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Comments Submitted by Interested Parties on a Pending AMA 

Guides® Editorial Change Proposal  

Instructions: By submitting comments on this form regarding an Editorial Change Proposal, I 

attest that I have read AMA Guides® Editorial Change Proposal and Submission 

Requirements and will use them as the primary points of consideration when submitting the 

Comment Form. As an interested party, I understand that my comments are limited to the 

original editorial change proposal.  

Name or Topic of Proposal: Spine Chapter 

Individual or Organization Submitting Comments: American Academy of Physical 

Medicine and Rehabilitation (AAPM&R) 

Date: July 15, 2022 

I. General Criteria for Guides Editorial Changes

• The proposed change is carefully drafted and conforms to the prevailing style of the AMA
Guides 6th Edition;

• The terminology and the analytical frameworks used in the proposal are consistent with the
World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.
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1. Does the requested procedure meet the AMA Guides® Editorial Change Proposal and

Submission Requirements?

☒Yes

☐No

If No, please explain. (1500 character limit)

2. Does the submitted literature adequately support the Editorial Change Proposal?

☐Yes

☐No

☒N/A

If No, please explain. (1500 character limit) 

Yes, the submitted literature does adequately support the proposed changes. However, 

consider adding the sacroiliac joint examination (the 5 tests needed) to diagnose sacroiliac 

joint dysfunction. The panel may also want to incorporate chronic pain contract as a 

comment, if indicated. 

3. Are you aware of contradictory literature related to the Editorial Change Proposal?

☐Yes

☒No

☐N/A

If Yes, please include a maximum of five (5) articles when submitting this form. 

Articles in full text or PDF formats are required. Citations only will not be 

considered. 

4. Do you support this Editorial Change Proposal?

☒Yes

☐No

If No, please provide the rationale for lack of support, citing the specific criteria 

not met shown at the top of this form. (1500 character limit) 

5. Does the Editorial Change Proposal have any impact on other AMA Guides content that

may not have been recognized or considered, or conflict with other precedents in the

AMA Guides that might affect usage?
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☐Yes

☒No

If Yes, please explain. (1500 character limit) 

Please provide additional commentary related to the editorial change proposal. 

• The NASS Application Summary is detailed and thorough. Overall, the comprehensive changes listed are
mostly good and the submitted literature does adequately support the majority of the Guides Editorial
Change Proposal. The changes provide an improvement from prior versions, recognizing that it is a difficult
task to quantify spinal pain.

• Waddell’s Signs on physical examination is not mentioned, which is important when evaluating all patients

when an injury has taken place and some form of litigation or disability is being sought.

• There is no mention of facet degeneration or hypertrophy as a form of limitation to Cervical or Lumbar ROM.

While this impairment may not rise to the severity as a radiculopathy or other neurological injury, the facet

joints are critical in ROM which then provides a patient with greater ability to perform ADLs.

• It is not clear how the “Whole Spine” column (Table 17-1 Revised Version) makes anatomic or mathematical
sense. The listed increase in Whole Person Impairment values is not explained in detail as to why the values
are higher.

• Revised Tables 17-2, 17-3 and 17-4 show increased values across all categories, without any specific
explanation as to the reason for the increase.

• It is unclear why it is recommended to use the PDQ. PROMIS is likely superior to all and widely applicable.

The ODI and Roland Morris are well studied in the lumbar spine. The NDI is well validated in the cervical spine

(page 7).

• The statement that, “reliability and precision of the diagnosis is essential” is difficult in spine. It is not always
clear when a disc herniation on imaging is a problem or causally related to an injury. There is no accepted
definition of “instability” on flexion extension xrays and readings, angles of the beam, pain inhibition, and
other factors all play a role. This complicates the idea of “altered motion segment integrity”- It may be
difficult to make a reliable or precise absent a surgical or post infection fusion or fracture. If those are the
conditions to which this refers, they should not use AOMSI but the actual diagnoses or surgical fusion, as it
could be too subjective otherwise. “Sprain” means a ligamentous injury and “strain” means a
musculotendinous junction injury. These terms are generally used without any true anatomic context in back
pain which is problematic and also not reliable or precise (page 11).

• Thoracic radiculopathy is difficult as there are rarely physical exam findings other than numbness, which is
somewhat subjective, and electrodiagnosis is neither reliable or feasible (page 23).

• Measuring atrophy may not be as objective as it seems. Questions that arise include: Where and how to
measure people? How reflective is that of a given radiculopathy? Does baseline body habitus matter? The
same measurements may not apply to particularly large or thin legs. Some people are asymmetric and some
have persisting atrophy from prior immobilization. In general, this is unreliable and should not be weighted
equally with loss of reflexes or electrodiagnostically confirmed radiculopathy (page 38).

• Spondylolyis is not present in 7-11% of adults – the number is closer to 5-7% depending upon the method of
evaluation (See Sakai T et al, Spine 2009;34:2346-2350, and Roche MA, Rowe GG. The incidence of separate
neural arch and coincident bone variations: A survey of 4,200 skeletons. Anat Rec 1951; 109: 233-252).
Degenerative spondylolisthesis is seen far more commonly in older adults- closer to 20-40%- incidence
increases with age (See Wang YXJ, Zolta´n K, Deng M, et al. Lumbar degenerative spondylolisthesis
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epidemiology: a systematic review with a focus on gender-specific and age-specific prevalence. J Orthop 
Translat 2017; 11:39–52) (Page 40). 

• There is no mention of nuclear medicine or CT myelography as imaging options (page 41).

• “Physical medicine specialists” should be “specialists in physical medicine and rehabilitation” (page 41).

• Regarding mental health conditions - this determination fundamentally undercuts the significance of mental
health disorders in ongoing pain. Individuals can have depression, anxiety, or PTSD as a result of trauma,
injury, or ongoing pain and these need to be diagnosed and treated appropriately, and considered
independently of the spine pathology in many cases, hence the need for multidisciplinary treatment for many
patients with spinal injuries (page 44).
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Comments Submitted by Interested Parties on a Pending AMA 
Guides® Editorial Change Proposal  
Instructions: By submitting comments on this form regarding an Editorial Change Proposal, I 
attest that I have read AMA Guides® Editorial Change Proposal and Submission 
Requirements and will use them as the primary points of consideration when submitting the 
Comment Form. As an interested party, I understand that my comments are limited to the 
original editorial change proposal.  

Name or Topic of Proposal: Spine Chapter 

Individual or Organization Submitting Comments: American Psychological Association 

Date: 7/15/2022 

I. General Criteria for Guides Editorial Changes
• The proposed change is carefully drafted and conforms to the prevailing style of the AMA

Guides 6th Edition;
• The terminology and the analytical frameworks used in the proposal are consistent with the

World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.
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1. Does the requested procedure meet the AMA Guides® Editorial Change Proposal and
Submission Requirements?

☒Yes
☐No
If No, please explain. (1500 character limit)

2. Does the submitted literature adequately support the Editorial Change Proposal?
☐Yes
☒No
☐N/A

If No, please explain. (1500 character limit) 

Please see below 

3. Are you aware of contradictory literature related to the Editorial Change Proposal?

☒Yes
☐No
☐N/A

If Yes, please include a maximum of five (5) articles when submitting this form. 
Articles in full text or PDF formats are required. Citations only will not be 
considered. 

The problem is not contradictory literature but rather a lack of literature on critical 
matters 

4. Do you support this Editorial Change Proposal?

☐Yes
☒No

If No, please provide the rationale for lack of support, citing the specific criteria 
not met shown at the top of this form. (1500 character limit) 

Please see below 
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5. Does the Editorial Change Proposal have any impact on other AMA Guides content that
may not have been recognized or considered, or conflict with other precedents in the
AMA Guides that might affect usage?

☒Yes
☐No

If Yes, please explain. (1500 character limit) 

Guides chapter 1 should have a more detailed discussion of standards for measures of functioning to be 
used in the Guides. These criteria would be used to select measures for Guides use. We would recommend 
the following: 

1. Test development & standardization
a. Were all stakeholders represented in measure development?
b. Is there a test manual?
c. Is there a standardized method of administration and scoring
d. Does the test use standardized scores?

2. Reliability
a. Test-retest reliability
b. Test internally consistency

3. Validity
a. Content validity

i. Do the items of the instrument cover all aspects of the target condition?
ii. Scales are statistically one-dimensional?

iii. Do items range from mild to severe?
b. Construct validity

i. Correlation with other measures
ii. Findings consistent with current understanding of the disease

c. Bias and fairness
i. No gender, race, age, education bias

ii. Reading level ≤ 6th grade
iii. Minimally English & Spanish versions?

4. Norms
a. Community norms

i. Necessary to determine what a “normal” score is
b. Patient norms

i. Necessary to determine what a typical is for a patient
c. Norms groups should be representative of the US population

5. Item response theory analysis was performed

Please provide additional commentary related to the editorial change proposal. 
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Quote from Page 7: “…A functional assessment tool may be used to further evaluate this parameter. One 
example of a functional assessment tool, the Pain Disabilities Questionnaire (PDQ), is included in this 
chapter’s Appendix 17-A (Figure 17-A). The PDQ has been validated as an instrument for quantifying 
patient reports of function.” 

First, a minor point, the name of the measure is the “Pain Disability Questionnaire.” 

Second, note the use of the term, “validated,” above. The term, “validated,” is one that is often used loosely in the 
context of psychometric measures. This phraseology is discouraged by the Standards for Educational and 
Psychological Tests1. The Standards is the definitive reference for standardized educational and psychological 
tests development and evaluation, and is one of the most highly cited, peer reviewed works of scientific 
methodology.  The Standards recommends saying that “There is evidence that Test X is valid with populations 1, 
2 and 3 for purpose A, B and C.” Thinking about validity in this way allows for a clearer understanding of a test’s 
strengths and weaknesses.  

With regard to the PDQ, as opposed to calling it a “validated” measure, it would be more accurate statement of 
the science to say that, “One study found that among patients with chronic pain, the PDQ exhibited moderate to 
strong correlations with established measures of depression, anxiety and pain interference.” Further examination 
of the PDQ demonstrates that true to its name, it only rates impairment when it is due to pain. Thus, if a patient is 
impaired due to limitations of strength, ROM or sensory deficits, those impairments are not rated by the PDQ 
unless pain is the cause.  

From the standpoint of The Standards, rather than say “the PDQ has been validated”, we should be asking if the 
PDQ is valid for the use needed by the Guides. In a review of functional measures for the Guides organized by the 
American Psychological Association (APA), APA-affiliated Interdivisional Healthcare Committee and the 
American College of Occupational and Environmental Medicine previously presented to the Guides panel, the 
PDQ was judged to be a poor fit for the Guides purpose. The main reasons were as follows:  

1. The PDQ is focused more on pain rather than function. Every PDQ item includes the word, “pain.” Thus,
this measure only assesses impairment when it is associated with a subjective feeling rather than an
activity of daily living. Any impairment which does not involve pain is thus not scored. This is
inconsistent with both the ICF’s and the Guides’ philosophy.

2. The content of some of the PDQ items is problematic for the Guides purposes. For example, one PDQ
item asks, “Has your income declined since your pain began?” Thus, if a patient quits their job after pain
onset and has reduced income, the PDQ would score that as an indication of impairment. A second
problematic item is “Has your pain forced you to see doctors much more often than before your pain
began?” This assumes that the patient has access to healthcare. However, A) chronic pain can lead to job
loss and to loss of insurance coverage and access to care; B) research has shown that there are racial
disparities with regard to access to care, C) A patient may want to see physicians more often but the payer
may not authorize it, and 4) Some Worker Compensation systems use “demand appointments” that
require a patient to attend appointments. Thus, frequency of medical visits may be due to social variables
rather than patient traits, and thus not a measure of patient impairment.

3. To be valid for the Guides purposes, a measure must be able to identify what constitutes high and low
scores, and a community norm group is required for this comparison. A patient norm group isn't helpful
here, as a patient norm group tells you how a patient with a given disease state functions, but that is not a

1 https://www.testingstandards.net/uploads/7/6/6/4/76643089/9780935302356.pdf 
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“normal” state. That does not tell you what is normal. What the Guides needs to know is whether or not a 
patient is functioning in the normal range for the average healthy person, or if the patient is functioning 
above or below that level. Although the PDQ is unusual for a functional measures in that it does have a 
community norm group, the norm group is problematic. For example, the community norm group was 
70% female, and there was only one black subject, and two Hispanic subjects. Thus, the PDQ community 
norm group is strongly biased towards white females, and is not a representative sample on which to 
establish what constitutes “normal.” 

Overall, the APA/IHC review concluded that the PDQ, while useful in some contexts, was not a good fit for the 
intended purpose of the Guides. A) It seems to be more a measure of distress and pain interference as opposed to 
following the ICF model, B) within the context of Guides assessment, some PDQ items are problematic, and C) the 
PDQ community norm group is strongly biased towards white females, is not a representative sample on which to 
establish what constitutes “normal,” and thus is not valid for making determinations about what constitutes an 
unusually high or low score.   

Previously the Guides panel voted to approve the PROMIS 29 for functional assessment, and we would recommend its 
use in this chapter.  
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Comments Submitted by Interested Parties on a Pending AMA 

Guides® Editorial Change Proposal  

Instructions: By submitting comments on this form regarding an Editorial Change Proposal, I 

attest that I have read AMA Guides® Editorial Change Proposal and Submission 

Requirements and will use them as the primary points of consideration when submitting the 

Comment Form. As an interested party, I understand that my comments are limited to the 

original editorial change proposal.  

Name or Topic of Proposal:  AMA Guides Chapter 17, Spine 

Individual or Organization Submitting Comments: James L. Williams on behalf of the 

International Academy of Independent Medical Evaluators (IAIME) 

Date: July 22, 2022 

I. General Criteria for Guides Editorial Changes

• The proposed change is carefully drafted and conforms to the prevailing style of the AMA
Guides 6th Edition;

• The terminology and the analytical frameworks used in the proposal are consistent with the
World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.
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1. Does the requested procedure meet the AMA Guides® Editorial Change Proposal and

Submission Requirements?

☒Yes

☐No

If No, please explain. (1500 character limit)

2. Does the submitted literature adequately support the Editorial Change Proposal?

☐Yes

☐No

☒N/A

If No, please explain. (1500 character limit) 

3. Are you aware of contradictory literature related to the Editorial Change Proposal?

☐Yes

☐No

☒N/A

If Yes, please include a maximum of five (5) articles when submitting this form. 

Articles in full text or PDF formats are required. Citations only will not be 

considered. 

4. Do you support this Editorial Change Proposal?

☐Yes

☒No

If No, please provide the rationale for lack of support, citing the specific criteria 

not met shown at the top of this form. (1500 character limit) 

5. Does the Editorial Change Proposal have any impact on other AMA Guides content that

may not have been recognized or considered, or conflict with other precedents in the

AMA Guides that might affect usage?

☒Yes

☐No

If Yes, please explain. (1500 character limit) 
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Please provide additional commentary related to the editorial change proposal. 

IAIME has reviewed the proposed changes to the AMA Guides Chapter 17, Spine and has 

multiple concerns regarding the proposed changes. We had access to the comments submitted by 

James B Talmage on behalf of the Tennessee Bureau of Workers’ Compensation and our concerns 

align closely with these concerns.  Rather than duplicate this commentary, we have chosen to formally 

endorse those comments and are available to field questions or provide additional commentary, if 

necessary. 

In addition, as the comments by Dr. Talmage touch on, IAIME reviewers are particularly 

concerned about the lack of widespread availability/use of spine imaging addressing “sagittal balance” 

in clinical practice involving injured workers/claimants.  This specifically creates an expectation of 

something being done (i.e. it is described in the AMA Guides) while practitioners will not typically have it 

available when evaluating injured workers/claimants. 

Lastly, with regard to the proposed Box 17-1 Definition of Commonly Used Terms, we have 

alternative language for parts of this section: 

Muscle Spasm:  Muscle spasm is a term that should be reserved for muscles involuntarily contracting due to 

an upper motor neuron pathology, i.e. “spasticity.”  The term “muscle spasm” as often used in general 

clinical practice is a misnomer and has not been found to be a reliable or useful clinical finding.  Muscle 

guarding (see below), voluntary muscle contraction, differences in tissue density/resting tone, and 

misidentification of palpated anatomy are some of the findings erroneously labeled as “muscle spasm” in 

general clinical practice. 

Muscle Guarding:  Guarding is a contraction of muscle that minimizes motion or agitation of the injured 

tissue. It may be difficult during an examination to differentiate muscle guarding from other findings. Loss of 

normal cervical or lumbar lordosis may be present on examination or lateral standing radio-graph. Persistent 

loss of segmental motion is often associated with chronic, painful spinal pathology [what is the/is there a 

scientific basis for this last sentence?]. 

Electrodiagnostic Verification of Radiculopathy:  Electromyographic evidence of nerve root pathology 

includes the presence of multiple positive sharp waves and/or fibrillation potentials in muscles that share a 

similar nerve root innervation (i.e. at least two muscles innervated by different peripheral nerves as well as 

corresponding paraspinal muscles, depending on the timing of the test). The skill and methods of the 

individual performing and interpreting the electrodiagnostic study are crucial.  Only licensed physicians with 

adequate education, training, experience, and specialty certification may prepare a report deemed valid for 

the purposes described herein.  Electromyographic evidence is useful in detecting radicular findings, even 

independent of imaging studies. The presence or intensity of pain is never evaluated by electrodiagnostic 

studies. 
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Comments Submitted by Interested Parties on a Pending AMA 
Guides® Editorial Change Proposal  
Instructions: By submitting comments on this form regarding an Editorial Change Proposal, I 
attest that I have read AMA Guides® Editorial Change Proposal and Submission 
Requirements and will use them as the primary points of consideration when submitting the 
Comment Form. As an interested party, I understand that my comments are limited to the 
original editorial change proposal.  

Name or Topic of Proposal: Chapter 15, Spine 

Individual or Organization Submitting Comments: James B Talmage on behalf of the 
Tennessee Bureau of Workers’ Compensation 

Date: 

I. General Criteria for Guides Editorial Changes
• The proposed change is carefully drafted and conforms to the prevailing style of the AMA

Guides 6th Edition;
• The terminology and the analytical frameworks used in the proposal are consistent with the

World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.

June 7, 2022
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1. Does the requested procedure meet the AMA Guides® Editorial Change Proposal and
Submission Requirements?

☒Yes
☐No
If No, please explain. (1500 character limit)-

Submission is by NASS, a well-known and respected organization. 

2. Does the submitted literature adequately support the Editorial Change Proposal?
☐Yes
☒No
☐N/A

If No, please explain. (1500 character limit) 

There are major issues. First the proposal resurrects from the Guides 5th Edition 
the concepts of “spasm”, guarding, and asymmetric range of motion which were 
not incorporated in the 6th Edition. The AMA Guides Newsletter has labelled these 
concepts NOT reliable, and leading to dueling doctors. Yet these are in the 
proposed text and rating tables as if these had recently become reliable? [See The 
Guides Newsletter attachment at the end of this document.] Box 17-1 and the text 
need a MAJOR rewrite, if the stated goal of “getting the medicine updated and 
right” is to be achieved.  

Second, the proposal does NOT provide clear guidance to distinguish true, 
objectively verifiable radiculopathy from “non-verifiable radicular complaints”. 
This distinction is a very frequent source of disputes in the Workers’ 
Compensation system. This determines what row in the spine rating table is used, 
with higher impairment values for the “true radiculopathy” than for the “non-
verifiable radicular complaints” table row. The term “non-verifiable radicular 
complaints” is disparaged on proposal page 15, and supposedly “eliminated” 
from the text, but the term still appears in the proposal in Table 17-3, Class 1. The 
IASP (International Association for the Study of Pain) Special Interest Group on 
Neuropathic Pain published a 2016 revision to criteria to distinguish “possible” 
neuropathic pain, from “probable” neuropathic pain [Finnerup et al. Pain 2016; 
157 (8): 1599-1606 ATTACHED as a pdf]. In medical-legal matters doctors testify or 
opine “within reasonable medical probability”, or “more likely than not”, or 
“probable and not just possible”; thus the Guides spine proposal should conform 
to the definitions of “probable neuropathic pain” for true radiculopathy, and 
“possible neuropathic pain” for non-verifiable radicular complaints. Most often 
this would require a detailed, and time consuming sensory exam with detailed 
documentation, which will not be popular with doctors, as to demonstrate 
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reliability of the sensory exam is time consuming. The next issue of the 
Tennessee Bureau of Workers’ Compensation physician newsletter (AdMIRable 
Review) will review the concept of radiculopathy in the Guides editions 1 through 
6. This will be submitted as an attachment.

Third, the proposal discusses radiculopathy (which can manifest as radicular pain 
or neuropathic pain – injury to the nervous system) as opposed to other spinal 
pain. However, the previously accepted dichotomy of nociceptive pain (nervous 
system functioning normally and “reporting” a pain generator in another tissue – 
e.g., fracture, sprain, arthritis, etc.) versus neuropathic pain (other tissues normal
but nervous system misfunctioning due to neuron injury or disease) has now
been modified (2017) by IASP to include a third category of pain, “nociplastic
pain”. Nociplastic pain is conceptualized as the peripheral tissues and Lower
Motor Neurons function normally, but non-structural processes in the brain
amplify the pain presentation, in the absence of upper motor neuron injury. This is
unconscious. This has been published in high impact journals [Kosek et al. Pain
2021; 162 (11): 2629-2634 & Fitzcharles, et al. Lancet 2021; 397: 2098-2110 – both
attached – 20 additional articles on nociplastic pain are available for submission
on nociplastic pain if the committee wishes additional information]. This
nociplastic pain concept will be adopted by ICD-11 which is scheduled to “go live”
in Europe in 2023.

Nociplastic pain has major implications for treatment. To the degree it is present, 
treatment aimed at peripheral nerves and spinal structures (medications, 
injections, nerve ablations, spinal surgery) will be ineffective, which must be 
considered when addressing the “has maximal medical improvement has been 
achieved?” question. In addition for rating purposes distinguishing neuropathic 
pain from nociplastic pain when rating persisting radiculopathy should be an 
issue addressed in a spine chapter revision. 

With the AMA goal of revising the Guides to reflect current best medicine, this 
concept must be dealt with. This would require a multidisciplinary committee to 
review all literature and provide guidance on how this nociceptive pain would be 
recognized in the patient history, physical exam, and testing, and most 
importantly how this concept should factor into spinal impairment ratings. 

Fourth, the proposal increases the actual rating (integer) assigned for many 
conditions without stating a rationale for the increases. States that require 
legislative action will likely require a fiscal impact study before considering 
legislation to change to the Guides, Digital edition. Regardless of science, many 
states may reject a Guides edition with this spine chapter proposal based soley 
on its projected increased cost to the system. References explaining why in 2022 
spinal treatment outcomes are worse than they were in 2007 should be clearly 

18



cited. Spine surgery has advanced since 2007 with widespread adoption of 
minimally invasive approaches, and there should be clear evidence submitted of 
outcomes of our spine surgery techniques are now worse than they were in 2007. 

For example, in the cervical spine (Table 17-2) the proposal would increase the 
current non-specific spinal pain rating from a maximum permitted rating of 3 
%WPI to 5% WPI. The rationale for the Sixth Edition (2008 book) capping this 
rating at 3% WPI was the 3% maximal rating for pain from Chapter 3 (pain without 
demonstrable organ dysfunction) and the Section 2.5e paragraph permitting up to 
a 3% WPI with articulated “change from pre-injury status” but still normal by the 
criteria in Chapters 4-17. Absent documentation of treatment results being worse 
today than they were in 2007 when the current hardbound book was written, there 
is the question of why the increase, and what will be the cost to businesses and 
insurers, since spinal claims in this category are so common. This same increase 
from at most 3% to now 5% is in the proposed Table 17-4 for the lumbar spine.  

An aside is the current hardbound book states (page 563, third paragraph under 
general considerations), there are by definition no physical exam or imaging 
findings that correlate with non-specific spinal pain. Despite this the proposal lists 
clinical findings that would score points to increase the rating from 3% to 5% with 
no reference to current literature on the reliability or validity of the physical exam 
findings to support the change. Actually, high impact peer-reviewed journals echo 
the “no clear physical exam or imaging findings to explain most spinal pain” 
current text statement. [Hartvigsen et al. What Low Back Pain Is and Why We Need to Pay 
Attention. Lancet 2018. 391 (10137): 2356-67. 
http://dx.doi.org/10.1016/S0140-6736(18)30480-X 
 & Brinjikji et al. Systematic Literature Review of Imaging Features of Spinal Degeneration in 
Asymptomatic Populations. AJNR Am J Neuroradiol. 2015 Apr;36(4):811-6. doi: 
10.3174/ajnr.A4173. -both ATTACHED.] 

Another example is in the proposal page 14 which appears to state that 
spondylolisthesis and spinal stenosis  have been removed from the update, yet 
“incorporated into Class 3-4”. In the current 2008 hardbound book these 
diagnoses, which are frequently used by treating physicians in workers’ 
compensation cases, have the options of Class 1 to Class 4. Class 1 is 5% to 9%. 
In proposed Table 17-4 Class 3 is 16% to 24% and Class 4 is 25% to 36%. Thus 
spondylolisthesis and stenosis that in the current hardbound book can be rated 
as Class 1 [5% to 9%] in the proposal would escalate to Class 3 or Class 4 16% to 
36%]? The word spondylolisthesis does not appear in Table 17-4. The words 
spinal stenosis appear in the Table in Class 2, but not in Class 3 or Class 4. The 
physician who follows the proposed new text (proposal page 14) would place a 
patient with a treating physician diagnosis of spondylolisthesis or spinal stenosis 
in at least Class 3 with a very large increase in impairment compared to the 2008 
book. There is no reference to why current treatment results are so much worse 
than they were in 2007. 

[ 
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A Fifth, comment is on Saggital Balance. The proposal is correct that in adults 
with persisting congenital/developmental spinal deformity, this is an important 
surgical consideration. However, rarely do the common adult spinal work injury 
claims involve altered sagittal balance. Other than in the spinal deformity 
population, standing whole spine radiographs are not commonly obtained, so the 
typical injured worker’s file would not permit evaluation of this concept that 
rarely applies anyway. The exception in workers’ compensation would be the 
patient with a multilevel lumbar spinal fusion inadvertently fused with less than 
his/her usual lordosis who now has the increased distance 
(imbalance) shown in Figure 17-7b. This would be an objective radiographic 
finding documenting a reason for a poor surgical outcome. Otherwise, this 
section on saggital balance will not be used by or considered by the typical 
orthopaedic surgeon, neurosurgeon, or PM&R doctor rating spinal injury 
impairment. An aside is the proposal text (page 17) lists the linear distance 
defining loss of sagittal balance in the cervical spine as > 4 mm and in the 
thoracic or lumbar spine as > 8 mm, while Table 17-9 lists the cervical criterion as 
> 8 mm and the thoracic and lumbar criteria as > 10 mm. Neither the text nor the
table list a reference for where any of these numbers is supported by literature.

Sixth, the proposal changes the methodology. In the 2008 textbook edition, all 3 
musculoskeletal chapters have for a given Class  a choice of 5 possible integers for a 
diagnosis based impairment percentage. The default rating is Grade C, the middle 
integer. After assignment of the Grade Modifiers, it is possible to have a better than 
average result after time and treatment (Grade A or Grade B), the average or default 
result (Grade C), or a worse than average result (Grade D or Grade E). The proposal 
would ‘simplify’ the methodology by eliminating Grade A and Grade B choices, and 
the minimum rating would become Grade C in terms of 2008 textbook impairment 
percentages. To date debate on this proposed methodology change seems to have 
been framed in philosophical terms: “Should workers be penalized for recovering?” 
(favoring the new methodology in the proposal), or “Should the employer be penalized 
because the worker recovers?” (favoring the 2008 methodology). However, the 
practical problem of the second injury or second episode may not have been 
considered.  

If a worker has a spine injury in 2010 and was rated by the 2008 textbook edition as 
Class ‘whatever’ and Grade A or Grade B, and then after a state adopts the Guides 
Digital 20XX with the new spine methodology the worker has another episode of the 
same problem, there is a major issue. The new episode is an accepted claim, and the 
worker is treated for the same diagnosis and recovers fully after a 2 week duration 
episode. The workers is now back to the same symptoms, physical exam, etc, as they 
had for the 13-15 years after the first injury. With the new proposal eliminating the 
options of the integers for Grade A and for Grade B, the worker’s impairment rating 
for the new episode is now at least Grade C (by the 2008 textbook – the new 
proposal’s minimum rating for the accepted diagnosis), and the 2 week episode with 
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full recovery would now result in a substantial impairment increase [current minimum 
default rating or Grade C 2008 rating minus the original Grade A or Grade B 2008 
rating]. Under the new proposal there is no way to give the worker the same rating for 
the same diagnosis and a 2 week new episode. 

Recurrent injury with the same diagnosis is a problem that should be considered and 
debated, as this issue alone may prevent some/many jurisdictions from considering 
adopting the Digital Edition with this methodology.  

Seventh, a major benefit for the 2008 textbook edition was the identical 
methodology in the 3 musculoskeletal chapters. If a physician understands the 
methodology for diagnosis based rating, that physician is able to understand all 3 
chapters. With the new proposal, the spine chapter would have a different 
methodology. Tennessee has 2 programs that require the physicians in the 
program to have taken and passed a training course in the AMA Guides to be 
eligible for participation. The Medical Impairment Rating Registry provides a 
neutral third IME to settle the issue of the correct rating when there are “dueling 
doctors” with different ratings. The Certified Physician Program requires a 
physician to take multiple training modules on workers’ compensation topics, a 
“third party” course on the Guides, 6th Edition, and then pays those physicians 
successfully passing the test over the modules a bonus for each office visit. 
Ninety percent of work injuries with permanent consequences (a.k.a. impairment) 
are musculoskeletal. Having the 3 musculoskeletal chapters revised but one at a 
time in different years, would likely result in a new requirement for our physicians 
in these programs must take 3 separate training courses in the AMA Guides. The 
organizations that offer training currently approved by the Tennessee Bureau of 
Workers’ Compensation currently have comprehensive courses in the Guides with 
fees ranging from about $500 to about $1500 for a course. Expecting physicians to 
take almost annual courses in the AMA Guides each year a new iteration of a 
musculoskeletal chapter is released would likely decrease physician interest and 
participation is our programs. 

Texas, Colorado, and California have training requirements that should be 
considered by the committee. 

3. Are you aware of contradictory literature related to the Editorial Change Proposal?

☒Yes
☐No
☐N/A
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If Yes, please include a maximum of five (5) articles when submitting this form. 
Articles in full text or PDF formats are required. Citations only will not be 
considered. 
See attachments.  

4. Do you support this Editorial Change Proposal?

☐Yes
☒No

If No, please provide the rationale for lack of support, citing the specific criteria 
not met shown at the top of this form. (1500 character limit) 

5. Does the Editorial Change Proposal have any impact on other AMA Guides content that
may not have been recognized or considered, or conflict with other precedents in the
AMA Guides that might affect usage?

☒Yes
☐No

If Yes, please explain. (1500 character limit) – See the next section on Guides 
Newsletter articles on “spasm” 

Please provide additional commentary related to the editorial change proposal. 

What is REAL Spasm? 

Muscle spasm should be defined as a sustained, isometric contraction of a muscle. (the 
muscle is contracting but is not producing motion of the body part)  

The human nervous system has motor, or muscle movement pathways. The nerve cells 
(neurons) from the brain to the spinal cord are called “Upper Motor Neurons” and the nerve 
cells (also neurons) from the spinal cord through the nerve roots in the spine to the brachial or 
lumbosacral plexus to peripheral nerves to the individual muscle fibers are called “Lower Motor 
Neurons”. 

Injuries to the brain or spinal cord that disrupt the Upper Motor Neurons remove the control of 
the brain from the Lower Motor Neuron circuit that activates muscle, and these Upper Motor 
Neuron diseases and injuries like stroke, multiple sclerosis, cerebral palsy, paraplegia, etc. 
“disinhibit” the Lower Motor Neuron Circuit and result in Hyperreflexia, abnormal reflexes 
(Hoffman, Babinski, etc.), and “Yes”, spastic contraction of skeletal muscle. In these conditions 
limb spasticity, not spasticity in spinal muscles, is usually the most clinically dominant problem. 

22



Diseases like disc herniation, spinal stenosis, spondylolisthesis with instability, cauda equina 
syndrome, etc. typically cause Radiculopathy, or Lower Motor Neuron injury without Upper 
Motor Neuron dysfunction. Thus, the typical finding on physical exam is flaccid weakness, 
areflexia or asymmetrically decreased muscle stretch reflexes, and NOT muscle “spasm” 
despite the frequent physical exam finding in medical records of patients with mild back injury, 
disc herniation, etc. Lower Motor Neuron diseases and injuries cause atrophy in the muscles 
whose nerve supply has been damaged. Upper Motor Neuron diseases and injuries that cause 
true spasm produce muscle hypertrophy or at least no atrophy, from the muscle continuously 
or frequently exercising. In patients with radiculopathy or non-specific back pain, paraspinal 
muscle atrophy and fatty infiltration are seen on T1 MRI images, consistent with the absence 
of true spasm.  

Both cardiac muscle and skeletal muscle have electrical-mechanical coupling. For muscle 
contraction to occur, there MUST be first an electrical signal transmitted to the muscle cell by a 
nerve cell (neuron -or cardiac conduction system cell) that results in a change in the muscle 
cell’s electrical charge. These electrical charge changes in cardiac muscle are summated to 
become an “EKG” or electrocardiogram. If an EKG shows no electrical activity over time, this is 
called asystole, and confirms the heart muscle is NOT contracting.  

Similarly voluntary and involuntary contraction of skeletal muscle cells is always immediately 
preceded by a change detectable by traditional needle EMG as the muscle action potential. If a 
muscle is not contracting, there is no electrical activity detected. Needle EMG reliably detects 
voluntary muscle contraction and involuntary muscle contraction (tremor, and true spasm in 
Upper Motor Neuron disorders). Note the absence of published studies showing needle EMG 
evidence of “spasm” in the common Lower Motor Neuron spinal injuries with true 
radiculopathy. Lower Motor Neuron spinal injuries do not produce spams but may produce 
flaccid weakness – the exact opposite. This fact was determined in the 1950 to 1980 time 
period, and most major textbooks on electrodiagnostic testing do not discuss muscle spasm 
with Lower Motor Neuron disease and injury, because it does not exist.  

While the concept of “spasm” in the common spinal injuries without quadriparesis or 
paraparesis was incorporated the 4th and 5th Editions, it has been deleted from the 6th Edition 
as an erroneous concept. Consider the AMA Guides Newsletter publications on “spasm”. 
Copied and pasted below are sections of this AMA publication showing the AMA has already 
adopted the scientific evidence on this “spasm” issue. 

The AMA Guides, Newsletter Spasm and Asymmetric spinal motion 

Jan/Feb 1997, page 6 
The muscle spasm that is very localized and is determined only by palpation is not considered 
significant for rating purposes. 

Sep/Oct 1999, page 9 
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Spasm is often over-reported by physicians who are unaware of its definition (“sudden 
involuntary contraction of one or more muscle groups”) and therefore mischaracterize normal 
or increased resting muscle tone or tenderness as spasm. 

Jan/Feb 2009, page 1 
…the unreliable findings of “spasm,” “guarding,” and motion loss referenced in the Fourth and 
Fifth Editions no longer qualify as direct determinants of impairment. 

July/Aug 2010, page 1 
In clinical practice it may be difficult to validate one physician’s findings of muscle guarding and 
spasm at another examination, leading to controversy (dueling doctors) in rating those patients 
with questionable physical examination findings. 

Mar/Apr 2012, pages 4 & 5 
Spasm may last for minutes or hours, but does not continue for weeks, months, or years. 
Hence, reports of spasm on physical examination at such temporally remote times, barring 
recurrent injury, should be met with skepticism. 

As implied, the medical literature shows spasm is not reliably detectable on physical 
examination. In addition, no published study has documented spasm by needle EMG in 
nonspecific low back pain patients. Furthermore, no one has published a neurologic theory of 
why “chronic spasm” should occur in painful spinal disorders, but not in painful disorders of the 
limbs. 

Recent onset back pain may result in asymmetrical spasm of spinal muscles and cause a list 
(trunk deviation) and/or “sciatic scoliosis” visible in the standing patient. While cases have 
been documented photographically and radiographically, they are sufficiently infrequent that 
there are no published data on reliability. The acute and transient nature of these objective 
findings of spasm is confirmed by their absence during future re-examination. 
Recall also the purpose of spasm is to immobilize a body part. Reports of neck or back spasm 
in a patient having more than 10 or 20 degrees of spinal motion in any direction should 
engender even more doubt regarding the validity of this finding. 

Mar/April 2014, page 6 
Subsequent science has found that physical examination findings such as muscle spasm, 
guarding and asymmetric loss of motion are not reliable differentiators in determining if 
someone is impaired, 

Nov/Dec 2014, page 6 
The Fifth Edition contains a contradiction regarding muscle spasm. While Box 15-1 permits an 
examiner using the DRE method to use spasm on the day of the exam as a ratable “objective 
finding,” in the ROM method “…if acute muscle spasm is present, this should be noted in the 
examiner’s report; however, the mobility measurements would not be valid for estimating 
permanent impairment. Because the AMA Guides only consider permanent impairment, rating 
should be deferred until after any acute exacerbation of the chronic condition has subsided…” 
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(5th ed, 399). Taken together, these 2 sections suggest that if an examiner detects the rare 
true spasm on exam, the rating should be postponed to a day when spasm is not present. 

Nov/Dec 2015 – Cervical Lordosis article, pages 3 & 4 
At present, radiographs taken in an emergency department or at a health care provider’s office 
after a motor vehicle collision or other neck injury are often reported as showing “loss of the 
normal cervical lordosis.” 
Concurrently, a provider may report finding “spasm” of cervical paraspinal muscles on 
palpation thereof during physical examination. The diminished lordosis is often then ascribed 
to “muscle spasm.”  
Muscle spasm can occur after moderate to severe injury and is, in fact, a physiologic means to 
splint an injured body part. The strong muscular contraction immobilizes the traumatized 
region, protecting it from further damage. However, there is no known biomechanical 
explanation for how spasm, and the accompanying shortening, of the posterior cervical 
muscles could decrease cervical lordosis. An analogy, comparing a lordotic cervical spine and 
cervical paraspinal muscles to a bow and bowstring, respectively, may be illustrative. If the 
bowstring is shortened, the curvature of the bow increases. Likewise, paraspinal spasm would 
be expected to increase, not decrease, cervical lordosis. In fact, Helliwell et al reported no 
lordosis on lateral cervical spine X ray in 19% of acute neck pain emergency room cases, 26% 
of chronic neck pain cases, and 42% of normals from a previous population survey.18 The 
significantly higher prevalence of lordosis in patients most likely to have cervical paraspinal 
spasm compared to normal lends some credence to the bowstring analogy. 

Conversely, spasm of anterior cervical musculature would be expected to decrease or even 
reverse the normal lordotic curve. Yet [physical exam] reports of spasm isolated to anterior 
cervical musculature (longus colli, longus capitis, omohyoid, sternohyoid, scalenes, etc.) are 
rare. Spasm of anterolateral cervical musculature, primarily the sternocleidomastoid, with 
resultant torticollis, is more common but still infrequent. However, the cervical deformity in 
torticollis generally involves lateral bending with varying degrees of rotation, rather than 
decreased or reversed lordosis. 
Muscle spasm may occur in response to an acute musculoskeletal injury, spinal cord injury or 
disease, or illnesses such as multiple sclerosis or cerebral palsy. In the former case, it may last 
for hours and perhaps recur over subsequent days following further precipitant. 
However, it is physiologically impossible for muscular tissue to maintain such contraction for 
weeks, months, or years.  
A literature search also failed to return citations of needle electromyogram EMG–documented 
muscle spasm (sustained contraction) in subacute or chronic spinal pain. Power lifters and 
bodybuilders use isometric exercise as a crucial part of their training program to increase 
strength and induce muscle hypertrophy.19 If the paracervical muscles in a chronic neck pain 
patient were usually or continually in spasm (sustained isometric contraction), MRI images 
would be expected to show hypertrophy thereof. Instead, atrophy and fatty infiltration of 
paraspinals on T1 images are usually seen, further negating the concept of chronic spasm. 
Hence, even if spasm did alter cervical alignment, the deformity would be expected to 
be temporary, not fixed. 

Jan/Feb 2018, page 6 
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Muscle spasm is an objective finding that is not dependent on the report or subject to 
modification of a patient. However, spasm is overreported, mistaking it for normal or 
increased muscle tone. Some patients characterize “spasm” as a sudden increase in pain, 
often prompting them to avoid moving the affected body part. This mischaracterization 
may be repeated by a provider and perhaps even treated with a muscle relaxant. 
True spasm is an involuntary, strong, and sustained contraction of a muscle or muscle group in 
response to an acute injury or other painful stimulus, designed to splint or immobilize the body 
part. Spasm may last for minutes or hours and even days but does not continue for weeks, 
months, or years. Reports of spasm at such temporally remote times, barring recurrent injury, 
should be met with skepticism. 

May/Jun 2018 – Reliability of Cervical Spine palpation 
A systematic literature review1 of 49 published studies raised concerns about the reliability 
(reproducibility) of cervical spine palpation due to poor inter-examiner reliability 
for all palpation tests. 

For spasm to be present, the sustained contraction of the paraspinal muscles must be present 
with the person supine (or prone as the paraspinal muscles are not easily palpated in the 
supine position). However, the presence of such “spasm” was refuted decades ago. Harell et 
al reported13 on 42 patients with acute-onset low back pain and a list (acute deviation of the 
trunk to the left or to the right of midline). Since the paraspinal muscles are posture- 
stabilizing muscles, on needle electromyography, they found sustained electrical activity in the 
paraspinal muscles on the convex side (contralateral to the pain) and electrical 
silence (no mechanical contraction) on the side of the “supposedly painful contracted muscle.” 
The normal electrical activity on the convex, nonpainful side disappeared with the person 
prone, as the need for antigravity muscle activity was removed. Johnson14 duplicated these 
results in 50 additional patients. 

The AMA Guides, Fifth Edition, range-of-motion method for rating spinal impairment states that 
an examiner cannot find muscle spasm on exam and rate the individual’s impairment on the 
same day, as by definition the individual is having an acute exacerbation of a chronic spinal 
disorder, and thus is not at MMI. 

… for spinal “spasm” and “tension” (palpable firmness) found that the kappa values in 
published studies ranged from 0.06 to 0.73 for spasm and from -0.14 to 0.94 for tension, 
showing that neither is clearly a reliable finding that could consistently be reproduced by other 
examiners. Thus, despite acceptance by the AMA Guides, 5th Edition, neither spasm nor 
guarding appears to be a reliable finding on palpation. 

Selected References from this Guides Newsletter article 
Seffinger MA, Najm WI, Mishra SI, et al. Reliability of Spinal Palpation For Diagnosis of Back 
and Neck Pain: A Systematic Review of the Literature. Spine. 2004;29:E413-E425 

Harell A, Mead S, Mueller E. The Problem of Spasm in Skeletal Muscle. 
JAMA.1950;143(7):640-664. 
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ORIGINAL RESEARCH
SPINE

Systematic Literature Review of Imaging Features of Spinal
Degeneration in Asymptomatic Populations

W. Brinjikji, P.H. Luetmer, B. Comstock, B.W. Bresnahan, L.E. Chen, R.A. Deyo, S. Halabi, J.A. Turner, A.L. Avins, K. James, J.T. Wald,
D.F. Kallmes, and J.G. Jarvik

ABSTRACT

BACKGROUND AND PURPOSE: Degenerative changes are commonly found in spine imaging but often occur in pain-free individuals as
well as those with back pain. We sought to estimate the prevalence, by age, of common degenerative spine conditions by performing a
systematic review studying the prevalence of spine degeneration on imaging in asymptomatic individuals.

MATERIALS AND METHODS: We performed a systematic review of articles reporting the prevalence of imaging findings (CT or MR
imaging) in asymptomatic individuals from published English literature through April 2014. Two reviewers evaluated each manuscript. We
selected age groupings by decade (20, 30, 40, 50, 60, 70, 80 years), determining age-specific prevalence estimates. For each imaging finding,
we fit a generalized linear mixed-effects model for the age-specific prevalence estimate clustering in the study, adjusting for the midpoint
of the reported age interval.

RESULTS: Thirty-three articles reporting imaging findings for 3110 asymptomatic individuals met our study inclusion criteria. The preva-
lence of disk degeneration in asymptomatic individuals increased from 37% of 20-year-old individuals to 96% of 80-year-old individuals.
Disk bulge prevalence increased from 30% of those 20 years of age to 84% of those 80 years of age. Disk protrusion prevalence increased
from 29% of those 20 years of age to 43% of those 80 years of age. The prevalence of annular fissure increased from 19% of those 20 years
of age to 29% of those 80 years of age.

CONCLUSIONS: Imaging findings of spine degeneration are present in high proportions of asymptomatic individuals, increasing with age.
Many imaging-based degenerative features are likely part of normal aging and unassociated with pain. These imaging findings must be
interpreted in the context of the patient’s clinical condition.

Low back pain has a high prevalence in industrialized countries,

affecting up to two-thirds of adults at some point in their

lifetime.1 Back pain is associated with high health care costs and

has substantial economic consequences due to loss of productiv-

ity from back pain–associated disability.2 Advanced imaging (MR

imaging and CT) is increasingly used in the evaluation of patients

with low back pain.3 Findings such as disk degeneration, facet

hypertrophy, and disk protrusion are often interpreted as causes

of back pain, triggering both medical and surgical interventions,

which are sometimes unsuccessful in alleviating the patient’s

symptoms.4 Prior studies have demonstrated that imaging find-

ings of spinal degeneration associated with back pain are also

present in a large proportion of asymptomatic individuals.5-7

Given the large number of adults who undergo advanced im-

aging to help determine the etiology of their back pain, it is im-

portant to know the prevalence of imaging findings of degenera-

tive disease in asymptomatic populations. Such information will

help both clinical providers and patients interpret the importance

of degenerative findings noted in radiology reports. The aim of

this study was to systematically review the literature to determine

the age-specific prevalence of various imaging findings often as-

sociated with degenerative spine disease in asymptomatic individ-

uals. We studied the age-specific prevalence of the following im-
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aging findings in asymptomatic individuals: disk degeneration,

disk signal loss, disk height loss, disk bulge, disk protrusion, an-

nular fissures, facet degeneration, and spondylolisthesis.

MATERIALS AND METHODS
Data Sources and Searches
We performed a comprehensive search for articles describing rel-

evant imaging findings by using MEDLINE and EMBASE. To

identify studies on imaging of asymptomatic spinal disorders, we

searched 3 databases through April 2014 (week 16): Ovid

MEDLINE, Ovid EMBASE, and the Web of Science. Ovid

MEDLINE and Ovid EMBASE use controlled vocabulary.

EMBASE was searched from 1988 to week 16 of 2014, and MEDLINE

was searched from 1946 to 2014. The Web of Science is text word–

based but tends to be more current and multidisciplinary, so ar-

ticles may be discovered that are not included in the other data-

bases. The initial concept was spinal diseases or disorders affecting

the spine: intervertebral disk degeneration or displacement, spon-

dylolysis, low back pain, or specific vertebrae and joints (eg,

lumbar vertebrae). This was combined with diagnostic imag-

ing techniques (tomography, radiography, MR imaging) and

the concept by text words of undetected, asymptomatic, and

asymptomatic disease (subject heading available in EMBASE, but

not MEDLINE). Details of the search strategy are provided in

On-line Tables 1 and 2. Studies identified from the literature

search were then further evaluated for inclusion in the meta-anal-

ysis. We also searched references from multiple articles to find any

additional studies that reported lumbar spine CT or MR imaging

findings in individuals without low back pain.

Study Selection and Data Extraction
To be included in our review, a study needed to be published in

English and report the prevalence of degenerative findings in dif-

ferent age groups on spine MR imaging or CT in asymptomatic

individuals. Asymptomatic individuals were defined as those with

no history of back pain. Studies including patients with minor or

low-grade back pain were excluded. Studies including patients

with motor or sensory symptoms, tumors, or trauma were ex-

cluded. If studies did not explicitly state that patients were pain-

free, they were excluded. Eleven reviewers (W.B., J.G.J., A.L.A.,

J.A.T., J.T.W., R.A.D., P.H.L., D.F.K., S.H., L.E.C., and B.W.B.)

examined abstracts of studies identified from the literature search

to determine whether the articles met the inclusion criteria. For

each article that met the inclusion criteria, we used a standard

form to abstract imaging technique, age-specific sample sizes, and

prevalence rates for the following imaging findings: disk degener-

ation, disk signal loss (ie, desiccated disk), disk height loss, disk

bulge, disk protrusion, annular fissures, facet degeneration, and

spondylolisthesis. These entities are defined in detail by the com-

bined task forces of the American Society of Neuroradiology,

American Society of Spine Radiology, and North American Spine

Society.8 All articles were evaluated by 2 reviewers.

Findings from this systematic review are being used to help

physicians with clinical decision-making for patients with low

back pain in the Lumbar Imaging With Reporting of Epidemiol-

ogy: A Pragmatic Cluster Randomized Trial, a multicenter ran-

domized controlled trial aimed at determining whether inserting

epidemiologic evidence into lumbar spine imaging reports re-

duces spine interventions, including further imaging, injections,

and surgeries in subsequent years (clinicaltrials.gov identifier

NCT02015455).

Data Synthesis and Analysis
For each age category and finding, the number of studies that

contributed information and approximate patient-level sample

size was tabulated. For some studies, only the mean (SD) age was

provided, and we therefore used a normal approximation to esti-

mate the number of patients in each age category. For each imag-

ing finding, we fit a generalized linear mixed-effects model for the

age-specific prevalence estimate (binomial outcome), clustering

on study and adjusting for the midpoint of the reported age inter-

val of each study. If a study reported prevalence estimates across

multiple age ranges, we included each age-range-specific estimate

as a separate record in the analysis. We examined whether the

prevalence estimates varied across patient age by decade (20s, 30s,

40s, 50s, 60s, 70s, 80s). In each model, we therefore incorporated

knots at ages 40 and 60 in an interaction with the age to allow the

association between age and prevalence to differ among age

groupings. We tested whether the association between prevalence

and age differed by age grouping by using a likelihood ratio test,

but we did not observe significant evidence for an interaction and

therefore used age as a linear predictor in each model. For each

finding, we generated generalized linear mixed-effects model–

based prevalence predictions at ages 20, 30, 40, 50, 60, 70, and 80

years. All data analyses were performed by using the R statistics

package (Version 3.0.1; http://www.r-project.org).

RESULTS
Literature Search
A summary of articles included in the literature review is provided

in On-line Table 3. Our search yielded 379 unique articles. On the

basis of the abstracts of these articles, we excluded 300 articles that

did not meet our review inclusion criteria. Of the remaining 79

articles, we excluded 46 because they did not include asymptom-

atic individuals or the symptomatic status of patients was ambig-

uous, did not allow adequate separation of prevalences by age

group, or included only patients younger than 18 years of age.

Thirty-three studies reporting imaging findings for 3110 individ-

uals met the inclusion criteria for this systematic review. Sample

sizes ranged from 8 to 412 individuals. Thirty-two studies re-

ported degenerative changes on MR imaging, and 1 study re-

ported degenerative changes on CT. The search and selection pro-

cess is summarized in Fig 1.

Age-Specific Prevalence Rates among Asymptomatic
Individuals
The estimated number of individuals on which each estimate was

made is presented in Table 1. We present age-specific prevalence

estimates among asymptomatic individuals in Table 2. Disk de-

generation prevalence ranged from 37% of asymptomatic indi-

viduals 20 years of age to 96% of those 80 years of age, with a large

increase in the prevalence through 50 years. Disk signal loss

(“black disk”) was similarly present in more than half of individ-

uals older than 40 years of age, and by 60 years, 86% of individuals
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had disk signal loss. Disk height loss and disk bulge were moder-

ately prevalent among younger individuals, and prevalence esti-

mates for these findings increased steadily by approximately 1%

per year. Disk protrusion and annular fissures were moderately

prevalent across all age categories but did not substantially in-

crease with age. Authors rarely reported facet degeneration in

younger individuals (4%–9% in those 20 and 30 years of age), but

the prevalence increased sharply with age. Spondylolisthesis was

not commonly found in asymptomatic individuals until 60 years,

when prevalence was 23%; prevalence

increased substantially at 70 and 80 years

of age.

DISCUSSION
This systematic review indicates that

many imaging findings of degenerative

spine disease have a high prevalence

among asymptomatic individuals. All

imaging findings examined in this re-

view had an increasing prevalence with

increasing age, and some findings (disk
degeneration and signal loss) were pres-
ent in nearly 90% of individuals 60
years of age or older. Our study sug-
gests that imaging findings of degener-
ative changes such as disk degeneration,
disk signal loss, disk height loss, disk
protrusion, and facet arthropathy are
generally part of the normal aging pro-
cess rather than pathologic processes re-
quiring intervention. The finding that
�50% of asymptomatic individuals

30 –39 years of age have disk degeneration, height loss, or bulging
suggests that even in young adults, degenerative changes may be
incidental and not causally related to presenting symptoms. The
results from this systematic review strongly suggest that when
degenerative spine findings are incidentally seen (ie, as part of
imaging for an indication other than pain or an incidental disk
herniation at a level other than where a patient’s pain localizes),
these findings should be considered as normal age-related
changes rather than pathologic processes.

MR imaging is highly sensitive in detecting the degenerative
changes examined in our study.9 However, even among patients
with back pain, prior studies have demonstrated that degenerative
findings on MR imaging are not necessarily associated with the
degree or the presence of low back pain. Berg et al10 found that a
composite MR imaging score taking into account Modic changes,
posterior high intensity zones, disk signal changes, and disk height
decrease was not correlated with disability or the intensity of low
back pain in 170 disk prosthesis candidates. Takatalo et al11 found
that disk herniations were strongly associated with low back pain
severity among 554 young adults. However, annular fissures,
high-intensity zone lesions, Modic changes, and spondylotic de-
fects were not associated with low back pain severity.11 They also
demonstrated that disk degeneration was found in one-third of
asymptomatic 21-year-olds.11 A systematic review of 12 studies
found no consistent association between low back pain and MR
imaging findings of Modic changes, disk degeneration, and disk
herniation.12 In a large case control study, vertebral endplate
changes were not associated with chronic low back pain.13 A
number of studies of elite athletes have also demonstrated no
association between degenerative changes on MR imaging and the
presence or degree of low back pain.14,15 Systematic reviews on
the prognostic role of MR imaging findings for outcomes of con-
servative back pain therapies have failed to find an association
between imaging findings and clinical outcomes.16,17 Perhaps
most important, the relationship between imaging findings and

FIG 1. Results of literature search.

Table 1: Estimated number of patients by age used to inform
prevalence of degenerative spine imaging findings in
asymptomatic patientsa

Imaging Finding

Age (yr)

20 30 40 50 60 70 80
Disk degeneration 273 (9) 604 (16) 415 (12) 311 (10) 80 (4) 20 (2) 19 (2)
Disk signal loss 46 (2) 142 (5) 352 (4) 73 (2) 35 (1) 15 (1) 14 (1)
Disk height loss 15 (1) 163 (5) 186 (5) 208 (5) 35 (1) 15 (1) 14 (1)
Disk bulge 55 (4) 101 (7) 151 (8) 123 (7) 66 (5) 24 (3) 22 (3)
Disk protrusion 87 (5) 468 (14) 490 (14) 363 (12) 86 (5) 19 (2) 17 (2)
Annular fissure 167 (5) 350 (5) 426 (7) 53 (3) 35 (3) 15 (1) 14 (1)
Facet degeneration 0 (0) 0 (0) 596 (3) 53 (3) 35 (3) 15 (1) 14 (1)
Spondylolisthesis 0 (0) 0 (0) 31 (1) 53 (1) 35 (1) 15 (1) 14 (1)

a The number of studies are in parentheses.

Table 2: Age-specific prevalence estimates of degenerative spine
imaging findings in asymptomatic patientsa

Imaging Finding

Age (yr)

20 30 40 50 60 70 80
Disk degeneration 37% 52% 68% 80% 88% 93% 96%
Disk signal loss 17% 33% 54% 73% 86% 94% 97%
Disk height loss 24% 34% 45% 56% 67% 76% 84%
Disk bulge 30% 40% 50% 60% 69% 77% 84%
Disk protrusion 29% 31% 33% 36% 38% 40% 43%
Annular fissure 19% 20% 22% 23% 25% 27% 29%
Facet degeneration 4% 9% 18% 32% 50% 69% 83%
Spondylolisthesis 3% 5% 8% 14% 23% 35% 50%

a Prevalence rates estimated with a generalized linear mixed-effects model for the
age-specific prevalence estimate (binomial outcome) clustering on study and adjust-
ing for the midpoint of each reported age interval of the study.
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surgical outcomes has not been well established.18,19 This litera-
ture, combined with the results of our study, highlights the im-
portance of caution and of knowledge of the prevalence of imag-
ing findings in similarly aged asymptomatic individuals when
interpreting the clinical significance of imaging findings in pa-
tients with low back pain.

A number of previously published studies have demonstrated
the increasing prevalence of degenerative spine findings with in-
creasing age in asymptomatic patients.1,5,20 A cross-sectional
study of 975 individuals (symptomatic and asymptomatic) found
that the prevalence of an intervertebral disk space with disk de-
generation increased from approximately 70% of individuals
younger than 50 years of age to �90% of individuals older than 50
years of age.21 These findings are largely consistent with the find-
ings of our study. Some prior studies have failed to demonstrate
an association between degenerative spine disease and low back
pain.22,23 With a prevalence of degenerative findings of �90% in
asymptomatic individuals 60 years of age or older, our study sup-
ports the hypothesis that degenerative changes observed on CT
and MR imaging are often seen with normal aging. The substan-
tial variation in the prevalence of degenerative findings between
age groups of asymptomatic individuals highlights the impor-
tance of establishing further diagnostic criteria to help distinguish
age-related degenerative changes from pathologic, pain-generat-
ing degenerative changes.

Limitations
This study has several limitations. Many of the individuals in-

cluded in the studies of this systematic review were recruited as

volunteers. This recruitment could lead to selection bias because

these volunteers are not necessarily representative of the general

population. Another limitation is that many studies included in

this analysis did not use multiple observers, and it is difficult to

ascertain inter- and intraobserver agreement for the presence of

these degenerative findings on MR imaging. Recently published

studies have demonstrated that even with standardization of no-

menclature, interobserver variability is moderate at best.24,25 Fur-

thermore, the studies included in this review span �25 years and

did not always use standard nomenclature. Imaging findings were

not stratified by the degree of severity. It is possible that asymp-

tomatic individuals have less severe degenerative changes than

those with symptoms. Our study does not imply or conclude

that the above-mentioned degenerative findings are always

age-related rather than pathologic. Our study applies more to

cases in which such degenerative findings are incidentally seen

in the evaluation of patients without low back pain or findings

are found at a level that does not correlate with findings on

physical examination. The data on which the systematic review

is based may be affected by publication bias.26 Despite the

limitations of this study, this systematic review provides useful

data to share with clinicians and patients when explaining the

clinical significance of degenerative findings seen on advanced

imaging.

CONCLUSIONS
Imaging evidence of degenerative spine disease is common in

asymptomatic individuals and increases with age. These find-

ings suggest that many imaging-based degenerative features

may be part of normal aging and unassociated with low back

pain, especially when incidentally seen. These imaging findings

must be interpreted in the context of the patient’s clinical

condition.
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changes, Schmorl’s nodes, spondylolytic defects, high-intensity
zone lesions, disc herniations, and radial tears with low back symp-
tom severity among young Finnish adults. Spine (Phila Pa 1976)
2012;37:1231–39

12. Steffens D, Hancock MJ, Maher CG, et al. Does magnetic resonance
imaging predict future low back pain? A systematic review. Eur J
Pain 2014;18:755– 65

13. Kovacs FM, Arana E, Royuela A, et al. Vertebral endplate changes are
not associated with chronic low back pain among Southern Euro-
pean subjects: a case control study. AJNR Am J Neuroradiol
2012;33:1519 –24

14. Kaneoka K, Shimizu K, Hangai M, et al. Lumbar intervertebral disk
degeneration in elite competitive swimmers: a case control study.
Am J Sports Med 2007;35:1341– 45

15. Kraft CN, Pennekamp PH, Becker U, et al. Magnetic resonance
imaging findings of the lumbar spine in elite horseback riders:
correlations with back pain, body mass index, trunk/leg-length
coefficient, and riding discipline. Am J Sports Med 2009;37:
2205–13

16. Modic MT, Obuchowski NA, Ross JS, et al. Acute low back pain and
radiculopathy: MR imaging findings and their prognostic role and
effect on outcome. Radiology 2005;237:597– 604

17. Chou R, Fu R, Carrino JA, et al. Imaging strategies for low-back
pain: systematic review and meta-analysis. Lancet 2009;373:
463–72

18. Carlisle E, Luna M, Tsou PM, et al. Percent spinal canal compromise
on MRI utilized for predicting the need for surgical treatment in
single-level lumbar intervertebral disc herniation. Spine J 2005;5:
608 –14

19. Lurie JD, Moses RA, Tosteson AN, et al. Magnetic resonance imaging
predictors of surgical outcome in patients with lumbar interverte-
bral disc herniation. Spine (Phila Pa 1976) 2013;38:1216 –25

20. Greenberg JO, Schnell RG. Magnetic resonance imaging of the lum-
bar spine in asymptomatic adults: cooperative study—American
Society of Neuroimaging. J Neuroimaging 1991;1:2–7

21. Teraguchi M, Yoshimura N, Hashizume H, et al. Prevalence and
distribution of intervertebral disc degeneration over the entire
spine in a population-based cohort: the Wakayama Spine Study.
Osteoarthritis Cartilage 2014;22:104 –10

22. Jarvik JJ, Hollingworth W, Heagerty P, et al. The Longitudinal As-
sessment of Imaging and Disability of the Back (LAIDBack) study:
baseline data. Spine (Phila Pa 1976) 2001;26:1158 – 66

23. Jarvik JG, Hollingworth W, Heagerty PJ, et al. Three-year incidence
of low back pain in an initially asymptomatic cohort: clinical and
imaging risk factors. Spine (Phila Pa 1976) 2005;30:1541– 48; discus-
sion 1549

24. Arana E, Kovacs FM, Royuela A, et al. Influence of nomenclature
in the interpretation of lumbar disk contour on MR imaging: a
comparison of the agreement using the combined task force and
the Nordic nomenclatures. AJNR Am J Neuroradiol 2011;32:
1143– 48

25. Arana E, Royuela A, Kovacs FM, et al. Lumbar spine: agreement in
the interpretation of 1.5-T MR images by using the Nordic Modic
Consensus Group classification form. Radiology 2010;254:
809 –17

26. Thornton A, Lee P. Publication bias in meta-analysis: its causes and
consequences. J Clin Epidemiol 2000;53:207–16

27. Boden SD, Riew KD, Yamaguchi K, et al. Orientation of the lumbar

facet joints: association with degenerative disc disease. J Bone Joint
Surg Am 1996;78:403–11

28. Boos N, Rieder R, Schade V, et al. 1995 Volvo Award in clinical
sciences: the diagnostic accuracy of magnetic resonance imag-
ing, work perception, and psychosocial factors in identifying
symptomatic disc herniations. Spine (Phila Pa 1976) 1995;20:
2613–25

29. Capel A, Medina FS, Medina D, et al. Magnetic resonance study of
lumbar disks in female dancers. Am J Sports Med 2009;37:1208 –13

30. Danielson B, Willen J. Axially loaded magnetic resonance image of
the lumbar spine in asymptomatic individuals. Spine (Phila Pa
1976) 2001;26:2601– 06

31. Dora C, Walchli B, Elfering A, et al. The significance of spinal canal
dimensions in discriminating symptomatic from asymptomatic
disc herniations. Eur Spine J 2002;11:575– 81

32. Edmondston SJ, Song S, Bricknell RV, et al. MRI evaluation of lum-
bar spine flexion and extension in asymptomatic individuals. Man
Ther 2000;5:158 – 64

33. Erkintalo MO, Salminen JJ, Alanen AM, et al. Development of de-
generative changes in the lumbar intervertebral disk: results of a
prospective MR imaging study in adolescents with and without
low-back pain. Radiology 1995;196:529 –33

34. Feng T, Zhao P, Liang G. Clinical significance on protruded nucleus
pulposus: a comparative study of 44 patients with lumbar interver-
tebral disc protrusion and 73 asymptomatic controls in tridimen-
tional computed tomography [in Chinese]. Zhongguo Zhong Xi Yi Jie
He Za Zhi 2000;20:347– 49

35. Gibson MJ, Szypryt EP, Buckley JH, et al. Magnetic resonance imag-
ing of adolescent disc herniation. J Bone Joint Surg Br 1987;69:
699 –703

36. Hamanishi C, Kawabata T, Yosii T, et al. Schmorl’s nodes on mag-
netic resonance imaging. Their incidence and clinical relevance.
Spine (Phila Pa 1976) 1994;19:450 –53

37. Healy JF, Healy BB, Wong WH, et al. Cervical and lumbar MRI in
asymptomatic older male lifelong athletes: frequency of degenera-
tive findings. J Comput Assist Tomogr 1996;20:107–12

38. Jensen MC, Brant-Zawadzki MN, Obuchowski N, et al. Magnetic
resonance imaging of the lumbar spine in people without back pain.
N Engl J Med 1994;331:69 –73

39. Kanayama M, Togawa D, Takahashi C, et al. Cross-sectional mag-
netic resonance imaging study of lumbar disc degeneration in 200
healthy individuals. J Neurosurg Spine 2009;11:501– 07

40. Karakida O, Ueda H, Ueda M, et al. Diurnal T2 value changes in the
lumbar intervertebral discs. Clin Radiol 2003;58:389 –92

41. Kjaer P, Leboeuf-Yde C, Korsholm L, et al. Magnetic resonance im-
aging and low back pain in adults: a diagnostic imaging study of
40-year-old men and women. Spine (Phila Pa 1976) 2005;30:
1173– 80

42. Kovacs FM, Arana E, Royuela A, et al. Disc degeneration and chronic
low back pain: an association which becomes nonsignificant when
endplate changes and disc contour are taken into account. Neuro-
radiology 2014;56:25–33

43. Matsumoto M, Okada E, Toyama Y, et al. Tandem age-related lum-
bar and cervical intervertebral disc changes in asymptomatic sub-
jects. Eur Spine J 2013;22:708 –13

44. Paajanen H, Erkintalo M, Parkkola R, et al. Age-dependent correla-
tion of low-back pain and lumbar disc degeneration. Arch Orthop
Trauma Surg 1997;116:106 – 07

45. Paajanen H, Erkintalo M, Kuusela T, et al. Magnetic resonance study
of disc degeneration in young low-back pain patients. Spine 1989;
14:982– 85

46. Ranson CA, Kerslake RW, Burnett AF, et al. Magnetic resonance
imaging of the lumbar spine in asymptomatic professional fast
bowlers in cricket. J Bone Joint Surg Br 2005;87:1111–16

47. Savage RA, Whitehouse GH, Roberts N. The relationship between
the magnetic resonance imaging appearance of the lumbar spine
and low back pain, age and occupation in males. Eur Spine J 1997;6:
106 –14

AJNR Am J Neuroradiol ●:● ● 2015 www.ajnr.org
32



48. Silcox DH 3rd, Horton WC, Silverstein AM. MRI of lumbar inter-
vertebral discs: diurnal variations in signal intensities. Spine (Phila
Pa 1976) 1995;20:807–11; discussion 811–12

49. Stadnik TW, Lee RR, Coen HL, et al. Annular tears and disk
herniation: prevalence and contrast enhancement on MR images
in the absence of low back pain or sciatica. Radiology 1998;206:
49 –55

50. Szypryt EP, Twining P, Mulholland RC, et al. The prevalence of disc
degeneration associated with neural arch defects of the lumbar
spine assessed by magnetic resonance imaging. Spine (Phila Pa
1976) 1989;14:977– 81

51. Weinreb JC, Wolbarsht LB, Cohen JM, et al. Prevalence of lumbosa-

cral intervertebral disk abnormalities on MR images in pregnant
and asymptomatic nonpregnant women. Radiology 1989;170:
125–28

52. Weishaupt D, Zanetti M, Hodler J, et al. MR imaging of the lumbar
spine: prevalence of intervertebral disk extrusion and sequestra-
tion, nerve root compression, end plate abnormalities, and osteo-
arthritis of the facet joints in asymptomatic volunteers. Radiology
1998;209:661– 66
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What low back pain is and why we need to pay attention
Jan Hartvigsen*, Mark J Hancock*, Alice Kongsted, Quinette Louw, Manuela L Ferreira, Stéphane Genevay, Damian Hoy, Jaro Karppinen, 
Glenn Pransky, Joachim Sieper, Rob J Smeets, Martin Underwood, on behalf of the Lancet Low Back Pain Series Working Group†

Low back pain is a very common symptom. It occurs in high-income, middle-income, and low-income countries 
and all age groups from children to the elderly population. Globally, years lived with disability caused by low back 
pain increased by 54% between 1990 and 2015, mainly because of population increase and ageing, with the biggest 
increase seen in low-income and middle-income countries. Low back pain is now the leading cause of disability 
worldwide. For nearly all people with low back pain, it is not possible to identify a specific nociceptive cause. Only 
a small proportion of people have a well understood pathological cause—eg, a vertebral fracture, malignancy, 
or infection. People with physically demanding jobs, physical and mental comorbidities, smokers, and 
obese individuals are at greatest risk of reporting low back pain. Disabling low back pain is over-represented 
among people with low socioeconomic status. Most people with new episodes of low back pain recover quickly; 
however, recurrence is common and in a small proportion of people, low back pain becomes persistent and 
disabling. Initial high pain intensity, psychological distress, and accompanying pain at multiple body sites 
increases the risk of persistent disabling low back pain. Increasing evidence shows that central pain-modulating 
mechanisms and pain cognitions have important roles in the development of persistent disabling low back pain. 
Cost, health-care use, and disability from low back pain vary substantially between countries and are influenced by 
local culture and social systems, as well as by beliefs about cause and effect. Disability and costs attributed to 
low back pain are projected to increase in coming decades, in particular in low-income and middle-income 
countries, where health and other systems are often fragile and not equipped to cope with this growing burden. 
Intensified research efforts and global initiatives are clearly needed to address the burden of low back pain as a 
public health problem.

Introduction
Low back pain is an extremely common symptom 
experienced by people of all ages.1–3 In 2015, the global 
point prevalence of activity-limiting low back pain was 
7·3%, implying that 540 million people were affected at 
any one time. Low back pain is now the number one 
cause of disability globally.4 The largest increases in 
disability caused by low back pain in the past few decades 
have occurred in low-income and middle-income 
countries, including in Asia, Africa, and the Middle East,5 
where health and social systems are poorly equipped to 
deal with this growing burden in addition to other 
priorities such as infectious diseases.

Rarely can a specific cause of low back pain be identified; 
thus, most low back pain is termed non-specific. Low back 
pain is characterised by a range of biophysical, 
psychological, and social dimensions that impair function, 
societal participation, and personal financial prosperity. 
The financial impact of low back pain is cross-sectoral 
because it increases costs in both health-care and social 
supports systems.6 Disability attributed to low back pain 
varies substantially among countries, and is influenced by 
social norms, local health-care approaches, and 
legislation.7 In low-income and middle-income countries, 
formal and informal social-support systems are negatively 
affected. While in high-income countries, the concern is 
that the prevalent health-care approaches for low back 
pain contribute to the overall burden and cost rather than 
reducing it.8 Spreading high-cost health-care models to 

Key messages

• Low back pain is an extremely common symptom in populations worldwide and 
occurs in all age groups, from children to the elderly population

• Low back pain was responsible for 60·1 million disability-adjusted life-years in 2015, 
an increase of 54% since 1990, with the biggest increase seen in low-income and 
middle-income countries

• Disability from low back pain is highest in working age groups worldwide, which is 
especially concerning in low-income and middle-income countries where informal 
employment is common and possibilities for job modification are limited

• Most episodes of low back pain are short-lasting with little or no consequence, but 
recurrent episodes are common and low back pain is increasingly understood as a 
long-lasting condition with a variable course rather than episodes of unrelated 
occurrences

• Low back pain is a complex condition with multiple contributors to both the pain and 
associated disability, including psychological factors, social factors, biophysical factors, 
comorbidities, and pain-processing mechanisms

• For the vast majority of people with low back pain, it is currently not possible to 
accurately identify the specific nociceptive source

• Lifestyle factors, such as smoking, obesity, and low levels of physical activity, that 
relate to poorer general health, are also associated with occurrence of low back pain 
episodes

• Costs associated with health care and work disability attributed to low back pain vary 
considerably between countries, and are influenced by social norms, health-care 
approaches, and legislation

• The global burden of low back pain is projected to increase even further in coming 
decades, particularly in low-income and middle-income countries
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low-income and middle-income countries will compound 
rather than alleviate the burden. Low back pain is therefore 
an urgent global public health concern.

Against this backdrop, we present a series of two papers 
and a Viewpoint. The aim of this paper is to present a 
current understanding of what low back pain is, its burden 
and global impact, as well as an overview of causes and the 
course of low back pain. The evidence for the effectiveness 
of current treatments and promising new directions for 
managing low back pain is presented in paper two,9 and 
the Viewpoint is a worldwide call to action.10

The approach for this Series involved the constitution 
of a team of leading international experts on back pain 
from different professional backgrounds and from 
countries around the globe who convened for a workshop 
in Buxton, UK, in June, 2016, to outline the structure of 
each paper. For this paper, we identified scientific studies 
using broad search terms in MEDLINE (PubMed) and 
Scopus. To identify potentially relevant papers from low-
income and middle-income countries, we also searched 
Google Scholar and the African Index Medicus Database. 
To minimise selection bias and to ensure high-quality 
evidence was selected, systematic reviews were preferred 
and sought when possible. However, we also used 
information from large population-based cohorts, 
international clinical guidelines, and the Global Burden 
of Disease (GBD) 2015 study. Primary research from 
low-income and middle-income regions excluded 
from systematic reviews was also referenced where 
appropriate.

What is low back pain?
Low back pain is a symptom not a disease, and can result 
from several different known or unknown abnormalities 
or diseases.

It is defined by the location of pain, typically between 
the lower rib margins and the buttock creases.11 It is 
commonly accompanied by pain in one or both legs and 
some people with low back pain have associated 
neurological symptoms in the lower limbs.

For nearly all people presenting with low back pain, 
the specific nociceptive source cannot be identified and 
those affected are then classified as having so-called 
non-specific low back pain.12 There are some serious 
causes of persistent low back pain (malignancy, vertebral 
fracture, infection, or inflammatory disorders such as 
axial spondyloarthritis) that require identification and 
specific management targeting the cause, but these 
account for a very small proportion of cases. People with 
low back pain often have concurrent pain in other body 
sites, and more general physical and mental health 
problems, when compared with people not reporting 
low back pain.13 The combined effect on individuals of 
low back pain and comorbidity is often more than the 
effect of the low back pain or the comorbidity alone 
and results in more care, yet typically a poorer response 
to a range of treatments.13 Thus, many people living 
with low back pain have diverse problems in which 
psychological, social, and biophysical factors as well as 
comorbidities and pain-processing mechanisms impact 

Figure 1: Contributors to low back pain and disability
The model includes key contributors to low back pain and disability but does 
not attempt to represent the complex interactions between different 
contributors. *Nociceptive input includes non-identifiable sources in 
non-specific low back pain, neurological sources (eg, radicular pain) and 
specific pathology (eg, fractures).

Biophysical factors Comorbidities

Social factorsGenetic factors

Psychological factors

Pain experience
• Nociceptive input*
• Central pain processing

Disability

Panel 1: Potential nociceptive contributors to low back pain that have undergone 
investigation 

Intervertebral disc
Although some imaging and clinical findings increase the likelihood that pain is arising 
from the intervertebral disc (with the reference standard of discography), no 
investigation has accurately identified a disc problem as contributing to an individual’s 
pain;14 there is no widely accepted reference standard for discogenic pain

Facet joint
Injecting facet joints with local anaesthetic can cause temporary relief of pain;15 however, 
the Framingham Heart Study (3529 participants) did not find an association between 
radiological osteoarthritis of facet joints and presence of low back pain;16 clinical 
identification of individuals whose facet joints are contributing to their pain is not possible.17

Vertebral endplates (Modic changes)
Modic changes are vertebral endplate abnormalities seen on MRI with specific subchondral 
and vertebral bone marrow features that can be classified according to different signal 
intensities into type 1, type 2, and type 3; endplate defects and disc herniation might 
predispose to the development of Modic changes; one theory is that the pro-inflammatory 
response, caused by structural damage to the disc or endplate, could allow microbial 
infiltration, autoimmune reactions, or both, that intensify and extend nociceptor 
stimulation by chemical or mechanical stimuli;18 a low-grade infection by Propionibacterium 
acnes might promote the development of Modic changes;19 the relevance of these findings 
to clinical practice is, however, unclear; a systematic review concluded that Modic type 1 
changes are associated with low back pain;20 a subsequent study, including 1142 people, 
found that Modic type 2 changes were associated with disability (odds ratio 1·56, 95% CI 
1·06–2·31), but not pain (1·36, 0·88–2·09);21 identification of individuals in whom Modic 
changes are contributing to their pain is not possible.
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on both the pain experience and the associated disability 
(figure 1).

Causes of low back pain 
Although clinical tests are unable to accurately identify the 
tissue source of most low back pain, several structures are 
innervated and have been shown to produce pain when 
stimulated. In some cases local anaesthetic relieves the 
pain (panel 1).14,15 Many imaging (radiography, CT scan, 
and MRI) findings identified in people with low back pain 
are also common in people without such pain, and their 
importance in diagnosis is a source of much debate.22 
Nevertheless, at least in people younger than 50 years, 
some MRI abnormalities are more common in those with 
low back pain than in those without. A systematic review 
(14 case-control studies; 3097 participants) found several 
MRI findings had a reasonably strong association with low 
back pain, including Modic type 1 change (odds ratio 
[OR] 4·0, 95% CI 1·1–14·6), disc bulge (7·5, 1·3–44·6), disc 
extrusion (4·4, 2·0–9·7), and spondylolysis (5·1, 1·7–15·5; 
table 1).20 However, evidence is insufficient to know 
whether MRI findings can be of use to predict the future 
onset, or the course, of low back pain.23 Importantly, no 
evidence exists that imaging improves patient outcomes24 
and guidelines consistently recommend against the 
routine use of imaging for people with low back pain.25–28

Neurological symptoms associated with low 
back pain
Radicular pain and radiculopathy
Radicular pain occurs when there is nerve-root involve-
ment; commonly termed sciatica. The term sciatica is 
used inconsistently by clinicians and patients for different 
types of leg or back pain and should be avoided.29 The 
diagnosis of radicular pain relies on clinical findings, 
including a history of dermatomal leg pain, leg pain 
worse than back pain, worsening of leg pain during 
coughing, sneezing or straining,30 and straight leg raise 
test. Radiculopathy is characterised by the presence of 
weakness, loss of sensation, or loss of reflexes associated 
with a particular nerve root, or a combination of these, 
and can coexist with radicular pain. People with low back 
pain and radicular pain or radiculopathy are reported to 
be more severely affected and have poorer outcomes 
compared with those with low back pain only.31 Disc 
herniation in conjunction with local inflammation is the 
most common cause of radicular pain and radiculopathy. 
Disc herniations are, however, a frequent finding on 
imaging in the asymptomatic population,22 and they often 
resolve or disappear over time independent of resolution 
of pain.32

Lumbar spinal stenosis
Lumbar spinal stenosis is clinically characterised by 
pain or other discomfort with walking or extended 
standing that radiates into one or both lower limbs and is 
typically relieved by rest or lumbar flexion (neurogenic 

claudication).33 It is usually caused by narrowing of the 
spinal canal or foramina due to a combination of 
degenerative changes such as facet osteoarthritis, 
ligamentum flavum hypertrophy, and bulging discs. 
Expert consensus is that the diagnosis of the clinical 
syndrome of lumbar spinal stenosis requires both the 
presence of characteristic symptoms and signs as well as 
imaging confirmation of narrowing of the lumbar 
spinal canal or foramina.34 Symptoms of lumbar spinal 
stenosis are thought to result from venous congestion or 
ischaemia of the nerve roots in the cauda equina due to 
compression.33

Specific pathological causes of low back pain 
Potential causes of low back pain that might require 
specific treatment include vertebral fractures, inflam-
matory disorders (eg, axial spondyloarthritis), malignancy, 
infections, and intra-abdominal causes (panel 2). A study 
of 1172 new presentations of acute (<2 weeks) episodes of 
low back pain in primary care in Australia found specific 
causes of back pain in 0·9% of participants, with fracture 
being by far the most common (eight of 11 cases), followed 
by inflammatory disorders (two of 11 cases).37 A review 
from Uganda of 204 patients referred to a hospital 
orthopaedic clinic with a primary complaint of low back 
pain, showed that 4% of patients had serious spinal 
abnormalities due to tuberculosis, 3·5% had vertebral 
compression fractures, 1% brucellosis, and 1% had 
malignancy.52 These differences in the patterns of specific 
pathological causes could reflect the ongoing burden of 
infectious diseases and their manifestations as low back 
pain in low-income countries. So-called red flags are case 
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Number 
of 
studies

OR (95% CI) Prevalence 
asymptomatic 
(95% CI)

Prevalence 
symptomatic 
(95% CI)

p value Hetero-
geneity

Intervertebral disc degeneration-related outcomes

Disc degeneration 12 2·2 (1·2–4·2) 34% (32–38) 57% (55–60) 0·01 High

Modic change 5 1·6 (0·5-5·4) 12% (10–15) 23% (22–27) 0·43 High

Modic type 1 change 2 4·0 (1·1-14·6) 3% (0·7–9) 7% (5–9) 0·04 Low

Internal disc rupture-related outcomes

Annular fissure 6 1·8 (0·97–3·3) 11% (9–14) 20% (18–23) 0·06 High

High Intensity Zone 4 2·1 (0·7–6·0) 10% (7–13) 10% (8–13) 0·17 High

Disc displacement-related outcomes

Disc bulge 3 7·5 (1·3–44·6) 6% (4–9) 43% (38–48) 0·03 High

Disc protrusion 9 2·7 (1·5–4·6) 19% (17–22) 42% (39–45) 0·00 High

Disc extrusion 4 4·4 (2·0–9·7) 2% (0·1–4) 7% (5–9) <0·01 Low

Other outcomes

Spondylolysis 2 5·1 (1·7–15·5) 2% (0–5) 9% (7–12) <0·01 Low

Spondylolisthesis 4 1·6 (0·8–3·2) 3% (2–6) 6% (4–9) 0·20 Low

Central spinal canal 
stenosis

2 20·6 (0·1–798.8) 14% (10–19) 60% (55–64) 0·17 High

Data are modified from Brinjikji et al (2015).20 Heterogeneity (I²) was graded "low" only for "0" values since no CI for I² 
was presented. Prevalence data presented for reference only. OR=odds ratio.

Table 1: Strength of association between MRI findings and low back pain in younger adults
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Panel 2: Specific pathological causes of low back pain 

Vertebral fracture
Symptomatic minimal trauma vertebral fractures due to 
osteoporosis are rare under the age of 50 years but the incidence 
increases rapidly with age.35 Although age-specific incidence is 
not changing, with an ageing population, the population 
burden is increasing. A systematic review (14 studies) found 
post-test probability for having a symptomatic vertebral 
fracture was 9% (95% CI 3–25) for those who were older (men 
aged >65 years, women aged >75 years), 33% (10–67) for those 
with a history of long-term corticosteroid use, and 62% (49–74) 
when a contusion or abrasion was present. The probability of a 
minimal trauma vertebral fracture being present when multiple 
risk factors (at least three of female, age >70, severe trauma, and 
long-term use of glucocorticoids) were present was 90% 
(34–99).36 The predictive value of such a decision rule is, 
however, not greatly different from clinical assessment.37 
Symptomatic minimal trauma vertebral fractures have been 
shown in some studies to have a major health impact with a 
mean of 158 days of restricted activity and a third of those 
affected still have significant back pain after 2 years.35 In some 
studies, minimal trauma vertebral fractures are also associated 
with a two-to-eight times increased risk of mortality.35

Axial spondyloarthritis
Axial spondyloarthritis is a chronic inflammatory disease that 
mainly affects the axial skeleton in young people (peak of onset 
20–40 years). Although traditionally thought to be a disease of 
young men, there is only a slight male predominance in 
population studies.38 The term axial spondyloarthritis covers 
both people who have already developed structural damage in 
the sacroiliac joints or spine visible, or both, on radiographs 
(radiographic axial spondyloarthritis; also termed ankylosing 
spondylitis) and those who have not yet developed such 
structural damage (non-radiographic spondyloarthritis).39 
Non-radiographic spondyloarthritis is a prodrome of axial 
spondyloarthritis that might subsequently produce structural 
bony damage in the axial skeleton.40 The prevalence of 
radiological disease is between 0·3 and 0·8% in western 
countries and is dependent on the HLA-B27 prevalence in a 
given population.38

The typical presentation of axial spondyloarthritis includes 
morning stiffness, mostly in the lower back, with improvement 
seen with exercise but not with rest. In a Danish cohort of 
759 people aged 18–40 years with chronic low back pain, the 
discriminative value of inflammatory back pain symptoms for 
axial spondyloarthritis was low with sensitivity and specificity 
ranging between 50% and 80% depending on the criteria being 
used.41 However, around 30% of those referred to secondary 
care with symptoms of inflammatory back pain receive a final 
diagnosis of axial spondyloarthritis.42 Around 5% of European 
people presenting with chronic low back pain in primary care 
could have axial spondyloarthritis.43 There is often a delay 
between the onset of (back pain) symptoms and making a 
diagnosis of axial spondyloarthritis of 5 years or longer. People 

with axial spondyloarthritis are commonly misdiagnosed with 
non-specific low back pain. Since effective treatments are now 
available for axial spondyloarthritis, a specialist rheumatology 
referral is advised for people who are suspected of having an 
axial spondyloarthritis.

Malignancy
Back pain is a common symptom in people with metastatic 
cancer; vertebral metastases occur in 3–5% of people with 
cancer, and 97% of spinal tumours are metastatic disease.44 
Nevertheless, malignancy is an uncommon cause of low back 
pain. Past history of malignancy is the most useful indicator for 
identifying such disease in people presenting with low back 
pain; however, it only increases the post-test probability to 7% 
(95% CI 3–16) in primary care, and to 33% (22–46) in the 
emergency setting.36 The common solid tumours metastasising 
to the spine are adenocarcinomas—ie, breast, lung, prostate, 
thyroid, and gastrointestinal. A past history of other tumours is 
less important. Myeloma typically presents as persistent bone 
pain in people aged 60 years and older.

Infections
Spinal infections include spondylodiscitis, vertebral 
osteomyelitis, epidural abscess, and rarely facet joint infection. 
Bacterial infections are divided into pyogenic 
(eg, Staphylococcus aureus and S epidermidis) and 
granulomatous diseases (eg, tuberculosis, brucellosis). 
Although rare, these disorders are associated with a substantial 
mortality; up to 3% for epidural abscesses, 6% for spinal 
osteomyelitis, and possibly as high as 11% for pyogenic 
spondylodiscitis.45–47 In high-income countries, granulomatous 
diseases are mainly encountered in immigrant populations; 
pyogenic infections are seen largely in older patients (mean age 
59–69 years).48 In low-income countries, tuberculosis affects a 
broader span of ages (mean age 27–76 years), and could 
represent up to a third of spinal infections.48 People with 
chronic comorbidities, particularly immunosuppressive 
disorders, and intravenous drug users, are at higher risk of 
spinal infections. Recent increases in the incidence of spinal 
infection are attributed to an ageing population with inherent 
comorbidities plus improved case ascertainment related to the 
availability of modern imaging techniques.47,49

Cauda equina syndrome
Although not strictly a cause of low back pain, cauda equina 
compression, which mainly arises from disc herniation, can 
have catastrophic consequences. It is rare and most primary 
care clinicians will not see a true case in a working lifetime.50 
Early diagnosis and surgical treatment are probably helpful; 
therefore, there needs to be a low threshold for further 
assessment when there has been a new onset of perianal 
sensory change or bladder symptoms, or bilateral severe 
radicular pain with low back pain of any duration.50 The cardinal 
clinical features are urinary retention and overflow 
incontinence (sensitivity 90%, specificity 95%).51
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history or clinical findings believed to increase the risk of 
a serious disease; however, 80% of people with acute low 
back pain have at least one red flag despite less than 1% 
having a serious disorder.37 Nearly all recommended 
individual red flags are uninformative and do not 
substantially change post-test probabilities of a serious 
abnormality.36 The very low specificity of most red flags 
contributes to unnecessary specialist referrals and 
imaging.53 Clinicians do, however, need to consider if the 
overall clinical picture might indicate a serious cause for 
the pain, remembering that the picture can develop over 
time.53 The US guideline for imaging advises deferral of 
imaging pending a trial of therapy when there are weak 
risk factors for cancer or axial spondyloarthritis.54

How common is low back pain?
Low back pain is uncommon in the first decade of life, 
but prevalence increases steeply during the teenage 
years; around 40% of 9–18-year olds in high-income, 
medium-income, and low-income countries report 
having had low back pain.55,56 Most adults will have low 
back pain at some point.57 The median 1-year period 
prevalence globally in the adult population is around 
37%, it peaks in mid-life, and is more common in 
women than in men (figure 2).1 Low back pain that is 
accompanied by activity limitation increases with age.58 
The mean prevalence in high-income countries is 
higher than in middle-income and low-income countries 
(32·9% [SD 19·0] vs 25·4% [25·4] vs 16·7% [16·7]), but 
globally there is no difference between rural and urban 
areas.1 Jackson pooled results from 40 publications 
dealing with prevalence of persistent low back pain in 
28 countries from Africa, Asia, the Middle East, and 
South America (n=80 076) and found that chronic low 
back pain was 2·5 (95% CI 1·21–4·10) times more 
prevalent in working population than in non-working 
populations for reasons that are not clear.59 The gender 
pattern in low-income and middle-income regions 
might also differ from that of high-income countries 
and even differ between low-income regions. For 
example, men seem to report low back pain more often 
than women in Africa.56 This was not the case in Latin 
America,60 which might reflect African culture, in which 
men often do hard physical labour, as well as gender 
inequalities, which might result in women under-
reporting their low back pain.

Burden and impact of low back pain
Overall disability
The GBD 2015 study calculated disease burden for 
315 causes in 195 countries and territories from 1990 to 
2015 and provides a comprehensive assessment of the 
patterns and levels of acute and chronic diseases and 
burden and disability of those worldwide.61 Low back 
pain was responsible for around 60·1 million years 
lived with disability (YLD) in 2015, an increase of 54% 
since 1990.4 It is the number one cause of disability 

globally, as well as in 14 of the 21 GBD world regions.4 
Less than 28% of prevalent cases (n=151 million) fell 
in the severe and most severe categories; however, 
these cases accounted for 77% of all disability caused 
by low back pain (46·5 million YLDs).62 Thus, most 
people with low back pain have low levels of disability, 
but the additive effect of those, combined with 
high disability in a substantial minority, result in the 
very high societal burden. In high-income countries, 
disabling back pain is linked to socioeconomic status, 
job satisfaction, and the potential for monetary compen-
sation (table 2). The overall increase in the global 
burden of low back pain is almost entirely due to 
population increase and ageing in both high-income, 
low-income and middle-income countries, as opposed 
to increased prevalence.1,68

Work disability
Disability from low back pain is highest in working 
age groups worldwide (figure 3),4,61 which is especially 
concerning in low-income and middle-income countries 
where informal employment is common and possibilities 
for job modification are almost completely absent. 
Further more, occupational musculoskeletal health poli-
cies, such as regulations for heavy physical work and 
lifting, are often absent or poorly monitored.69 A survey 
of 10 839 residents of an urban black community in 
Zimbabwe found that low back pain was among the top 
five reported primary health complaints, and reasons for 
activity limitation.70 A survey among 500 farmers in rural 
Nigeria showed that more than half reduced their 
farming workload because of low back pain.71 Thus, 
disability associated with low back pain might contribute 
to the cycle of poverty in poorer regions of the world.

In high-income countries, differences in social 
compensation systems, not differences in occupational 

Figure 2: Median prevalence of low back pain, with IQR, according to sex and 
midpoint of age group, reproduced from Hoy et al1 with permission from 
John Wiley and Sons
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exposure or individual factors, are largely responsible for 
national differences in the rates and extent of work 
disability attributed to low back pain.7 In Europe, low back 
pain is the most common cause of medically certified sick 
leave and early retirement.72 However, work disability due 
to low back pain varies substantially among European 
countries. For example, in Norway and Sweden in 2000, 
short-term sickness absence rates in people with back 
pain were similar (5·1% and 6·4%, respectively), but the 
rate of longer-term medically certified sickness absence 
was very different (22% and 15%, respectively).73 In the 
USA, low back pain accounts for more lost workdays than 
any other occupational musculoskeletal condition,74 but 
although 58 of 10 000 US workers filed a back-related 
claim in 1999, the comparable figure from Japan during 
the same year was only one of 10 000.75

Social identity and inequality
The effect of low back pain on social identity and inequality 
is substantial worldwide. Ethnographic interviews of 
villagers in Botswana found that low back pain and other 

musculoskeletal symptoms resulted in both economic 
and subsistence consequences as well as loss of inde-
pendence and social identity because of inability to fulfil 
traditional and expected social roles in a society with harsh 
living conditions.76

Froud and colleagues77 reviewed 42 qualitative studies 
all from high-income countries, and found that many 
people living with low back pain struggled to meet their 
social expectations and obligations and that achieving 
them might then threaten the credibility of their 
suffering, with disability claims being endangered. 
Although those with back pain seek to achieve pre-
morbid levels of health, many find with time that this 
aim is unrealistic and live with reduced expectations.77 
Likewise, MacNeela and colleagues78 reviewed 38 separate 
qualitative studies, also from high-income countries, and 
found some common themes, including: worry and fear 
about the social consequences of chronic low back pain, 
hopelessness, family strain, social withdrawal, loss of 
job and lack of money, disappointment with health-
care encounters (in particular with general practitioners), 

Outcomes (predictor scale: association with low back pain disability) Source of evidence

Symptom-related factors

Previous 
episodes

Chronic disabling pain* at 3–6 months; more vs less episodes: median LR 1·0 (range 0·9–1·2); chronic disabling 
pain* at 12 months; more vs less episodes: median LR 1·1 (range 0·95–1·2)

Systematic review including nine longitudinal studies63

Back pain 
intensity

Chronic disabling pain* at 3–6 months; high intensity pain vs non-high: median LR 1·7 (range 1·1–3·7); chronic 
disabling pain* at 12 months; high intensity pain vs non-high: median LR 1·3 (range 1·2–2·0)

Systematic review including eight longitudinal studies63

Presence of leg 
pain

Chronic disabling pain* at 3–6 months; leg pain or radiculopathy vs no leg pain: median LR 1·4 (range 1·1–1·7); 
chronic disabling pain* at 12 months; leg pain or radiculopathy vs no leg pain: median LR 1·4 (range 1·2–2·4)

Systematic review including ten longitudinal studies63

Lifestyle factors

Body mass Chronic disabling pain* at 3–6 months; BMI >25 or >27 vs lower BMI: median LR 0·91 (range 0·72–1·2); chronic 
disabling pain* at 12 months; BMI >25 or >27 vs lower BMI: median LR 0·84 (range 0·73–0·97)

Systematic review including three longitudinal studies63

Smoking Chronic disabling pain* at 3–6 months; current smoker vs not: median LR 1·2 (range 1·0–1·6) Systematic review including three longitudinal studies63

Physical activity Disability 1–5 years; significant association in one of five studies (no effect size reported) Systematic review including five longitudinal studies64

Psychological factors

Depression Mixed outcomes; significant associations with poor outcome in eight of 13 cohorts; OR (range) 1·04–2·47 Systematic review including 13 longitudinal studies65

Catastrophising Disability at 3–12 months; significant association in nine of 13 studies; high catastrophising: OR 1·56 (95% CI 
1·05–2·33); 0–6 scale: 7·63 (3·70–15·74); 0–52 scale: 1·05 (1·02–1·08); contribution to explained variance: 0–23%

Systematic review including 13 longitudinal studies66

Fear avoidance 
beliefs

Pain or activity limitation at 3–12 months; no pooled estimates; no systematic association between fear 
avoidance and outcome; poor work-related outcome at 3–12 months; elevated fear avoidance: OR (range) 1·05 
(95% CI 1·02–1·09) to 4·64 (1·57–13·71; from four studies done by disability insurance companies); chronic 
disabling pain* at 3–6 months; high vs no fear avoidance: median LR 2·2 (range 1·5–4·9); chronic disabling pain* 
at 12 months; median LR 2·5 (range 2·2–2·8)

Systematic review including 21 longitudinal studies67

Systematic review including four longitudinal studies63

Social factors

Physical work 
loads

Chronic disabling pain* at 3–6 months; higher vs lower physical work demands: median LR 1·2 (range 1·1–1·6); 
chronic disabling pain* at 12 months; higher vs lower physical work demands: median LR 1·4 (range 1·2–1·7)

Systematic review including four longitudinal studies63

Education Chronic disabling pain* at 3–6 months; no college education or not college graduate vs more education: median 
LR 1·0 (range 0·97–1·3); chronic disabling pain* at 12 months; no college education or not college graduate vs 
more education: median LR 1·1 (range 1·1 –1·2)

Systematic review including ten longitudinal studies63

Compensation Chronic disabling pain* at 3–6 months; compensated work injury or sick leave vs not compensated work injury 
or sick leave: median LR 1·3 (range 0·97–2·7); chronic disabling pain* at 12 months; compensated work injury or 
sick leave vs not compensated work injury or sick leave: median LR 1·4 (range 1·2–1·8)

Systematic review including seven longitudinal studies63

Work 
satisfaction

Chronic disabling pain* at 3–6 months; less vs more work satisfaction: median LR 1·1 (range 0·64–1·8); chronic 
disabling pain* at 12 months; less vs more work satisfaction: median LR 1·5 (range 1·3 –1·8)

Systematic review including five longitudinal studies63

The information provided in the table provides a broad overview and was not based on a systematic review of the literature. LR=positive likelihood ratio. BMI=body-mass index. OR=odds ratio. HR=hazard ratio. 
*Pain persistent beyond 3 months and at least moderately affecting ability to work or function. 

Table 2: Overview of selected predictors and their association with dichotomous outcomes of low back pain disability

39



Series

www.thelancet.com   Published online March 21, 2018   http://dx.doi.org/10.1016/S0140-6736(18)30480-X 

coming to terms with the pain, and learning self-
management strategies.

Globally, low back pain contributes to inequality. In 
low-income and middle-income countries, poverty and 
inequality might increase as participation in work is 
affected. Furthermore, formal return-to-work systems 
are often not in place, and workers might be retrenched, 
placing more strain on family and community 
livelihoods.69 In Australia, Schofield and colleagues79 
found that individuals who exit the workforce early as a 
result of their low back pain have substantially less 
wealth by age 65 years, even after adjustment for 
education. The median value of accumulated wealth for 
those who retire early because of low back pain is only 
AUS$5038 by the time they reach 65 years of age, 
compared with $339 121 for those who remain in the 
workforce.79

Cost of low back pain
No relevant studies on costs associated with low back pain 
from low-income and middle-income countries were 
identified. Costs associated with low back pain are 
generally reported as direct medical (health-care) costs, 
and indirect (work absenteeism or productivity loss) 
costs. Only a few studies have reported other direct non-
medical costs, such as costs from transportation to 
appointments, visits to complementary and alternative 
practitioners, and informal help not captured by the 
health-care system, which means that most studies 
underestimate the total costs of low back pain (appendix). 
The economic impact related to low back pain is 
comparable to other prevalent, high-cost conditions, such 
as cardiovascular disease, cancer, mental health, and 
autoimmune diseases.6 Replacement wages account for 
80–90% of total costs, and consistently a small percentage 
of cases account for these.80 Some of the observed 
variation in costs for low back pain over time might be 
explained by changes in disability legislation and health-
care practices. For example, in the Netherlands, costs 
associated with low back pain were substantially reduced 
between 1991 and 2007 after a change in legislation that 
reduced disability pensions and applied evidence-based 
criteria for medical practices.7,81

Estimates of direct medical costs associated with low 
back pain are also all from high-income countries, with the 
USA having the highest costs, attributable to a more 
medically intensive approach and higher rates of surgery 
compared with other high-income countries (appendix).8,82 
In the UK in 2006, one in seven of all recorded consultations 
with general practitioners were for musculoskeletal 
problems with complaints of back pain being the most 
common (417 consultations per year for low back pain per 
10 000 registered persons),83 and in South Africa, low back 
pain is the sixth most common complaint seen in primary 
health care.84 In addition to conventional medicine, 
complementary and alternative medical approaches are 
popular with people who have low back pain. For example, 

in the USA 44% of the population used at least one 
complementary or alternative health-care therapy in 1997;85 
and the most common reason was low back pain.86

Natural history
Low back pain is increasingly understood as a long-
lasting condition with a variable course rather than 
episodes of unrelated occurrences.87 Around half the 
people seen with low back pain in primary care have a 
trajectory of continuing or fluctuating pain of low-to-
moderate intensity, some recover, and some have 
persistent severe low back pain.88 A systematic review89  
(33 cohorts; 11 166 participants) provides strong evidence 
that most episodes of low back pain improve substantially 
within 6 weeks, and by 12 months average pain levels are 
low (6 points on a 100-point scale; 95% CI 3–10). However, 
two-thirds of patients still report some pain at 3 months; 
67% (95% CI 50–83) and 12 months; 65% (54–75).89,90 
Recurrences of low back pain are common but a 2017 
systematic review (seven studies; 1780 participants) 
found that research does not provide robust estimates of 
the risk of low back pain recurrence. The best evidence 
suggests around 33% of people will have a recurrence 
within 1 year of recovering from a previous episode.91

Risk factors and triggers for episodes of low back pain
Although the impact of low back pain in low-income 
and middle-income countries on systems and people 
differs from high-income countries, there seem to be 
fewer fundamental differences in the risk factors 
between regions. A systematic review92 (eight cohorts; 
5165 participants) found consistent evidence that people 
who have had previous episodes of low back pain are at 
increased risk of a new episode. Likewise, people with 
other chronic conditions, including asthma, headache, 
and diabetes, are more likely to report low back pain 

Figure 3: Global burden of low back pain, in disability-adjusted life-years (DALYs), by age group, for 1990 and 
2015 
Data are from the Global Health Data Exchange.
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than people in good health (pooled ORs 1·6–4·2).93 
People with poor mental health are also at increased 
risk. For example, a UK cohort study94 (5781 participants) 
found psychological distress at age 23 years predicted 
incident low back pain 10 years later (OR 2·52, 95% CI 
1·65–3·86]. The Canadian National Population Health 
Survey95 with 9909 participants found that pain-free 
individuals with depression were more likely to develop 
low back pain within 2 years than were people without 
depression (OR 2·9, 95% CI 1·2–7·0). Mechanisms 
behind the coexistence of low back pain and other 
chronic diseases are not known, but systematic reviews 
of cohort studies indicate that lifestyle factors such as 
smoking,96 obesity,97,98 and low levels of physical activity99 
that relate to poorer general health are also associated 
with occurrence of low back pain episodes or develop-
ment of persistent low back pain, although independent 
associations remain uncertain.

A systematic review93 (seven twin studies; 35 547 partici-
pants) found the genetic influence on the liability to 
develop low back pain ranged from 21% to 67%, with the 
genetic component being higher for more chronic and 
disabling low back pain than for inconse quential low 
back pain. A comprehensive genetic epidemiological 
analysis of 15 328 Danish twins (44% monozygotic and 
56% dizygotic) found that heritability estimates for pain 
in different spinal regions were quite similar and there is 
a moderate to high genetic correlation between the 
phenotypes, which might indicate a common genetic 
basis for a high proportion of spinal pain.100

An Australian case-crossover study (999 participants) 
showed that awkward postures (OR 8·0, 95% CI 
5·5–11·8), heavy manual tasks (5·0, 3·3–7·4), feeling 
tired (3·7, 2·2–6·3), or being distracted during an activity 
(25·0, 3·4–184·5) were all associated with increased risk 
of a new episode of low back pain.101 Similarly, work 
exposures of lifting, bending, awkward postures, and 
tasks considered physically demanding were also 
associated with an increased risk of developing low back 
pain in low-income and middle-income countries.56,60 A 
systematic review (25 cohorts) showed that the effect of 
heavy workload on onset of low back pain ranged from 
OR 1·61 (95% CI 1·08–2·39) to OR 4·1 (2·7–6·4).102 The 
existence of a causal pathway between these risk factors 
and low back pain, however, remains unclear.103

Multifactoral contributors to persistent 
disabling low back pain
In recent decades, the biopsychosocial model has been 
applied as a framework for understanding the complexity 
of low back pain disability in preference to a purely 
biomedical approach. Many factors including bio-
physical, psycho logical, social and genetic factors, and 
co morbidities (figure 1) can contribute to disabling low 
back pain (table 2). However, no firm boundaries exist 
among these factors and they all interact with each other. 
Thus, persistent disabling low back pain is not merely a 

result of nociceptive input. Although there are 
substantially fewer data from low-income and middle-
income countries than from high-income countries, the 
available data suggest similar multifactorial contributors 
seem to be important in all countries.104

Biophysical factors
Although the role of biophysical impairments in the 
development of disabling low back pain is not fully 
understood, impairments are demonstrable in people 
with persistent low back pain. One example is that 
some people with persistent low back pain might have 
alterations in muscle size,105 composition,106 and co-
ordination107 that differ from those without pain. These 
changes could be more than merely a direct 
consequence of pain and are only partly affected by 
psychological factors.108

Psychological factors
Psychological factors are often investigated separately, 
but there is a substantial overlap of constructs such as 
depression, anxiety, catastrophising (ie, an irrational 
belief that something is far worse that it really is), and 
self-efficacy (ie, belief in one's ability to influence events 
affecting one's life). The presence of these factors in 
people who present with low back pain is associated 
with increased risk of developing disability even though 
the mechanisms are not fully understood (table 2). For 
example, in a UK cohort study of 531 participants, pain-
related distress explained 15% and 28% of the variance 
in pain and disability, respectively.109 The fear-avoidance 
model of chronic pain (including low back pain), which 
describes how fear of pain leads to the avoidance of 
activities and thus to disability, is well established. This 
model has more recently been expanded to capture the 
influence of maladaptive learning processes and 
disabling beliefs on pain perception and on behaviours, 
suggesting that pain cognitions have a central role in 
the development and maintenance of disability, and 
more so than the pain itself.110 A systematic review, 
including 12 mediation studies, identified self-efficacy, 
psychological distress, and fear as intermediate factors 
explaining some of the pathway between having neck or 
back pain and developing disability.111 The potential 
importance of self-efficacy is supported by a systematic 
review (83 studies; 15 616 participants) of chronic pain 
conditions (23 low back pain studies) that found self-
efficacy to be consistently associated with impairment 
and disability, affective distress, and pain severity.112 
Therefore, some chronic pain treatments have shifted 
away from aiming to directly alleviate pain to aiming to 
change beliefs and behaviours.113

Social and societal factors
Chronic disabling low back pain affects people with low 
income and short education disproportionally. In a UK 
study of 2533 people, life-time socioeconomic status 
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predicted disability due to any pain condition in older age 
(independent of comorbid conditions, psychological 
indicators and body-mass index (BMI); OR 2·04 (95% CI 
1·55–2·68).114 Cross-sectional data from the USA 
(National Health Interview Survey 2009–10, 5103 people) 
found that those with persistent low back pain were more 
likely to have had less than high-school education (2·27, 
1·53–3·38) and had an annual household income of 
less than US$20 000 (2·29, 1·46–3·58).115 Suggested 
mechanisms for the effect of low education on back pain 
include environmental and lifestyle exposures in lower 
socioeconomic groups, lower health literacy, and health 
care not being available or adequately targeted to people 
with low education.116 Also, being in routine and manual 
occupations and having increased physical workloads is 
associated with disabling low back pain (table 2).

Central pain processing and modulation
Nociceptive input is processed throughout the nervous 
system, including modulation within the spinal cord and 
supraspinal centres. In chronic pain, supraspinal centres 
can show varying levels of activation and can be recruited 
for activation (or not) in a dynamic fashion contingent on 
nociceptive drive, context, cognition, and emotion. If any 
of these factors change, the same nociceptive input can 
produce a different cerebral signature in the same 
patient.117 A systematic review (27 studies; 1037 participants) 
identified moderate evidence that patients with chronic 
low back pain show structural brain differences in specific 
cortical and subcortical areas, and altered functional 
connectivity in pain-related areas following painful 
stimulation.118 The clinical implication of these findings 
remains to be clarified.117

Multivariable predictive models
Pain intensity, psychological distress, and accompanying 
pain in the leg or at multiple body sites are identified 
as predictors across externally validated multivariable 
predictive models, which have been developed to identify 
people at particular risk of developing disabling low 
back pain (appendix). In a systematic review (50 studies; 
33 089 participants), the average amount of variance 
explained in seven development samples was 43%, 
indicating that most of the variation between individuals 
is due to unknown or unmeasured factors.119

Limitations
Despite advances in many aspects of understanding 
low back pain, including the burden, course, risk 
factors, and causes, some important limitations exist. 
Most evidence comes from high-income countries, and 
may or may not generalise to low-income and middle-
income countries. Although many factors are associated 
with both the development of low back pain and the 
transition to persistent disabling pain, the underlying 
mechanisms, including the effect of co-occurring non-
communicable diseases, are poorly understood. Despite 

the burden of low back pain, research is often not a 
priority in low-income and-middle income countries, 
and thus the consequences of low back pain in these 
settings are largely unknown. The functional domains 
used in the GBD 2015 study do not take into account 
broader aspects of life, such as participation, well-
being, social identity, carer burden, use of health-care 
resources, and work disability costs. In cost studies, a 
top-down approach is most often used and those might 
not capture all costs as seen from the individual point 
of view in specific contexts.

Conclusion
Low back pain is now the number one cause of disability 
globally. The burden from low back pain is increasing, 
particularly in low-income and middle-income countries, 
which is straining health-care and social systems that are 
already overburdened. Low back pain is most prevalent 
and burdensome in working populations, and in older 
people low back pain is associated with increased activity 
limitation. Most cases of low back pain are short-lasting 
and a specific nociceptive source cannot be identified. 
Recurrences are, however, common and a few people 
end up with persistent disabling pain affected by a range 
of biophysical, psychological, and social factors. Costs 
associated with health care and work disability attributed 
to low back pain are enormous but vary substantially 
between countries, and are related to social norms, 
health-care approaches, and legislation. Although there 
are several global initiatives to address the global burden 
of low back pain as a public health problem, there is a 
need to identify cost-effective and context-specific 
strategies for managing low back pain to mitigate the 
consequences of the current and projected future burden.
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Nociplastic pain: towards an understanding of prevalent 
pain conditions
Mary-Ann Fitzcharles*, Steven P Cohen*, Daniel J Clauw, Geoffrey Littlejohn, Chie Usui, Winfried Häuser 

Nociplastic pain is the semantic term suggested by the international community of pain researchers to describe a 
third category of pain that is mechanistically distinct from nociceptive pain, which is caused by ongoing inflammation 
and damage of tissues, and neuropathic pain, which is caused by nerve damage. The mechanisms that underlie this 
type of pain are not entirely understood, but it is thought that augmented CNS pain and sensory processing and 
altered pain modulation play prominent roles. The symptoms observed in nociplastic pain include multifocal pain 
that is more widespread or intense, or both, than would be expected given the amount of identifiable tissue or nerve 
damage, as well as other CNS-derived symptoms, such as fatigue, sleep, memory, and mood problems. This type of 
pain can occur in isolation, as often occurs in conditions such as fibromyalgia or tension-type headache, or as part of 
a mixed-pain state in combination with ongoing nociceptive or neuropathic pain, as might occur in chronic low back 
pain. It is important to recognise this type of pain, since it will respond to different therapies than nociceptive pain, 
with a decreased responsiveness to peripherally directed therapies such as anti-inflammatory drugs and opioids, 
surgery, or injections.

Introduction 
Development of a new pain descriptor 
Previously, chronic pain was thought to arise via 
two sources: nociceptive, which is associated with an 
ongoing input from real or threatened tissue injury, and 
neuropathic, caused by injury or disease affecting the 
peripheral nervous system or CNS. This belief left other 
chronic pain conditions with well defined phenotypes, 
but without clear evidence of nociceptive or neuropathic 
involvement, in a nebulous zone. In 2016, the term 
nociplastic pain was proposed as a mechanistic descriptor 
for chronic pain states not characterised by obvious 
activation of nociceptors or neuropathy, “but in whom 
clinical and psychophysical findings suggest altered 
nociceptive function”.1 Nociplastic pain can be mechanis
tically defined as pain arising from the altered function 
of painrelated sensory pathways in the periphery and 
CNS, causing increased sensitivity.2 Nociplastic pain can 

occur in isolation or as a comorbidity in individuals with 
chronic pain conditions that are primarily nociceptive or 
neuropathic.

Nociplastic pain should be viewed as an overarching 
terminology that can be applied to a diverse range of 
clinical conditions that share common neurophysiological 
mechanisms, involving various organ systems. Distinct 
from a specific disease, this term provides validity for pain 
complaints previously identified by stig matising terms 
such as dysfunctional pain or medically unexplained 
somatic syndromes. Given that there are overlapping 
conditions characterised by nociplastic pain, findings 
from more studied conditions (eg, fibromyalgia) may be 
extrapolated to more obscure conditions, because mech
anismbased pain treatment is considered theoretically 
superior to symptom or diseasebased treatments.3 By 
recognising the characteristics of nociplastic pain and 
identifying concomitant symptoms, physicians can 
establish a diagnosis even in the absence of defining 
biomarkers. Accumulated scientific under standing of the 
neurobiology of pain prompted the Terminology Task 
Force of the International Association for the Study of 
Pain (IASP)1 to propose this new term, which is 
mechanistically and clinically distinct from the other two 
pain categories. Nociplastic pain refers to a physiologically 
based category that is particularly applicable to chronic 
primary pain conditions outlined in the new International 
Classification of Diseases 11th edition, published by 
WHO.4 The IASP has subdivided chronic primary pain 
conditions, defined as chronic pain in one or more 
anatomic regions associated with notable emotional 
distress or disability that cannot be better explained by 
another chronic pain condition, into the following five 
categories: chronic widespread pain (eg, fibromyalgia), 
complex regional pain syndrome, chronic primary 
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Search strategy and selection criteria

From January, 2019, to January, 2020, we searched the 
databases MEDLINE, Ovid, Google Scholar, and Google using 
the key words “chronic pain”, “diffuse pain”, “chronic pain 
disorder”, “nociplastic pain”, “functional pain”, “somatoform 
disorder”, “somatization”, “somatic symptom disorder”, and 
“widespread pain”, along with key words adapted for 
individual conditions (eg, “fibromyalgia”, “fibrositis”, 
“temporomandibular disorder”, “temporomandibular joint 
pain”). For treatment sections and tables, our selection 
criteria gave precedence to systematic reviews, guidelines, 
meta-analyses, and large, randomised trials, but did not 
exclude any data source. We imposed no date or language 
restrictions.
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headache and orofacial pain, chronic primary visceral 
pain, and chronic primary musculo skeletal pain.5 The 
term chronic primary pain presupposes the causal 
dysfunction of nociceptive processing, which distinguishes 
it from somatic symptom disorders, which are defined by 
psychological symptoms irrespective of any underlying 
somatic disease that might explain the physical symptoms.

Challenges in treatment and understanding
Caring for patients with nociplastic pain is challenging; 
the pain complaint is often difficult to describe, there 
are associated subjective symptoms, and pathognomonic 
clinical findings or biomarkers are absent. Nociplastic 
pain conditions are frustrating for both healthcare 
professionals and patients, with physicians uncertain 
regarding diagnosis and patients resentful that their 
symptoms are doubted. Nociplastic pain represents a 
dynamic interplay of various mechanisms causing or 
amplifying pain, arising de novo or triggered by pain 
generator(s) that can be driven by the peripheral nervous 
system or the CNS, psychologically driven, or a combin
a tion. It is a phenotypic expression of multi factorial 
processes originating from different inputs, which 
could be either a bottomup response to a peripheral 
nociceptive or a neuropathic trigger (ie, often referred to 
as central sensitisation), or a topdown CNSdriven 
response.6 Categorising pain as being confined to one 
mechanistic group is an oversimplification, and many 
or even most pain states represent a mixedpain 
picture with substantial mechanistic overlap.7 With the 
improved understanding of pain mechanisms, the 
current list of nociplastic pain conditions will probably 
evolve.

Nociplastic pain as part of a continuum 
Although the proposed definition identifies nociplastic 
pain as a unique category devoid of actual or threatened 
tissue or somatosensory damage, there is evidence for 
the overlap of nociceptive, neuropathic, and nociplastic 
pain, indicating that nociplastic pain is not a distinct 
entity, but part of a chronic pain continuum.1 For 
example, the term mixed pain has been used to describe 
conditions such as chronic low back pain that might 
have nociceptive, neuropathic, and nociplastic com
ponents.8 This effect occurs in individuals with both 
nociceptive (eg, rheumatic disorders) and neuropathic 
pain (eg, small fibre neuropathy) whereby nociplastic 
mechanisms, often identified as comorbid fibromyalgia, 
are viewed as a concurrent condition.9 For some 
conditions, more than a third putatively involve 
nociceptive, neuropathic, and nociplastic mechanisms 
in combination.7 Studies that make use of instruments 
predating the concept of nociplastic pain have found 
neuropathiclike components in 12% of patients with 
low back pain and more than a third of patients with 
knee or hip arthritis, which probably represent 
nociplastic mechanisms.10,11 Similar to other chronic 

pain conditions, nociplastic pain is associated with 
other symptoms, leading experts to propose expansive 
terminology to include the term syndrome, namely 
nociplastic pain syndrome. The addition of the term 
syndrome acknowledges the presence of a constellation 
of symptoms with no clearcut pathophysiological 
mechanism(s), which differs from a disease with well 
defined pathophysiological mech anisms and objective 
diagnostic test results.

Neurophysiological underpinning 
The mechanistic common denominator of nociplastic 
pain is the amplified processing of or decreased inhib
ition of pain stimuli at multiple levels in the nervous 
system, or both. There are probably numerous initiating 
routes that lead to a final common pathway of the 
amplification of nociceptive perception, transduction, 
and transmission (figure).

The concept that pain hypersensitivity after a traumatic 
noxious stimulus in the periphery could be mediated by 
both peripheral and CNS changes was first proposed by 
Woolf,12 who used the term central sensitisation to refer 
to the spinal mechanisms that augmented the ongoing 
peripheral nociceptive input. Subsequent studies iden
tified a plethora of spinal and supraspinal mecha nisms 
capable of causing, amplifying, or perpetuating pain, 
with an operative emphasis on nociceptive input.13–15 In 
the mid1990s, the concept of central sensitisation was 
introduced to explain the regional and diffuse pain 
hypersensitivity associated with various chronic pain 
conditions, including peripheral neuropathic pain,16 
fibromyalgia,17 headache,18 temporomandibular disorder,19 
irritable bowel syndrome (IBS),20 and interstitial cystitis.21 
In these conditions, pain alterations identified by 
quantitative sensory testing (QST) extended to more than 
localised body regions.

The pattern of expanding pain that was characterised 
by hyperalgesia (increased pain in response to painful 
stimuli) and allodynia (pain in response to normally 
nonpainful stimuli) suggested supraspinal rather than 
purely spinal dysfunction.22 In addition to widespread 
pain and tenderness, patients had other symptoms that 
were suggestive of CNS involvement, including fatigue, 
sleep, mood and memory difficulties, and sensitivity 
to nonnociceptive sensory stimuli such as light 
(photosensitivity) and sound (hyperacusis). Dynamic 
QST tests have shown that other abnormalities in pain 
processing in the CNS and peripheral nervous system, 
including an increase in facilitative activity and 
decreased descending inhibition, contribute to pain 
amplification.23 Examples of facilitative activity include 
temporal summation or increasing pain perception after 
repeated noxious stimulus secondary to a socalled 
windup (ie, an enhanced spinal neuron response after 
Cfibre or, less commonly, Aδ stimulation), and the
expansion of receptive fields and hyperalgesia or
allodynia, or both, secondary to central sensitisation.
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Diminished descending modulation might manifest as 
allodynia or hyperalgesia, and can be measured by 
conditioned pain modulation (figure).

Imaging findings 
Newer imaging techniques, such as functional, 
chemical, and structural brain imaging, have elucidated 

the underlying CNS mechanisms driving central 
sensitisa tion.24 Differential neural activation in brain 
regions involved in pain and sensory processing are 
shown by functional MRI scans in healthy individuals 
subjected to acutely painful stimuli, corroborating 
QST.25,26 The increased activation of brain regions 
involved in pro cessing pain and other sensory infor
mation have been shown in fibromyalgia, IBS, and low 
back pain.27–29

With the use of functional MRI, increased connectivity 
has been identified between brain regions involved in 
augmenting pain and emotion (eg, regions of the 
default mode network and insular cortex), and decreased 
activity in brainstem regions involved in descending 
analgesic mechanisms.30,31 Changes in the size and 
shape of brain regions in individuals with chronic pain 
states, originally thought to represent atrophy, are now 
believed to be indicative of neuroplasticity.32,33 Proton 
spectroscopy can probe specific neurotransmitters 
involved in these processes, with subsets of individuals 
displaying increased glutamatergic activity or decreased 
GABAergic activity in key pain processing regions such 
as the insula.34,35 Positron emission tomography can 
examine the function of neurotransmitter systems, 
such as the endogenous opiate pathways, supporting 
the concept of neuroinflammation and glial cell 
involvement.36–39

Prevalence 
There is great variability in the prevalence rates for 
nociplastic conditions (table). With chronic pain estimated 
to affect one in five people, for many people with chronic 
pain the operative mechanisms probably represent a 
mixedpain pathophysiology, clinically expressed as 
chronic overlapping pain conditions with a prominent 
nociplastic pain component.56,57 These pain conditions 
cross all geographical, demographic, and social strata, with 
the prevalence generally higher for female individuals. In 
one review it was estimated that between 5% and 15% of 
the general population suffers from nociplastic pain.58 
Genetic, environmental, psycho social, and epigenetic 
factors probably play a role in the expression of various 
syndromes.57,59

Causes 
The biopsychosocial model is particularly relevant for 
nociplastic pain disorders.60,61 Although often sought 
out, a causal factor is usually not evident. Common 
predisposing factors include a family history of pain, a 
history of pain experiences, and psychosocial factors 
such as psychological, emotional, sexual, or physical 
abuse, or a combination of these.62 Aggregation within 
families might be because of genetics and epigenetics, 
learned behaviour, or environmental exposures, with 
genetic studies identifying several candidate genes that 
might someday be useful as biomarkers.63 Triggering 
factors might include general psychosocial stressors 

Figure: Mechanisms and features of nociplastic pain
Figure created by Joe Kanasz.

Features of nociplastic pain conditions

Supraspinal mechanisms

• Combined peripheral and central pain sensitisation
• Hyper-responsiveness to painful and non-painful sensory stimuli
• Associated features

- Fatigue
- Sleep disturbance
- Cognitive disturbances
- Hypersensitivity to environmental stimuli
- Anxiety and depressed mood

• Hyper-responsiveness to pain stimuli
• Hyperactivity and connectivity in and 

between brain regions involved in pain
• Decreased activity of brain regions 

involved in pain inhibition 
(ie, descending inhibitory pathways)

• Elevated cerebrospinal fluid substance 
P and glutamate concentrations, 
decreased GABAergic transmission

• Changes in the size and shape of grey 
and white matter regions involved in 
pain processing

• Glial cell activation

Spinal mechanisms
• Regional clustering and convergence 

of signals from different pain loci
• Spinal cord reorganisation
• Amplified spinal reflex transmission
• Diminished spinal inhibition
• Wind-up and temporal summation
• Glial cell activation

Peripheral features
• Minor local muscle pathology (eg, changes in pH, muscle 

fibre composition, and latent and active trigger points)
• Peripheral sensitisation (eg, expansion of receptive 

fields, elevated cytokine and chemokine concentrations)
• Hyperalgesia, dysesthesia, and allodynia
• Localised or diffuse tenderness, or both
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(eg, workplace and family conflicts) and organspecific 
biological factors such as gastrointestinal infections 
(iden tified as a trigger in 10–20% of patients with 
irritable bowel syndrome), and underlying inflammatory 

rheumatic diseases (up to 25% with comorbid fibro
myalgia).9,64,65 However, the causal relationship between 
a patientreported inciting event and a chronic pain 
condition is often unclear, because many patients 

Diagnostic criteria and source Associated characteristics in history 
and examination

Epidemiological 
prevalence and sex 
ratio (female:male)

Evidence-based international and 
interdisciplinary guidelines

Comments

Chronic widespread 
pain

2016 criteria40 and IASP;5 
musculoskeletal pain in four or five 
body regions, and in at least three or 
more body quadrants (upper-lower 
or left-right side of the body and 
axial skeleton, including the neck, 
back, chest, and abdomen)

Somatic diseases, mental health 
disorders and low socioeconomic 
status

8–11%; 2:1 No No ICD-10 code 
available; diagnostic 
criteria differ in the 
number of required 
pain sites and pain 
regions; heterogeneous 
medical conditions 
depending on 
comorbidities

Fibromyalgia ACR40 and AAPT;41 chronic 
widespread pain and associated 
sleep disturbance, fatigue, and other 
cognitive and somatic symptoms

Fatigue, sleep disturbance, cognitive 
symptoms, environmental 
hypersensitivity, mood disorder, and 
post-traumatic stress; often 
associated with concomitant 
rheumatic disease; diffuse 
musculoskeletal tenderness

2–4%; 2:1 (in the 
general population)

EULAR;42 stepwise approach according to 
severity: (1) non-pharmacological self-
management strategies; (2) multimodal 
treatments including mental health care 
in case of mental disorder; (3) selected 
drug therapies with low dose tricyclic 
antidepressants, serotonin and 
norepinephrine reuptake inhibitors, 
and anticonvulsants, and avoidance of 
opioids

Diagnostic criteria differ 
regarding the number 
of pain sites, pain 
regions, and required 
non-pain symptoms; 
underdiagnosed in 
men; phenotypic 
expression depends on 
comorbidities; unclear 
importance of small 
fibre neuropathy or 
pathology in a small 
number of patients

Chronic low back 
pain of unknown 
causes (non-specific 
low back pain)43

IASP;5 pain that is present for at 
least 3 months, with associated 
emotional distress and interference 
in daily activities; previously named 
non-specific low back pain

85% of chronic back pain is non-
specific, with no clear pathoanatomic 
explanation; absence of red flags that 
suggest cancer, spinal inflammation 
or infection, cauda equina syndrome, 
major nerve root compression, 
vertebral fracture or abdominal aortic 
aneurysm44

Up to 10%; sex ratio 
influenced by country, 
socioeconomic status, 
and work activity

Clinical guidelines committee of the 
American College of Physicians;44 
non-pharmacological treatment with 
exercise, multidisciplinary rehabilitation, 
acupuncture, mindfulness-based stress 
reduction, etc; if there is an inadequate 
response to non-pharmacological 
treatments, proceed to drug treatment 
with non-steroidal anti-inflammatory 
drugs as a first line treatment, or tramadol 
or duloxetine as a second line treatment

More prevalent in the 
working population; 
leading cause of 
disability globally in 
some populations

Chronic 
temporomandibular 
pain (TMJ) disorders

AAPT;45 chronic orofacial pain for at 
least 2 h per day on at least 50% of 
days for at least 3 months; there are 
two distinct phenotypes: 
(1) myogenous, which includes pain 
in masticatory muscles; and 
(2) arthrogenous, which includes 
pain in the TMJ or associated tissues; 
patients might have mixed 
phenotypes

Stiffness, cramping, pressure, 
soreness, or aching, or a combination, 
in TMJ region; fatigue and 
incoordination associated with jaw 
movement; pain on palpation of 
temporalis or masseter muscle, or 
lateral pole of TMJ

10–15%, (only 5% seek 
treatment); 2:1

National Institutes
of Health Technology Assessment 
Conference Statement 1996; 
management of temporomandibular 
disorders;46 (1) efficacy for most 
treatments are unknown; 
(2) non-invasive therapies are preferred 
including relaxation, behavioural 
therapies, etc; (3) physical therapies 
need validation; (4) surgery for selected 
patients with documented pathology of 
the TMJ suspected of causing pain

Frequently associated 
with fibromyalgia and 
headaches; typically 
associated with 
activities (incident 
pain)

Irritable bowel 
syndrome

Rome IV criteria;47 symptom onset 
at least 6 months before diagnosis; 
pain on at least 1 day per week in 
the last 3 months associated with 
two or more of the following: 
(1) related to defecation; (2) change 
in stool frequency; (3) change in 
stool appearance; variations include 
irritable bowel syndrome with 
predominant constipation; 
with predominant diarrhoea; 
or with mixed bowel habits

Onset may be after gastrointestinal 
infection or antibiotic treatment, or 
both

5–10%; 2:1 NICE guidance:48 (1) dietary and lifestyle 
advice, (2) pharmacological therapy 
based on severity, (3) psychological 
interventions if not responsive to 
pharmacological treatments after 
12 months, and (4) discourage use of 
acupuncture and reflexology

Higher prevalence when 
assessed by population 
questionnaires, lower 
prevalence (2%) from 
administrative data; 
linked to motility 
disturbances, visceral 
hypersensitivity, altered 
mucosa and gut 
microbiota, local and 
systemic immune 
system dysfunction, 
and impaired CNS 
processing

(Table continues on next page)
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identify precipitating events that do not have a 
pathoanatomical basis.66,67

Natural course 
The diagnosis of nociplastic pain is typically delayed, 
with physicians still adhering to the adage of a socalled 
diagnosis of exclusion for many conditions. This delay 
often results in excessive healthcare use and further 
exacerbates mistrust towards medical professionals. 
The natural course of most nociplastic conditions is one 
of persistent and sometimes lifelong symptoms, 
although some patients, often with localised symptoms, 
have complete remission. In one survey involving 
900 patients in Europe and Latin America, it took 
an average of 35 months and interactions with 
4·5 physicians before a diagnosis of fibromyalgia was 
made, with the mean duration of symptoms being 
89 months (longer in Latin America).68 Persistent 

symptoms have been reported for adolescents and 
adults with fibromyalgia.69,70 The prognosis for other 
nociplastic conditions might be better than that for 
widespread pain. For irritable bowel syndrome, a 
systematic review found that 2–5% of patients were 
diagnosed with an alternative disorder during a 6year 
followup, 2–18% had worsening symptoms, 30–50% 
had relatively stable symptoms, and the rest of the 
patients (approximately a third) saw improvement in 
their symptoms.71 In a Danish cohort study with 5year 
followup, persistent symptoms of IBS were associated 
with more healthcare visits, greater sickness and 
disability benefits, and excess unadjusted healthcare 
costs of €680 per year.72 A cohort study evaluating 
untreated temporomandibular disorders reported that 
threequarters of the patients had a decrease or 
resolution of their symptoms at a 2·5year followup, 
with the other 25% having no improvement or requiring 

Diagnostic criteria and source Associated characteristics in history 
and examination

Epidemiological
prevalence and sex 
ratio (female:male)

Evidence-based international and 
interdisciplinary guidelines

Comments

(Continued from previous page)

Chronic primary 
bladder pain 
syndrome

ICS,49 ESSIC;50 pain in bladder region 
with at least one other symptom: 
(1) increased pain with bladder 
filling; or (2) urinary frequency

Dyspareunia, urinary urgency, pain or 
discomfort in the pelvis, perineum, 
labia, vagina, or urethra; tenderness 
in groin, suprapubic, rectal, or vaginal 
regions

3–6%; 2–10:1 EAU;51,52 stepwise approach: 
(1) education, physiotherapy, 
behavioural modification (eg, timed 
voiding, fluid modification, bladder 
training), psychological therapies as 
indicated; (2) pharmacotherapy 
(eg, low dose tricyclic antidepressants, 
antispasmodics, drugs that affect 
gastrointestinal motility and secretions); 
(3) intravesical injections with local 
anaesthetic, dimethyl sulfoxide, 
botulinum toxin, and other medications; 
(4) neuromodulation

Disagreement between 
guidelines on the exact 
definition of bladder 
pain syndrome and the 
nomenclature to 
describe it; disparity in 
recommended 
diagnostic 
investigations with 
hydrodistension and 
bladder biopsy either 
recommended, 
considered optional, 
or not recommended; 
underdiagnosed in men

Chronic primary 
pelvic pain 
syndrome in men

NIH classification of prostatitis;53 
category 3B identified when there is 
an absence of evidence for infection 
(insignificant white blood cell count 
in prostatic secretions, third bladder 
void, or semen); localised to the 
pelvic region outside of the 
distribution pattern of a specific 
visceral structure; often used 
synonymously with chronic 
prostatitis without a documented 
infection

Pain in abdomen, inguinal or groin 
region, or rectum; pain brought on or 
worsened by urination; pain 
associated with ejaculation, 
ejaculatory dysfunction, loss of libido; 
strong association with anxiety and 
depression; muscle tenderness in 
abdominal or pelvic regions

2–16% in USA in men, 
2–9% in Asia in men; 
0:1

EAU;51,54 (1) education and physical 
therapy; (2) myofascial trigger point 
release; (3) drug therapy 
(eg, non-steroidal anti-inflammatory 
drugs, botulinum toxin injections); 
(4) phytotherapy; and (5) psychological 
therapies

..

Chronic primary 
pelvic pain 
syndrome in 
women

No standardised international 
definition of chronic pelvic pain in 
women; pain localised in the pelvic 
region with a referral pattern from 
pelvic internal organs often outside 
of typical distribution maps

Cyclical, intermittent, situational, or 
consistent pelvic pain with radiation 
to the low back, groin, and upper leg; 
can be associated with 
menstruation, sexual intercourse, 
urination, and defecation; 
tenderness in pelvic region (genital 
organs, pelvic floor)

15% of women 
(60–80% have no 
identifiable somatic 
pathology, 
eg, endometriosis, 
adhesions); 1:0

EAU,51 ISPOG;55 include: (1) education; 
(2) physiotherapy; (3) physical therapies 
(eg, trigger point injections); 
(4) psychological therapies; (5) drug 
therapy does not have adequate 
evidence; antidepressants or other 
adjuvants might be considered in 
individual cases

There are few 
randomised controlled 
trials available that 
guide treatment for 
patients without 
organic pathology

AAPT=Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations Opportunities and Networks and American Pain Society Pain Taxonomy. ACR=American College of Rheumatology. 
EAU=European Association of Urology. ESSIC=European Society for the Study of Interstitial Cystitis. EULAR=European League Against Rheumatism. IASP=International Association for the Study of Pain. 
ICS=International Continence Society. ICD-10=International Classification of Diseases 10th edition. ISPOG=International Society of Psychosomatic Obstetrics and Gynaecology. NICE=National Institutes for 
Health and Clinical Excellence. NIH=National Institute of Health. TMJ=temporomandibular joint.

Table: Most common nociplastic pain syndromes 
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treatment.73 Another study done in patients with 
temporomandibular disorders found that a better 
baseline health predicted less pain at a mean followup 
period of 8 years.74 72% of patients in this cohort 
continued to have a diagnosis of a temporomandibular 
disorder at the 8year followup, with the average pain 
intensity felt by these patients being 31% less. Although 
some patients have symptom eradication, this does not 
happen in most; however, over time, most patients are 
able to identify some effective treatment strategies.70

Nociplastic pain syndrome categories 
Examples of common conditions, diagnostic criteria, 
clinical characteristics, and guidelines are shown in the 
table. Previously used descriptive terms, such as chronic 
low back pain and chronic pelvic pain, covered a wide 
spectrum of pain disorders that ranged from exclusively 
nociceptive to exclusively nociplastic mechanisms.75 
Across syndromes, severity can vary from a minor incon
venience to incapacitating symptoms, with comorbid 
CNS symptoms present to variable degrees.

Chronic widespread pain and fibromyalgia 
Chronic widespread pain might be a standalone 
diagnosis, but is more commonly the cornerstone for 
fibromyalgia, with diagnostic criteria requiring the 
presence of associated symptoms, including sleep 
distur bances or fatigue, or both.41 Originally thought to 
occur mainly in women, newer criteria have removed 
the numerical and threshold (pain when 4 kg of pressure 
is applied threshold to designate a tender point) 
requirements for identifying tender points that led to the 
underdiagnosis of this condition in male individuals; 
thus, the condition is now believed to have a 2:1 female 
predominance.76 Up to 30% of patients identify a 
preceding physical or psychological trigger,77 although 
in a majority of patients, no pathoanatomical con
nection can be established. Another consideration is the 
increased trend to overdiagnose fibromyalgia in some 
regions (eg, North America), which should be balanced 
against underdiagnosis.78

Complex regional pain syndrome 
Complex regional pain syndrome can be subclassified 
as type 1 (without nerve injury) or type 2 (with an 
identifiable nerve injury) and is the only nociplastic and 
neuropathic condition with clearly identifiable clinical 
findings, which involve both signs and symptoms of 
sensory, vasomotor, sudomotor, or motor changes, or 
a combination.79 Among all nociplastic conditions, 
complex regional pain type 1 represents an outlier in 
symptom severity and clinical findings, which might be 
substantial. Signs and symptoms should be dispro
portionate to the inciting event, not caused by another 
medical condition, and involve symptoms and 
pathology outside of the distribution of a single nerve 
or nerve root.

Chronic primary headaches and orofacial pain 
Chronic primary headaches and orofacial pain include 
six defined syndromes with established diagnostic criteria 
for chronic migraine, chronic tensiontype headache, 
trigeminal autonomic cephalalgias, chronic temporo
mandibular disorder pain, chronic burning mouth, and 
chronic primary orofacial pain.5 Burning mouth 
syndrome does not have clear criteria, and is not clearly 
categorised as either neuropathic or nociplastic pain.

Chronic visceral pain syndromes 
The IASP has classified chronic visceral pain syndromes 
into six subgroups: chest, epigastric, abdominal, bladder, 
and pelvic pain syndromes, and irritable bowel syn
drome, with the anatomical location reflecting pain 
patterns that often deviate from referral maps from 
internal organs (eg, IBS might result in a more diffuse 
pain pattern than inflammatory bowel disease affecting 
the same segment).80 Each syndrome can be identified 
by symptoms referable to the organ system involved, has 
proposed criteria regarding the duration and frequency 
of symptoms, and these syndromes frequently overlap 
with each other. Similar to other nociplastic conditions, 
psychological issues and constitutional symptoms are 
widespread among patients. Some groups have proposed 
further subdivisions; for example, the Rome IV criteria 
for functional gastrointestinal disorders identified five 
oesophageal, four gastroduodenal, two gallbladder and 
sphincter of Oddi, and three anorectal disorders.81 These 
disorders are classified by gastrointestinal symptoms 
related to combinations of motility disturbances, visceral 
hypersensitivity, altered mucosal and immune function, 
gut microbiota, or CNS processing.

Chronic primary musculoskeletal pain 
Chronic primary musculoskeletal pain includes primary 
cervical, thoracic, low back, and limb pain, with spinal 
pain previously called nonspecific back (or neck) pain. 
In these conditions, pain might occur spontaneously or 
following a trigger, but the extent of pain and suffering is 
greater than that expected for the underlying pathology. 
Structural changes in the spine are agerelated and 
prevalent in a majority of patients by the fourth decade of 
life in all spinal regions, but are insufficient to account 
for symptoms.82 Studies have generally found a poor 
correlation between MRI findings and pain intensity or 
quality of life measures.83 These statistics, along with the 
high falsepositive rate of diagnostic spine injections, 
underscore the inherent challenges involved in linking 
spine pathology to symptoms.84 As an example, low back 
pain that is nonspecific typically has phenotypic features 
of nociceptive, neuropathic, and nociplastic pain.43 In the 
absence of a specific pathoanatomical cause, therapies 
are focused on reducing pain and preserving function, 
with treatments following a stepwise approach beginning 
with conservative care and avoiding unnecessary tests 
and procedures.43
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Overlapping nociplastic pain syndromes 
The clinical and pathophysiological (ie, those related to 
central sensitisation) features of chronic pain syndromes 
overlap considerably, leading the US National Institutes 
of Health to coin the clinical term chronic overlapping 
pain conditions.57 This overlap is exemplified by bladder 
pain syndrome, with some patients having symptoms 
confined to the bladder (ie, only nociceptive pain), 
whereas others have widespread pain outside the pelvic 
region, as well as prominent fatigue, sleep, memory, and 
mood symptoms.85 When symptoms are confined to the 
bladder, results of QST testing or functional neuro
imaging are identical to healthy controls, but when the 
pain is more widespread, the findings are similar to 
fibromyalgia and patients have a poorer prognosis.86 
The diagnosis of nociplastic pain does not require the 
exclusion of pathophysiological factors such as lowgrade 
inflammation that might be concurrent or function as a 
perpetuating trigger. Nociplastic features can occur in 
subsets of individuals with chronic pain conditions 
where there is documented ongoing nociceptive input, 
and might worsen the prognosis. For instance, comorbid 
fibromyalgia occurs in approximately 20% of patients 
with inflammatory arthritis, and up to 25% of patients 
with osteoarthritis,87,88 and previously was sometimes 
labelled as secondary fibromyalgia.

Clinical characteristics of nociplastic pain 
syndromes 
Nociplastic pain, as typified by the pain of fibromyalgia, is 
typically described as dull, deep, and aching (adjectives 
classically associated with nociceptive pain), but with many 

patients describing a neuropathic quality (eg, burning or 
shooting). The pain characteristically fluctuates both in 
location and intensity, and may be aggravated by physical 
activity, environmental stimuli (eg, weather changes), or 
emotional distress. Some patients might have dysaesthesia 
(unpleasant abnormal sensation, whether spontaneous or 
evoked), hyperalgesia (exaggerated pain from a stimulus 
that normally causes pain), or even tactile or temperature 
allodynia (pain from a stimulus that does not normally 
cause pain). Activityinduced pain or mechanical hyper
algesia, or both, result from mechanoreceptor sensory 
inputs gaining access to central painrelated neural 
systems (eg, abdomen and pelvic wall in IBS and pelvic 
pain, or muscles in fibromyalgia).2

The pain location might be segmental (eg, localised 
musculoskeletal area, abdomen, head, and face) or 
widespread and outside a specific dermatome, myotome, 
or sclerotome. Widespread pain typifies fibromyalgia, 
with localised presentations observed in most overlapping 
pain conditions. Nociplastic conditions represent a con
tinuum of pain manifestations with varying degrees of 
severity and presentations.76

Non-pain symptoms 
Nociplastic pain seldom occurs in isolation, and is usually 
accompanied by other CNSassociated symptoms, such as 
fatigue and sleep disturbances, cognitive impair ment, 
hypersensitivity to external stimuli, and mood disturbances, 
classically described in fibromyalgia.41 Reduced sleep 
quality adversely affects longterm prognosis.89,90 Sleep 
deprivation in patients and healthy controls is associated 
with increased pain sensitivity, cognitive deficits, and 
mental and physical fatigue, creating a vicious cycle 
detrimental to the patient’s health.91 Physical fatigue might 
be described as a heaviness in the body or inability to do 
daily activities, whereas mental fatigue manifests as 
lethargy or concentration or memory problems. Mood 
problems, especially depression and anxiety, are common.

Clinical evaluation 
The foundation for diagnosing a nociplastic condition is 
a comprehensive evaluation, paying attention to the 
characteristics of the pain, the presence of other somatic 
and psychological symptoms, and physical examin
ation to identify underlying differential diagnostic and 
comorbid conditions (panel 1). Historical features that 
point towards a nociplastic condition include a family or 
childhood history of pain, and prominent symptoms such 
as fatigue, cognitive problems, multiple environ mental 
sensitivities, and psychological symptoms (panel 2).

Questionnaires 
Pain assessment should include location (eg, with the use 
of a body map), intensity, and interference with function. 
Assess comorbid symptoms by clinical enquiry or with 
the use of short instruments such as the fouritem 
National Institutes of Health PatientReported Outcomes 

Panel 1: Overarching principles for diagnosis of nociplastic 
pain

• A detailed clinical history that includes:
• A pain complaint
• Associated fatigue and sleep disturbance
• Associated mood and memory problems
• Other somatic symptoms such as sensitivity to sensory 

stimuli
• Other organ system symptoms that are distant from the 

primary pain complaint
• Functional status

• Comprehensive physical examination to identify other 
conditions that could function as a peripheral pain trigger 
(eg, osteoarthritis or peripheral neuropathy)

• Selective testing that is condition-specific (eg, laboratory 
tests, imaging, or specific investigations as recommended 
by relevant guidelines)

• Selective use of symptom-specific questionnaires 
(eg, sleep, mood, fatigue, or global function)

• Assessment of severity of pain (eg, mild, moderate, or 
severe)

• Avoid unnecessary investigations or specialist referrals
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Measurement Information System measures.40,92 The 
2011 Fibromyalgia Survey Criteria is a composite symp
tom severity scale measuring pain location and other 
symptoms (fatigue, cognition, sleep quality, abdominal 
pain, and headache).40 As a surrogate measure for central 
sensitisation, this scale can be used to assess how much 
nociplastic pain contributes to the symptom burden in 
other chronic pain conditions. The Patient Health 
Questionnaire4, an ultrashort survey can be used to 
screen for depression and anxiety.93 The Central 
Sensitisation Inventory was designed to assess central 
sensitisation and can quantify symptom severity.94 
Symptomfocused questionnaires that assess sleep or 
fatigue include the Pittsburgh Sleep Quality Index and 
the Multidimensional Fatigue Inventory.95 A novel and 
objective indicator of restfulness during sleep can be 
obtained with the use of wrist actigraphy, which provides 
a 24h measure of motor activity.96

Although questionnaires might assist clinicians in 
diagnosis and gauging symptom severity, no diagnosis 
should depend solely on a questionnaire threshold. Because 
symptoms of nociplastic conditions fluctuate, a strict cutoff 
value in a questionnaire at a crosssection in time will result 
in falsepositive and falsenegative results. Questionnaires 
should not overburden patients or providers and should 
never replace clinical judgment. Investigations to exclude 
other conditions should be selective, because unnecessary 
testing can exacerbate patient distress and lead to 
overmedicalisation (eg, serial spine MRIs for nonspecific 
back pain). Even without a pathognomonic biomarker, 
physicians should feel comfortable making a diagnosis and 
assessing the severity of complaint. Further tests including 
QST, functional MRI, or positron emission tomography 
studies are outside the realm of usual clinical practice and 
are still considered to be research tools.17,97

Treatment strategies 
General principles 
An established diagnosis should be empathetically com
municated to patients, and their symptoms acknowledged 
as real. Management strategies are directed towards 
attenuating, rather than eradicating, symptoms, with 
overarching principles (panel 3) that can be individually 
tailored (precision medicine). In addition to pain 
alleviation, treatment objectives should include improving 
function and other quality of life indicators. Setting 
realistic expectations is crucial, because low expectations 
might lead to poorer outcomes and higher stress levels, 
whereas overly optimistic expectations can lead to 
disappointment and disengagement.98

Although severe symptoms might necessitate a 
specialty referral, most patients can be managed in 
primary care, as is recommended for fibromyalgia.42 
Unnecessary investigations should be discouraged, to 
avoid promoting a sick role. Treatments are ideally 
multimodal, and should follow a stepwise approach 
according to severity, similar to that advocated by the 

US Veteran’s Health Administration, beginning with 
education and selfcare and progressing towards more 
sophisticated treatments as needed.99

Non-pharmacological therapies 
The management of nociplastic pain should prioritise 
nonpharmacological measures, because most medica
tions provide only a modest benefit and are often associated 
with adverse effects, which are more likely to occur in 
nociplastic conditions.100 Education should highlight the 
tenets of the biopsychosocial model and promote good 
lifetime habits, such as engaging in physical activity, 
weight management, sleep hygiene, and stress reduction. 
Selfmanagement and a strong internal locus of control 
should be encouraged. Psychological strategies might 
include cognitive behavioural therapies, mindfulness and 
acceptancebased interventions, psychodynamic therapies, 
biofeedback, and hypnotherapy, all of which should be 
integrated into a multidisciplinary care programme. A 
Cochrane review reported that cognitive behavioural 
therapy (CBT) has small beneficial effects in reducing 
pain, disability, and distress, whereas the benefits from 
behavioural therapy were uncertain because of the poor 
quality of studies included.101 Although strategies such as 
acceptance commitment therapy, emotional expression, 
and psychodynamic psychotherapy are commonly recom
mended, the evidence for their effectiveness (and for 
adverse effects) is insubstantial,101 as is the case for many 
treatments for chronic pain. For example, a metaanalysis 
involving nine studies and 750 patients examining 
mindfulness and acceptancebased interventions for 
fibromyalgia reported a small benefit for pain (standardised 
mean difference, 0·46; 95% CI –0·75 to –0·17), and 
conflicting results for quality of life (standardised mean 
diff erence, –0·74; 95% CI –2·02 to 0·54).102

A systematic review of noninvasive, nonpharma
cological therapies for various chronic pain conditions 

Panel 2: Clues in patient’s history suggestive of nociplastic 
pain syndrome

• Childhood and adolescent symptoms of pain (eg, headache,
abdomen, or low back)

• General symptoms (eg, fatigue and cognitive problems)
• Hypersensitivity to environmental stimuli (eg, light or 

sound)
• Psychological symptoms (eg, anxiety or depression)
• Symptoms causing a high amount of emotional strain
• A family history of chronic pain and mental health 

problems
• High use of health-care services (eg, many doctor visits or 

investigations)
• Poor or no response to conventional analgesics (including 

opioids)

Extrapolated from the EULAR revised recommendations for the management of 
fibromyalgia.42 EULAR=European League Against Rheumatism.
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(including low back and neck pain, fibromyalgia, and 
tension headache) reported that most studies were small 
with little evidence for longterm followup after 1 year, 
and generally found that improvements in pain and 
function were small.103 For chronic low back pain 
(including nonspecific back pain), the strength of the 
evidence for exercise improving intermediateterm 
functional outcome was graded as low (pooled stan d
ardised mean difference, –0·17; 95% CI –0·39 to 0·02); 
that for psychological therapies improving inter
mediate pain outcome was graded as moderate (pooled 
difference –0·71; 95% CI –0·97 to –0·46); that for mind
fulness or mind–body practices were mostly graded as 
low for improving pain and function in the short 
term, intermediate term, and long term; and that for 
physical modalities such as ultrasonography, interferential 
therapy, laser therapy, or massage were mostly graded as 

insufficient or low for improving pain and function in 
the shortterm, intermediateterm, or longterm.103 In 
a systematic review of treatments for bladder pain 
syndrome, six of 13 included studies were rated as low 
quality, because the authors were not able to define a best 
approach to care.104 Treatments included the instillation of 
hyaluronic acid, botulinum toxin A, lidocaine, hyperbaric 
oxygen, massage, and physiotherapy, but there were 
no treatments with more than a single clinical trial, 
precluding a metaanalysis.104

Dietary manipulation is commonly used by patients 
with chronic pain. In a systematic review of seven clinical 
trials for dietary interventions for fibromyalgia, there was 
a suggestion of improvement with hypocaloric, raw 
vegetarian, and low fermentable oligodimonosaccharides 
and polyols (FODMAP) diet, but the evidence was 
evaluated as being poor quality.105 Elimination diets might 
improve the symptoms of IBS, with foods in the 
FODMAP category provoking symptoms.106 In a systemic 
review of 12 eligible studies assessing nutritional factors 
for musculoskeletal pain (including fibromyalgia and 
generalised musculoskeletal pain), seven studies reported 
painrelieving effects from dietary changes, with the pain 
threshold positively associated with protein intake, and 
pain severity associated with fat and sugar intake.107 The 
review concluded that plantbased diets might have some 
effect in relieving musculoskeletal pain.

For temporomandibular disorder, a systematic review 
of eight nonblinded studies (seven of which were of 
a high methodological quality) found that manual 
therapy, depending on the specific techniques used, 
reduced pain and improved maximal mouth opening 
and pressure pain threshold.108

Some patients might benefit from practitioner
administered integrative treatments such as acupuncture, 
massage, or naturopathic therapies, although there is little 
evidence of effectiveness. An overview of reviews on 
complementary and alternate therapies in the treatment of 
fibromyalgia reported that although there is a growing 
body of evidence for these treatments, conclusions about 
efficacy are limited by methodological study flaws.109 
If interdisciplinary care is unavailable, individual com
ponents such as group education sessions, telehealth
administered CBTs, and physical activity programmes 
that are accessible by the community can be recom
mended. Recognising the coexistence of nociplastic pain 
with other illnesses allows treatments to be focused 
towards nociplastic pain management and prevents care 
being erroneously directed to a well controlled underlying 
condition (eg, unnecessary changes to diseasemodifying 
therapy for inflammatory arthritis).

Pharmacotherapy 
The detailed discussion of pharmacotherapy is 
beyond the scope of this review. Traditional analgesic 
treatments such as muscle relaxants, nonsteroidal 
antiinflam matory drugs (NSAIDs), paracetamol, and 

Panel 3: Overarching principles of treatment of nociplastic pain

• Non-pharmacological treatments as a preferred first step
• Trustful doctor–patient relationship acknowledging the validity of symptoms
• Patient education

• Communicate neurophysiological mechanisms with the use of simple terminology 
such as a hyper, sensitised, or fired-up nervous system

• Explanation of treatment strategies
• Realistic expectations

• Promotion of self-management and internal locus of control
• Continued life participation (eg, work, physical, and social activities)
• Maintain good lifetime habits

• Health-related physical activity
• Diet and weight management
• Proper sleep hygiene
• Stress reduction

• Psychological therapies
• Cognitive-behavioural therapies
• Acceptance-based therapies
• Other modalities (eg, hypnotherapy or psychodynamic therapies)

• Psychiatric–psychotherapeutic treatment of mental comorbidities (depression, 
anxiety, or post-traumatic stress disorder)

• Interdisciplinary care, if available
• Practitioner-administered treatment as indicated

• Physical therapies and chiropractic treatment, acupuncture, massage, or 
naturopathic treatments

• Pharmacological treatments
• Centrally acting drugs (pain modulators)

• Tricyclic antidepressant drugs
• Serotonin–norepinephrine reuptake inhibitors
• Gabapentinoids and other membrane stabilisers

• Simple analgesics and non-steroidal anti-inflammatory drugs have small effects
• Ideally avoid opioids, which are less effective and carry serious risks

• Neuromodulation (including brain stimulation and transcutaneous approaches) and 
other centrally acting drugs (eg, N-methyl-D-aspartate antagonists or cannabis-based 
medicines) may have potential for selected patients but require further research

Extrapolated from the Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations Opportunities and Networks 
and American Pain Society Pain Taxonomy Diagnostic Criteria for Fibromyalgia.41
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opioids are less effective for nociplastic pain than for 
nociceptive pain, with the use of opioid analgesics 
strongly discouraged.110 Apart from the known risks 
associated with opioid therapy, patients with nociplastic 
pain might be less responsive to opioids because of 
higher con centrations of endogenous opiates, the 
worsening of hyperalgesia, and interference with sleep 
architecture.111,112 In fact, low dose naltrexone, an opioid 
antagonist that might work in part by increasing the 
density of opioid receptors and the subsequent response 
to endogenous opiates, has shown some benefit for 
fibromyalgia, chronic back pain, and complex regional 
pain.113

Some medications have received regulatory approval 
for nociplastic conditions, especially fibromyalgia, with 
differences across countries (eg, pregabalin, duloxetine, 
milnacipran for fibromyalgia, and duloxetine for musculo
skeletal pain including low back pain).114 Regulatory 
approval, however, does not necessarily indicate a cli
nically meaningful effect, as is shown by the widespread 
discrepancies between clinical practice guide lines and 
US Food and Drug Administration indi cations. The 
recent National Institute for Health and Care Excellence 
guidelines for the management of chronic primary pain 
have given strong support for nonpharmacological 
measures, but contrary to all other guidelines, they 
recommend antidepressants as the only medication 
category for consideration of use, and  caution about 
the continued use of other medication categories that 
might have been prescribed.115 A review of nonopioid 
pharmacological agents for the management of various 
chronic pain conditions (including fibromyalgia, low 
back pain, and chronic headaches) reported mostly 
small improvements (eg, 5–20 points on a 0–100 scale) 
for gabapentinoids, serotonin–norepinephrine reuptake 
inhibitors, (SNRIs) and NSAIDs for pain and function in 
the short term, with intermediate and longterm outcomes 
infrequently assessed.116 Although nonopioid analgesics 
that act on the CNS, such as tricyclic antidepressants, 
SNRIs, and gabapentinoids, can provide some benefit, 
adverse reactions are frequent and might worsen fatigue 
and cognitive impairment.116 Cannabisbased medicines 
hold promise but require formal study before the 
widespread use in patients at high risk for adverse effects. 
Emerging treatments such as neuro modulation have 
theoretical potential, but have few data on effectiveness.

Conclusions 
Nociplastic has entered the medical vernacular in the past 
2 years to describe pain conditions that are neither 
neuropathic nor nociceptive, but commonly experienced 
by people worldwide. The framework of nociplastic 
conditions will evolve in future decades as more 
conditions are recognised as having a component that is 
nociplastic, and discrete pathophysiological pathways and 
biomarkers are identified. These diverse pain syndromes 
have considerable overlap, and present with clinical 

features that are almost entirely subjective, except 
for tenderness. An improved understanding of the 
underlying mecha nisms is crucial to developing effective 
treatment strategies. Questions for further research 
include why some conditions are localised to a single 
organ system, whereas others present more diffusely, 
identifying triggers that might lead to preventive 
strategies, and establishing the best treatments in the 
context of precision medicine.
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Chronic nociplastic pain affecting the
musculoskeletal system: clinical criteria and
grading system
Eva Koseka,b,*, Daniel Clauwc, Jo Nijsd,e,f, Ralf Barong, Ian Gilronh, Richard E. Harrisc, Juan-Antonio Micoi,
Andrew S.C. Ricej, Michele Sterlingk

1. Introduction

The term “nociplastic pain” was introduced by the International
Association for the Study of Pain (IASP) in 2017 as a third
mechanistic pain descriptor in addition to nociceptive and
neuropathic pain [15, IASP website https://www.iasp-pain.org/
Education/Content.aspx?ItemNumber51698]. Nociplastic pain
is defined as “pain that arises from altered nociception despite no
clear evidence of actual or threatened tissue damage causing the
activation of peripheral nociceptors or evidence for disease or
lesion of the somatosensory system causing the pain.” The term
is intended for both clinical and research usage to identify
individuals in whom there is pain and hypersensitivity in regions
with apparently normal tissues and without any signs of
neuropathy.15 Although central sensitization is most likely a
dominating mechanism in nociplastic pain conditions, the term

nociplastic pain should not be regarded as synonymous with the
neurophysiological term “central sensitization”.15 In addition, a
contribution of peripheral sensitization cannot be excluded. The
concept of nociplastic pain harmonizes with the current view that
certain forms of chronic pain are better understood as conditions
or diseases of their own, rather than symptoms of other
underlying pathology or diseases.26 The latter is reflected in the
ICD-11 classification of chronic pain into primary—pain as a
disease—and secondary—pain as a symptom—26where most, if
not all, of the primary pain subgroups consist of conditions with
nociplastic pain. However, it must be recognized that the terms
reflect different dimensions as “nociplastic” is amechanistic term,
whereas “primary pain” is a diagnostic concept.

Chronic pain conditions such as fibromyalgia, complex re-
gional pain syndrome type 1, and irritable bowel syndrome are
examples of pain conditions, where nociplastic pain is typically
present.15 These conditions have documented changes of
nociceptive processing in the nervous system,12,17–19 thus
precluding the classification of their pain as “pain of unknown
origin” (idiopathic pain). The classifier “pain of unknown origin”
should be reserved for patients with pain that cannot be
designated as nociceptive, neuropathic, or, now, nociplastic
and is a label awarded by exclusion.

It is becoming increasingly understood that many individuals have
pain states, wherein there ismore than onepainmechanismpresent.
For example, patients with lumbar disk herniations often suffer from a
nociceptive pain in the back and neuropathic pain (radiculopathy) in
the leg. Nociplastic pain can also co-occur with neuropathic and
particularly with nociceptive pain mechanisms. The latter is
highlighted by the note in the nociplastic pain definition stating that
“patients can have a combination of nociceptive and nociplastic
pain.” In fact, it seems as though having ongoing nociceptive pain is a
risk factor for developing nociplastic pain because hypersensitivity is
associated with longer duration of nociceptive pain,16,21 and high
rates of nociplastic pain states, such as fibromyalgia, are seen in
individuals with osteoarthritis, rheumatoid arthritis, and other
nociceptive pain disorders.5,28 Given that hypersensitivity is often
seen also in nociceptive pain,14,16,24 the clinician is faced with an
unresolved problem, namely, when should a patient with nociceptive
pain be classified as also having nociplastic pain?

Research in nociplastic pain states has used sophisticated
techniques to specifically identify the dysfunctions involved.
Quantitative sensory testingmay be useful for assessing temporal
summation1 and conditioned pain modulation,30 whereas offset
analgesia32 and functional neuroimaging can identify changes in
cerebral pain processing.12 However, these techniques are not
always available for use in clinical practice or even in all research
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Institutet, Nobels väg 9, 171 77 Stockholm, Sweden. Tel.:146 8 524 800 00. E-mail

address: Eva.Kosek@ki.se (E. Kosek).

Supplemental digital content is available for this article. Direct URL citations appear

in the printed text and are provided in the HTML and PDF versions of this article on

the journal’s Web site (www.painjournalonline.com).

PAIN 162 (2021) 2629–2634

Copyright© 2021 The Author(s). Published byWolters Kluwer Health, Inc. on behalf

of the International Association for the Study of Pain. This is an open access article

distributed under the terms of the Creative Commons Attribution-Non Commercial-

No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and

share the work provided it is properly cited. The work cannot be changed in any way

or used commercially without permission from the journal.

http://dx.doi.org/10.1097/j.pain.0000000000002324

November 2021·Volume 162·Number 11 www.painjournalonline.com
59

https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698
mailto:Eva.Kosek@ki.se
http://www.painjournalonline.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/j.pain.0000000000002324
www.painjournalonline.com
DrT
Highlight

DrT
Highlight

DrT
Highlight

DrT
Highlight

DrT
Highlight



settings. Thus, the need for clinical criteria for nociplastic pain was
recognized by the IASP, and an IASP Terminology Task Force
(TTF) was formed to develop clinically useful criteria for nociplastic
pain. It was recognized that different sets of clinical criteria would
most likely be required for nociplastic pain manifested in the
musculoskeletal system and viscera. Therefore, the criteria
presented in this article are designed for nociplastic pain
manifested within the musculoskeletal system. The intention is
that criteria for nociplastic pain perceived in the viscera will be
defined by another IASP task force consisting of experts in
visceral pain and presented in a future article.

2. Procedures and processes

The objective was to use a consensus procedure within an expert
group consisting of the IASP TTF, to define a set of clinically and
research applicable criteria for nociplastic pain presented in the
musculoskeletal system. From a preliminary draft of classification
criteria proposed by the chair to initiate further discussions, each
member of the IASPTTF, ie, the authors, was asked to present his or
her own set of criteria. Eight anonymizedpropositionswere reviewed
and voted on by the task force with 3 votes per member. Four
propositions with the lowest amounts of votes (1, 2, 2, and 3,
respectively) were excluded. Two very similar propositions received
4 votes each and were pooled into alternative A after a slight
modification. In addition, the 2 alternatives that received the highest
number of votes from the TTF members (alternative B: 6 votes and
alternative C: 8 votes) were kept for further consideration.

In collaboration with the IASP office an “external” stakeholder
group was identified, consisting of “experts” suggested by the TTF
members and IASP “leaders” (IASPCouncilors, Chapter Presidents,
the SIG Leadership, and a few other IASP representatives) identified
by the office. Feedback was received from 21 “experts” and 34
“leaders”. The group voted on the criteria, answered 3 questions
(Table 1), and could freely provide comments or suggestions. The
questions were based on issues that raised particular debate within
the TTF. Among the stakeholders, 35% voted for alternative A, 25%
for alternative B, and 40% for alternative C. The main differences
between alternatives A and C was that alternative A included
examination with quantitative sensory testing (QST), but not nonpain
symptoms, whereas alternative C included nonpain symptoms, but
not QST. In a separate vote, 57% of the stakeholders voted for
including nonpain symptoms and 6 provided personal comments
advising against QST because the method is not widely available.
Furthermore, several stakeholders stated that the criteria should be
kept simple. The proposed grading was based on the classification
of neuropathic pain as possible, probable, or definite7 (Table 1).
Most felt that grading possible or probable nociplastic pain was the
most appropriate choice (43%), rather than no grading (19%) or
grading possible, probable, or definite (38%). For 2/3 of the criteria,
most agreed that the proposed clinical criteria developed for
musculoskeletal pain would not be suitable to use also for visceral

pain. After the voting, the TTF continuedworking on the set of clinical
criteria preferred by the “external” group as well as the TTF (C),
discarding the 2 other alternatives. To accommodate suggestions
for improvement from the “external” group as well as the TTF, the
criteria were clarified to reduce the need of long notes, referred pain
on palpation was omitted as a sign of nociplastic pain, the word
comorbidities was used instead of nonpain symptoms, and the
order of the criteria was changed to a better fit clinical practice (ie,
history first and examination last).

3. Clinical criteria for nociplastic pain affecting the
musculoskeletal system

Following the procedures outlined above, the IASP TTF proposes the
set of criteria with a grading system encompassing possible and
probablenociplasticpain, asoutlined inTable2. A flowchartdepicting
the algorithm for assessing nociplastic pain is presented in Figure 1.

4. Discussion

The main purpose of the clinical criteria is to define aspects that
must be considered before assigning the descriptor nociplastic
pain. In summary, to classify nociplastic pain, the subject has to
meet the requirements of the first and fourth section of the criteria,
ie, 4 conditions have to be fulfilled: I) pain duration. 3months (1),
II) a regional rather than discrete distribution (1), III) the pain cannot
entirely be explained by nociceptive or neuropathic mechanisms
(1), and IV) clinical signs of pain hypersensitivity are present in the
region of pain (4). The presence of a history of pain hypersen-
sitivity in the region of pain (2) and defined comorbidities (3)
strengthen the probability of nociplastic pain, and both have to be
present to designate probable nociplastic pain. All the elements
of the proposed criteria are discussed below.

4.1. Obligatory criteria

The working group carefully considered all the elements of the
proposed criteria and found that the clinical relevance of defining
acute pain as nociplastic is doubtful, given that altered nociception
increases with longer pain duration.12,16,21 Therefore, the proposed
criteria are meant to be used to identify individuals with chronic
nociplastic pain, using the classic demarcation of 3 months of pain.
The emphasis in the criteria on regional rather than discrete pain is
meant to stress the fact that when central sensitization is present as
the underlying neurophysiological mechanism, the receptive fields of
the sensitized neurons expand. The resulting perception ranges from
an expanded single region of pain to multifocal pain or widespread
pain, and the distribution of hypersensitivity also increases. It is
extremely common for nociplastic pain to be superimposed on
nociceptive pain, and patients can also have coincidental nociplastic
and neuropathic pains. In the first case, the spatial involvement of the
pain (ie, how widespread the pain is) will be greater than one would

Table 1

Questions sent out to the stakeholders.

(1) Should nonpain symptoms (eg, disturbed sleep, fatigue, cognitive symptoms, and/or increased sensitivity to light, sound, or odors) be included in the criteria for nociplastic

pain?

(2) Should there be a grading of “possible,” “probable,” and “definite” nociplastic pain (similar to the neuropathic pain classification)?

(3) The intention of the IASP Terminology Task Force is to develop clinical criteria for nociplastic visceral pain at a later stage, intended for conditions such as irritable bowel

syndrome, bladder pain syndrome, and the like. Would any of the presented alternatives be suitable also for visceral nociplastic pain conditions?

IASP, International Association for the Study of Pain.
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expect if only the nociceptive mechanisms were present, as, eg, the
widespread pain and hypersensitivity of fibromyalgia in a patient
suffering from osteoarthritis of the hip. In the second case, the
distribution of pain and hypersensitivity would extendwell beyond the
innervation territory of the lesioned or diseased nervous structure.

4.2. How should the history of pain hypersensitivity be
assessed in the clinic?

To fulfill the second criterion, a history of pain hypersensitivity to
touch, pressure, movement, or heat cold must be present. It is
therefore recommended to question patients regarding their current
hypersensitivity to thesemodalities.20 Patientsmay perceive the touch
of clothing against the skin and/or the pressure from belts, handbags,
and bras as unpleasant or painful. They may report hugging to be
painful and/or note that it is painful to sit in a chair for any prolonged
periods. Hypersensitivity to movement can be assessed by asking
howhabitual physical activities ofmoderate intensity, such aswalking,
affect their pain, with exercise-induced reductions of pain intensity
considered to be the normal response and exercise-induced
exacerbationsof pain representinga signof alteredpainmodulation,22

providing they are not better explained by a specific peripheral
pathology. A history of increased pain during a cold or warm bath or
shower is a typical sign of thermal hypersensitivity.

4.3. What is the rationale for including comorbidities?

Whether to include comorbidities was a significant area of
discussion. Three coauthors preferred criteria without non–
nociception-related features as clinical criteria for identifying a

descriptor of pain itself. Others argued that data show that these
nonpain symptoms are nearly always present and, in many settings,
have been shown to be discriminative in identifying individuals with
nociplastic pain mechanisms. In addition to a history of hypersen-
sitivity to somatosensory stimuli as noted above, individuals with
nociplastic pain will typically report increased sensitivity to sound,
light, and odors.8–10 In addition, although not specific for nociplastic
pain, disturbed sleep,25 fatigue, and cognitive problems6 are
common. Furthermore, in nociplastic pain conditions such as
fibromyalgia, the widespreadedness of pain (eg, measured as the
Widespread Pain Index in the 2011/2016 fibromyalgia criteria)29 as
well as the presence and severity of these comorbid symptoms (as
measured in the accompanying symptom severity score)29 each
contribute nearly equal variance in predicting outcomes of noci-
plastic pain such as opioid nonresponsiveness or nonresponsive-
ness to surgery intended to relieve pain3,4,11 and also the relative
responsiveness to other nonopioid pharmacological treatments
addressing comorbidities.

4.4. How should the pain hypersensitivity phenomena be
assessed in the clinic?

Dynamic mechanical allodynia can be assessed by gently
stroking the skin with a brush or a cotton pad and asking whether
the resulting sensation is painful or not. Static mechanical
allodynia is usually assessed by digital palpation with a weight
of approximately 4 kg (nailbed blanching) and reporting pain on
this palpation would be considered pressure allodynia.27 Cold
allodynia can easily be tested by holding a metal object kept at
room temperature (approx. 20˚C) against the skin, and the same

Table 2

Clinical criteria and grading for nociplastic pain affecting the musculoskeletal system.

1. The pain is

1a. Chronic (.3 mo);

1b. Regional (rather than discrete) in distribution*;

1c. There is no evidence that nociceptive pain (a) is present or (b) if present, is entirely responsible for the pain; and

1d. There is no evidence that neuropathic pain (a) is present or (b) if present, is entirely responsible for the pain.†

2. There is a history of pain hypersensitivity in the region of pain.

Any one of the following:

Sensitivity to touch

Sensitivity to pressure

Sensitivity to movement

Sensitivity to heat or cold

3. Presence of comorbidities:

Any one of the following:

Increased sensitivity to sound and/or light and/or odors

Sleep disturbance with frequent nocturnal awakenings

Fatigue

Cognitive problems such as difficulty to focus attention, memory disturbances, etc.

4. Evoked pain hypersensitivity phenomena can be elicited clinically in the region of pain.

Any one of the following:

Static mechanical allodynia

Dynamic mechanical allodynia

Heat or cold allodynia

Painful after-sensations reported following the assessment of any of the above alternatives.

Possible nociplastic pain: 1 and 4.

Probable nociplastic pain: all the above (1, 2, 3, and 4)‡

* Musculoskeletal pain is deep, rather than cutaneous and regional, multifocal, or widespread in distribution (rather than discrete). In case of multifocal pain states that can be caused by different chronic pain conditions (eg,

shoulder myalgia and knee osteoarthritis), each chronic pain condition or pain region must be assessed separately.

† The presence of a source of nociceptive pain, such as osteoarthritis, or of neuropathic pain, such as a peripheral nerve lesion, does not exclude the concurrence of nociplastic pain, but the region of pain must be more

widespread than that which can be explained by the identifiable pathology.

‡ The purpose of the grading system is to indicate the level of certainty that a patient has nociplastic pain and, as mentioned above, was inspired by the current grading system for neuropathic pain.7 However, because of the

lack of clinically useful, reliable diagnostic tests to confirm the presence of altered nociception, currently nociplastic pain is graded as possible or probable but not definite. If future diagnostic tests are developed and validated,

the introduction of the term “definite nociplastic pain” should be considered.
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object can be heated with water to assess heat allodynia (approx.
40˚C). After each examination, the subject is asked whether the
sensation lingers after the stimulus has ended to check for the
presence of after-sensations. Furthermore, it is helpful to first
assess whether there is hypersensitivity only in the region of
reported pain or whether, as typically seen in nociplastic pain, the
hypersensitivity is more widespread.

In case quantitative sensory testing can be performed, pain
hypersensitivity is typically assessed using special brushes, cali-
brated needles or filaments, pressure pain algometry, and various
thermal testingdevices,2 andnormativedatahavebeenpublished.23

In addition, assessments indicative of central aberrations of sensory
processing such as increased temporal summation31 or dysfunc-
tional conditioned pain modulation13,31 or exercise-induced hypo-
algesia22 can be performed, but the reliability of these tests in the
clinical setting remains to be established.

4.5. The strengths and weaknesses of the clinical criteria

The proposed criteria are supported by expert opinion, which is a
potential source bias. A research agenda including studies

exploring the clinical validity (ie, test–retest reliability, interob-
server reliability, concurrent validity, content validity, etc.) of the
proposed criteria is needed. Furthermore, future field testing of
the criteria would be valuable. A major limitation of the criteria is
the dependence on clinical judgement to decide when nocicep-
tive and/or neuropathic mechanisms can be regarded as being
entirely responsible for the pain and when not, a difficulty that is
inherent every time pain mechanisms are to be attributed to
painful conditions in the clinic. However, these judgments can be
made. For example, in a patient suffering from polyneuropathy,
bilateral pain below the knees would be considered neuropathic,
but the patient’s low back pain would not, and could be
nociplastic. Another example would be a patient with rheumatoid
arthritis initially presenting with pain localized to inflamed, tender,
and swollen joints, regarded as nociceptive pain. Yet, when this
patient, despite excellent inflammatory control, continues to
complain of joint pain with tender, but not swollen joints, aswell as
muscular pain and tenderness in the extremities and back, the
nociplastic pain criteria would most likely be fulfilled.

The classification of nociplastic pain is not a new diagnosis;
rather this mechanistic term indicates the likely presence of

Figure 1. Flow chart of identifying and grading nociplastic pain affecting the musculoskeletal system. Musculoskeletal pain is deep, rather than cutaneous and
regional, multifocal, or widespread in distribution (rather than discrete). In case of multifocal pain states that can be caused by different chronic pain conditions (eg,
shoulder myalgia and knee osteoarthritis), each chronic pain condition or pain region must be assessed separately.
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specific pain mechanisms, regardless of the underlying di-
agnosis (eg, osteoarthritis, fibromyalgia, etc). The concept
should be integrated into the clinical reasoning process
because it points towards specific pain mechanisms, which
can affect the treatment approach because patients with
nociplastic pain are likely to respond better to centrally than
peripherally targeted therapies. The term has the potential to
facilitate communication and validate the patient’s pain expe-
rience. Clinicians should explain the meaning of nociplastic pain
to their patients providing simple explanations that help patients
make sense of their pain and understand what can be done (and
what they can do) about it, including the implications for
treatment and prognosis as a result of the pain being classified
with this mechanistic descriptor.
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Abstract
The redefinition of neuropathic pain as “pain arising as a direct consequence of a lesion ordisease affecting the somatosensory system,”
whichwas suggestedby the International Association for theStudyof Pain (IASP) Special InterestGrouponNeuropathicPain (NeuPSIG)
in 2008, has been widely accepted. In contrast, the proposed grading system of possible, probable, and definite neuropathic pain from
2008 has been used to a lesser extent. Here, we report a citation analysis of the original NeuPSIG grading paper of 2008, followed by an
analysis of its use by an expert panel and recommendations for an improved grading system. As of February, 2015, 608 eligible articles
in Scopus cited the paper, 414 of which cited the neuropathic pain definition. Of 220 clinical studies citing the paper, 56 had used the
grading system. The percentage using the grading system increased from 5% in 2009 to 30% in 2014. Obstacles to a wider use of the
grading systemwere identified, including (1) questions about the relative significance of confirmatory tests, (2) the role of screening tools,
and (3) uncertainties about what is considered a neuroanatomically plausible pain distribution. Here, we present a revised grading
systemwith an adjusted order, better reflecting clinical practice, improvements in the specifications, and aword of caution that even the
“definite” level of neuropathic pain does not always indicate causality. In addition, we add a table illustrating the area of pain and sensory
abnormalities in common neuropathic pain conditions and propose areas for further research.

Keywords: Neuropathic pain, Definition, Grading, Possible, Probable, Definite

1. Introduction

In 1994, the International Association for the Study of Pain (IASP)
defined neuropathic pain as “pain initiated or caused by a primary
lesion or dysfunction in the nervous system.” In 2008, a task force
initiated by the IASP Special Interest Group on Neuropathic Pain
(NeuPSIG) noted the need to distinguish neuropathic pain from
nociceptive pain arising indirectly from neurological disorders and
pain conditions with secondary neuroplastic changes occurring in
the nociceptive system, andproposed a newdefinition that omitted
the term “dysfunction”: “pain arising as a direct consequence of
a lesion or disease affecting the somatosensory system.”30 A

slightlymodified version of this definitionwas proposed by the IASP

TaxonomyCommittee and accepted by the IASP: “pain caused by
a lesion or disease of the somatosensory nervous system.”16,17

The omission of the term “dysfunction” excludes conditions

involving ill-defined changes in the nervous system and conditions

with no known lesion of the somatosensory nervous system from

being classified as neuropathic pain. The restriction to the

somatosensory nervous system is important because conditions

such as musculoskeletal pain (eg, due to spasticity) arising

indirectly from disorders of the motor system should not be

confused with neuropathic pain. The term “primary” was omitted
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because of the difficulty in distinguishing between primary and
secondary causes of neuropathic pain; however, the omission
means that nociceptive pain conditions that—over time—may
cause secondary lesions in the somatosensory nervous system
could ultimately be considered as being partly neuropathic pain.

Recognizing the challenges of determining the presence of
neuropathic pain according to this new definition, NeuPSIG also
proposed a grading system30 to guide decisions on the level of
certainty with which neuropathic pain can be determined in an
individual patient. Three levels of certainty—possible, probable,
and definite neuropathic pain—were proposed. As an activity in the
Global Year Against Neuropathic Pain,15 NeuPSIG established
a committee to (1) critically evaluate theuse of thegrading system in
the 7 years after its publication, (2) assess the usefulness and
limitations of the grading system, and (3) update thegrading system
if required, for improvedapplication in clinical and research settings.
The committee consisted of an expert panel of neurologists, clinical
neurophysiologists, neuroscientists, anesthesiologists, pain spe-
cialists, primary care physicians, and population health scientists.

2. Procedure

To generate background material and discussion points, we
performed a systematic literature search using the Scopus
database, which is an abstract and citation database of peer-
reviewed literature (including scientific journals, books, and confer-
ence proceedings). This database was searched on February 6,
2015 for publications that cited the original NeuPSIG grading paper
from2008.30 Three review authors (S.H., P.K., andN.B.F.) extracted
the following data: (1) use of the citation, (2) classification of the
publication as a review, animal or human experimental paper,
a clinical study, or others, (3) criteria used for including or classifying
patients with neuropathic pain in clinical studies, (4) comparison of
the grading with other criteria for identifying neuropathic pain when
available, and (5) any issues raised with the grading system.

In addition, all committee members were asked to examine the
grading system for possible deficiencies that could require
modification or amendment in a subsequent iteration of the grading
system. Participants convened under the auspices of NeuPSIG in
Nice, France, on May 14, 2015. Before the meeting, all participants
wereprovidedwith adocumentation folder that included results from

the literature review and issues identified by committeemembers. At
the meeting, data on the use of the grading paper were presented,
and individual participants provided short overviews on issues with
the grading system that had been identified before the meeting.
Discussions pertaining to the issues identified before the meeting
and new issues raised by participants at the meeting were used to
informmodifications to the existing grading system. Before and after
the meeting, the process and update were discussed through
e-mail, and after circulating draft manuscripts through e-mail, a final
update was agreed through consensus by e-mail.

3. Background material

A total of 731 publications were identified in Scopus as citing the
original grading paper30 at the time of search, which represented
about 5% of all publications in Scopus with the term “neuropathic
pain” in the title, abstract, or keywords in the same period. Of the
731 publications, 123were not available as full-text at any of the 3
institutions, at which the reviewers were based or were in
a language not understood by the reviewers. Hence, the full text
of 608 publications was downloaded and used to evaluate the
use of the original grading paper since its publication in 2008. Of
the 608 included publications, 269 were classified by the
reviewers as reviews or book chapters, 220 as clinical studies,
73 as experimental studies, and 46 as “others.”

Of the 608 publications, 414 cited the grading paper30 in
relation to the definition of neuropathic pain (Fig. 1). Of these, 266
used the definition as it was presented (or very similar) in the
original grading paper, whereas 48 applied the adapted 2011
IASP definition17 and 8 applied the 1991 IASP definition despite
using the grading paper as the reference. Ninety-two presented
other definitions of neuropathic pain, of whichmost had awording
consistent with the definition in the grading paper, whereas others
presented a definition significantly different despite using the
grading paper as reference. The grading paper was cited in
relation to other statements, unrelated to the definition or grading
system, in 190 publications.

Of the 220 clinical publications that included patients, only 56
(25% of clinical studies, 9% of all studies citing the grading paper)
used the grading system to include or classify patients as having
possible, probable, or definite neuropathic pain. A further 16 (7%)

Figure 1. Summary of how the citations of the neuropathic pain grading paper30 were used. The figure indicates the percentage of 608 publications that cited the
original grading paper30 for defining neuropathic pain and the number of clinical studies that used the grading system for identifying neuropathic pain. The insert
indicates the total number of clinical studies and the number of studies using the grading system30 for identifying neuropathic pain per year.
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used other criteria for classification of pain, but retrospectively
noted whether the patients had possible, probable, or definite
neuropathic pain according to the grading system. The percent-
age of clinical studies citing the grading system that also used it to
include or classify patients with neuropathic pain increased from
5% (1/20) in 2009 to 30% (12/40) in 2014 (Fig. 1). Of the
remaining 148 studies that did not use the grading system for
patient classification, 115 used other criteria to include or classify
neuropathic pain patients. Of these, 50 used one or more
questionnaires, 30 used Douleur Neuropathique en 4 questions,
11 used painDETECT, 8 LANSS (Leeds Assessment of Neuro-
pathic Symptoms and Signs) or S-LANSS (self-report LANSS),
2 used McGill pain questionnaire, 1 used ID-Pain, 1 used
standardized evaluation of pain, and 1 used the German pain
questionnaire; 51 used various criteria including pain history, pain
descriptors, clinical examination, and laboratory investigations; 2
used patient self-report; and 12 did not mention the criteria used.

Thus, the 2008 grading paperwasmostly cited for the redefinition
of neuropathic pain. The redefinition has since been introduced in
the IASP terminology with minor modifications, and hence the
authors’ aim “to develop a more precise definition of neuropathic
pain that will be useful for clinical and research purposes” has largely
been achieved. The adoption of the grading system has naturally
happened after a delay, and since2011a steady ratio of about 1/3 of
clinical trials in the field have used it (Fig. 1).

A meta-analysis of cancer trials4 indicated that of the 4 criteria of
the grading system, criterion 2 “a history suggestive of a relevant

lesion or disease affecting the peripheral or central somatosensory
system” and criterion 3 “demonstration of the distinct neuro-
anatomically plausible distribution by at least 1 confirmatory test”
were available in the majority of trials (13-14 of 22), whereas
criterion 1 “pain with a distinct neuroanatomically plausible
distribution” was available less often (10/22) and confirmation of
the underlying lesion of disease was rarely done (criterion 4, 7/22).
This identifies 2 problems to be addressed in the present revision:
(1) plausibility of pain distribution and its assessment and (2) need
for establishing the neurological diagnosis by confirmatory tests.

In addition, the following deficiencies were identified from the
paper reviews and discussed during the committee meeting: (1)
Several screening tools (questionnaires)were developed before the
redefinition of neuropathic pain by NeuPSIG and IASP3,13 but are
not positioned in the grading system; (2) Some clinicians and
investigators have difficulty in determining the topographical
location of a lesion and its pathology, as the approach used in
neurology of “where is the lesion?”, “what is the lesion?” is not
intuitive to other medical disciplines; (3) Certain sensory signs are
not specific to neuropathic pain; and (4) Determination of lesion
typeand locationdoes not necessarily prove that the pain is caused
by that lesion or disease (uncertainty of causal relationship).

Based on these limitations of the current grading system, we
propose a change to the order of the grading criteria to better
reflect clinical practice and have furthermore annotated the terms
used to improve clarity (Fig. 2). In addition, a research agenda is
proposed to further address shortcomings of the grading system.

Figure 2. Flow chart of updated grading system for neuropathic pain. aHistory, including pain descriptors, the presence of nonpainful sensory symptoms, and
aggravating and alleviating factors, suggestive of pain being related to a neurological lesion and not other causes such as inflammation or non-neural tissue
damage. The suspected lesion or disease is reported to be associated with neuropathic pain, including a temporal and spatial relationship representative of
the condition; includes paroxysmal pain in trigeminal neuralgia. bThe pain distribution reported by the patient is consistent with the suspected lesion or disease
(Table 1). cThe area of sensory changes may extend beyond, be within, or overlap with the area of pain. Sensory loss is generally required but touch-evoked or
thermal allodynia may be the only finding at bedside examination. Trigger phenomena in trigeminal neuralgia may be counted as sensory signs. In some cases,
sensory signs may be difficult to demonstrate although the nature of the lesion or disease is confirmed; for these cases the level “probable” continues to be
appropriate, if a diagnostic test confirms the lesion or disease of the somatosensory nervous system. dThe term “definite” in this context means “probable
neuropathic pain with confirmatory tests” because the location and nature of the lesion or disease have been confirmed to be able to explain the pain. “Definite”
neuropathic pain is a pain that is fully compatible with neuropathic pain, but it does not necessarily establish causality.
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4. Revised grading system

The grading system is intended for determining the level of
certainty with which the pain in question is neuropathic. A finding
of probable neuropathic pain in a given individual patient should
prompt consideration of treatment according to the neuropathic
pain treatment guidelines,10 but the grading system is not
intended for medico-legal purposes or to classify diseases. The
refinements in the present grading system (Fig. 2) follow the
classical clinical method of diagnosis in that history, clinical
examination, and diagnostic tests stepwise add to level of
certainty that the pain in question is neuropathic.

4.1. Possible neuropathic pain

Evaluation of thepatient according to the grading systemshould be
undertaken if the patient’s history suggests that pain could be
related to a neurological lesion or disease and not other causes
such as inflammation or non-neural tissue damage. At this stage,
pain descriptors, the presence of nonpainful sensory symptoms,
and any aggravating and alleviating factors can be taken into
account. Pain descriptions such as burning or hot, electric shocks
or shooting, pricking or pins and needles, pain evoked by light
touchingor cold, and nonpainful sensations suchas numbness and
tingling are suggestive, but not pathognomonic for neuropathic
pain, and other descriptors may apply as well.3 The combination of
several descriptors, however, has a highly discriminant value and
several screening tools (questionnaires) have been developed to
identify patientswhomay have neuropathic pain to alert the clinician
to undertake further assessment (though they cannot be used
alone to identify neuropathic pain).3,13,32 These include, but are not
limited to the LANSS,2 the neuropathic pain questionnaire,18 the
Douleur Neuropathique en 4 questions,6 the painDETECT,11 and
ID-Pain.24

The following two criteria need to be fulfilled to reach the first
level of certainty-“possible” neuropathic pain.

4.1.1. A history of relevant neurological lesion or disease

There should be a clinical suspicion of a relevant lesion or disease
of the somatosensory nervous system (eg, an episode of acute
herpes zoster or a traumatic nerve injury). The temporal relationship
between the lesion or disease and the pain may vary, but a close
temporal relationship helps strengthen the clinical suspicion. The
onset of pain is usually immediate or within a few weeks of the
lesion or disease but may be delayed for up to several months after
injury (eg, after stroke) or for many years in conditions with an
insidious onset such as diabetic neuropathy. In some cases, the
history of pain or sensory disturbances by themselves suggest
a disease, eg, in polyneuropathy (peripheral neuropathy),where the
insidious onset of distal pain or numbness may be the only history
indicating the disease. Characteristic sudden short-lasting (usually
a few seconds) paroxysmal pain in the face, which may recur
several times and may be separated by a refractory period (usually
someminutes), suggests trigeminal neuralgia, where the pain is the
only symptom indicating a relevant neurological disease.

4.1.2. Pain distribution neuroanatomically plausible

The pain distribution should be anatomically consistent with the
suspected location of the lesion or disease in the peripheral or
central somatosensory nervous system (as derived from the
patient’s history). This can be difficult to decipher in the single
patient, as the distribution of pain can occupy a smaller area or
extend somewhat outside the innervation territory of a peripheral

nerve or root or the somatotopic representation of the body within
the central nervous system, but it should be in a distribution that is
typical for the underlying disorder (see examples in Table 1). In
painful channelopathies, the pain distribution may be unusual but
should be consistent with the disorder, eg, familial episodic pain
syndrome, in which pain ismainly localized to the chest and upper
arms, or inherited erythromelalgia, in which pain is localized to the
extremities (feet and hands and in some cases ears).

When both requirements 1 and 2 of the pain history are fulfilled,
the pain complaint may be termed possible neuropathic pain.

4.2. Probable neuropathic pain

The next level of certainty requires supporting evidence obtained
by a clinical examination. The examination should optimally
confirm the presence of negative sensory signs, ie, partial or
complete loss to one or several sensory modalities concordant
with the lesion or disease of the somatosensory nervous system
(eg, light touch, cold temperature, Tables 1 and 2).

Demonstrating sensory loss to one or more of these modalities
and delineation of the area affected by the negative sensory
phenomena are central to the determination as to whether
a nervous system lesion is the cause of the sensory disturbance
(ie, whether it is compatible with neuropathy). Negative sensory
signs may also be seen in nociceptive pain, but in these cases
they lack neuroanatomically distinct borders and are not re-
producible.12,19 The sensory signs may or may not be accom-
panied by motor or autonomic signs.

Positive sensory signs alone (eg, pressure-evoked hyperalgesia)
carry less weight towards neuropathic pain probability, in
particular, if their distribution does not follow relevant neuroana-
tomical delineation. Positive sensory symptoms and signs may be
seen in patients with other conditions such as inflammatory pain,
pain of unknown origin, anxiety, and sleep deprivation, and can be
affected by stress and negative emotions.25,34 It is important to
emphasize that there are conditions where sensory loss is not
a prerequisite for a neuropathic pain condition. In certain
neuropathic pain conditions such as hereditary channelopa-
thies1,33 and in subgroups of patients with, eg, peripheral nerve
injury,20 touch-evoked allodynia or thermal hyperalgesia may be
present without detectable sensory loss. The presence of such
positive signs may mask sensory loss in some of these patients.

Idiopathic or classical trigeminal neuralgia is a special case. In
trigeminal neuralgia, sensory deficits may not be found on clinical
examination, although quantitative sensory testing may show
sensory abnormality.20 In these cases, a history of characteristic
triggering maneuvers may be counted as positive sensory signs.
They can sometimes be repeated by the examiner, whomay thus
evoke and see the characteristic tic. Another special case is
painful channelopathies as they are often paroxysmal and
sensory examination can be normal between attacks. A history
of characteristic symptoms may be considered a surrogate for
positive sensory signs. In phantom pain, a sensory examination is
not possible in the pain area. In these cases, the loss of the body
part where pain is perceived is counted as a surrogate for sensory
signs within the pain distribution.

Often, sensory changes to light touch, vibration, pinprick, cold,
or warmth can be confirmed by a clinical examination (Table 2),
but more detailed analysis using quantitative sensory testing may
be needed.13 Prolonged pain after herpes zoster is associated
with sensory abnormalities in a neuroanatomically plausible
distribution in most, but not all cases.20 In rare cases where
sensory abnormalities are doubtful or lacking, documentation of
a herpes zoster rash in the form of a photograph or clinical record
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will add to the evidence of somatosensory pathway involvement,
allowing a subsequent designation of the condition as probable
neuropathic pain. Sensory function is difficult to evaluate in deep
tissue and viscera. For that reason, a level of certainty beyond
possible neuropathic pain can rarely be obtained for visceral or

deep somatic types of pain. Innervation territories of nerves and
roots vary between individuals, they are not always clearly
demarcated, and there is often overlap between them. Because
of central sensitization phenomena, the areas of allodynia and
hyperalgesia may extend beyond the innervation territory.35

Table 1

Common neuropathic pain conditions and neuroanatomically plausible distribution of pain symptoms and sensory signs.

Neuropathic pain condition Neuroanatomically plausible distribution of
pain and sensory signs

Illustration of typical distribution

Trigeminal neuralgia Within the facial or intraoral trigeminal territory.

Postherpetic neuralgia Unilateral distributed in one or more spinal

dermatomes or the trigeminal ophthalmic division.

Peripheral nerve injury pain In the innervation territory of the lesioned nerve,

typically distal to a trauma, surgery, or

compression.

Postamputation pain In the missing body part and/or in the residual limb.

Painful polyneuropathy In feet, may extend to involve lower legs, thighs, and

hands.

Painful radiculopathy Distribution consistent with the innervation territory

of the nerve root.

Neuropathic pain associated with spinal cord

injury

At and/or below the level of the spinal cord lesion.

Central poststroke pain Contralateral to the stroke. In lateral medullary

infarction, the distribution can also involve the

ipsilateral side of the face.

Central neuropathic pain associated with

multiple sclerosis

Can be a combination of distributions seen in spinal

cord injury and stroke.
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4.3. Definite neuropathic pain

The final level of certainty requires that an objective diagnostic test
confirms the lesion or disease of the somatosensory nervous
system. This may not always be possible in the nonspecialist
environment. Examples of such diagnostic tests include com-
puted tomography, magnetic resonance imaging, or other
imaging techniques to confirm the presence of stroke, multiple
sclerosis, spinal cord injury, or nerve lesion; skin biopsy showing
reduced intraepidermal nerve fiber density, neurophysiological
tests such as nerve conduction velocity, heat and laser evoked
potentials, nerve excitability tests, R1 blink reflex demonstrating
neural function compromise, microneurography with evidence of
aberrant nociceptor activity; and genetic tests confirming
a hereditary neuropathic pain disorder such as inherited
erythromelalgia.13 In cases of amputation or a surgeon’s clear
verification of an intraoperative nerve lesion, further diagnostic
tests are not necessary to arrive at the grading of “definite”
neuropathic pain, because direct anatomical or surgical evidence
counts as a confirmatory test.

This final level is reached by using only positive criteria for the
location and nature of the neurological lesion or disease, without
excluding other potential causes of the pain. Patients can have
nociceptive pain in an area within the territory affected by an injury
or disease involving the nervous system. Examples include
spasticity-related pain below the level of injury in a patient with
incomplete spinal cord injury, shoulder pain because of a lesion of
the rotator cuff tendons in the area with sensory abnormalities
after a stroke, inflammatory pain in the innervation territory of the
lesioned nerves after thoracotomy or herniotomy, and plantar
fasciitis in a patient with polyneuropathy. In these cases, despite
fulfilling all 4 criteria of the grading system, the painmay still not be
neuropathic. Thus, it is important to note that the final level does
not completely rule out the possibility that other conditions such
as tissue inflammation may fully or partially explain the pain. This
remaining uncertainty about causality between the identified
lesion or disease and the clinical presentation of the patient is
a common situation in neurological diagnostics. In this context,
the term definite neuropathic pain means that the clinician, by
using history, clinical examination and auxiliary testing, is able to
reach the level of confirming clinically that a patient has
a neurological lesion that can explain the pain. Because the
grading system only determines the level of certainty with which
the presence or absence of a lesion or disease of the
somatosensory nervous system can explain the pain, it is always
important to consider if other causes for the patient’s pain
conditions may be present.

4.4. Summary

Compared to the grading system published in 2008, we have
(1) changed the order of the grading criteria to better reflect
clinical practice.

(2) annotated the terms used to improve clarity.
(3) recognized the role of screening tools (questionnaires) in
neuropathic pain evaluation.

(4) emphasized that reaching the final level of certainty (definite
neuropathic pain) confirms clinically that a lesion or disease of
the somatosensory nervous system can explain the pain but,
as often in neurology, it does not establish causality (ie, there
may still be other causes of the pain such as a diabetic ulcer).
The main purpose of the grading system is to help in the

classification of the pain as neuropathic. Other types of pain
include nociceptive pain, which is pain that arises from actual or
threatened damage to non-neural tissue and is due to the
activation of nociceptors,16 and pain that does not fulfill the
criteria for either nociceptive or neuropathic pain, such as chronic
widespread pain, fibromyalgia, and irritable bowel syndrome.31

Furthermore, patients may have 2 or more types of pain, and the
classification of pain may be particularly difficult if more than one
type of pain exist in the same area.

The grading system is intended for use in individual patients in
the clinic and for research, but not for classification of diseases.
Some patients diagnosed with fibromyalgia may have small fiber
pathology and may fulfill the criteria for neuropathic pain whereas
others may not.9,26 In addition, patients with complex regional
pain syndrome (CRPS) type II fulfill the criteria for neuropathic
pain, whereas patients with type I do not. Complex regional pain
syndrome type I is by definition a condition in which no nerve
lesion can be verified.5 Although an inflammatory reaction,
considered to be at the core of development of CRPS, can
conceivably damage nociceptors, the current pathophysiological
evidence for it is limited and inconsistent, and thus does not justify
the designation by default of CRPS type I as neuropathic pain.7,23

Similarly, individual patients with Parkinson’s disease may have
neuropathic pain if there is a documented lesion of the
somatosensory system and they fulfill the grading criteria, but
musculoskeletal pain is an important differential diagnosis. The
demonstration of reduced small nerve fibers obtained from skin
biopsies in patients with fibromyalgia and Parkinson’s disease is
at the moment not sufficient evidence per se for labeling pain in
these patients as neuropathic. There is currently no evidence to
indicate that patients with cluster headache or migraine have
lesions of the somatosensory system.

5. Limitations and future directions

Based on the narrative literature review and discussions in the
committee, we identified several weaknesses in our current
knowledge about neuropathic pain and issues that need to be
addressed in the future.
(1) The lack of positive criteria for identifying non-neuropathic
pain, and the lack of pathognomonic features of neuropathic
pain make it difficult to reach a level of “definite” neuropathic
pain. Previous attempts to define a gold standard for
neuropathic pain have been hampered by the inherent circular
bias imposed by the fact that the criteria for defining clinical
neuropathic pain are also used as measures in newly
introduced tools. One important area of research will be to
use the present grading system as a reference standard
against which other neuropathic pain approaches should be
systematically validated. In this goal, it will be important to
perform field testing of this system, in particular, to assess its
test-retest reliability and inter-rater reliability.

(2) The lack of pain diagnostic tools for low resource settings and
the need for more educational efforts.22 Screening tools may
be helpful, but at a single-patient level, they may wrongly

Table 2

Bedside sensory examination.

Modality Bedside assessment

Touch Cotton bud or ball, painter’s brush

Vibration Tuning fork

Pinprick Pin, toothpick, cocktail stick

Cold Cold metal, tube with cold water, cloth with surgical

spirit, Lindblom roller21

Warm Warm metal, tube with warm water, Lindblom

roller21
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classify some patients (false-positive) or fail to identify other
patients (false-negative).3,32

(3) In research based only on clinical history, such as question-
naire surveys and patient interviews, only the level of “possible”
neuropathic pain can be reached and even then only
sometimes. Although validated questionnaires exist, these
questionnaires were mostly developed based on the old and
less precise IASP definition, and there is no validated approach
to defining relevant pain distribution and history.29

(4) Variability of innervation territories of roots, nerves and
fascicles as well as difficulty in quantitating sensory function
in deep tissues such as joints and muscles and visceral tissues
can make it difficult to identify neuropathic pain in certain
cases, and current textbook figures are based on often
imprecise renditions of very old data from relatively small case
series. In future, it is important to generate probabilistic maps of
innervation territories and to develop methods for the
assessment of sensory function in joints and muscles and
visceral tissues. Identification of appropriate control areas for
specific conditions, establishment of inter- and intra-examiner
reliability, and assessment of the use of patient self-examina-
tion14,27 are also needed.

(5) The possible presence of neuropathic pain in conditionswhere
lesions or diseases of the somatosensory nervous system
occur secondary to an inflammatory condition is not clear.
Examples are osteoarthritis, in which there may be a decrease
in the innervations in the synovial lining layer and increase in the
innervations of cartilage with concomitant sensory abnormal-
ities in the skin,28 and chronic pancreatitis, in which histopa-
thology shows evidence of local nerve involvement.8

6. Conclusions

Neuropathic pain is a term used for a group of conditions with
a wide range of causes and different pain distributions. However,
all these conditions are characterized by a lesion or disease
affecting the somatosensory nervous system peripherally or
centrally. The grading system represents a tool to determine the
level of certainty that the pain in an individual is neuropathic in
nature. Such grading is naturally based on clinical judgment.
Therefore, it relies heavily on the experience, skills, and resources
available for assessment.

We anticipate that the rephrasing and reordering of the 4
criteria of the grading system will facilitate its use by both
neurologists and non-neurologists. The level “probable” should
usually be sufficient to initiate treatment according to neuropathic
pain guidelines. The level “definite” is useful in specialist contexts
and when a causal treatment of the underlying lesion or disease is
an option. In some cases, sensory signs in the painful areamay be
difficult to demonstrate, although the nature of the lesion or
disease is confirmed (eg, trigeminal neuralgia, channelopathies,
postherpetic neuralgia); for these cases, the level “probable”
continues to be appropriate if a diagnostic test confirms the lesion
or disease of the somatosensory nervous system.

This paper includes an update of the grading system published
in 2008.30 The goal of this update is to provide a revised grading
system that is clinically useful, internally consistent, and allows
appropriate treatment decisions in the face of uncertainty. We
anticipate that the revised grading system will be incorporated
into the “content model” of neuropathic pain in the upcoming
11th version of the International Classification of Diseases.31 We
have also identified a range of important research topics that will
further improve the classification and grading of neuropathic pain
in the future.
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James B. Talmage, MD 

In the Fall 2014 issue, the AdMIRable Review republished an article 

from the AMA Guides Newsletter on rating spinal impairments. Using 

the AMA Guides, Sixth Edition.  A point of emphasis in that article was 

the distinction between limb pain or numbness that might be radicular, 

but with no objective verification that the symptoms were in fact true 

radiculopathy, and pain, numbness, or weakness that was clearly related to objec-

tive radiculopathy.  This distinction determines what row in the spine tables is used 

to rate impairment and continues to be a source of frequent errors in spinal impair-

ment rating.  True radiculopathy is pain, numbness, and/or weakness from nerve 

root damage, most commonly from a disc herniation.  It is instructive to review how 

the AMA Guides has dealt with the concept of radiculopathy through the years. 

Historically, the 13 annual issues of the Journal of the American Medical Association 

(JAMA) that had been published on impairment ratings from 1958 to 1970 were 

compiled into a 1971 book.  Each issue of JAMA was titled a “guide” to impairment 

rating of a different body system, so the collective “guides” were published as a sin-

gle book but called by the plural title Guides to the Evaluation of Permanent Impair-

ment.  When a revision was published in 1984 as the Second Edition, the original 

1971 book became known as the First Edition. 

In the original, First Edition, range of motion was the primary meth-

od used to rate extremity impairment.  The method of rating spinal 

impairment was also by spinal range of motion “guestimated” by 

use of a goniometer.  If there was an intervertebral disc lesion with-

out “residuals” (undefined term) there was no additional rating.  If 

there were “residuals,” the instruction on page 47 was to combine 

the range-of-motion rating for whole person impairment (WPI) with 

5% WPI for the residuals. If, in addition, there was also spinal nerve 

root injury/impairment, then additional impairment for that addi-

tional residual was rated from Chapter 2, Table 1, page 50.  A range 

of potential upper extremity impairments for the cervical roots and 

lower extremity impairments for the lumbosacral roots was listed for “loss of func-

tion due to sensory deficit, pain, or discomfort” and for “loss of function due to loss 

of strength.” 
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This system was retained in the Second and Third Editions of the Guides.  The listing 

of spinal diagnoses qualifying for diagnosis-based portion of ratings was expanded. 

The concept of determining a separate, additional rating for objective radiculopathy 

based on physical exam was retained.  [Third Edition, Section 3.3 a. 7. D, page 74]  

The Fourth Edition retained the concept of the earli-

er editions, calling it the “Range-of-Motion Model,” 

with the same potential additional impairment for 

evidence of nerve root impairment (Fourth Edition, 

page 130).  The Fourth Edition introduced the alter-

native method to rate spinal impairment, the Diag-

nosis Related Estimate (DRE) Method.  The DRE 

spinal impairment categories II in the cervical and 

the lumbar spine included non-verifiable radicular 

complaints, if “[t]here is no objective evidence of 

radiculopathy[.]”  The word “radiculopathy” is not 

in the glossary.  The DRE III text (Fourth Edition) pages 102 and 104 suggest that 

more than two centimeters of atrophy or loss of a relevant reflex qualifies as objec-

tive evidence and adds, for the first time, that electrodiagnostic studies may docu-

ment radiculopathy even in the absence of these two stated physical exam criteria, 

with definitions provided for abnormal electrodiagnostic studies (Table 71, page 

109).   

The Fifth Edition retained both the DRE and the Range-of-Motion “methods” to rate 

spinal impairment.  Box 15-1 (Fourth Edition, page 382) defines NON-verifiable 

radicular root pain as “in the distribution of a nerve root but has no identifiable 

origin; i.e., there are no objective physical, imaging, or electromyographic findings.” 

 Radiculopathy: 

for the purposes of the Guides is defined as significant altera-

tion in the function of a nerve root or nerve roots[.]  The diag-

nosis requires a dermatomal distribution of pain, numbness, 

and/or paresthesias in a dermatomal distribution.  The diag-

nosis of a herniated disk must be substantiated by an appro-

priate finding on an imaging study.  The presence of findings 

on an imaging study in and of itself does not make the diag-

nosis of radiculopathy.  There must also be clinical evidence 

as described above.”  

[Reflexes, loss of sensation, weakness, and atrophy are listed above this radiculopa-

thy definition]. 
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The text on page 383 continues this theme: 

DRE … III, radiculopathy with objective verification must be present. Since an 

individual is evaluated after having reached MMI, a previous history of objective 

findings may not define the current, ratable condition but is important in deter-

mining the course and whether MMI has been reached. The impairment rating is 

based on the condition once MMI is reached, not on prior symptoms or signs.  

Table 15-3 adds that DRE III is still appropriate for “individuals who had surgery for 

radiculopathy but are now asymptomatic.” Table 15-5 varies slightly, assigning DRE 

III to those “with radiculopathy or with improvement of radiculopathy following sur-

gery.” 

In the Sixth Edition the Range of Motion Method does not appear. “Range of motion 

is no longer used as a basis for defining impairment, since current evidence does 

not support this as a reliable indicator of 

specific pathology or permanent function-

al status (Sixth Edition, p.558).”  The refenc-

es at the end of Chapter 17 include eight 

references on spinal range of motion reli-

ability and validity issues.  With questions 

on reliability, and therefore validity, spinal 

range of motion was no longer used.  

Part of the additional information con-

firming the decision to stop using spinal 

range of motion in impairment rating probably stems from the advances in spinal 

deformity surgery.  Today we see patients with partial or fully surgically corrected 

major spinal deformities whose entire lumbar spine and the lower thoracic spine 

are solidly fused (no lower spinal motion possible) and as long as their hip motion is 

normal, they have no difficulty with ADLs, the theoretical basis for assigning impair-

ment.   

In addition, Bible (2010) reported that of the 15 Activities of Daily Living (ADLs) as-

sessed, only two required greater than 50% of that person’s range of spinal motion, 

and only in Flexion/Extension (52% and 59%).  All other ADLs assessed could be 

done normally by those using less than forty precent of their “normal” spinal mo-

tion.  “The functional ROM required to complete all 15 ADLs included in this investi-

gation was 3 to 49 degrees (median: 9 degrees) of flexion/extension, 2 to 11 de-

grees (6 degrees) of lateral bending, and 2 to 7 degrees (5 degrees) of rotation.”  
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Swinkels (2014) showed that normal neck motion decreases with age. Cobian (2013) 

confirmed that normal individuals use little of their lumbar and cervical motion in 

sixteen common ADLS.  

 Thus, the DRE method is the only method for rating spinal impairment in the Sixth 

Edition. The Sixth Edition continues the tradition of the other five editions by grant-

ing a higher impairment to those with objective signs of nerve root injury/

impairment than to those with “Nonverifiable Radicular complaints,” even if the non

-verifiable complaints may be due to a disc extrusion or protrusion. All six editions

of the Guides have the philosophy that those patients with clear objective motor 

weakness or sensory loss on physical exam, in general, have a greater impairment 

than patients with limb symptoms but a normal physical exam of nerve root func-

tion. 

Sixth Edition, page 563 points out, “Common conditions related to degenerative 

changes in the spine, including abnormalities identified on imaging studies such as 

annular tears, facet arthropathy, and disk degeneration, do not correlate well with 

symptoms, clinical findings, or causation analysis and are not ratable according to 

the Guides.” 

This section goes on to explain how to use the first diagnostic condition row in the 

cervical, thoracic, and lumbar tables.  

There is a category of patients who present with persistent pain and "no verifia-

ble" radicular complaints (defined in greater detail in Section 17.3. Adjustment 

Grid: Physical Examination) that are documented repeatedly after an identifia-

ble injury.  These patients have no objective findings and therefore, are often 

given a diagnosis of ''chronic sprain/strain" or "nonspecific back or neck pain. 

The current methodology allows these patients to be rated 

in impairment class 1 with a range of impairment ratings 

from 1 to 3% whole person impairment (WPI).  The percent-

age impairment within that range depends on functional 

assessment, since there are no reliable physical examina-

tion or imaging findings in this group. 

This is saying bluntly that there are, by definition, NO findings 

on physical exam or imaging that correlate with the patient’s 

non-verifiable radicular pain complaints (sciatica or upper limb 

pain).  This means the GMFH is used but for the diagnoses in 
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this row the GMPE & GMCS are not applicable (not used).  The current term used 

today to describe most cases of low back pain or neck pain is “non-specific.”  The 

recent Lancet multiauthor, multinational review of back pain points out that most 

cases of low back pain are nonspecific: “For nearly all people with low back pain, it is 

not possible to identify a specific nociceptive cause.  Only a small proportion of peo-

ple have a well understood pathological cause—e.g., a vertebral fracture, malignan-

cy, or infection (Hartvigsen, 2018).”  Thus, most workers’ compensation cases of 

neck or low back pain are expected to be “non-specific” if symptoms persist and are 

expected to be ratable as “non-specific” neck or low back pain from Tables 17-2 and 

17-4.

Matsumoto (1997) published a series of 497 asymptomatic adult volunteers who 

had a 1.5 Tesla MRI.  The prevalence of disc degeneration and disc space narrowing 

increased progressively with age in this asymptomatic population. Disc protrusions 

were noted in less than 10% of those under age 30, 15 to 20 percent of those in 

their forties, and up to 30% of those in their fifties and sixties.  Surprisingly, spinal 

cord compression by a disc protrusion was not uncommon in these asymptomatic 

adults.  These authors followed the volunteers and published 10-year (Okada, 2009) 

and 20-year (Daimon, 2018) follow-up studies.  Degenerative changes of all types 

increased with age in 95% of the volunteers (“age happens”), but the only change 

over time that correlated with the development of symptoms was the development 

of bony foraminal stenosis compressing a nerve root, which correlated with upper 

limb pain. Thus, people with NO symptoms can have “ruptured” discs in the neck 

and have no symptoms and no consequences develop. 

A systematic review of MRI changes in the lumbar spine, including asymptomatic 

pediatric patients], included seven published studies covering 2,373 children were 

retrieved  (van den Heuvel et al, 2020). The ages of the children were between four 

and 19 years old.  

Disc degeneration was found in 22% of asymptomatic non-athletic kids and 22% of 

asymptomatic athletic kids. Disc herniations were found in 1% of asymptomatic 

non-athletic children and 13% of asymptomatic athletic kids.  

A systematic review of MRI changes in the asymptomatic adult lumbar spine found 

33 articles covering 3,110 asymptomatic adults. Some of the data on the prevalence 

of abnormalities from this study are in the table below (Brinjiki et al, 2015): 
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The above studies reviewed MRIs done with 1.5 Tesla magnets. As these MRI units 

reach their “service age” and are replaced, most health care centers are buying 3.0 

Tesla magnet MRI units. Having a higher strength magnet is crudely analogous to 

having more pixels in your color TV, like the current 4K TV sets, and yields better 

images. The Italians published a series of asymptomatic 18 to 22-year-olds applying 

for admission to the Italian Air Force Academy hoping to become fighter pilots. 

Since ejection from a fighter jet plane puts incredible forces on the spine, the au-

thors used 3.0 Tesla MRI to verify the applicants were medically acceptable. Of the 

350 applicants, 270 had MRI findings (23% had a “normal” MRI). Disc bulging was 

present in 49%, and 18% had a disc protrusion, while 8% had a disc extrusion.   

The point of looking at these studies is that if a patient has both back and/or leg 

pain, and a disc protrusion on MRI, the disc protrusion may, or may not, be the 

source of the patient’s pain problem. The point of reviewing the history of the AMA 

Guides editions is that the Guides have historically always felt those patients with 

persisting objectively verifiable nerve root damage deserve a higher impairment 

rating than those patients with pain and imaging change, but no objective evidence 

of impairment of nerve root function.  

Modern pressures to maximize the number of patients seen in the office per day 

means pressure to minimize the time spent with each patient. There are a fixed 

number of hours per day.  

Confirmation bias is one type of cognitive bias that occurs in orthopedic surgery 

assessments (Janssen, 2021). Confirmation bias means the doctor thinks he/she 

knows the diagnosis and does only the physical exam tests that would be abnormal 

if that diagnosis is correct. Omission of tests presumed to be normal may lead to 

erroneous diagnoses. In the Guides, Sixth Edition, Figure 17-3 shows a common pat-

tern for cervical spine nerve roots to supply sensation to the upper limb, and the 

Finding Age 20s Age 30s Age 40s Age 50s Age 60s 

Disc degeneration 37% 52% 68% 80% 88% 

Disc bulge 30% 49% 50% 60% 69% 

Disc protrusion 29% 31% 33% 36% 38% 

Annular fissure 19% 20% 22% 23% 25% 

Facet degeneration   4%   9% 18% 32% 50% 
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left half of the figures shows the small area that frequently is predominantly sup-

plied by a single nerve root. The equivalent figure showing lower limb nerve root 

sensory supply is Figure 17-4. Some doctors do a “15 second” sensory exam by 

touching only 1 place on the patient (one of the small “predominantly supplied by” 

areas of Figures 17-3 & 17-4) and asking, “Does it feel abnormal if I touch you here”? 

This phrasing is rhetorical and suggests to the patient that the correct answer is 

“Yes.” Patients believe doctors know what is wrong with them and want the doctor 

to be correct, so when asked a “leading question,” they frequently answer the way 

the question suggests. The doctor then records in the office note “light touch sensa-

tion abnormal in the ‘x’ dermatome.” This single sentence is not interpretable, as 

another doctor reading the office note has no idea how brief or how extensive the 

exam was, or where the sensory deficit is located. Confirmation bias has been con-

firmed by a study showing if the doctor has seen the MRI before the physical exam, 

he is more likely to find sensory deficit in the nerve root compressed on MRI, com-

pared to if the doctor sees the MRI after the physical exam has been performed 

(Suri et al, 2010).  

The Guides, Sixth Edition, defines “Radiculopathy” and “Nonverifiable Radicular Com-

plaints” on page 576. The definition of non-verifiable radicular complaints is: 

Nonverifiable radicular complaints are defined as chronic persisting limb pain 

or numbness, which is consistently and repetitively recognized in medical rec-

ords, in the distribution of a single nerve root that the examiner can name and 

with the following characteristics: preserved sharp vs. dull sensation and pre-

served muscle strength in the muscles it innervates, is not significantly com-

pressed on imaging, and is not affected on electrodiagnostic studies (if per-

formed). Although there are subjective complaints of a specific radicular nature, 

there are inadequate or no objective findings to support the diagnosis of radicu-

lopathy.  

There are several implications from this definition. First, of the four grades of sen-

sory deficit severity in the upper limb (Tables 15-14 & 15-18) and in the lower limb 

(Table 16-11) Grade 3 Severity or loss of sharp vs dull discrimination should be pre-

sent to “objectify” the sensory deficit as real. To do sharp vs dull testing properly, 

the patient should not be able to see the stimulus applied but be asked to verbally 

report sensations felt. The examiner would first demonstrate the sensation of 

sharp and dull sides of a sewing pin or safety pin on uninvolved normal skin. Then 

the examiner would ask the patient to “close your eyes, and each time you feel a 
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touch, say two words. You might feel the sharp side on the left limb, so you say, 

‘sharp, left,’ or if you feel the dull side on the right limb, you say, ‘dull, right’. That 

way I can know that you felt it.” The inability to correctly distinguish sharp from dull 

is obvious. “I don’t know but right limb” is a sufficient answer. “I don’t know” is hon-

est. If the patient is guessing, the responses should be correct about 50% of the 

time (like guessing “heads” or “tails” in a coin flip). If the answers are always wrong 

(sharp stimulus always called dull, and dull stimulus always called sharp) that pat-

tern suggests normal conscious perception and intentionally answering incorrectly. 

Like getting consecutive coin flips always incorrect, six consecutive wrong answers 

would occur once in 64 trials by chance, seven consecutive wrong answers would 

occur once in 128 trials by chance, etc. 

The doctor then must do the stimulus testing repetitively to map out the anatomic 

boundaries of the sensory deficit to see if it roughly corresponds to a dermatome 

pattern. This takes considerable time. 

The Guides, Sixth Edition, requires that doctors distinguish between true radiculopa-

thy and non-verifiable radicular complaints. The cervical, thoracic, and lumbar spine 

tables for rating impairment in the second diagnostic row list, “Intervertebral disk 

herniation and/or AOMSIa” with a footnote “a.” The footnote, or superscript a, in 

each table takes the reader to the bottom of Table 17-4, page 571, and states the 

following: 

 Note: The following applies to the cervical, thoracic, and lumbar spine grids: 1) 

Intervertebral disk herniation excludes [emphasis added] annular bulge, annu-

lar tear and disk herniation on imaging without consistent objective findings of 

radiculopathy [emphasis added] at the appropriate level(s) when most sympto-

matic. 

The Guides, Sixth Edition, definition of non-verifiable radicular complaints includes 

the “distribution of a single nerve root that the examiner can name” [emphasis add-

ed]. Thus, the examiner is tasked with verifying objective findings that “fit with” a 

specific nerve root. Be aware any one individual may have a skin innervation pat-

tern that differs from the textbook depiction of dermatomes. This has been estab-

lished in the cervical spine (McAnany, 2016) and the lumbar spine (Hancock et al, 

2011; Taylor et al, 2013).  

This leaves a conundrum in that the Guides seems to require conformity of the his-

tory and physical exam to the dermatomes and myotomes published by Netter and 

others, and yet people have frequent anatomic anomalies or variations such that a 

single individual may not have findings that fit with a textbook description of a 
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nerve root that is clearly compressed on the MRI. Thus, the sensory deficit should 

be potentially compatible with, and not necessarily an exact match to, textbook der-

matomes. More weight should be assigned to the reproducibility (reliability) of the 

sensory deficit than to its exact match to a textbook dermatome. 

Another caveat arises in assessing the Guides, Sixth Edition, that in non-verifiable 

radicular complaints the nerve root should not be significantly compressed. Many 

radiology reports don’t use the recommended nomenclature to describe the ap-

pearance of discs on MRI (Fardon, 2014). While some radiologists and spine sur-

geons use the preferred terms “no contact with the nerve root,” “nerve root touch-

ing,” “nerve root displacing,” and “nerve root compression,” other radiologist and 

surgeons just use terms like “protrusion” and “extrusion,” both of which are types of 

herniation. Published studies on the accuracy of MRI to detect nerve root compres-

sion can be compared to the clinical neurological examination, a pain drawing, elec-

trodiagnostic testing (needle EMG), nerve root blockade by injection, CT myelog-

raphy, and intra-operative findings. The “accuracy” of MRI in detecting nerve root 

compression depends upon what MRI is being compared to. Some patients with 

obviously compressed nerve roots are asymptomatic. Thus, there are multiple 

statements on the accuracy of assessment of nerve root compression in the litera-

ture (Tawa et al., 2016).  

It is well known that many large lumbar disc herniations spontaneously disappear 

over time. The body does its own surgery (Chiu, 2015). Yet, surprisingly it is very ra-

re to see an operation report state that preoperative imaging suggested nerve root 

compression, but there was no compres-

sion noted during surgery.  The goal of 

caring for the patient with a herniated 

disc is to offer surgery to remove the 

nerve root compression in those not im-

proving with time before permanent 

nerve root damage occurs. Thus, surgery 

is frequently performed appropriately 

BEFORE the patient has developed per-

manent nerve damage that meets objec-

tive criteria for radiculopathy. 

So, in summary, it is difficult, and clinical 

judgment is required to decide who has a 

nerve root in trouble and thus stands to 

benefit from surgical nerve root decom-
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pression. It is similarly difficult to evaluate patients after time and treatment to de-

cide if there is objective evidence of nerve root impairment that potentially corre-

lates with an imaging change that they had (i.e. nerve root compression) either ear-

ly after injury or at MMI. 

The Guides assesses permanent impairment at MMI after recovery time has oc-

curred. The Guides, Sixth Edition, still chooses in general to grant higher impairment 

awards to those with objective findings, or in this case specifically those with persis-

tent objective evidence of nerve root impairment or dysfunction (i.e. radiculopathy). 

The Guides, Sixth Edition, defines appropriate objective evidence as reflex alteration, 

motor weakness, loss of the ability to tell sharp from dull stimuli, and needle EMG 

changes indicating motor axon death (fibrillations and positive waves acutely, and 

high amplitude polyphasic motor 

units chronically). 

There may be some help with the 

medical distinction between these 

two groups of back or neck and 

limb pain patients. The Internation-

al Association for the Study of Pain 

(IASP) first published a definition of 

neuropathic pain in 1996. Nocicep-

tive pain is pain from injured or dis-

eased tissue in which the nervous 

system functions normally, like in a sprained ankle, fracture, or arthritis. Neuro-

pathic pain is pain felt when the nervous system itself has sustained an injury, like 

in a lacerated nerve or a spinal cord injury with paraplegia. The definition of neuro-

pathic pain was slightly modified by IASP in 2016 (Finnerup et al., 2016). Their intent 

was to define neuropathic pain as “possible,” “probable,” and “definite” on a MEDI-

CAL basis.  

In deposition or testimony defending impairment ratings, doctors are frequently 

asked to answer in terms of reasonable medical probability. If the doctor asks the 

lawyer to define “reasonable medical probability,” the lawyer frequently says, “more 

likely than not” or “probable, not just possible,” or “>50% likely,” depending on the 

jurisdiction. Thus, the MEDICAL distinction between possible and probable as writ-

ten by IASP appears to line up with the LEGAL concept for medical testimony. In 

2016, the IASP defined pain as nociceptive or neuropathic. 
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IASP indicates that words describing the pain in the patient history may be sugges-

tive, and the more “neuropathic” words used the more suggestive the history is, but 

these descriptors alone are not sufficient to classify pain as neuropathic. Words like 

burning, hot, electric shocks, shooting, pins and needles are merely suggestive, as 

are the questionnaires that seek patient endorsement of these words. 

There are two criteria for POSSIBLE neuropathic pain, and BOTH must be present. 

Note that “possible” would not likely conform to the legal “more likely than not” tes-

timony standard. 

1. The patient should have history of a rele-

vant neurological lesion (injury or disease).

The onset of pain is usually immediate but

should be within a few weeks of the lesion

or disease. Still some nerve diseases may

have a slow insidious onset like diabetic

neuropathy.

2. The pain should be in a

“neuroanatomically plausible” distribution.

The text explains the pain may be in a

somewhat smaller or somewhat larger area than the anatomy textbook de-

scription, but should roughly conform to the distribution of a nerve root, a pe-

ripheral nerve, a known lesion of the central nervous system like stoke or spinal

cord injury, or the pattern of known neuropathic pain disorders like peripheral

neuropathy, phantom limb pain after amputation, etc.

Probable neuropathic pain criteria include the  two criteria of possible neuropathic 

pain and add the criterion that there must be supporting evidence from the physi-

cal examination. This should optimally be the presence of negative sensory signs, 

as in partial or complete loss of one or several sensory modalities that fit with the 

neuroanatomy of the disease or injury. IASP points out the negative sensory change 

(loss of the ability to sense stimuli) may also be seen in nociceptive pain, but in 

these cases the sensory loss lacks distinct neuroanatomic borders, and the area of 

loss is not reproducible between examiners or between exams on different days by 

the same examiner. Anatomy does not change, and if an anatomic portion of a 

nerve is permanently injured, that portion of the nerve will consistently display the 
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sensory loss. This means an examiner seeing a person will need to compare the 

current sensory loss on that day’s exam to the loss in prior exams, which may be 

difficult as medical records rarely contain a description of the area of loss that is 

described well enough to permit comparison. The common comment “sensory 

change in the left L5 dermatome” cannot be evaluated for confirming reliability, and 

the reader has no idea what modality was tested, the size and location of the deficit 

area, and whether a negative sensory change (loss) was noted or a positive sensory 

change like allodynia or hyperalgesia is being described. 

Bonezzi et al. (2020) suggest using “dry erase” markers to delineate the boundaries 

of the sensory loss by placing marks on the skin. The result can be, with patient per-

mission, photographed and placed in the record as dermatologists and plastic sur-

geons do, or the resulting map can be used to shade in a “pain drawing” or human 

figure to enter into the patient record. The picture or drawing should be labeled to 

tell a reader the date, what modality was tested, and what was abnormal in that 

area. Absent this sort of documentation in the medi-

cal records it is very challenging to confirm that the 

borders of a sensory loss area are consistent over 

time (anatomically logical and reliable). 

The alternative then for IME impairment assess-

ments is to perform the sensory exam twice or 

three times during the physical exam, with multiple 

tests and perhaps conversations between sensory 

exams so the patient has time to forget the answers 

previously given. This is not only important for per-

manent impairment rating but also for treatment, as 

multiple reviews of chronic pain indicate nociceptic pain and neuropathic pain re-

spond to different treatments.  

IASP goes on to indicate that positive sensory signs like touch-evoked allodynia and 

thermal hyperalgesia carry less weight for the diagnosis of neuropathic pain as 

these are also seen in inflammatory state pain (nociceptive pain), anxiety, and sleep 

deprivation, stress and negative emotions. They do not mention opioid-induced 

hyperalgesia, but they should have, as opioid-induced hyperalgesia is real and com-

mon (see AdMIRable Review, Spring 2021) and produces allodynia and hyperalgesia 

in the absence of nerve injury and/sensory deficit.  

Sensory loss or inability to perceive stimuli (not paresthesia, not allodynia, not hy-

peralgesia) is the necessary criterion for possible neuropathic pain to change to 
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probable neuropathic pain. Thus, the AMA Guides, Sixth Edition, 

the criterion for radiculopathy (by definition nerve root injury 

or neuropathic pain) requiring loss of ability to tell sharp from 

dull is logical and reasonable. For a report on impairment rat-

ing by Sixth Edition criteria to be judged consistent with the 

Guides it should contain a sensory exam for sharp vs dull per-

ception. Note that a patient response of “It feels funny or 

different when you touch me with the pin here versus other 

places” is paresthesia, or Grade 1 severity by Sixth Edition Ta-

ble 16-11, and not the Grade 3 severity or loss of perception 

required to fulfill the criteria for radiculopathy unless there is 

clear motor weakness or needle EMG change. Neurologic 

weakness is usually accompanied by atrophy of the involved 

muscle, consistent with the historical use of atrophy in the ear-

ly editions of the Guides, and Sixth Edition page 575: “Significant, 

long-standing weakness is usually accompanied by measurable atrophy.” 

A review of the history of the AMA Guides spinal impairment rating shows the evolu-

tion from a range-of-motion-based rating to a diagnosis-based rating in line with 

evolving science. The Sixth Edition dropped the use of spinal motion and the incor-

rect term “spasm” from earlier editions. The Sixth Edition definition of true radicu-

lopathy is consistent with the IASP 2016 conceptualization of neuropathic pain. True 

radiculopathy by Guides, Sixth Edition, definition, either at MMI or when most symp-

tomatic, is required for the use of the herniated disc diagnosis to rate the persist-

ing impairment. It is very challenging to determine for an individual patient whether 

the persisting pain is or is not probable neuropathic pain, as doctors are typically 

not following either the Guides or the IASP definitions for radiculopathy and neuro-

pathic pain. 

In future issues we will revisit “spasm” in terms of spinal impairment rating and 

treatment, and we will introduce the newly adopted concept of “nociplastic pain” 

now endorsed by IASP and ICD-11, as these may complicate the current process for 

revising the AMA Guides so that it stays current with evolving science.  
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M Matsumoto 1, Y Fujimura, N Suzuki, Y Nishi, M Nakamura, Y Yabe, H Shiga 

PMID: 9460946   DOI: 10.1302/0301-620x.80b1.7929 

We studied degenerative changes in the cervical intervertebral discs of 497 asymp-

tomatic subjects by MRI and evaluated disc degeneration by loss of signal intensi-

ty, posterior and anterior disc protrusion, narrowing of the disc space and forami-

nal stenosis. In each subject, five disc levels from C2-C3 to C6-C7 were evaluated. 

The frequency of all degenerative findings increased linearly with age. Disc degen-

eration was the most common observation, being present in 17% of discs of men 

and 12% of those of women in their twenties, and 86% and 89% of discs of both 

men and women over 60 years of age. We found significant differences in fre-

quency between genders for posterior disc protrusion and foraminal stenosis. The 

former, with demonstrable compression of the spinal cord, was observed in 7.6% 

of subjects, mostly over 50 years of age. Our results should be taken into account 

when interpreting the MRI findings in patients with symptomatic disorders of the 

cervical spin. 
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hama, Nobuyuki Fujita, Takashi Tsuji , Masaya Nakamura , Morio Matsumoto , Kota 

Watanabe 

PMID: 29762279   DOI: 10.2106/JBJS.17.01347 

Few studies have addressed in detail long-term degenerative changes in the cervi-

cal spine. In this study, we evaluated the progression of degenerative changes of 

the cervical spine that occurred over a 20-year period in an originally healthy co-

hort. We also sought to clarify the relationship between the progression of cervical 

degenerative changes and the development of clinical symptoms. 

For this prospective follow-up investigation, we recruited 193 subjects from an orig-

inal cohort of 497 participants who had undergone magnetic resonance imaging 

(MRI) of the cervical spine between 1993 and 1996. The subjects were asked about 

the presence or absence of cervical spine-related symptoms. Degenerative changes 

of the cervical spine were assessed on MRI using an original numerical grading sys-

tem. The relationship between the progression of degenerative changes and the 

onset of clinical symptoms was evaluated by logistic regression analysis. 

Degeneration in the cervical spine was found to have progressed in 95% of the sub-
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jects during the 20-year period. The finding of a decrease in signal intensity of the 

intervertebral disc progressed in a relatively high proportion of the subjects in all 

age groups and occurred with similar frequency (around 60%) at all intervertebral 

disc levels. The rate of progression of other structural failures on MRI increased 

with age and was highest at C5-C6. The progression of foraminal stenosis was asso-

ciated with the onset of upper-limb pain (odds ratio, 4.71 [95% confidence interval, 

1.02 to 21.7]). 

A progression of degenerative changes in the cervical spine on MRI over the 20-year 

period was detected in nearly all subjects. There was no relationship between the 

progression of degeneration on MRI and the development of clinical symptoms, 

with the exception of an association found between foraminal stenosis and upper-

limb pain. 

Prognostic Level III. See Instructions for Authors for a complete description of levels 

of evidence. 

94



Page 11067 AdMIRable Review | Spring 2022 

 

Selected by James B. Talmage, MD 
Published verbatim from PubMed.gov, in the public domain. 

Review AJNR Am J Neuroradiol. 2015 Apr; 36 811-6 

W Brinjikji  P H Luetmer , B Comstock , B W Bresnahan , L E Chen , R A Deyo , S Hala-
bi , J A Turner , A L Avins , K James , J T Wald , D F Kallmes , J G Jarvik   

PMID: 25430861    PMCID: PMC4464797  DOI: 10.3174/ajnr.A4173 

Degenerative changes are commonly found in spine imaging but often occur in pain

-free individuals as well as those with back pain. We sought to estimate the preva-

lence, by age, of common degenerative spine conditions by performing a systemat-

ic review studying the prevalence of spine degeneration on imaging in asymptomat-

ic individuals. 

 We performed a systematic review of articles reporting the prevalence of imaging 

findings (CT or MR imaging) in asymptomatic individuals from published English 

literature through April 2014. Two reviewers evaluated each manuscript. We select-

ed age groupings by decade (20, 30, 40, 50, 60, 70, 80 years), determining age-

specific prevalence estimates. For each imaging finding, we fit a generalized linear 

mixed-effects model for the age-specific prevalence estimate clustering in the 

study, adjusting for the midpoint of the reported age interval. 

Thirty-three articles reporting imaging findings for 3110 asymptomatic individuals 

met our study inclusion criteria. The prevalence of disk degeneration in asympto-

matic individuals increased from 37% of 20-year-old individuals to 96% of 80-year-
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old individuals. Disk bulge prevalence increased from 30% of those 20 years of age 

to 84% of those 80 years of age. Disk protrusion prevalence increased from 29% of 

those 20 years of age to 43% of those 80 years of age. The prevalence of annular 

fissure increased from 19% of those 20 years of age to 29% of those 80 years of 

age. 

Imaging findings of spine degeneration are present in high proportions of asympto-

matic individuals, increasing with age. Many imaging-based degenerative features 

are likely part of normal aging and unassociated with pain. These imaging findings 

must be interpreted in the context of the patient's clinical condition. 
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Cognitive biases are known to affect all aspects of human decision-making and rea-

soning. Examples include misjudgment of probability, preferential attention to evi-

dence that confirms one's beliefs, and preference for certainty. It is not known 

whether cognitive biases influence orthopaedic surgeon decision-making. This 

study measured the influence of a few cognitive biases on orthopaedic decision-

making in hypothetical vignettes. The questions we addressed were as follows: Do 

orthopaedic surgeons display the cognitive biases of base rate neglect and confir-

mation bias in hypothetical vignettes? Can anchoring and framing biases be demon-

strated? 

One hundred ninety-six orthopaedic surgeons completed a survey consisting of 

three vignettes evaluating base rate neglect, five evaluating confirmation bias, and 

two separate vignettes each randomly exposing half of the group to different an-

chors and frames. 

For the three vignettes evaluating base rate neglect, 43% (84 of 196) chose answers 

consistent with base rate neglect in vignette 1, 88% (173 of 196) in vignette 2, and 

35% (69 of 196) in vignette 3. Regarding confirmation bias, 51% (100 of 196) chose 

an answer consistent with confirmation bias for vignette 1, 11% (22 of 196) for vi-

gnette 2, 22% (43 of 196) for vignette 3, 22% (44 of 196) for vignette 4, and 29% (56 

of 196) for vignette 5. There was a measurable anchoring heuristic (56% versus 
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34%; a difference of 22%) and framing effect (77% versus 61%; a difference of 16%). 

The influence of cognitive biases can be documented in patient vignettes presented 

to orthopaedic surgeons. Strategies can anticipate cognitive bias and develop prac-

tice debiasing strategies to limit potential error. 

Copyright © 2020 by the American Academy of Orthopaedic Surgeons. 
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PMID: 21118558   PMCID: PMC3009628 

No prior studies have examined systematic bias in the musculoskeletal physical ex-

amination. The objective of this study was to assess the effects of bias due to prior 

knowledge of lumbar spine magnetic resonance imaging findings (MRI) on per-

ceived diagnostic accuracy of the physical examination for lumbar radiculopathy. 

This was a cross-sectional comparison of the performance characteristics of the 

physical examination with blinding to MRI results (the 'independent group') with 

performance in the situation where the physical examination was not blinded to 

MRI results (the 'non-independent group'). The reference standard was the final 

diagnostic impression of nerve root impingement by the examining physician. Sub-

jects were recruited from a hospital-based outpatient specialty spine clinic. All 

adults age 18 and older presenting with lower extremity radiating pain of duration 

≤ 12 weeks were evaluated for participation. 154 consecutively recruited subjects 

with lumbar disk herniation confirmed by lumbar spine MRI were included in this 

study. Sensitivities and specificities with 95% confidence intervals were calculated in 

the independent and non-independent groups for the four components of the 

radiculopathy examination: 1) provocative testing, 2) motor strength testing, 3) pin-

prick sensory testing, and 4) deep tendon reflex testing. 

The perceived sensitivity of sensory testing was higher with prior knowledge of MRI 

results (20% vs. 36%; p = 0.05). Sensitivities and specificities for exam components 
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otherwise showed no statistically significant differences between groups. 

Prior knowledge of lumbar MRI results may introduce bias into the pinprick sensory 

testing component of the physical examination for lumbar radiculopathy. No statis-

tically significant effect of bias was seen for other components of the physical ex-

amination. The effect of bias due to prior knowledge of lumbar MRI results should 

be considered when an isolated sensory deficit on examination is used in medical 

decision-making. Further studies of bias should include surgical clinic populations 

and other common diagnoses including shoulder, knee and hip pathology. 
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PMID: 30121324   DOI: 10.1016/j.spinee.2018.08.002 

Traditionally, cervical radiculopathy is thought to present with symptoms and signs 

in a standard, textbook, reproducible pattern as seen in a "Netter diagram." To 

date, no study has directly examined cervical radicular patterns attributable to sin-

gle level pathology in patients undergoing ACDF. 

The purpose of this study is to examine cervical radiculopathy patterns in a surgical 

population and determine how often patients present with the standard textbook 

(ie, Netter diagram) versus nonstandard patterns. 

A retrospective study. 

Patients who had single-level radiculopathy with at least 75% improvement of pre-

operative symptoms following ACDF were included. 

Epidemiologic variables were collected including age, sex, weight, body mass index, 

laterality of symptoms, duration of symptoms prior to operative intervention, and 

the presence of diabetes mellitus. The observed pattern of radiculopathy at presen-
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tation, including associated neck, shoulder, upper arm, forearm, and hand pain 

and/or numbness, was determined from chart review and patient-derived pain dia-

grams. 

We identified all patients with single level cervical radiculopathy operated on be-

tween March 2011 and March 2016 by six surgeons. The observed pattern of 

radiculopathy was compared to a standard textbook pattern of radiculopathy that 

strictly adheres to a dermatomal map Fisher exact test was used to analyze cate-

gorical data and Student t test was used for continuous variables. A one-way ANO-

VA was used to determine differences in the observed versus expected radicular 

pattern. A logistic regression model assessed the effect of demographic variables 

on presentation with a nonstandard radicular pattern. 

Overall, 239 cervical levels were identified. The observed pattern of pain and numb-

ness followed the standard pattern in only 54% (129 of 239; p=.35). When a non-

standard radicular pattern was present, it differed by 1.68 dermatomal levels from 

the standard (p<.0001). Neck pain on the radiculopathy side was the most prevalent 

symptom; it was found in 81% (193 of 239) of patients and did not differ by cervical 

level (p=.72). In a logistic regression model, none of the demographic variables of 

interest were found to significantly impact the likelihood of presenting with a non-

standard radicular pattern. 

Observed patterns of cervical radiculopathy only followed the standard pattern in 

54% of patients and did not differ by the cervical level involved. Cervical radiculopa-

thy often presents with a nonstandard pattern. Surgeons should think broadly 

when identifying causative levels because they frequently may not adhere to text-

book descriptions in actual clinical practice. We observed III level of evidence 
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Cross sectional 

To investigate the ability of the neurological examination to identify the specific lev-

el of a disc herniation in patients with sciatica and confirmed disc herniation. 

Tests included in a neurological examination theoretically provide accurate diag-

nostic information about the level of the herniated disc. However, there is currently 

very little evidence about the diagnostic accuracy of individual tests or combina-

tions of tests. 

The study included 283 patients with sciatica and confirmed disc herniation from a 

previous randomized controlled trial. The reference test for the current study was 

the MRI scan, reported for level of disc herniation. Index tests investigated were a 

neurologist's overall impression of the level of disc herniation, individual neurologi-

cal tests (e.g., sensation testing) and multiple test findings (i.e., the number of posi-

tive tests). The index tests were performed blinded to the MRI results. The diagnos-

tic accuracy of the index tests in predicting herniations at the lower three lumbar 

discs was investigated using area under the curve (AUC), sensitivity and specificity. 
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None of the individual neurological tests from the clinical examination was highly 

accurate for identifying the level of disc herniation (AUC < 0.75). The outcome of 

multiple test findings was slightly more accurate but did not produce high sensitivi-

ty and specificity. The dermatomal pain location was generally the most informative 

individual neurological test. The overall suspected level of disc herniation rated by 

the neurologist after a full examination of the patient was more accurate than indi-

vidual tests. At L4/5 and L5/S1 herniations the AUC for neurologist ratings was 0.79 

and 0.80 respectively. 

The current study did not find evidence to support the accuracy of individual tests 

from the neurological examination in identifying the level of disc herniation demon-

strated on MRI. A neurologist's overall impression was moderately accurate in iden-

tifying the level of disc herniation.
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Review    

Pain. 2016 Aug: 157(8): 1599-1606. 

Nanna B Finnerup, Simon Haroutounian , Peter Kamerman , Ralf Baron, David L H 
Bennett , Didier Bouhassira , Giorgio Cruccu , Roy Freeman , Per Hansson , Turo 
Nurmikko , Srinivasa N Raja, Andrew S C Rice , Jordi Serra, Blair H Smith, Rolf-Detlef 
Treede, Troels S Jensen   

PMID: 27115670 PMCID: PMC4949003 

The redefinition of neuropathic pain as "pain arising as a direct consequence of a 

lesion or disease affecting the somatosensory system," which was suggested by the 

International Association for the Study of Pain (IASP) Special Interest Group on Neu-

ropathic Pain (NeuPSIG) in 2008, has been widely accepted. In contrast, the pro-

posed grading system of possible, probable, and definite neuropathic pain from 

2008 has been used to a lesser extent. Here, we report a citation analysis of the 

original NeuPSIG grading paper of 2008, followed by an analysis of its use by an ex-

pert panel and recommendations for an improved grading system. As of February, 

2015, 608 eligible articles in Scopus cited the paper, 414 of which cited the neuro-

pathic pain definition. Of 220 clinical studies citing the paper, 56 had used the grad-

ing system. The percentage using the grading system increased from 5% in 2009 to 

30% in 2014. Obstacles to a wider use of the grading system were identified, includ-

ing (1) questions about the relative significance of confirmatory tests, (2) the role of 

screening tools, and (3) uncertainties about what is considered a neuroanatomically 

plausible pain distribution. Here, we present a revised grading system with an ad-

justed order, better reflecting clinical practice, improvements in the specifications, 

and a word of caution that even the "definite" level of neuropathic pain does not 

always indicate causality. In addition, we add a table illustrating the area of pain 

and sensory abnormalities in common neuropathic pain conditions and propose 

areas for further research.  
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Meta-Analysis  Spine (Phila Pa 1976). 2020 Sep 15:45 (18): E1185-1196. 

Marleen M van den Heuvel 1, Edwin H G Oei 2, Sita M A Bierma-Zeinstra 1, Marienke 
van Middelkoop 1 

PMID: 32355138   DOI: 10.1097/BRS.0000000000003527 

Systematic review and meta-analysis. 

 The aim of this study was to provide an overview of the prevalence of reported 

musculoskeletal abnormalities on magnetic resonance imaging (MRI) of the pediat-

ric spine. 

Back pain is a common complaint and significant health issue, already in children. 

Several studies have investigated musculoskeletal abnormalities of the pediatric 

spine as possible cause of low back pain (LBP). However, it is not clear which abnor-

malities are the most prevalent among children. 

A systematic literature search on the prevalence of musculoskeletal spinal abnor-

malities on MRI in children was conducted in the Embase, Medline Ovid, and 

Cochrane CENTRAL databases. Risk of bias (RoB) was assessed using a checklist 

based on the Downs and Black checklist. General information on study and patient 

characteristics and the prevalence of spinal abnormalities were extracted from the 

studies. Prevalence data were presented in three subgroups: nonathletes without 

LBP, participants with LBP, and athletes. Prevalence data of the most reported ab-

normalities were pooled using random-effects proportion meta-analysis. The study 
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protocol was prospectively registered in PROSPERO (CRD42017080543). 

The search resulted in 16,783 articles, of which 31 articles (2373 participants) were 

included in this systematic review. Two-thirds of the studies had a low RoB. The 

pooled prevalence in nonathletes without LBP, participants with LBP, and athletes 

without LBP was respectively 22%, 44%, and 22% for disc degeneration, 1%, 38%, 

and 13% for herniated discs, 5%, 22%, and 11% for endplate changes, and 0%, 30%, 

and 6% for pars fractures. 

Disc degeneration, herniated discs, endplate changes, and spondylolysis are the 

most reported spinal abnormalities on MRI in children in literature. Spinal abnor-

malities seen in adults are already prevalent in children with LBP, with the highest 

prevalence for disc degeneration and herniated discs. 

2.
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Spine  2013; 38(20): 1754-63. 

Daniel G Cobian , Nicole S Daehn, Paul A Anderson, Bryan C Heiderscheit 

PMID: 23823575  DOI: 10.1097/BRS.0b013e3182a2119c 

Observational cohort design. 

The purpose of this investigation was to characterize the maximum, cumulative, and 

average cervical and lumbar spine motion required to perform common activities of 

daily living (ADLs). 

Previous studies have measured the maximum cervical and lumbar excursions dur-

ing ADLs, but none have used a motion capture system to allow for noninvasive con-

tinuous motion monitoring. 

Ten healthy, young adults performed 16 ADLs while 3-dimensional kinematics were 

recorded. Cervical and lumbar rigid body kinematic models were created and scaled 

to each subject to calculate angular motion. Cervical and lumbar mean active range 

of motion (ROM) and total excursion for flexion-extension, lateral bending, and axial 

rotation were calculated. 

The majority of activities used 20% to 40% of maximum available cervical ROM and 

40% to 60% of maximum available lumbar ROM. Activities that required concurrent 
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cervical and lumbar spine motion, such as washing in the shower, picking an object 

up from the floor, and clearing the table, had the greatest motion totals. These ac-

tivities typically required rates of excursion greater than 10° per second. 

 This is the first investigation to report cumulative spine motion totals associated 

with the performance of common ADLs. These results provide a preliminary cervi-

cal and lumbar spine motion profile in healthy, young adults. The relationship be-

tween traditional end ROM measurements and function is not well defined. In 

agreement with previous research, this investigation concludes that only a small 

percentage of available ROM is used in performing most activities. Thus, determin-

ing the total wear related to common activities may help us to better understand 

and address spine-related impairments. 

N/A. 
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Lancet 2018 Jun 9:391(10137): 2356-2367 

Jan Hartvigsen 1, Mark J Hancock 2, Alice Kongsted 1, Quinette Louw 3, Manuela L Fer-

reira 4, Stéphane Genevay 5, Damian Hoy 6, Jaro Karppinen 7, Glenn Pran-

sky 8, Joachim Sieper 9, Rob J Smeets 10, Martin Underwood 11, Lancet Low Back Pain 

Series Working Group  

PMID: 29573870  DOI: 10.1016/S0140-6736(18)30480-X 

Low back pain is a very common symptom. It occurs in high-income, middle-

income, and low-income countries and all age groups from children to the elderly 

population. Globally, years lived with disability caused by low back pain increased 

by 54% between 1990 and 2015, mainly because of population increase and ageing, 

with the biggest increase seen in low-income and middle-income countries. Low 

back pain is now the leading cause of disability worldwide. For nearly all people 

with low back pain, it is not possible to identify a specific nociceptive cause. Only a 

small proportion of people have a well understood pathological cause-eg, a verte-

bral fracture, malignancy, or infection. People with physically demanding jobs, phys-

ical and mental comorbidities, smokers, and obese individuals are at greatest risk 

of reporting low back pain. Disabling low back pain is over-represented among peo-

ple with low socioeconomic status. Most people with new episodes of low back pain 

recover quickly; however, recurrence is common and in a small proportion of peo-

ple, low back pain becomes persistent and disabling. Initial high pain intensity, psy-

chological distress, and accompanying pain at multiple body sites increases the risk 

of persistent disabling low back pain. Increasing evidence shows that central pain-

modulating mechanisms and pain cognitions have important roles in the develop-

ment of persistent disabling low back pain. Cost, health-care use, and disability 

from low back pain vary substantially between countries and are influenced by local 

culture and social systems, as well as by beliefs about cause and effect. Disability 

and costs attributed to low back pain are projected to increase in coming decades, 
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attest that I have read AMA Guides® Editorial Change Proposal and Submission 

Requirements and will use them as the primary points of consideration when submitting the 

Comment Form. As an interested party, I understand that my comments are limited to the 

original editorial change proposal.  

Name or Topic of Proposal: Sagittal balance/Imbalance AOMSI 

Individual or Organization Submitting Comments: Patrick Luers MD, reviewer 6th edition 

Date: 6-23-22 

I. General Criteria for Guides Editorial Changes

• The proposed change is carefully drafted and conforms to the prevailing style of the AMA
Guides 6th Edition;

• The terminology and the analytical frameworks used in the proposal are consistent with the
World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.
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Please provide additional commentary related to the editorial change proposal. 

Although I have no problem adding sagittal Balance/Imbalance as a ratable condition, this 

condition does not equate with or have anything to do with AOMSI, which is basically 

impending or actual spinal instability. It should be defined separately from AOMSI. 
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Spinal Alteration of Motion Segment
Integrity 
by Patrick Luers, MD

The Diagnosis-Related Estimate (DRE) method is the principal methodology used to
evaluate spinal impairment. Alteration of motion segment integrity, as defined in the
Guides, results in at least a DRE Category IV rating. Section 15.1b Description of
Clinical Studies (5th ed, 378-379 and Box 15-1 Definitions of Clinical Findings Used
to Place an Individual in a DRE Category (5th ed, 382-383) define this disorder. 

The most common reason for a DRE Category IV rating is a single-level fusion; an
examinee may also be assigned to this category based on specific clinical findings.
Single-level fusions are rated using the DRE method and multi-level fusions are
rated using the Range-of-Motion (ROM) method; as a result the rating for a single-
level fusion may be higher than a multi-level fusion. This paradox was explored in
an article by Robert Haralson III MD, the primary Contributor for Chapter 15, The
Spine. He concluded,“I rate all cervical fusions using the ROM method, including
single-level fusions.” (Haralson 2004).

It is important to understand the specific definitions for alteration of motion segment
integrity, scientific methodology and maximal translation thresholds. Detailed evalu-
ation of the medical literature reveals definitions of loss of motion segment integrity
that differ from those in the Guides, Fourth and Fifth Edition. Evaluators should also
note that the descriptions of the Figures provided in Section 15.1b, Description of
Clinical Studies (5th ed, 378-379) were revised in the Errata to the Fifth Edition of
the Guides.1

Ambiguous terminology of the normal maximal translation in the spine (in White,
Panjabi 1990) has apparently led to subsequent misinterpretation. In particular, 
terminology describing maximal normal translation in the spine on “dynamic 
(flexion/extension)” radiographs has been apparently misinterpreted by subsequent
authors as representing total normal maximal translation thresholds.  Specific 
radiographic factors are defined by White and Panjabi only in the cervical spine (72”
SID; or distance between the X ray tube and the X ray film when the images are
being obtained), but are unspecified on thoracic and lumbosacral spine radiographs.  

Critical analysis of the reference articles reported in White and Panjabi’s chapter
(White, Panjabi 1990) discussing instability in the spine is necessary to evaluate 
normal maximal translation and angular motion thresholds in the spine. Scientific
data in these articles are summarized in Tables 1 and 2.
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TABLE 1:  Maximal Normal Translation Literature Values.

Actual Radio-
(mm) graphic

(mm)

Location Anterior Posterior Total Anterior Posterior Total References

Cervical 2.7 2.7 5.4 3.5 3.5 [7.0] White,
(C2-T1) Johnson, 

Panjabi and 
Southwick, 
1975; Luers 
2004; White 
and Panjabi,
1990

Thoracic 1.94 1.43 3.37 2.5 2.5 [5.0] White and 
Panjabi, 
1990; 
Panjabi, 
Hausfeld 
and White, 
1981

Lumbar 2.3 2.8 5.1 4.5 4.5 [9.0] Posner, 
(L1-4) White, 1981; 

White and 
Panjabi, 
1990

[5.4] [8.3] Devorak, 
Panjabi, 
Chang, 
Theiler and 
Grob, 1991

[5.2] 8 Hayes, 
Howard, 
Gruel and 
Kopta, 1989.

Lumbosa- 1.5 2.8 [4.3] 4.5 4.5 [9.0] Posner,
cral White, 1981; 
(L5-S1) White and 

Panjabi, 
1990

• Radiographic cervical spine SID defined as 72” SID. Radiographic SID in
lumbosacral and thoracic spine is not defined in the literature. In cervical
and thoracic spine references (Panjabi, Hausfeld, White 1981; White,
Johnson, Panjabi, Southwich 1975), a magnification factor of 30% is
utilized to produce calculated maximal anterior and posterior radiographic
translation values.

• [Values calculated, assuming 14” spine-to-film distance].
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TABLE 2:  Maximal Normal Relative 
Translation Literature Values

Location Anterior Posterior Total Reference

Cervical 20% 20% [40%] White, Johnson, 
Panjabi & 
Southwick, 1975

Thoracic n/a n/a n/a Panjabi, 
Hausfeld & 
White, 1981

Lumbar 8% 9% [17%] Posner, White, 
1981;

15% White & 
Panjabi, 1990

Lumbosa- 6% 9% 15% Posner, White, 
cral 1981; White &
(L5-S1) Panjabi, 1990

• Relative translation (%)  = 100 x measured translation
superior mid-vertebral 

body diameter

• [Values calculated].

The Guides specify:

1. Permanent impairment is based on findings
identified at maximal medical improvement
(MMI). Flexion and extension radiographs  utilized
to evaluate translation and angular motion criteria for
loss of motion segment integrity must be performed
after MMI has been established. Other imaging modali-
ties (videofluoroscopy, MRI, etc) are not acceptable to
establish this diagnosis or category IV impairment.

2. Motion in the spine must be abnormal to
qualify for a permanent impairment. The maxi-
mal normal translation threshold values for the cervi-
cal and lumbosacral spine as specified in the medical
literature are listed in Tables 1 and 2. However, the total
translation threshold values described in the Guides are
within the normal range and inconsistent with the data
in the medical literature; therefore they should not be
utilized as established by Category IV loss of motion
segment integrity impairment. To qualify for loss of
motion segment integrity, measured translation on
radiographs must be greater than normal maximal
translation documented in the literature. Increased
motion at multiple adjacent levels, which is a normal
adolescent/young adult pattern of flexion and which is
also identified in adult double-jointed individuals, does
not quality for a permanent impairment. Abnormal
motion related to pre-existing degenerative disease or
compensatory motion that pre-existed minor injury
may qualify for an impairment rating, but not qualify
for a rating caused by minor trauma.

3. An imaging result, in and of itself, cannot be
utilized to establish a DRE impairment rating.
Symptoms, physical examination findings, ancillary

tests (ie, EMG) and mechanism of injury all must be
considered in evaluating whether a radiographic abnor-
mality is significant and should be utilized in an
impairment rating. A number of imaging factors must
be evaluated in the determination of loss of motion 
segment integrity.  Poor quality films should not be 
utilized, as they result in a low level of accuracy and a
high level of misclassification errors. Magnification fac-
tors vary with SID (source-to-image intensifier or film
distance) used in various imaging facilities and with
patient body habitus (spine-to-film distance), which
vary considerably. Because of this variability, use of a
single numerical value of maximal normal translation
is not scientifically justified. The use of maximal nor-
mal relative translation is most scientifically valid and
should be utilized to define impairment. Magnification
does not affect angular motion measurements.  

Definition
1. Total translation = measured anterior minus posterior

translation (posterior direction in negative numbers).
[may be radiographic, relative or actual translation]

2. Actual translation = measured translation without (or
corrected for) radiographic magnification. [may be
total, anterior or posterior translation]

3. Radiographic translation = translation measured on
radiographs, without correction for magnification.
[may be total, anterior or posterior translation]

4. Relative translation = measured translation x 100,
divided by mid-superior vertebral body diameter. [cor-
rects for radiographic magnification from any etiology]

Cervical Spine
Methodology described in the literature (White, Panjabi
1990; White, Johnson, Panjabi, Southwich 1975) would
support use of the following criteria in evaluating cervical
spine alteration of motion segment integrity:

1. Total translation in the cervical spine as illustrated in
Figure 15-3a Loss of Motion Segment Integrity, Transla-
tion (5th ed, 378) was revised in the Errata explaining
the process of obtaining measurements on flexion and
extension radiographs and calculating the difference.
This discussion was omitted in the original printing.
However, cervical spine maximal normal total transla-
tion is calculated as 7.0 mm on 72” SID radiographs in
the literature references (White, Panjabi 1990; White,
Johnson, Panjabi, Southwich 1975). If magnification
factors for the cervical spine roentgenograms are
unknown or unspecified, abnormal translation qualify-
ing for loss of motion segment integrity should be
defined as greater than 20% relative translation
anteriorly or posteriorly on static (resting), flexion or
extension radiographs. Relative % translation equals
100 times measured translation divided by superior
mid-vertebral body diameter.

Continued on page 9
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Case Exercise

Toxic Exposure-Related Illness: 
Causation, Diagnosis, and Permanent Impairment  
by Frederick Fung, MD, MS

Introduction
There are several issues to consider in evaluating toxic
exposure-related illness, including diagnosis, causation,
and permanent impairment. The goal of this article is to
provide a roadmap to the evaluation of individuals who
have or are suspected to have toxic exposure-related med-
ical conditions.  

Cases involving toxic exposure-related illnesses often are
more challenging to evaluate than other types of injuries
or illnesses. Furthermore, many toxin-exposed patients
may become dysfunctional and chronically disabled. Mis-
diagnosis and resulting “mistreatment” can occur, which
can result in a case management disaster. It is critically
important to differentiate symptoms reflective of physical
illness associated with a significant exposure from symptoms
reflective of mental illness1 or symptom magnification.

Many “out-of-control” toxic exposure cases can be traced
back to inadequate assessment and management of the
worker/patient by the physician during the initial phase 
of evaluation and treatment, immediately following the
occurrence of a toxic exposure. Often primary treating
physicians are unfamiliar with the nature of the thou-
sands of toxic agents that exist, and they lack immediate
access to resources about such agents. 

This lack of familiarity can result in unverified (and in
many cases, erroneous) comments being made by the
physician to the patient about the potential long-term
effects of a particular toxic exposure. When a physician fails
to address the specific nature of a toxin at issue, as well as
the actual diagnosis, potential adverse health effects, treat-
ment plan, and prognosis the injured worker can become
more anxious with the passage of time. As the patient con-
tinues to experience symptoms despite seeing many different
physicians and none of the physicians provides a reliable
specific diagnosis, treatment plan or a confident prognosis,
the patient can become more symptom-focused and 
dysfunctional—both physically and mentally.

Medical Toxicology
Medical toxicology is a subspecialty of medicine. Like
many subspecialty boards, medical toxicology physicians
must undergo primary residency and fellowship training.
The Medical Toxicology Subboard, a joint board of the
American Boards of Emergency Medicine, Pediatrics and
Preventive Medicine, administers examination and certifi-
cation of qualified candidates for medical toxicology 
subspecialty. Medical toxicology is the scientific study of

adverse health effects in humans resulting from exposure
to chemical, biological, and physical agents. The medical
toxicologist applies toxicology principles to the diagnosis
and treatment of human intoxication (poisonings). The
American Board of Preventive Medicine (www.abprevmed.org)
also provides certification in occupational medicine,
which includes the assessment of health outcomes of envi-
ronmental exposures. It is important to distinguish med-
ical specialty boards recognized by the American Board of
Medical Specialties (www.abms.org) from unrecognized
boards. It is also important to evaluate the qualifications
of “experts” involved in specific cases to assure that assess-
ments are accurate and unbiased.

Toxicology is a medical science that emphasizes precision
and accuracy. In order to avoid confusion in the practice
of toxicology, appropriate terminology is essential. For
example, agents refer to chemical (benzene, lead), biolog-
ical (bacterial and fungal toxins), and physical (radia-
tion) agents potentially capable of causing adverse health
effects. Emission refers to the release of a substance
(agent) from a source to the environment. Exposure refers
to the direct contact by a person with a substance, with
exposure being quantified as the amount of the agent
available at the exchange boundaries, and available for
absorption. Dose refers to the amount of the substance
that is absorbed and deposited in the body of an exposed
organism over a period of time. Adverse effects refer to the
specific pathologic end-points (cancer, irritation, organ
dysfunction, etc.) that the toxic exposure has produced.

There are two important toxicology principles that should
not be violated in managing toxic exposure cases. These
two principles are known as toxicodynamics and toxicoki-
netics. Toxicodynamics involves the interactions between a
toxin and target cells in conjunction with the body’s defense
mechanisms, while toxicokinetics deals with the movement
of toxins in the human body, (eg, how and when they are
absorbed, distributed, metabolized, and eliminated).

By definition, toxicity refers to the inherent nature of an
agent in regard to its capability of producing adverse
health effects. Hazard, on the other hand, refers to the
likelihood or risk that toxicity will occur. For example, a
sealed container of arsenic trioxide powder is very toxic,
but it is not hazardous. However, if the container is broken
and arsenic powder is dispersed into the air, the arsenic
compound now is not only toxic, but also hazardous. Tox-
icity is classified as: (1) acute (which commonly would be
accidental), usually involving ingesting a large quantity of
the substance; (2) sub-acute, which in occupational set-
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tings commonly involves inhalation/skin exposure; and
(3) chronic, which involves daily exposure, commonly
from sources in food and water.

Only freely available molecules, or free molecules of any
toxin, can affect cells and tissues. The natural lines of a
defense mechanism must be overwhelmed before a toxin
can be absorbed and transported to the target organ, 
then resulting in injury. Natural defenses include intact
mucous membranes/skin (barrier), moisture and mucus
secreted by mucous membranes, neutralizing proteins and
fats surrounding cells, as well as circulating and local
enzymes that break down or detoxify the invading toxins.  

The basic concept of toxicology involves a toxic exposure
(taking into account duration plus concentration) that
leads to absorption of a toxin, which in turn leads to an
internal dose. After overwhelming the natural lines of
defense, a toxin can attack the target cell or organ. The
dose of toxin that comes in contact with the target
cell/organ is called a biological effective dose. When a
toxin reaches the target cell/organ, it results in early bio-
logic effects and eventually alters the structure and func-
tion of the organ, and finally results in a disease state.

For the sake of convenience, toxic agents can be classified
as follows:

1. Medications and drugs
• Prescription drugs
• OTC drugs
• Drugs of abuse

2. Chemicals
• Gases
• Solvents and organic compounds
• Metals
• Pesticides

3. Natural Toxins
• Plants and fungi
• Animal poisons
• Bacterial poisons
• Physical agents

Case Example
The principles of toxicological evaluation are illustrated by
the following case example. 

A swimming pool maintenance worker, while placing
chlorine into a pool inadvertently spills the entire contain-
er and starts to experience watery and burning eyes, as
well as a runny nose. He is a non-smoker and prior to this
event was in excellent health. Soon after the exposure he
notes sore throat and chest tightness. He calls his supervi-
sor, who instructs him to go to an industrial medical clinic
for treatment. He tells the attending physician that he was
exposed to chlorine gas emitted from the swimming pool.

At this time, the top priority for the attending physician is
to stabilize the patient. Depending on the clinical picture,
if respiratory distress is imminent, it may be necessary to
refer the patient immediately to the nearest hospital for
intensive care and management. At that point, a toxicology
consultation would be appropriate so that a specific treat-
ment plan can be considered and implemented. 

Once the patient is stable, then the physician can focus on
the causation of the illness and other workers’ compensa-
tion issues. Superficially, it may appear that this patient’s
respiratory symptoms are due to chlorine exposure. How-
ever, for an opinion regarding causation to be medically
sound and evidence-based, the physician should follow the
process of causation analysis.

At a certain point, a specific diagnosis and determination
should be made regarding whether, based on the prepon-
derance of evidence, the symptoms can be attributed to the
worker’s chlorine exposure. The possible diagnoses may
include acute mucous membrane irritation, chemical
pneumonitis, and/or reactive airways dysfunction syndrome.
After the patient is stabilized, it is important to establish a
diagnosis as soon as possible, because effective treatment
relies on a correct diagnosis. 

For mucous membrane irritation, treatment would be on a
symptomatic basis and would include monitoring of pul-
monary function (Mucous membrane irritation usually
resolves completely). If the patient has chemical pneumoni-
tis, repeated blood gases, chest x ray, and antibiotics may be
needed in case of secondary bacterial infection. For chemi-
cal pneumonitis, the patient may develop reactive airways
dysfunctional syndrome (RADS). The treatment plan for
RADS is quite different from the treatment plan for mucous
membrane irritation and pneumonitis. For RADS, the
symptoms simulate those of asthma. Therefore, the patient
may need treatment involving bronchodilator and inhaled
corticosteroids for months or even years. The clinical con-
clusions would be different if there had not been a signifi-
cant exposure, and rather the patient was a tobacco smoker
and a history of chronic obstructive pulmonary disease.

The prognosis and, thus, the estimated time it will take for
the patient to reach maximum medical improvement/
permanent and stationary status, can differ with differing
diagnoses. For mucous membrane irritation, symptoms
should resolve within a few days to no more than a couple
of weeks following the cessation of exposure. For chemical
pneumonitis, symptoms will not resolve until the lung tis-
sues recover from the insult, which may take several weeks
to months. Methacholine challenge testing may be needed
to find out if the patient has a hyperreactive state to non-
specific respiratory irritants. This testing must be per-
formed according to accepted guidelines. If the patient
should develop RADS, then he/she may not become 
permanent and stationary for up to three years following
the exposure. 
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Case Exercise (continued)

A patient with RADS due to irritant gases or chemicals
often recovers; however this may be incompletely if there
are underlying medical conditions. If the patient has
underlying medical conditions, then he/she may not ulti-
mately return to pre-exposure status, and thus may be left
with a level of permanent impairment. These underlying
conditions can include (but are not limited to) a history 
of smoking, allergy, asthma or other forms of cardiopul-
monary disease. Such conditions would provide a basis for
potential apportionment of permanent disability to causes
unrelated to the occupational exposure (chorine exposure
in our current example).

Causation Analysis in Toxic Exposure Cases
Causation requires a scientific and evidence-based analysis
of the facts and literature before concluding that an
injury/illness resulted from a physical force or biochemi-
cal exposure. The American College of Occupational and
Environmental Medicine Practice Guidelines (ACOEM)
Practice Guidelines devotes Chapter 4 to causation analy-
sis, and its appendix discusses the nature and application
of Evidence-Based Medicine.2

Disability Evaluation3 and the chapter entitled “Evidence-
Based Medical Dispute Resolution/Causality,” provides
good guidelines for medical providers to consider when
assessing whether there is a causal relationship between 
a toxic exposure and a disease. The guidelines can be
summarized as involving the following steps:

1. Assess the relationship between the disorder and the
exposure

2. Assess the relationship between the exposure and the
environment

3. Apply factors of causality
4. Obtain published studies to support the causal relationship

Medical causality is imputed when the association between
a medical condition and a given exposure is such as to
lead one to believe that the condition would not have
occurred in the absence of the exposure. The factors of
causal relationship are well-established criteria based on
epidemiological and toxicological studies. These factors
include temporal relationship, mechanism, contiguity
(dose–response), consistency, coherence and specificity.
They are exemplied by Bradford Hill’s Criteria.4

A temporal relationship is the easiest to understand and
the most commonly cited by medical professionals as well
as lay people. This refers to the illness having occurred
after the exposure and within a time frame that is reason-
able given the nature of the toxic exposure. For example,
chlorine-induced irritation should be of immediate onset.
There is no scientific basis to have a delayed onset of pul-
monary edema resulting from chlorine exposure without
there being evidence of severe chemical conjunctivitis 
and bronchitis. 

A mechanism or mode of action in terms of anatomical
or physiological basis can be used to explain the relation-
ship between exposure and illness. 

Contiguity refers to the duration and intensity of exposure
being sufficient to induce the illness in question. If the
duration of exposure to chlorine is so brief or the level of
airborne chlorine is so low that the patient could not have
experienced any significant lung damage, then the pres-
ence of chemical pneumonitis or RADS could not be con-
sidered causally related to the workers’ exposure to chlo-
rine, based on reasonable medical probability. In other
words, there must be a readily understandable relationship
between the exposure and disease, in which an increase in
the magnitude of exposure reliably leads to an increase in
the severity of the effects, and vice versa. 

Consistency refers to evidence suggesting that the expo-
sure is consistently or reliably associated with the disease
process found in the population under study. This holds
true for populations under study in other countries, states
and regions using the same or different methodology. The
pathology due to the toxic exposure should be the same
regardless of time, person, or place. 

There should also be literature that provides clinical and
statistical evidence indicating that the disease could 
reasonably develop as a result of that type of exposure. 
In other words, there is coherent evidence between 
exposure and disease. 

Lastly, specificity refers to the association of the illness to
the exposure in the absence of other factors that could
have caused or contributed to the illness.

For an opinion regarding causation to be medically sound
and evidence-based, the physician should obtain specific
information (whenever possible) from the patient/worker
(and/or the employer) regarding the specific agent or
agents to which the worker would have been exposed, as
well as the duration and quantity/levels involved in the
exposure. If specific information cannot be obtained from
the patient/worker or the employer, an industrial hygiene
professional should be utilized to assess the exposure sce-
nario. It is important to point out that no matter how
strong the temporal relationship may be between an
apparent exposure and the development of symptoms, the
medical professional should refrain from jumping to con-
clusions, presuming that an association exists between an
apparent exposure and the presenting illness. If no mech-
anism of injury (mode of action) can be identified by
which the exposure would lead to the putative effects
(when the illness could not have resulted from the expo-
sure that occurred), then the illness cannot be considered
to be a health effect of the exposure. The mere fact that an
individual has been exposed to an agent does not neces-
sarily mean that an adverse effect of that exposure has
occurred. The specific causal association between an expo-

119



The Guides Newsletter, March/April 2007

sure and the onset of disease must be based on that indi-
vidual’s actual exposure (concentration and duration of
the exposure.) Without knowing the specific concentration
and duration of exposure, a scientifically or reasonably
medically probable opinion regarding causation cannot be
rendered. To offer an opinion regarding causation without
adequate exposure information would be speculative. Non-
specific symptoms such as nausea, headache, and weak-
ness, can result from a toxic exposure, but also can result
from many non-occupational etiologies. Furthermore,
such symptoms for which there are no objective manifes-
tations/testing are difficult to test via laboratory methods.

In summary, exposure information is a critical part of
causation analysis: 

• The exact toxin at issue (analytical identification via the
Material Safety Data Sheets (MSDS).

• The physical form/properties of the toxin (its state, Vapor
Pressure, size, pH)

• The route of exposure.
• The duration of exposure (acute, chronic, intermittent).
• The intensity of exposure (at what concentration, %, ppm,

mg/m3).
• The environmental conditions present (temperature,

relative humidity, and wind direction).
• Use of personal protective equipment (PPE).

Medical diagnosis
While medical providers may have a hard time reaching a
diagnosis during the initial phase of treatment of an acute
illness, ultimately, a diagnosis must be made in order to
effectively manage the disease, avoid complications, mini-
mize functional impairment, and return the patient/
injured worker to gainful and productive activity/employ-
ment if not normal activity. Without a specific diagnosis,
permanent impairment ratings would be difficult, if not
impossible, to perform.  The Guides do not contain non-
specific syndromes or symptoms as grounds for rating 
permanent impairment. Section 1.5 Incorporating Science
with Clinical Judgment (5th ed, 10) explains that “The
Guides does not deny the existence or importance of these
subjective complaints to the individual or their functional
impact. The Guides recommends that the physician ascer-
tain and document subjective concerns. Because the 
presence and severity of subjective concerns varies among
individuals with the same condition, the Guides has not
yet identified an accepted method within the scientific 
literature to ascertain how these concerns consistently
affect organ or body system functioning.”

To reach a clinically sound diagnosis, a complete medical
history must be obtained, the symptoms must be consistent
with the exposure to the toxic agent at issue, and the 
physical findings should reflect the presence of a toxic 
syndrome. There are well-established diseases related to
toxic exposures; these toxic diseases are based on well-

documented human studies and are recognized by the
medical community. Exposure to toxic agents produces
either non-specific or specific symptoms. Non-specific
symptoms are almost impossible to quantify or document
beyond the patient’s subjective complaints. Subjective
symptoms, especially self-reported symptoms, by and of
themselves are insufficient scientific evidence to determine
exposure-disease relationship. Currently, there is no vali-
dated questionnaire that could gather all pertinent infor-
mation. However, a thorough medical history during a
medical examination should obtain the following relevant
information: past and present history of exposure, lifestyle
factors (such as smoking and drinking), family history,
personal history, psychological history and past medical
history. In many cases, the reporting of chronology and
specific symptoms can be, in and of themselves, diagnostic
of exposure to specific agents. 

Subjective symptoms must be consistent with and verified
by objective findings. There are several toxic syndromes
that are based on specific neurotransmitter activation or
suppression. Examples include cholinergic, dopaminergic,
serotoninergic and adrenergic syndromes based on agonist
and (antagonist) action of substances in toxic levels. The
examiner must differentiate illness due to actual toxic
exposure from those complaints of a psychological basis

Impairment Evaluation
Before the injured worker can be considered for impair-
ment evaluation, he/she must reach maximum medical
improvement (MMI). The Guides emphasizes objective
factors, but consideration for the presence of subjective
symptoms is included within some diagnosis-based esti-
mates or groups. The degree of impairment reflects the
degree to which the impairment decreases the patient’s
overall ability to perform his or her normal activities of
daily living (ADL), as illustrated in Table 1-2 (5th ed, 4).
Therefore, the evaluator must ask questions concerning
activities of daily living. The physician must avoid over- or
under-rating impairment by inadequately reporting the
ADL and the impact of the illness on the ADL.

It is not uncommon to encounter subjective symptoms
after a toxic exposure. Since the goal of the Guides is to
use objective and scientifically based data, subjective com-
plaints such as fatigue, difficulty in concentration, and
pain, if not accompanied by demonstrable clinical signs 
or other independent measurable abnormalities, are not
given separate impairment ratings. Some medical syn-
dromes such as “multiple chemical sensitivity” or “toxic
encephalopathy” are poorly understood and are manifest-
ed only by subjective symptoms; however, impairment 
ratings are not provided for those conditions. 

The impairment rating is based on objective findings for
the systems involved. Section 2.5b Combining Impairment
Ratings (5th ed, 19) explains “To determine whole person
impairment, the physician should begin with an estimate
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of the individual’s most significant (primary) impairment
and evaluate other impairments in relation to it. It may be
necessary for the physician to refer to the criteria and 
estimates in several chapters if the impairing condition
involves several organ systems. Related but separate condi-
tions are rated separately and impairment ratings are
combined unless criteria for the second impairment are
included in the primary impairment.” Therefore, depend-
ing on the specific exposure and its impact on various
organ systems, more than one chapter may be used in 
rating impairment.

Utilizing our pool-cleaning, chlorine exposure situation,
from a respiratory system perspective, let us consider a
patient complaining of exercise-related shortness of
breath, intermittent wheezing, and night time coughing.
He currently uses a steroid inhaler beclomethasone (800
ug but less than 1,000 ug) on a daily basis, and at least
three times per week uses a bronchodilator as rescue med-
ication to control his symptoms. Examination of the chest
and lung is normal. Chest x ray is normal. Spirometry
shows FVC of 80%, normal; FEV1 of 40% pre-bronchodila-
tor, 59% post bronchodilator (a 48% increase). DCO is
65%. As his pulmonary condition is best assessed as asth-
ma, Table 5-9 Impairment Classification for Asthma
Severity (5th ed, 104) was used for his impairment classi-
fication. Using the Impairment Classification for Asthma
Severity (Table 5-9, 5th ed, 104) the following scores
would be determined: postbronchodilator FEV1 (3 points),
% of FEV Change (reversibility) (3 points), methacholine
challenge testing (not performed, scoring not possible),
and medications (3 points). The total asthma score of 9
when applied to Table 5-10 Impairment Rating for Asthma
(5th ed, 104) results in a Class 3 impairment of 26% to
50%. As the point spread in this class is from 6-9, and
since this individual has 9 points, then the highest rating
should be applied. Hence, this man has a 50% impairment
of the whole person.

Another commonly encountered issue in toxicology is med-
ication-related impairment. Drugs prescribed by a treating
physician to control or maintain body functions are neces-
sary; in certain circumstances evaluator may increase the
impairment by up to 3% whole person permanent impair-
ment, as explained in Section 2.5g Adjustments for Effects
of Treatment or Lack of Treatment (5th ed, 20). In some
cases, the medications may produce side effects that lead to
additional impairments. If this occurs, the evaluating physi-
cian should use the appropriate chapters of the Guides to
assess impairment related to the medications. 

Summary
Medical professionals who treat and manage patients with
toxic exposure-related illnesses, including those related to
occupational exposures, should be aware that many “out-
of-control” toxic exposure cases can be traced back to
inadequate assessment and management by physicians
during the initial phase of the post-toxic exposure. To pre-
vent the patient/injured worker from becoming anxious
and frustrated with the passage of time, the evaluating
physician should address (ideally in consultation with a
toxicologist) the specific issues to be resolved, to include
the nature of a toxin(s) as well as the specific toxins at
issue, the potential versus actual adverse health effects,
medical diagnoses, treatment plan and the prognosis. 

A diagnosis of toxic-related injury/illness requires a history
of symptoms consistent with the exposure and disease at
issue. In order to diagnose the presence of a specific dis-
ease, the subjective complaints must be consistent with the
objective findings, and both the subjective complaints and
objective findings must be consistent with the disease
being postulated. Exposure to a specific potentially
causative agent at a defined concentration level must be
documented and found to be sufficient to induce a partic-
ular pathology in order to establish a diagnosis. Differen-
tial diagnoses must be entertained in order to rule out
other potential causes, including psychological etiology. 

Furthermore, the identified exposure at the defined con-
centration level must be capable of causing the diagnosis
being postulated before concluding that there has been a
cause-and-effect relationship between the exposure and
the disease (dose-response relationship). The opinion
should make biological and epidemiological sense. The
treatment plan and prognosis should be consistent with
evidence-based medicine and the rating of impairment
based on objective findings of involved systems.
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2. The process to determine loss of motion segment
integrity by angular motion measurements is illustrated
in Figure 15-3c Loss of Motion Segment Integrity (5th
ed, 379); the legend descriptor was revised in the Errata.
The Errata defines an 11° maximal angular motion
threshold on flexion radiographs, which is supported by
the literature references (White, Panjabi 1990; White,
Johnson, Panjabi, Southwich 1975).

Thoracic Spine
Instability in the thoracic spine is almost always accompa-
nied by fractures of the vertebral bodies and posterior ele-
ments. Isolated ligamentous injury without fracture result-
ing in instability in the thoracic spine is exceedingly rare.  

The Fourth Edition does not define maximal translation
or angular motion thresholds in the thoracic spine. The
Fifth Edition defines total translation on flexion/extension
radiographs greater than 2.5 mm as indicating loss of
motion segment integrity. A cadaver study of the thoracic
spine (Panjabi, Hausfeld, White 1981) reported maximal
measured actual translation of 1.94 mm anteriorly with
flexion and defined normal radiographic maximal trans-
lation as 2.5 mm anteriorly or posteriorly, assuming a 30%
magnification factor on x rays. No relative translation
normal values are defined in this study.  It is reported that
utilization of a maximal actual translation threshold of

1.9 mm, anteriorly or posteriorly, results in 5% false posi-
tive and 35% false negative rates. Utilizing an angular
motion translation threshold of 5 degrees results in a 0%
false positive and a 71% false negative rate. Several other
factors must be considered in evaluating instability in the
thoracic spine, including destruction and/or nonfunction-
al anterior or posterior components and spinal cord/cauda
equina damage symptoms and signs.

Lumbosacral Spine
The scientific literature does not support the abnormal
threshold values and/or methodology for determining 
loss of motion segment integrity in the lumbosacral spine
described in either the Fourth or Fifth Editions. The 
medical literature (Posner, White 1981; Devorak, Panjabi,
Chang, Theiler, Grob, 1991; Hayes, Howard, Guel, Kopta
1989) would support use of the following criteria in evalu-
ating lumbosacral alteration of motion segment integrity:

1. Abnormal translation of the lumbar spine (L1-L5) is
defined as greater than 2.3 mm of anterior or 2.8 mm
of posterior actual sagittal translation on static (resting)
or dynamic (flexion-extension) radiographs. At the
lumbosacral junction (L5-S1), maximal normal actual
translation is defined as 1.5 mm anterior or 2.8 mm pos-
terior sagittal translation on static (resting) or dynamic
(flexion-extension) radiographs. In order to utilize the
actual maximal translation values, magnification factors
on x rays must be definitively known and corrected.
There are no standard radiographic factors (SID)
specified in literature studies, although 40” SID is

Spinal Alteration of Motion Segment Integrity (continued)

The Guides Newsletter, March/April 2007

Continued from page 3

Figure 15-3a Loss of Motion Segment Integrity, 
Translation

A dot is placed at the posterior superior corner of the lower ver-
tebra, and a separate dot is placed at the posterior-inferior cor-
ner of the upper vertebra. The distance (A) is measured as illus-
trated by the figure, using two intersecting lines. Measurements
are obtained in flexion (as in Figure 15-3A) and extension, and
the difference is calculated. A value greater than 2.5 mm in the
thoracic spine, greater than 4.5 mm in the lumbar spine, and
greater than 3.5 mm in the cervical spine qualifies as loss of
structural integrity. (The specified maximum translations values in
this caption differ from those in the literature, as explained in
this article.)

A

Figure 15-3c Loss of Motion Segment Integrity, 
Cervical Spine

Lines are drawn along the inferior borders of the two vertebral
bodies adjacent to the level in question and of the vertebral bod-
ies above and below those two vertebrae. Angles A, B, and C are
measured. Flexion view only is necessary. Loss of motion segment
integrity is defined as motion at the level in question that is more
than 11° greater than at either adjacent level.

A
+20°

B

C
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commonly utilized. The closer the x ray tube is to the
film (small SID), the more magnification appears 
on the film. Spine-to-film distance varies greatly in
individuals, primarily related to differing body habitus.  

Radiographic maximal normal total translation is
reported as 7 mm with an SID of 60” (Devorak, Pan-
jabi, Chang, Theiler, Grob 1991), which corresponds to
5.4 mm actual total translation and 8.25 mm radi-
ographic translation on 40” SID images (assumed 14”
spine-to-film distance). In another study radiographic
maximal normal total translation in the lumbosacral
spine is reported as 8 mm at 40” SID (Hayes, Howard,
Gruel, Kopta 1989), which corresponds to 5.2 mm 
actual total translation (assumed 14” spine-to-film 
distance). The actual maximal total translation values
calculated from references 8 and 9 (5.2 – 5.4 mm) are
similar to reference 4 (5.1 mm). Radiographic maxi-
mal total translation on 40" SID images (assuming a
14" spine-to film distance) is calculated at 7.8 – 8.25
mm for the reported actual maximal normal transla-
tion values in references 4, 8, and 9.

Posner (Posner, White 1981) strongly recommends 
utilizing relative translation percentage measurements
instead of a single numeric translation threshold,
which corrects for magnification factors on radi-
ographs. Normal maximal relative translation values
defined by Posner are reported in Table 2. Relative
translation percentage equals 100 x translation divided
by mid-superior vertebral body diameter.  

2. In order to qualify for loss of motion segment integrity
impairment, measured relative translation values on
lumbosacral spine flexion/extension radiographs must
exceed the normal maximal relative translation values
described in Table 2. If measured relative translation
exceeds normal values in the literature, the patient
would qualify for loss of motion segment integrity. The
reported total translation threshold values on flexion/
extension radiographs in the Fourth (5.0 mm) and
Fifth  (4.5 mm) editions of the Guides are inconsistent
with the medical literature and should not be utilized to
evaluate loss of motion segment integrity.

3. Methodology for determination of loss of motion
segment integrity by angular motion measurements is
accurately illustrated in the Fifth Edition (Figure 15-3b).

Technical Considerations
There are several technical considerations in obtaining
appropriate radiographic studies.

1. Radiographic Magnification: Radiographic magni-
fication is predominantly affected by source-to-image
distance (SID, D1) and object-to-film distance (D2)
factors.

Radiographic Magnification (%) =  100 x D2
D1 - D2

SID is defined as 72” on cervical spine flexion/exten-
sion radiographs in (White, Panjabi 1990) and assumes
an average spine-to-film distance (D2) of 14”; patient
body habitus is highly variable and spine-to-film 
distance varies widely in individual imaging facilities
and physician offices.  

Flexion/extension radiographic SID in thoracic and
lumbosacral spine films is not defined either in the 
literature or in medical practice. It varies in individual
imaging facilities and physician offices. Most common-
ly, 40” SID imaging parameters are utilized in the 
lumbosacral spine. Thoracic spine SID varies widely
(40-60”) between different imaging facilities.  

2. Utilization of a Specific Numerical Maximal
Normal Translation Threshold. Given the wide
variability in technical imaging facility SID utilized on
spine radiographs and the wide variability in spine-to-
film distance in individual patients, utilization of a
specific numerical maximal normal translation thresh-
old is not desirable. Relative translation measurements
which correct for magnification in each individual
radiographic imaging study are more scientifically
valid and are preferred.

Relative translation (%) = 100 x measured translation
superior mid-vertebral

body diameter

3. Film Quality Factors: A number of technical aspects of
film quality adversely affect the accuracy of translation

Spinal Alteration of Motion Segment Integrity (continued)

Figure 15-3b Loss of Motion Segment Integrity, Angular
Motion (Sagittal Rotation), Lumbar Spine

–18°
+8°

Lines are drawn along the superior border of the vertebral body of
the lower vertebrae and the superior border of the body of the
upper vertebrae and the lines extended until they join. The angles 
are measured and subtracted. Note that lordosis (extension) is repre-
sented by a negative angle and kyphosis (flexion) by a positive angle.
Loss of motion segment integrity is defined as motion greater than
15° at L1-2, L2-3, and L3-4 and greater than 20° at L4 to L5. Loss 
of integrity of the lumbosacral joint is defined as angular motion
between L5 and S1 that is greater than 25°. The flexion angle is 
+8° and the extension angle is –18°. In the illustration, the flexion
angle is +8°. Therefore (+8) – (–18) = +26° and would qualify for 
loss of structural integrity at any lumbar level.
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and angular motion measurements, interobserver 
reliability and classification errors:
a)Film Centering: Poor centering (off lateral projec-

tions, cranial/caudal angulation and paralax phe-
nomenon) will produce two separate posterior end-
plates and vertebral body margins on radiographs.
If pronounced, such films should not be utilized for
loss of motion segment integrity evaluation. If both
anteriorly and posteriorly projected endplates are
well defined, an approximation of translation
measurements may be performed utilizing the
mid-point between the anteriorly and posteriorly
projected posterior endplates. If translation using
these measurements is clearly within the normal
range, repeating the study with more accurate
centering of the patient is probably not indicated.

b)Artifacts: Motion artifacts, grid artifacts, poor film-
screen contact, processor artifacts, etc. can signifi-
cantly obscure endplate anatomy. If present, and
significantly affecting identification of endplate,
such films should not be utilized for loss of motion
segment integrity measurements. Poor quality
copies of original radiographs should not be used
for loss of motion segment measurements.

c)Poor Edge Resolution: X ray units with large focal
spots, particularly with single-phase equipment, will
produce poor edge resolution, which can signifi-
cantly affect accuracy and classification errors in
translation measurements. If endplates cannot be
accurately defined on both flexion and extension X
rays, loss of motion segment measurements should
not be performed.

d)Endplate Normal Variations and Spurring: In the
presence of endplate/uncinate spurring, identifica-
tion of the endplates is quite difficult and inaccu-
rate. All vertebral body endplates do not form a right
angle; curvature of the endplates is quite common.
The identical endplate landmark on flexion and
extension X rays must be visible and utilized for
measurements of translation. On imaging studies

with spurring or curvature of the endplates and off-
lateral projections, significant classification errors
are extremely likely.  

Summary
In determining whether alteration of motion segment
integrity is present, the following factors must be considered:
1. Flexion/extension radiographs are performed at maxi-

mal medical improvement and technically adequate.
2. The Errata are referenced for revised legends to

Figures 15-3a, 15-3b, and 15-3c.
3. Normal translation and angular motion thresholds

consistent with the scientific literature are applied.

Endnote
1. Errata are available at https://catalog.ama-assn.org/MEDIA/

Productcatalog/m380029/guideserrtat.pdf
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Bulging Discs by James B. Talmage, MD

A common question is, “How do you rate impair-
ment for someone who had a low back injury, usu-
ally minor trauma, and is subsequently found to
have one or more bulging disc(s) on a lumbar
MRI scan?” 

There is no correlation between disc
bulging, injury, and low back pain (LBP).
Disc bulges are seen in asymptomatic adolescents1

and become more common with aging.2 What if a
patient complained of headaches and was advised
by a physician, “Of course you have headaches!
You have gray hair. And the gray hair indicates you
have an impairment.” The medical opinion ren-
dered in such a scenario, analogous to LBP and
disc bulging, would not be considered credible by
any physician, and yet some physicians attribute
back pain to “bulging discs.” 

There are many symptoms for which we have
etiologic theories, but no clear evidence of disease
or impairment, eg, tension headache, irritable
bowel syndrome, fibromyalgia, and dysmenorrhea.

LBP is a common and usually a real complaint;
but there is often no identifiable underlying
pathology, and generally no permanent impair-
ment. Nevertheless many doctors, sympathetic
their patient’s complaints, look for creative ways to
avoid saying “symptoms, but no impairment”
even when this is clearly the Guides’ answer. 

Gordon Waddell’s book, The Back Pain Revo-
lution3, evaluates the science behind the cumula-
tive trauma hypothesis for back pain and basically
finds no significant support for this theory. A land-
mark prospective study performed by Eugene Car-
ragee, MD and published in 2 articles in 20064,5,
reported that findings on MR imaging within 12
weeks of serious LBP inception are highly unlikely
to represent new structural change. Most abnor-
malities (loss of disc signal, facet arthrosis, and
end plate signal changes) represent progressive
aging, not acute trauma. In the study, Dr. Carragee
found that among persons with known risk factors
for lumbar degenerative disc disease, but with no
history of serious low back pain, minor trauma
does not appear to increase the risk of (cause)

serious LBP episodes or disability. The outcome of
the vast majority of episodes of low back pain or
“injuries” may be predicted by a small set of
demographic and behavioral variables, not by
structural findings or minor trauma. 

In summary, disc bulges are not due to minor
trauma, and do not result in ratable impairment.

1. Kjaer P. An Epidemiologic Study of MRI and Low 
Back Pain in 13-Year Old Children. Spine. 2005; 
30 (7): 798-806

2. Kjaer P, Magnetic Resonance Imaging and Low 
Back Pain in Adults: A Diagnostic Imaging Study 
of 40-Year Old Men and Women. Spine. 2005;39 
(10): 1173-1180

3. Waddell G, The Back Pain Revolution. 2nd ed. 
Churchill Livingstone;2004.

4. Carragee E, Alamin T, Cheng I, Franklin T, van 
den Haak E, Hurwitz E. Are first-time episodes of 
serious LBP associated with new MRI findings. The 
Spine Journal. 2006;6:624-635.

5. Carragee E, Alamin T, Cheng I, Franklin T, 

Hurwitz E. Does Minor Trauma Cause Serious Low 

Back Illness? Spine. 2006;31(25):2942-2949. The 
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Spinal Alteration of Motion Segment Integrity Using the 
Sixth Edition
Patrick R . Luers, MD

TABLE 1. Maximal Normal Relative Translation Literature Values

Location Anterior Posterior Total Reference

Cervical 20% 20% [40%] White, John-
son, Panjabi 
& Southwick, 
1975

Thoracic (2.5 mm) (2.5 mm) (5.0 mm) Panjabi, Haus-
feld & White, 
1981

Lumbar 8% 9% [17%] Posner, White, 
1981;

15% White & 
Panjabi, 1990

Lumbo-
sacral 
(L5-S1)

6% 9% 15% Posner, White, 
1981; White & 
Panjabi, 1990

Relative translation (%)= 100 x measured translation 
         superior mid-vertebral 

body diameter

The AMA Guides, Sixth Edition, which was subse-
quently published in late 2007, provided accurate overall 
text description of AOMSI in Chapter 17, The Spine and 
Pelvis (albeit with an error in the numbers in the last sen-
tence (see Figure 1). The descriptors of the corresponding 

S
pinal impairment evaluation includes determination 
of the presence or absence of alteration of motion 
segment integrity (AOMSI). The diagnosis-related 
estimate (DRE) method is the principal method-

ology used to evaluate spinal AOMSI impairment in 
the Fourth and Fifth Editions of the AMA Guides to the 
Evaluation of Permanent Impairment (AMA Guides). 
AOMSI, as defined in the Fourth and Fifth Editions of 
the AMA Guides, results in at least a DRE Category IV 
rating. In the AMA Guides, Fifth Edition, Section 15.1b, 
Description of Clinical Studies (5th ed, 378-379) and Box 
15-1, Definitions of Clinical Findings Used to Place an 
Individual in a DRE Category (5th ed, 382-383) define 
this disorder. AMA Guides, Sixth Edition, impairment rat-
ings are calculated using the diagnosis-based impairment 
(DBI) method utilizing five impairment classes determined 
by diagnoses and specific criteria, adjusted by consid-
eration of non-key factors and grade modifiers. AOMSI 
is included in the Motion Segment Lesions Diagnosis 
regional DBI grids.

The literature pertaining to AOMSI and spinal insta-
bility has been reviewed in a previous AMA Guides 
Newsletter article published in March/April 2007.1 Specific 
definitions, scientific methodology, maximal translation, 
and angular motion thresholds were extensively discussed 
in this article. Ambiguous terminology of the normal 
maximal translation in the spine led to subsequent mis-
interpretation.2 The literature parameters for translation 
threshold differed from those published in the Fourth and 
Fifth Editions of the AMA Guides. Technical factors per-
taining to performance of spinal X rays were only defined 
in the literature for the cervical spine and were 
not specifically defined for the thoracic or lumbosacral 
spine. The effects of magnification and differing source-
to-image distance (SID) on the translation parameters 
were also discussed. Where available, relative transla-
tion-threshold parameters were recommended for use in 
the determination of AOMSI. The recommended transla-
tion parameters supported in the literature are summarized 
in Table 1. Angular motion AOMSI methodology and 
parameters were accurately described in the AMA Guides, 
Fifth Edition and Errata. 

figures—Figure 17-5, Loss of Motion Segment Integrity, 
Translation (6th ed, 579) and Figure 17-6, Loss of Motion 
Segment Integrity, Angular Motion (Sagittal Rotation), 
Lumbar Spine (6th ed, 580)—were revised in the August 
2008 “Corrections and Clarifications” of the AMA Guides, 
Sixth Edition. The corrected Figure 17-5, Loss of Motion 
Segment Integrity, Translation (6th ed, 579), and its descrip-
tor (see Figure 2) are consistent with literature methodology 

FIGURE 1.  Corrected Description in Figure 17-6 Provided in 
  Clarifications and Corrections (2008)

Page 580, Figure 17-6, legend, last sentence

Therefore (+8) - (-18) = 26˚ and would qualify for loss 
of structural integrity at any lumbar level.
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A

B

A dot is placed at the posterior superior corner of the lower vertebra, 
and a separate dot is placed at the posterior-inferior corner of the 
upper vertebra. The distance (A) is measured as illustrated by the 
figure, using two parallel lines. Measurements are obtained in flex-
ion and extension. Measure the A-P sagittal plane diameter at the 
midlevel of the superior vertebra (B). Distance A is then compared to 
distance B; determine % or distance in mm as specified for each region 
(see Section 17.3). AOMSI is established if the regional criteria are met.

FIGURE 2.  Revised Figure 17-5 and Descriptor from the AMA 
  Guides, Sixth Edition (2009)

Loss of motion Segment Integrity, Translation.

Spinal Alteration of Motion Segment Integrity Using the Sixth Edition, continued

FIGURE 3. Figure 17-6 from AMA Guides, Sixth Edition (2009)

–18°
+8°

Loss of motion Segment Integrity, Angular Motion (Sagittal 
Rotation), Lumbar Spine.

Lines are drawn along the superior border of the vertebral body of the 
lower vertebrae and the superior border of the body of the upper ver-
tebrae and the lines extended until they join. The angles are measured 
and subtracted. Note that lordosis (extension) is represented by a nega-
tive angle and kyphosis (flexion) by a positive angle. Loss of motion seg-
ment integrity is defined as motion greater than 15° at L1–2, L2–3, and 
L3–4 and greater than 20° at L4 to L5. Loss of integrity of the lumbosa-
cral joint is defined as angular motion between L5 and S1 that is greater 
than 25°. The flexion angle is +8° and the extension angle is -18°. In 
the illustration, the flexion angle is +8°. Therefore (+8) - (-18) = 26° and 
would qualify for loss of structural integrity at any lumbar level.

FIGURE 4. Figure 15-3c from AMA Guides, Fifth Edition (Errata)

Loss of motion Segment Integrity, Cervical Spine.

Lines are drawn along the inferior borders of the two vertebral bodies 
adjacent to the level in question and of the vertebral bod-ies above 
and below those two vertebrae. Angles A, B, and C are measured. 
Flexion view only is necessary. Loss of motion segment integrity 
is defined as motion at the level in question that is more than 11° 
greater than at either adjacent level.

A
+20º

B

C

defining measurement of translation in the cervical, tho-
racic, and lumbosacral spine.

The methodology described in Figure 17-6 (see Figure 
3), as it appears in the revised AMA Guides, Sixth Edition 
(2009 printing), is consistent with the literature for evalu-
ation of angular motion AOMSI in the lumbar spine but is 
not applicable to the cervical spine. A figure describing the 
methodology utilized for determination of angular motion 
AOMSI in the cervical spine was not included in the AMA 
Guides, Sixth Edition.

The methodology for evaluating angular motion and 
translation abnormalities in the spine is defined in Clinical 
Biomechanics of the Spine by White and Panjabi,2 which 
was the major AOMSI reference cited in the AMA Guides, 
Fifth Edition. The cervical spine angular AOMSI diagram, 
Figure 15-3c, Loss of Motion Segment Integrity, Cervical 
Spine (5th ed [Errata], 379) (see Figure 4), is consistent 
with the literature. Angular AOMSI in the thoracic spine is 
exceedingly rare without fractures; a 5° maximal angulation 
threshold is supported in the literature.

Evaluation of AOMSI permanent impairment utilizing 
the AMA Guides requires the use of flexion and extension 
X rays performed at or after maximal medical improve-
ment (MMI) has been established. To qualify for loss of 
motion segment integrity, measured translation or relative 
translation on radiographs must be greater than the nor-
mal maximal translation documented in the literature. 
Increased motion at multiple adjacent levels, which is a 
normal adolescent/young adult pattern of flexion and which 
is also identified in adult double-jointed individuals, does 
not qualify for a permanent impairment. Abnormal motion 
related to pre-existing degenerative disease, congenital/
developmental anomalies, and/or compensatory motion that 
pre-existed minor injury may qualify for an impairment rat-
ing, but not qualify for a rating caused by the minor trauma. 
Poor quality films should not be utilized, as they result in a 
low level of accuracy and a high level of misclassification 
errors. Other modalities, such as videofluoroscopy, digital 
fluoroscopy, upright/motion magnetic resonance imag-
ing, cannot be utilized to establish an AOMSI permanent 
impairment using the AMA Guides.3
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Spinal Alteration of Motion Segment Integrity Using the Sixth Edition, continued

The most common reason for spinal AOMSI is congenital 
or surgical fusions. The editors of the AMA Guides, Fifth 
Edition, recommend use of the range of motion (ROM) 
method of evaluating impairment in cases of single or 
multilevel fusion rather than using AOMSI parameters.4 
Impairment rating of disease in segments adjacent to fusions 
has also been addressed in a 2011 AMA Guides Newsletter 
article,5 which concluded that “recognizing that adjacent seg-
ment degeneration and disease may occur in the future does 
not alter the rating for a cervical or lumbar fusion at the time 
the patient’s condition is determined to be at MMI.”

AOMSI due to excessive translation or angular motion 
secondary to isolated traumatic ligamentous injury is rare. 
The parameters utilized for AOMSI as defined in the AMA 
Guides correlate with the presence of or impending (“on the 
brink of”) spinal instability, a clinical setting requiring emer-
gent evaluation and treatment if located in the cervical or 
thoracic spine. Increased motion AOMSI related to traumatic 
injury most commonly occurs at a single level and rarely at 
two levels, while greater than two-level ligamentous injuries 
are exceedingly rare.6

Spondylolisthesis and degenerative anterolisthesis are not 
synonymous with AOMSI as defined in the AMA Guides, 
which has been discussed in the AMA Guides Newsletter. The 
finding of spondylolisthesis or degenerative anterolisthesis, in 
itself, does not result in a ratable impairment. AOMSI exists 
only when there is significant dynamic increased translational 
or angular motion on flexion/extension views, meeting the 
definitions provided in the AMA Guides, or a successful or 
unsuccessful fusion.7 Spondylolisthesis is classically asso-
ciated with spondylolysis, most commonly occurring in the 
lower lumbosacral spine, while degenerative anterolisthesis 
and retrolisthesis are most commonly associated with inter-
vertebral disk and facet degeneration. Congenital, traumatic, 
pathologic (eg, malignancy, infection), and iatrogenic/post-
surgical types of spondylolisthesis have been described. For 
translation measurements, measure any increased translation 
occurring on flexion and extension images against the base-
line anterolisthesis present on the neutral view to determine 
relative translation in evaluating AOMSI. 

Cervical Spine
Methodology described in the literature 1,8 would support 
the use of the following criteria in evaluating cervical spine 
AOMSI:

1. Abnormal translation qualifying for loss of motion
segment integrity should be defined as greater than
20% relative translation anteriorly or posteriorly on
static (resting), flexion, or extension radiographs.
Relative percent translation equals 100 multiplied by
measured translation divided by superior mid-ver-
tebral body diameter (Figure 17-5, Loss of Motion
Segment Integrity, Translation [6th ed, 579] and
Figure 15-3a, Loss of Motion Segment Integrity [5th
ed, 378]). The calculation of relative translation cor-
rects for any magnification present on the images.

2. The process to determine loss of motion seg-
ment integrity by angular motion measurements

is demonstrated in Figure 15-3c, Loss of Motion 
Segment Integrity (5th ed, 379, whose descriptor 
was revised in the AMA Guides, Fifth Edition 
Errata). Abnormal angular motion in the cervical 
spine is defined as a difference greater than 11° 
angular motion at adjacent levels on the flexion 
radiograph, which is supported by the literature.2, 8

Thoracic Spine
Instability in the thoracic spine is almost always accom-
panied by fractures of the vertebral bodies and posterior 
elements, such as Chance fractures. Isolated ligamentous 
injury without fracture resulting in instability in the tho-
racic spine is exceedingly rare. The AMA Guides, Fourth 
Edition, does not define maximal translation or angular 
motion thresholds in the thoracic spine. The AMA Guides, 
Fifth Edition, defines loss of motion segment integrity as 
total translation on flexion/extension greater than 2.5 mm 
or angular motion translation greater than 5°.9 The AMA 
Guides, Sixth Edition, reports abnormal translation greater 
than 2.5 mm anteriorly or posteriorly as AOMSI in the 
thoracic spine (page 578).

Lumbosacral Spine 
The scientific literature does not support abnormal thresh-
old values and/or methodology for determining loss of 
motion segment integrity in the lumbar spine as described 
in the AMA Guides, Fourth and Fifth Editions. The medical 
literature9-11 would support use of the following criteria in 
evaluating lumbosacral loss of motion segment integrity:

1. Use of relative translation is recommended in the
lumbosacral spine, as magnification is automatically
corrected utilizing this technique. Magnification
on lumbosacral radiographs varies widely between
different institutions and individual patients, signifi-
cantly affecting translation measurement accuracy.
Greater than 8% anterior or 9% posterior relative
translation in the lumbar spine, and greater than 6%
anterior or 9% posterior relative translation at L5-S1
are considered abnormal and indicative of AOMSI.
The methodology for translation measurements
defined in the AMA Guides, Fifth Edition, in Figure
15-3a, Loss of Motion Segment Integrity (page 378)
and in the AMA Guides, Sixth Edition, in Figure
17-5, Loss of Motion Segment Integrity, Translation
(page 579) is supported by the literature.

2. The methodology for evaluation of angular motion
(sagittal rotation) AOMSI in the lumbar spine
methodology is illustrated in the AMA Guides, Fifth
Edition, in Figure 15-3b, Loss of Motion Segment
Integrity, Angular Motion (Sagittal Rotation),
Lumber Spine and in the AMA Guides, Sixth
Edition, in Figure 17-6, Loss of Motion Segment
Integrity, Angular Motion (Sagittal Rotation),
Lumbar Spine (page 580). AOMSI defined as motion
greater than 15° at L1-2, L2-3, L3-4; greater than
20° at L4-5; or greater than 25° at L5-S1 is sup-
ported by the literature. The methodology defined in
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Spinal Alteration of Motion Segment Integrity Using the Sixth Edition, continued

measurements in the spine appear to be both more 
reproducible and accurate when performed on com-
puted radiography, digital radiography, or digitized 
analog images evaluated on a picture archive and com-
munication system (PACS). The ability to magnify the 
image, the ability to optimally adjust window/level set-
tings, and the use of edge enhancement allow for better 
definition of the vertebral endplate. Measurements 
using electronic calipers are sometimes limited to 0.2 
to 0.3 mm increments but are still significantly more 
accurate than measurements using a clear ruler and 
visual estimation of the sub-mm values. Given the 
small measurements typically obtained, particularly 
in the cervical spine in which measurements of 1 to 3 
mm are the norm, digital measurements appear to be 
advantageous over hand measurements using a clear 
ruler, goniometer, and opaque marker. However, no 
study has been performed, to my knowledge, compar-
ing small linear measurements using a PACS versus 
analog film techniques. 

SUMMARY
In determining whether AOMSI is present, the following 
factors must be considered:

1. Flexion/extension radiographs are performed at or
after MMI and are technically adequate.

2. The proper methodology is utilized in obtaining mea-
surements of translation and angular motion.

3. Normal translation and angular-motion thresholds
consistent with the literature are utilized in determi-
nation of AOMSI.
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the literature and in the AMA Guides for evaluating 
angular AOMSI in the lumbar spine utilizes both 
flexion and extension films and differs significantly 
from the methodology utilized in the cervical spine.

Alternatively, complete or near complete loss of motion 
segment related to developmental or surgical fusion would 
also be considered AOMSI, although the ROM method of 
evaluating impairment is recommended if using the AMA 
Guides, Fifth Edition.

Technical Factors
A number of image quality technical factors affect mea-
surement of AOMSI and can lead to inaccuracy, decrease 
interobserver reliability, and result in classification errors:

1. Film centering: Poor centering (off-lateral pro-
jections, cranio/caudal angulation, and parallax 
phenomenon) will produce two separate posterior 
endplates and vertebral body margins on radiographs. 
If the poor centering is pronounced, such films should 
not be utilized for loss of motion segment integrity 
evaluation. If both anteriorly and posteriorly pro-
jected endplates are well-defined, approximation of 
translation measurements may be performed utilizing 
the mid-point between the anteriorly and posteri-
orly projected endplates. If translation using these 
measurements is clearly within the normal range, 
repeating the study with more accurate centering of 
the patient is probably not indicated. 

2. Artifacts: Artifacts, such as motion artifacts, grid 
artifacts, poor film-screen contact, and processor 
artifacts can significantly obscure endplate anatomy. 
If artifacts are present and significantly affect iden-
tification of the vertebral endplate, such films should 
not be utilized for loss of motion segment integrity 
measurement. Poor quality copies of original radio-
graphs should also not be used for loss of motion 
segment measurements.

3. Poor edge resolution: X-ray units with large focal 
spots, particularly with single-phase equipment, will 
produce poor edge resolution, which can significantly 
affect accuracy and produce classification errors in 
translation measurements. If endplates cannot be 
accurately defined on both flexion and extension X 
rays, loss of motion segment measurements should 
not be performed. 

4. Endplate normal variations and spurring: In the 
presence of endplate and/or uncinate spurring, identifi-
cation of the endplates is quite difficult and inaccurate. 
All vertebral body endplates do not form a right angle; 
curvature of the endplates is quite common. The 
identical endplate landmark on flexion and extension 
X rays must be visible and utilized for measurements 
of translation. Endplate spurring, uncinate hyper-
trophy, and off-lateral projection produce significant 
classification errors and should be avoided. If visible, 
the vertebral endplate rather than the uncinate process 
should be utilized in translation measurements.

5. Analog vs digital radiography: Although not 
specifically studied in the literature, translation 

1.

2.

3.

4.

5.
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Comments Submitted by Interested Parties on a Pending AMA 

Guides® Editorial Change Proposal  

Instructions: By submitting comments on this form regarding an Editorial Change Proposal, I 

attest that I have read AMA Guides® Editorial Change Proposal and Submission 

Requirements and will use them as the primary points of consideration when submitting the 

Comment Form. As an interested party, I understand that my comments are limited to the 

original editorial change proposal.  

Name or Topic of Proposal: Spine 

Individual or Organization Submitting Comments: Kathryn L Mueller, MD, MPH 

Date: 6/25/2022 

I. General Criteria for Guides Editorial Changes

• The proposed change is carefully drafted and conforms to the prevailing style of the AMA
Guides 6th Edition;

• The terminology and the analytical frameworks used in the proposal are consistent with the
World Health Organization’s International Classification of Functioning, Disability, and
Health (ICF);

• The structure and content of the proposed editorial change ensures that impairment ratings
are transparent, clearly stated, and reproducible, to insure physician interrater reliability;

• The clinical soundness of the proposed editorial change is demonstrated with the best
available evidence except in the case of minor editorial changes.
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1. Does the requested procedure meet the AMA Guides® Editorial Change Proposal and

Submission Requirements?

☐Yes

☒No

If No, please explain. (1500 character limit) 

I am actually unsure about this but see my commentary below 

2. Does the submitted literature adequately support the Editorial Change Proposal?

☐Yes

☐No

☒N/A

If No, please explain. (1500 character limit) I am not sure there is sufficient 

justification for the need for the spine x ray.  To date we have no real justification 

for the actual % numbers for impairment 

3. Are you aware of contradictory literature related to the Editorial Change Proposal?

☐Yes

☒No

☐N/A

If Yes, please include a maximum of five (5) articles when submitting this form. 

Articles in full text or PDF formats are required. Citations only will not be 

considered. 

4. Do you support this Editorial Change Proposal?

☐Yes

☒No

If No, please provide the rationale for lack of support, citing the specific criteria 

not met shown at the top of this form. (1500 character limit) Parts of it may be 

good.  See the full explanation below.  

5. Does the Editorial Change Proposal have any impact on other AMA Guides content that

may not have been recognized or considered, or conflict with other precedents in the

AMA Guides that might affect usage?

☒Yes
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☐No

If Yes, please explain. (1500 character limit) 

Please provide additional commentary related to the editorial change proposal. 

I have several major concerns regarding the changes to the spine chapter, having taught hundreds of 

students how to use the 6th edition as well as previous editions (which required more instructions because 

the chapters differed significantly in approach). One of the reasons the 6th edition was relatively easy to 

teach to physicians who had not previously performed impairment ratings was that the system was 

consistent throughout all chapters. Once the student learned to go to the middle number on the diagnostic 

grid or key determinant grid they then knew to move up or down within that classification based on the 

grades of clinical studies, functional history, and physical exam. This created a less complicated system for 

both medical examiners and the legal community. Once the diagnosis could be agreed upon there were only 

five choices maximum that could be used and those were determined by the grades. If the editorial 

committee chooses to change this system, it would be absolutely essential that it is changed in at least all of 

the most frequently used three musculoskeletal chapters at the same time.  Many jurisdictions either require 

certification regarding expertise in impairment rating or use such certification when deciding upon medical 

experts in cases.  The teaching necessary to certify physicians needs to be considered. 

Under the proposed system there may be up to five choices within a specific class category for the 

impairment rating. These are to be governed by the grade modifiers. However it is not possible to reach the 

highest numbers in the great modifiers in some cases. For instance in the a OMSI or the fracture categories 

clinical studies cannot be used as a grade modifier. The functional grade table only allows a one point 

gradient and a physical exam table only allows a 2 point grade shift. Thus when you start from the lowest 

number you cannot reach the 4th number in the class.  I would expect that there are several other examples 

of this in the chapter.   

I don’t believe we have any evidence to back up the numbers we use in the Guides.  Theoretically one could 

use the highest quality studies on functional results from surgery or other studies to try and set ‘evidence-

based’ numbers but I don’t believe that is happening right now.  Therefore it is going to be hard to radically 

change the % in the Guides for the same conditions we already have numbers for.  I think that could be 

done for some areas where surgery has improved outcomes etc. but consideration needs to be given to the 

effects on the jurisdictions and pay outs.  Changes are fine if there is real science behind it but if not, I think 

jurisdictions won’t want to change editions. 

Given these issues I believe that there would be many comments from the users of the Guides regarding 

how the new proposed numbers would alter the current ratings. It may be reasonable to change to a system 

where the rater begins from the lowest number but that , with any new numbers being considered, should be 

tried on many similar 6th edition cases to see if the ratings will radically change.  Jurisdictions can’t adopt a 

version that results in a radical change in ratings because it would significantly change the insurance 

premiums. As much as possible the new ratings should either reflect significant changes in scientific 

literature and outcomes, or they must be relatively consistent with the prior ratings. Since this chapter 

suggests significant changes in how the rating is arrived at, I believe there would be much discussion as to 

whether these ratings are lower overall then the prior ratings. Subjectively they appear to me to result in a 
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lower rating because of the way the modifiers are created.  I  would strongly suggest that the many 

experienced impairment raters on the advisory and main editorial committees take recent cases that have 

been controversial and rate them using the proposed system to see how the numbers compare and how the 

higher numbers could be reached with the proposed system.  

Other changes that were previewed at prior open meetings are important and had been suggested by the 

editorial panel previous to this draft. I think they are important and should definitely take place. 

Minor comments - 

Currently this chapter reflects the use of the PDQ to reflect the functional history. I understand this is 

because there has not been a final decision regarding the functional measures to be used. However if there 

is no change and the PDQ will continue to be used in the chapter,  the APA and ACOEM committee would 

disagree with the sentence which asserts that the PDQ is a validated tool for these purposes.  

Table 17- 19 has an error in the footnote. It reminds the reader that only one of the two columns may be 

used but in the final sentences it says” … do not use the image column” when in fact it should say “do not 

use the electrodiagnostic findings”.  This is because the image column is already used in certain diagnostic 

categories to create the Class.  

I do not think the idea of whole spine x rays as part of the process is reasonable. From a health point of view 

we should not be advocating for further unnecessary radiation exposure and they are not routinely obtained 

for most cases.  
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