reviewed 49 articles, and considered 3 for inclusion. In Scopus, we found and reviewed 7
articles, and considered zero for inclusion. In CINAHL, we found and reviewed 3 articles, and considered
zero for inclusion. In Cochrane Library, we found and reviewed 1 articles, and considered zero for
inclusion. We also considered for inclusion zero articles from other sources. Of the 3 articles considered
for inclusion, 3 studies and zero systematic studies met the inclusion criteria.
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Seitz 1995

Diagnostic

Persistent
neck pain after
trauma.
Injuries
included motor
vehicle
accidents,
sport-related
trauma, falls,
and minor
blunt head
trauma.

16 (46%) with
cervical images
demonstrated
abnormal activity;
14 (88%)
underwent
subsequent CT
(4 patients), MRI
(8) or x-ray (2),
which confirmed
fractures in 7
patients. In final
diagnosis,
sensitivity 100%
for detention of
recent fracture
with specificity of
78%. In 19 with
normal SPECT
results had final
diagnosis, 12
had cervical
strain, 5 a healed
fracture, 1
degenerative
osteoarthritis,
and 1 an
identified
congenital
abnormality.

“This study
documents the
normal cervical
spine bone
SPECT anatomy
and demonstrates
the importance of
SPECT in the
diagnostic and
treatment
approach in
patients with
persistent cervical
pain after recent
or remote trauma.”

Data suggest use
of SPECT in
cervical spine
trauma patients
can assist in
identifying occult
fractures and
recent fractures.
Patients with
abnormal SPECT
scan may recover
slower than those
with normal
SPECT scans.
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Matar 2013 | 4. 72 C, | Chronic neck
L or back pain.

Diagnostic

dual-
headed,
hybrid
SPECT/CT
y-camera

25 cervical and
49 lumbar spine
scans. In cervical
spine group, 13
(52 %) had
evidence of facet
joint arthropathy
as likely pain
generator. In
lumbar spine
group, 34 (69.4
%) had evidence
of facet joint
arthropathy as
likely pain
generator.

“Hybrid
SPECT/CT
imaging identified
potential pain
generators in 92%
of cervical spine
scans and 86% of
lumbar spine
scans. The scan
precisely localised
SPECT positive
facet joint targets
in 65 % of the
referral population
and a clinical
decision to inject
was made in 60%
of these cases.”

Data suggest in
patients with
chronic neck or
back pain, SPECT
can show facet
pathology. But no
outcome
measures given
on patients with
certain findings.
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Functional Capacity Evaluations

The functional capacity evaluation is a set of tests, observations and practices that are combined to
attempt to ascertain the ability of the patient to function most commonly either in one discrete job (e.g.,
return to work after injury) or potentially in a wide variety of different employment settings without
targeting one in particular. A functional capacity evaluation is used to infer the work capacity.(452) A FCE
may also be used to ascertain a baseline from which to develop a treatment program, to target specific
work return to work needs.(453-455) The goals of FCEs include:

1. Determine individual’'s readiness to work after injury or illness at Maximum Medical Improvement
(MMI),

2. Assist with goal-setting and treatment planning for rehabilitation or to monitor the progress of a
patient in a rehabilitation program,

Estimate potential vocational status and provide a foundation for effective vocational rehabilitation,
Provide information to assist in disability determinations,
Provide information for hiring decisions (post-offer or fit-for-duty testing),

Assess the extent of disability in litigation cases, and

N o g~ w

Provide information regarding a patient’s level of effort and consistency of performance.

1. Recommendation: FCEs for Chronic Disabling Cervical or Thoracic Pain

FCEs are a recommended option for evaluation of disabling chronic cervical or thoracic pain where the
information may be helpful to attempt to objectify worker capability, function, motivation and effort vis-a-
vis either a specific job or general job requirements. There are circumstances where a patient is not
progressing as anticipated at 6 to 8 weeks and an FCE can evaluate functional status and patient
performance in order to match performance to specific job demands, particularly in instances where
those demands are medium to heavy. If a provider is comfortable describing work ability without an FCE,
there is no requirement to do this testing.

Harms — Medicalization, worsening of LBP with testing. May have misleading results that
understate capabilities.

Benefits — Assess functional abilities and may facilitate greater confidence in return to work.
Strength of Evidence — Recommended, Insufficient Evidence (1)
Level of Confidence — Moderate

2. Recommendation: FCEs for Chronic Stable Cervicothoracic Pain or Post-operative Recovery

There is no recommendation for or against FCEs for chronic stable cervicothoracic pain or after
completion of post-operative recovery among those able to return to work.

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

Level of Confidence — Low
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3. Recommendation: FCEs for Acute Cervicothoracic Pain, Acute or Subacute Radicular
Syndromes, or Post-Surgical Cervical or Thoracic Pain

FCEs are not recommended for evaluation of acute cervicothoracic pain, acute or subacute radicular
syndromes, or post-surgical cervicothoracic pain problems within the first 12 weeks of the post-operative
period.

Strength of Evidence — Not Recommended, Insufficient Evidence (1)
Level of Confidence — High
Rationale for Recommendations

FCEs are one of the few means to attempt to objectify limitations and are frequently used in workers’
compensation systems, particularly as the correlation between pain ratings and functional abilities
appears weak.(456-462) Yet, obtaining objective data regarding spine problems is somewhat more
challenging than for extremity-related impairments due to the degree of reliance on the patient’s
subjective willingness to exert or sustain major activities (e.g., standing, walking, sitting) that are critical
for job performance. Because their reliability and validity have not been proven, FCEs should be utilized
to evaluate work ability about what a patient was willing to do on a given day. They should not be used to
override the judgment about the work ability of a patient with a back problem.

Many commercial FCE models are available. There is research regarding inter-and intra-rater reliability
for some of the models (complete discussion is beyond the scope of this guideline). The validity of FCEs,
particularly predictive validity, is more difficult to determine, since factors other than physical
performance may affect return to work.(463, 464) An FCE may be done for one or more reasons,
including identifying an individual’s ability to perform specific job tasks associated with a job (job-specific
FCE) and physical activities associated with any job (general FCE), or to assist in the objectification of
the degree(s) of impairment(s). The type of FCE needed, and any other issues the FCE evaluator needs
to address, should be specified when requesting a FCE.

The term “capacity” used in FCE may be misleading, since an FCE generally measures an individual’s
voluntary performance rather than his or her capacity. Physical performance is affected by psychosocial
as well as physical factors. The extent of an individual’s performance should be evaluated as part of the
FCE process through analysis of his or her level of physical effort (based on physiological and
biomechanical changes during activity) and consistency of performance. Perhaps more importantly, the
objective findings identified in the musculoskeletal evaluation should correlate with any identified
functional deficits. The individual’s performance level, especially as it relates to stated levels of
performance, should be discussed in the FCE report. A properly performed and well-reported FCE will
highlight such discrepancies. This is particularly important in cervicothoracic evaluations where there
may be greater degrees of impairments at stake and where there are somewhat fewer metrics available
than for the distal upper extremity.

FCE test components may vary depending on the model used, but most contain the following:
. Patient interview including:

* Informed consent

= Injury/illness and medical history

= Current symptoms, activities and stated limitations

= Pain ratings/disability questionnaires

. Musculoskeletal examination (e.g., including Waddell’s non-organic signs)
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. Observations throughout the session (e.g., demonstrated sitting tolerance, pain modifying
behaviors)

. Material handling tests (lifting, carrying, pushing, pulling)

. Movement tests (walking, crouching, kneeling, reaching, etc.)

. Positional tolerance tests

. Dexterity/hand function

. Static strength (varies among models)

. Aerobic fitness (usually submaximal test-also variable among models)

. Job specific activities as relevant

. Reliability of client reporting (e.g., non-organic signs, pain questionnaires, placebo tests, etc.)

. Physical effort testing (e.g., Jamar Dynamometer maximum voluntary effort, bell curve analysis,
rapid exchange grip, competitive test performance, heart rate, observation of clinical
inconsistencies, etc.)

FCE test length may vary between FCE models, although most 1-day FCEs are completed in 3 to 4
hours. Two-day tests, where the patient is seen on 2 consecutive days, may be recommended when
there are problems with fatigue (e.g., chronic fatigue syndrome), delayed onset of symptoms, unusually
complex job demands to simulate, and questions about symptom validity. Test length for 2-day tests is
generally 3 to 4 hours on the first day, and 2 to 3 hours on second day.

Interpretation of FCE results is complicated in that it is a measure of voluntary performance. Before
beginning testing, the patient is counseled to avoid doing anything to knowingly reinjure him or herself.
Thus “fear avoidance” may cause testing to seriously underestimate actual ability and result in a report
that the patient had “self-limited performance due to pain,” suggesting a low pain tolerance, when in
reality the patient was doing what he or she was instructed.

The best studies on the ability of FCEs to predict safe re-entry to the workplace following rehabilitation of
work-related back pain/inj