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Objectives—  After attending this advanced course in CTS participants will (1) understand the role of  the workplace in risks and 
management of  CTS, (2) become familiar with the role of  imaging in the diagnosis of  CTS, (3) review the latest electrophysiologic tech-
niques for the diagnosis CTS, and (4) discuss the role of  surgical management. 

Prerequis ite—This course is designed as an educational opportunity for residents, fellows, and practicing clinical EDX physi-
cians at an early point in their career, or for more senior EDX practitioners who are seeking a pragmatic review of  basic clinical and EDX 
principles. It is open only to persons with an MD, DO, DVM, DDS, or foreign equivalent degree.

AccreditAtiOn stAtement—The AANEM is accredited by the Accreditation Council for Continuing Medical Education 
to provide continuing medical education (CME) for physicians.
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The AANEM designates this educational activity for a maximum of 2 AMA PRA Category 1 Credit(s) TM. Each physician should 
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Please be aware that some of the medical devices or pharmaceuticals discussed in this handout may not be cleared by the FDA 
or cleared by the FDA for the specific use described by the authors and are “off-label” (i.e., a use not described on the product’s 
label). “Off-label” devices or pharmaceuticals may be used if, in the judgement of the treating physician, such use is medically indi-
cated to treat a patient’s condition. Information regarding the FDA clearance status of a particular device or pharmaceutical may 
be obtained by reading the product’s package labeling, by contacting a sales representative or legal counsel of the manufacturer 
of the device or pharmaceutical, or by contacting the FDA at 1-800-638-2041.
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A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

It is important that the CME activity:

 1. Address my most pressing questions.

 2. Address competencies identified by my specialty.

 3. Provide fair and balanced content.

 4.  Provide clear evidence to support content.

 5.  Include opportunities to learn interactively from faculty and par-
ticipants.

 6. Provide me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 7. Include opportunities to solve patient cases.

 8.  Translate trial data to patients I see in my practice.

 9. Address barriers to my optimal patient management.

Pre-activity Questions 

BEFORE YOU BEGIN THIS ACTIVITY
We need your feedback in order to improve future educational activities. 

On the scantron sheet provided, please rate how important each of the 
following aspects of the CME activity are to you using this scale:

Fi
ll 

in
 an

sw
er

s h
ere

Instructions for 
filling out  

your parSCORE 
sheet

Using a #2 pencil, 
fill in your answers 
beginning with ques-
tion #1.

After completion of 
this activity, go to the 
back of the book and  
fill in your answers 
beginning with ques-
tion #10.

Complete the questions at the back of 
 the book following this activity.
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INTRODUCTION

Carpal tunnel syndrome (CTS) increased in epidemic proportions 
during the 1980s and early 1990s13,37,40 in the United States and 
elsewhere in the world. Overall, cases of upper extremity cumulative 
trauma (including CTS) reported to the Bureau of Labor Statistics 
peaked in 1994 and modestly declined thereafter.43 Such a dramatic 
increase in a disorder that seems rather simple in terms of etiology 
(entrapment) and pathophysiology (pressure and ischemia) has left 
many physicians, epidemiologists, and public health professionals 
wondering how this could have occurred. Could the diagnosis have 
been missed previously? The classic causes of CTS have been famil-
iar to clinicians for decades. In a study reflecting 20 years of clinical 
experience at the Mayo Clinic, however, Stevens and colleagues39 

could find no documented associated condition for CTS in almost 
50% of cases. Among the classically cited causes, only rheumatoid 
arthritis, diabetes, and pregnancy were associated with CTS more 
commonly than expected in the general population. 

A number of factors have undoubtedly contributed to the wide 
recognition of CTS. The increased number of specialists during 
the 1970s and 1980s combined with an increase in number and 
sophistication of electrodiagnostic (EDX) laboratories improved 
the ability to more readily diagnose milder forms of CTS, signifi-
cantly contributing to the increased number of documented cases. 
The early diagnosis of CTS implies that more severe cases of it, for 
example, those patients with clinical evidence of axonal damage 
(sensory loss, weakness), represent a smaller fraction of CTS cases 
seen in contemporary practices than would be predicted by older 
published series.

Another cause of this seeming epidemic lies in changing work 
processes; an estimated 50% of cases of CTS are now considered 

to be work related.34 Aging of the population, with an increased 
prevalence of underlying chronic conditions such as diabetes, may 
also be a significant pathogenic factor. Furthermore, the raised 
awareness of CTS within the general population probably leads 
those suffering from acroparesthesias to consult their physicians 
sooner than they might have in the past. 

The argument that the occupational epidemic is specious18 or 
analogous to the disappearing epidemic of repetitive strain injury 
in Australia does not withstand thoughtful analysis.38 Whatever 
the cause of the CTS epidemic, the practical effect on clinicians’ 
practice has been to place the specialties of neurology and physiatry 
squarely in the path of greatly increased numbers of cases, many of 
them at risk for disability. 

POPULATION-BASED EPIDEMIOLOGIC STUDIES 
(DISEASE BURDEN)

CTS incidence in the general population prior to the peak of the 
epidemic in the 1980s and early 1990s was estimated at approxi-
mately 1/100040 with a mean age of 51 years and a female:male 
ratio of 3:1. These figures, from Olmsted County, Minnesota, 
represented a 42% increase in age-adjusted rates between 1961 
and 1980. The reported incidence in working populations is 
higher, up to 2.73/1000,37 with a lower mean age (37.4 years) and 
female:male ratio (1.2:1) reflecting the demographics of working 
populations. The incidence rate may be 10- to 20-fold higher in 
selected industries, particularly in the manufacturing and food 
processing sectors.

The national prevalence of CTS-related work disability in 1988 
was estimated at 240,578 persons.7 Among workers, the number 
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of cases and days of work lost was higher for CTS and hearing loss 
than for any other illness.27

A precise estimate of the proportion of all CTS cases that are work 
related is not available. Rossignol and colleagues34 estimated that 
among all persons receiving CTS surgery in Montreal, approxi-
mately 53% were work related. 

DIAGNOSIS

Case Definition

A classic case-definition for any clinical disorder typically includes 
the most reliable aspects of the history, physical examination, and 
corroborative diagnostic tests. For CTS, a combination of the 
reported symptoms (tingling, burning, and pain in the hand, par-
ticularly at night) and abnormalities in EDX studies are the most 
reliable markers for presence of CTS.3 As most clinicians appreci-
ate, clear-cut findings on physical examination are relatively infre-
quent (sensory loss or weakness in the median nerve distribution of 
the hand). Provocative tests (Tinel’s, Phalen’s signs) are neither very 
reliable nor accurate; sensitivity of such tests varies with technique, 
and specificity is limited. Earlier case definitions that emphasized 
provocative test findings incorrectly classified 38% of workers.25

Recent consensus criteria for the classification of CTS in epide-
miologic studies are also useful in the clinical setting.33 For this 
case definition, a structured hand symptom diagram emphasiz-
ing burning, tingling, numbness, or pain in digits 1 to 3 (Table 
1) is combined with abnormal electrophysiologic studies. CTS is 
most likely to be present with a classic/probable or possible hand 
symptom diagram and abnormal EDX studies (Table 2).

Electrodiagnostic Studies

EDX studies add substantially to the specificity of the case defini-
tions of CTS, but must, of course, be performed properly to be 
useful. When investigating a worker whose symptoms and signs 
are suggestive of unilateral CTS, the practice recommendations of 
the American Association of Neuromuscular & Electrodiagnostic 
Medicine are useful; these are summarized in Table 3.20 If the clini-
cal examination suggests more extensive peripheral nerve involve-
ment (e.g., polyneuropathy or cervical radiculopathy) or if bilateral 
CTS is a clinical consideration, further testing may be necessary.

Because most cases of work-related CTS are relatively mild and 
without clinical evidence of axonal degeneration, experienced EDX 
consultants can, in these instances, determine if needle electro-
myography (EMG) is indicated. However, in patients with clinical 
evidence of axonal loss, such as clear-cut sensory loss or weakness 
in the median distribution, needle EMG of median-innervated 
muscles is important both to document the axonal loss and to 
provide an objective finding that is potentially valuable for longitu-
dinal follow-up. Such follow-up can be critical in work-related cases 
both to diagnose the reason for ongoing symptoms postoperatively 
and to document impairment in cases with permanent residual 
nerve injury.

A small proportion of patients with true CTS, not likely exceeding 
10% of the clinical population, have classic symptoms with normal 
EDX studies. On the other hand, up to 20% of the working 
population may have mildly abnormal EDX studies in the absence 
of symptoms. In a study of Japanese furniture workers, 18% had 
abnormal EDX studies but only 2% had definite CTS on the basis 
of symptoms along with abnormal EDX studies.30 Asymptomatic 
workers with mildly abnormal EDX studies are not at increased 
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TABLE 1   Classification of Symptom Quality and Location for 
Use With Hand Diagrams or Focused Questions*

Probability of CTS Description of Symptoms
Classic/probable Numbness, tingling, burning, or pain in at least  
 2 of digits 1, 2, or 3.
 Palm pain, wrist pain, or radiation proximal to the 
 wrist is allowed
Possible Tingling, numbness, burning, or pain in at least  
 1 of digits 1, 2, or 3
Unlikely No symptoms in digits 1, 2, and 3

CTS=carpal tunnel syndrome. 

*Adapted from Katz JN and colleagues26

TABLE 2   Estimated Likelihood of Carpal Tunnel Syndrome 
for Case Definitions of CTS That Include Electrodiagnostic 
Studies*

Symptom       EDS Ordinal Likelihood of CTS
Classic/probable Positive +++
Possible Positive ++
Classic/probable Negative +/–a

Possible Negative –
Unlikely Positive –
Unlikely Negative – –

Note: The criteria also require symptom classification (see Table 1). 
aNo consensus achieved on whether likelihood should be – or + 
CTS=carpal tunnel syndrome; EDS=electrodiagnostic studies   
*Adapted from Rempel D and colleagues33



risk for developing CTS.45 Thus, while EDX studies are critical in 
corroborating a clinical case definition of CTS, it should never be 
diagnosed based solely on EDX studies in the absence of appropri-
ate symptoms or signs.

Other Diagnostic Tests

Although EDX studies are a crucial component of the diagnostic 
case definition for CTS, their performance is imperfect and they 
are relatively expensive. Further, non-neurological health profes-
sionals whose scope of practice does not typically include EDX 
studies (e.g., primary care practitioners, physical therapists) often 
see patients early in the course of the disorder. These circumstances 
have led to the emergence of (1) psychophysical screening tests, 
e.g., various types of current perception threshold (CPT) testing 
whose performance depends on technical capacity and accuracy  
of the machine in determining the presence or absence of CTS in 
place of EDX; (2) portable devices that are technically similar to 
conventional EDX; and (3) advanced imaging studies (computer-
ized tomography, magnetic resonance imaging) with the potential 
to add to the case definition in questionable cases, such as those 
with symptoms suggestive of CTS but normal EDX studies.

The various forms of CPT (thermal, vibration, or pressure sen-
sation threshhold tests) have poor technical capacity to isolate 
a focal entrapment lesion of peripheral nerve; these tests only 
detect unlocalized abnormalities in the neuraxis. An “abnormal-
ity” in these tests only suggests nerve dysfunction somewhere in 
the neuraxis and cannot localize a nerve entrapment. With such 
limited technical capacity, it is not surprising that such procedures 
do not compare favorably with EDX performance. Franzblau and 
colleagues15 compared a CPT device to reported symptoms and 

EDX in industrial workers being screened for CTS; CPT perfor-
mance was low compared to EDX, and the results were statistically 
unrelated to self-reported symptoms of CTS.

Portable EDX devices, although more promising than CPT, have 
also not performed sufficiently well to replace conventional EDX 
for the routine diagnosis of work-related CTS. The device measur-
ing motor latency, however, appears more reliable than the device 
measuring sensory latency;5,31 nonetheless, neither are likely to 
be useful in confirming early CTS, a situation in which sensory 
symptoms predominate, as in work-related CTS.31 The most recent 
technological advance on portable devices (NC-stat) has also not 
been demonstrated to be sufficiently accurate to justify use outside 
of a research setting.29

Advanced imaging studies with magnetic resonance neurography 
hold promise to clarify questionable CTS in confusing clinical 
circumstances, as when EDX is normal, or when symptoms persist 
postoperatively. Using special surface coils, both nerve flattening 
and increased signal may be seen at the site of nerve compression. 
This combination of factors has a specificity of 0.80 compared 
to case definition for CTS using a definite/probable hand pain 
diagram and abnormal EDX.21 Magnetic resonance neurography 
would not however perform well as a screening tool to detect CTS 
in unselected populations.

Although CTS is the most common nerve entrapment syndrome, 
it should be emphasized that it causes only a minority of upper 
extremity musculoskeletal disorders in working populations. The 
total number of CTS cases in Washington State workers’ com-
pensation claims between 1990 to 1998 (approximately 27,000 
accepted claims) represented only 21% of all upper extremity mus-
culoskeletal claims. Other common disorders among these claim-
ants were rotator cuff injuries (13%) and epicondylitis (9%).36 The 
differential diagnosis for workers presenting with pain in the upper 
extremity must therefore include a variety of conditions, such as 
focal tendinitis, strains, contusions, or sprains, that are in fact more 
common than CTS or other neurogenic causes of pain. Further 
complicating diagnostic assessment, patients often have more 
than one condition contributing to musculoskeletal symptoms. 
Patients with complex musculoskeletal arm symptoms can often 
be managed more effectively if CTS is established or excluded as a 
diagnosis as early as possible (see below).

Confusion may arise in those cases that seem to meet the clinical 
criteria for CTS but have normal or borderline EDX study. In 
such cases, repeating a focused EDX study after an empiric trial at 
the time the patient is ready to return to work (RTW) may help 
clarify the diagnosis. If neither classic symptoms nor an abnormal 
EDX study are present, a competing diagnosis such as tendinitis 
may be present. In these cases, empiric treatment may address the 
alternative condition (e.g., utilizing nonsteroidal anti-inflammatory 
drugs) as the primary work-related condition.

Occupational instances of multiple mononeuropathies in one ex-
tremity are quite rare. A patient with well-documented multiple 
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TABLE 3   Electrodiagnostic Criteria for the Diagnosis of Carpal 
Tunnel Syndrome*

1. Standard: Sensory conduction studies across the wrist of the 
median nerve, and if the results are abnormal, of one other 
sensory nerve in the symptomatic limb.

 2. Standard: If the initial median sensory nerve conduction across 
the wrist has a conduction distance greater than 8 cm and the 
results are normal, additional studies as follows:
a. Median sensory [or mixed] nerve conduction across the wrist 

over a short (8 cm) conduction distance or
b. Comparison of median sensory conduction across the wrist 

with radial or ulnar sensory conduction across the wrist in the 
same limb.

Guideline: Motor conduction studies of the median nerve recording 
from the thenar muscles and of one other nerve in the 
symptomatic limb to include measurement of distal latency.

*Adapted from Jablecki CK and colleagues20



mononeuropathies (other than bilateral CTS) must be carefully 
evaluated for systemic illnesses that cause mononeuritis multi-
plex. If multiple compression neuropathies appear to be present, 
hereditary liability to pressure palsies should be considered in the 
differential diagnosis. Patients who have undergone one nerve 
decompression, such as a carpal tunnel release, occasionally fail to 
recover and are subsequently misdiagnosed with a different nerve 
entrapment in the same limb. As an example, among patients 
who underwent surgery for nonspecific neurogenic thoracic outlet 
syndrome (TOS) in Washington State, 16% had also undergone 
surgery for CTS.12 Typical errors are:

• Over-reliance on minimal EDX abnormalities in the absence of 
clinical diagnostic evidence;

• Misinterpretation of focal tenderness as a sign of nerve entrap-
ment, leading in turn to overdiagnosis of ulnar neuropathy or rare 
conditions such as median entrapment in the forearm or radial 
tunnel syndrome;

• Facile diagnostic invocation of the so-called “double crush” syn-
drome, recently cogently critiqued by Wilbourn and Gilliatt.47 

The “syndrome of the spreading diagnosis” should be judiciously 
avoided by clinicians. Outcomes in the majority of these cases 
are poor12 (especially when treated with multiple surgeries for ill-
documented nerve compressions). 

TOS deserves special mention here because it is not uncommonly 
diagnosed in workers with CTS and because its diagnosis and 
treatment is controversial. True neurogenic TOS has been clearly 
defined in the neurologic literature.17 It consists of pain and sensory 
symptoms in the ulnar distribution, with EDX evidence of both 
ulnar (e.g., reduced ulnar sensory nerve active potentials) and 
median (e.g., denervation in thenar muscles) distribution abnor-
malities. Strict clinical and EDX criteria48 have been implemented 
in Washington State as a requirement prior to considering surgery 
for TOS (Table 4).

The vast majority of workers suspected of having TOS by a refer-
ring physician have nonspecific neurogenic TOS. These patients 
present with pain or sensory symptoms in the upper extremity, 
which may or may not be localized to the ulnar distribution, and 
invariably have normal EDX studies. These patients often have 
tight shoulder girdle muscles as well. Provocative tests such as the 
elevated arm stress test of Roos or Adson’s test are unreliable, non-
specific, and not helpful for this diagnostic problem.42

It is not surprising that the outcome of surgery for this nonspe-
cific variety of neurogenic TOS in injured workers is dismal.12 

Conservative management, including home exercises28 and relax-
ation training aimed at tight shoulder girdle muscles that may be ir-
ritating the brachial plexus, is effective in the majority of patients.

As with CTS, recognition of work exposures that are associated 
with nonspecific TOS symptoms is crucial to prevention and RTW. 
Occupations with high mechanical loads in the shoulder/neck 
region are at greatest risk, particularly those associated with repeti-
tive lifting or reaching above the shoulders.

Disability prevention in patients with nonspecific TOS can best 
be achieved by: (1) early recognition of appropriate exposures; 
(2) correct diagnosis of nonspecific TOS; (3) avoidance of surgery 
except for instances of true neurogenic TOS with characteris-
tic EDX abnormalities; (4) conservative management aimed at 
strengthening and relaxing the affected muscles; and (5) early 
efforts at return to modified work, with a focus on reducing shoul-
der and neck loads and above shoulder lifting and reaching.

Causal Relationships for Carpal Tunnel Syndrome: An 
Epidemiologic Approach

Although the legal standards for determining causality may vary 
slightly across state jurisdictions, the principles for physicians are 
relatively consistent. Acute injuries (e.g., fractures) that arise out of 
employment usually pose no substantial challenge in terms of docu-
mentation, and the vast majority of such claims are allowed. Work-
related disorders that are subacute, chronic, or delayed in onset are 
usually classified as “occupational diseases,” because a single acute 
incident did not occur. These cases, including classic occupational 
diseases such as asbestosis and musculoskeletal disorders that are 
not typically acute (e.g., CTS), are adjudicated differently and are 
more frequently contested by the employer or disallowed by the 
insurer.

The physician whose expert opinion is sought in cases of alleged 
occupational disease must answer two fundamental questions: (1) 
is the epidemiologic and biologic evidence sufficient to support a 
causal association, and (2) if so, do the circumstances of the specific 
patient lead to a conclusion that the condition is work-related?35

The epidemiologic evidence overwhelmingly favors a causal asso-
ciation between work factors (force, repetition, awkward postures) 
and CTS in working-age populations.14 The only personal factor 
associated strongly and consistently with occurrence of CTS is 
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TABLE 4   Criteria for Thoracic Oulet Syndrome Surgery*

 In the affected upper extremity AND In the affected upper extremity, 
   all of the following
   electrodiagnostic abnormalities
   must be found:
A. Pain   A. Reduced amplitude median 
       motor response
     and   and
B. Numbness or paresthesias  B. Reduced amplitude ulnar 
    in the ulnar nerve distribution           sensory reponse
     and
   C. Denervation in muscles 
           innervated by lower trunk of 
            the brachial plexus

*Adapted from the Washington State Department of Labor and Industries Medical 
Treatment Guidelines, June 1999.  



obesity. In persons with both obesity and significant work exposure, 
both factors have independent causal effects.45 

The principal task for clinicians is to answer the second question 
by documenting each of the following three components for each 
person suspected of having work-related CTS: (1) a detailed history 
documenting both work and nonwork factors (such as garden-
ing, bicycling, etc.) that may be associated with CTS (Table 5);  
(2) clear-cut evidence of presence of clinical CTS; and (3) whether 

it is “more probable than not” (e.g., more than 50% likely) that 
the documented exposure is related to CTS in each patient. Table 
6 provides a guide for the types of exposures, examples of jobs, 
and whether the probability of work-relatedness is high, medium, 
or low. In general, a relative risk (or odds ratio) for any given job 
type that is greater than 2 would meet the “more probable than 
not” criterion.

In the presence of both medium to high work exposures and either 
a comorbid condition such as diabetes, pregnancy, or substantial 
nonwork physical exposures, work relatedness would still favor 
the worker if the temporal onset or progression of the syndrome 
implicates the occupational exposure. In situations in which both 
occupational and nonoccupational factors have substantial causal 
effects, adjudicators should construe the law in the worker’s favor. In 
contrast, in the presence of low work exposures or only intermittent 
or brief medium exposures work may not be the medically probable 
cause of the CTS, especially if a nonwork factor is substantially 
present. For example, in the special case of pregnancy associated 
CTS, symptoms typically dissipate immediately after delivery. If 
such symptoms persist postnatally in the presence of medium-high 
work exposures, the syndrome is probably work related.

PROGNOSIS AND RELATIONSHIP TO WORK-RELATED 
DISABILITY: THE CLINICIAN’S ROLE IN PREVENTION

In general, approximately 5% of workers’ compensation cases 
account for the vast majority (80%-85%) of disability costs and 
productive life lost.19 Most workers are in disability status (time 
loss, temporary total disability) for 6 weeks or less. After 3 months 
of disability, however, the probability of ending disability is dramat-
ically reduced (Figure 1). After 6 months of disability, the chance of 
ever returning to full-time productive work is substantially less than 
50%. A longer duration of disability is predicted by the presence 
of CTS in comparison to other musculoskeletal disorders43 (Figure 
1). Higher exposure jobs are probably more difficult to return to, 
even after effective medical treatments.2,8 Thus, it is important for 
the clinician to recognize potential barriers to RTW, such as higher 
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TABLE 5   Work-relatedness*

Any activity requiring extensive or continuous use of the hands in work 
may be an appropriate exposure. In general, one of the following work 
conditions should be occurring on a regular basis:

1) Repetitive hand use, especially for prolonged periods (e.g., 
keyboard users), against force (e.g., meat cutters) or with 
awkward hand positions (e.g., grocery checkers), with repeated 
wrist flexion, extension, or deviation as well as forearm rotation, 
or with constant firm gripping.

2) The presence of regular, strong vibrations (e.g., jackhammer, 
chainsaw).

3) Regular or intermittent pressure on the wrist. (Note: acute carpal 
tunnel syndrome may be associated with acute trauma, i.e., 
fracture, crush injury of wrist, etc.).

The types of jobs that are most frequently mentioned in the literature 
or reported in Labor & Industry’s data include: meat cutting; seafood, 
fruit, or meat processing or canning; carpentry; roofing; dry walling; 
boat building; book binding; wood products work; dental hygienist; 
and intensive word processing. This is not an exhaustive list. It is only 
meant to be a guide in consideration of work-relatedness. If the history 
of exposure is unclear, then speaking directly with the employer or 
claimant or doing a walk through to obtain more detailed information on 
job duties would be critical.

Adapted from the Washington State Department of Labor and Industries Medical 
Treatment Guidelines, June 1999.

TABLE 6   Work Exposures and the Probability of Work-Relatedness

  Examples of  Probability of 
 Exposure Types of Jobs Work-relatedness
Combinations of high force Meat cutting, fish processing, High, relative risk >4 
with high repetition and carpentry, roofing, dry-wall  
awkward posture installation
Medium-high force, high Dental hygienists, word Medium, relative risk 2-4 
repetition or awkward processing 
posture alone, on a nearly 
continuous basis
Low force or medium-low Office managers, bus drivers Low, relative risk <2 
repetition alone, on an 
intermittent basis



physical work exposure, and to implement more timely action to 
prevent disability. 

Recognition of potential risk factors associated with long-term dis-
ability early in the clinical course of CTS is critical to overcoming 
the barriers to achieving successful clinical outcomes and disability 
prevention. The strongest factors predicting longer term disability 
for work-related CTS include: (1) greater physical exposure at 
work, (2) psychosocial factors such as greater fear, avoidance, and 
worse return to work expectations, (3) no offer of work accom-
modation by the employer, (4) substantial administrative delays 
such as inappropriate denial of benefits for work-related CTS, and  
(5) delay in diagnosis of CTS.11,41

While disability prevention after onset of symptoms (second-
ary prevention) is the most critical intervention for the clinician, 
primary prevention (preventing the injury from occurring) is also 
possible via sentinel event reporting. Thus, for example, if a physi-
cian recognizes a small cluster of cases emanating from one specific, 
high-exposure job site (e.g., a meat packing plant), reporting of 
such a cluster to appropriate community resources (Table 7) could 
lead to effective hazard evaluation, abatement, and prevention of 
additional cases of CTS.

The Physician’s Role in the Care of Carpal Tunnel 
Syndrome to Prevent Work Disability

Role of Specific Treatments

While there is extensive literature on both conservative and surgi-
cal treatments for CTS, most studies are neither controlled nor 
randomized. In addition, there is little treatment data specifically 
regarding injured worker populations. The following can be gen-
erally supported from published evidence or existing treatment 
guidelines:

• While initial therapy with conservative measures (e.g., splints, 
nonsteroidal anti-inflammatory drugs, steroid injections) may be 
useful, there is no clear evidence regarding relative efficacy, longer 
term efficacy, or order of use of these treatments.

• Attempts to remain at or return to full or modified work should 
be encouraged as early as possible during initial conservative man-
agement.

• Surgical decompression is likely to substantially alleviate symp-
toms in a large proportion of uncomplicated patients16 and allow 
return to full or modified work in up to 80% of workers,1 most of 
whom will have failed to achieve substantial clinical improvement 
with conservative therapy alone.24

• The timing of surgical decompression is likely to be important in 
determining outcome. In general, outcome for various procedures 
for work-related musculoskeletal disorders is worse the longer the 
duration of disability prior to the procedure.12 In the case of work-
related CTS, the decision to operate should be based on: (1) failure 
of conservative management to assist the workers in returning to 
work, or (2) clinical progression in spite of conservative manage-
ment. In the latter circumstance, progression from symptoms alone 
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Figure 1   Percentage of workers receiving disability payments after 
the indicated number of months since injury, by injury

Adapted from Cheadle et al. Am J Public Health 1994; 84:190-196

TABLE 7   Public and Private Sector Resources Available to 
Assist in Primary Prevention and Return to Work

Ergonomists
Industrial hygienists

Labor-management safety committees
Loss-control specialists from large insurers or large companies

Occupational Safety and Health Administration or State-plan safety 
consultants

State Department of Health
Vocational rehabilitation specialists



to evidence of some axonal loss (sensory or motor loss) would be 
of particular concern.

• Outcome of surgery is worse in CTS cases that are work related 
compared to those that are not.23 RTW following surgical decom-
pression is 2 to 3 times faster for CTS cases not related to workers’ 
compensation. Time to RTW following surgery is correlated with 
surgeons’ postoperative recommendations32 and with degree of 
(employer) organizational support.22

• The process of occupational health care for injured workers with 
CTS is probably the most important modifiable determinant of 
outcome. Care for these patients is generally disorganized, not 
oriented to an occupational health (RTW) model, and lacking 
in continuity. Field investigations of various interventions testing 
the efficacy of an occupational health approach to musculosk-
eletal cases have demonstrated a substantial effect on disability 
prevention compared to routine care.6,9 The hallmark of such oc-
cupational health models has included improved timeliness of care, 
early communication with the employer regarding return to full or 
modified duty, improved continuity of care, and ergonomic assess-
ment of the workplace.

In a recent effort to define more clearly the quality indicators for 
care of workers with work-related CTS, an expert “Delphi” panel 
in Washington State developed a consensus as to which clinical 
care actions were most likely to improve outcomes. Table 8 broadly 

outlines some of the most important actions, provides a relative 
timeframe for the conduct of each action, and indicates whether 
the action is likely to be controlled by the specialist, the primary 
care physician, or both.

It should be emphasized that all the interventions should be accom-
plished within the first 8 weeks of care, prior to the time that longer 
term disability is likely to develop. Some of these may be under-
taken by nonphysicians, under the direction of a primary care phy-
sician or specialist. For example, communication with the employer 
could be conducted by a nurse practitioner or physicians’ assistant 
familiar with the principles of occupational health care. Evaluation 
of impediments to RTW could be performed by an occupational 
medicine physician or care coordinator working with such physi-
cians. A recent health care system intervention in Washington State 
has demonstrated that using modest financial incentives to enhance 
use of these occupational health best practices can substantially 
reduce disability. Other resources, such as local safety and health 
personnel or vocational experts, might also be useful for specific 
tasks related to workplace hazard assessment.46

Determining Impairment In Patients With CTS

Physicians can use the American Medical Association (AMA) 
Guides to the Evaluation of Permanent Impairment10 to determine 
permanent impairment in patients with CTS. Most will find these 
methods somewhat obscure, since they are based on the concept of 
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TABLE 8

CTS Quality Indicator Timeframe Primary Care Physiatrist
Early screen for presence/absence of CTS 1st health care visit* +++ +/–
Documented history of physical work and non work exposures 1st or 2nd health care visit +++ +/–
Determination of work-relatedness 1st or 2nd health care visit +++ +/–
Activity prescription Each visit +++ +/–
Communication with employer re return to work 1st health care visit +++ +/–
Referral to specialist if no RTW or clinical improvement 6 weeks ++ ++
Specialist visit Within 1-3 weeks of referral +/– +++
Nerve conduction studies TL>2 weeks or consideration of surgery +/– +++
Referral for assessment of RTW impediments 4-6 weeks ++ +
Surgical decompression Within 4-6 weeks of determination of (+/–) (–)
 need for surgery
Ergonomist assessment of work site Within 2 weeks of 1st health care visit + +
 to 1) assist with work modification
 and 2) determine if physical hazards
 may put other workers at risk for CTS

*The timing column is anchored in time from claim filing, or first provider visit related to CTS complaints

CTS = carpal tunnel syndrome; RTW = return to work



neurologic impairment of an amputated body part (finger, hand). 
For example, 100% loss of sensation in a single digit (e.g., the index 
finger) would translate into a 50% amputation value.

Patients with CTS or any other entrapment neuropathy are consid-
ered impaired only if they have an objectively verifiable diagnosis 
and have “positive clinical findings and loss of function.” The rating 
is given only after the patient has reached maximum expected 
recovery of neurologic function. EDX findings can be part of the 
objective data that verify the diagnosis, but the severity of the EDX 
abnormality is not considered in determining the extent of impair-
ment.

The impairment is rated based only on sensory and motor deficits. 
If CTS is the only diagnosis, loss of grip strength or of range of 
motion merit no addition to the impairment values. The method 
requires seven steps: 

1) Identify the nerve (median) and level of lesion (wrist).

2) Rate the severity of both sensory and motor deficits. The sensory 
deficit is rated relative to the degree to which it interferes with 
activity (Table 9), while rating motor deficit is anchored in the 
Medical Research Council classification of muscle weakness. 

3) Derive from the AMA Guides4 the maximum percentage of 
upper extremity impairment allowable due to CTS, which is 39% 
for sensory deficits, and 10% for motor deficits.

4) The percent deficit for sensory is multiplied by 38%, the percent 
deficit for motor by 10% (Table 9).

5) The total combined upper extremity impairment is determined 
from a Combined Values Chart4 using the values from Step 4.

6) The value from step 5 is translated into a whole person impair-
ment.4 

7) If the CTS is bilateral, the same Combined Values Chart4 is used 
to combine the whole person impairments from each side.

The highest possible rating, equivalent to a severed median nerve 
at the wrist, would be 44% of the upper extremity, and 26% of 
the whole person. Bilateral severed median nerves at the wrist 
would lead to a combined value of 45% (26% and 26% using the 
Combined Values Chart), for the whole person. For the average 
injured worker with residual sensory complaints but no sensory 
or motor deficit following surgery and RTW, the whole person 
impairment would likely be no more than 10%. Workers with 
substantial axonal loss would be rated between 10% and 41% of 
the whole person.

An alternative method of rating impairment for entrapment neu-
ropathies, based on estimating the impairment as mild, moderate, 
or severe, was used in prior editions of the AMA Guides, but is 
not included in the 5th edition. However, if a patient continues 
to report pain, paresthesia, or functional impairment after carpal 
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TABLE 9   Determining Impairment of the Upper Extremity due to Sensory and Motor Deficits

Grade Description of Sensory Deficit or Pain % Sensory Deficit
                                             Sensory Classification
 1 No loss of sensibility, abnormal sensation, or pain 0
 2 Decreased sensibility, with or without abnormal sensation or pain, 
  which is forgotten during activity 1-25
 3 Decreased sensibility with or without abnormal sensation or pain,  
  which interferes with activity 26-60
 4 Decreased sensibility with or without abnormal sensation or pain, 
  which may prevent activity, and/or minor causalgia 61-80
 5 Decreased sensibility with abnormal sensations and severe pain, 
  which prevents activity, and/or major causalgia 81-100
                     Motor Classification  % Impairment
 5 Active movement against gravity with full resistance 0
 4 Active movement against gravity with some resistance 1-25
 3 Active movement against gravity only, without resistance  26-50
 2 Active movement with gravity eliminated 51-75
 1 Slight contraction and no movement 76-99
 0 No contraction  100



tunnel surgery, but has no impairment by motor and sensory cri-
teria, the patient can still be given an impairment rating up to 5% 
of the upper extremity, if and only if postoperative median nerve 
conduction values remain abnormal.

The rating system is even more complex if the patient has ad-
ditional nerve entrapments, complex regional pain syndrome, or 
other upper extremity conditions. A physician who is not thor-
oughly familiar with the AMA Guides should not attempt to rate 
impairment under the AMA Guides system. In some jurisdictions, 
examining physicians supply diagnoses and measurements of 
sensory and motor function, and, where appropriate, joint ranges 
of motion, but the actual rating calculations are provided by func-
tionaries who are trained in the system.

Conclusion

Work-related CTS is clearly amenable to both primary and second-
ary disability prevention. With recognition of several cases from the 
same job exposure, or the same industry, the clinician may access 
valuable community resources (Table 7) to implement hazard 
evaluations and work-task modifications. Thus, acting as a critical 
portal of information or reporting of similarly exposed cases, the 
physician may significantly contribute to prevention of new CTS 
cases from the suspect workplaces.

The physician may also serve an even more critical role in prevent-
ing unnecessary disability in workers with CTS. The health care 
delivery process would be substantially improved by the perfor-
mance of a detailed exposure history, clear linkage of exposures to 
clinical CTS, conservative management while attempting to return 
the worker to full or modified work, timely surgery if conservative 
management is not associated with RTW (no later than 3 months 
following onset of symptoms and work loss), and consistently 
applied EDX studies. In all of these, the clinician can assist other 
community physicians as a mentor or facilitator of care.

The clinician who serves only to conduct EDX studies of the 
median nerve misses a substantial opportunity to prevent disability 
for a condition in which disability is eminently preventable. The 
care of these patients can be successfully reorganized with a physi-
cian as mentor and facilitator, by appropriate training of primary 
care physicians, and by timely communication with workers and 
employers regarding RTW. A midlevel practitioner may be ef-
ficiently utilized to achieve many of these secondary prevention 
objectives.

Finally, the specialist can serve successfully as the arbiter of dif-
ficult, often adverse, proceedings. Determining work-relatedness 
at the beginning of a case and successfully concluding a case with 
an accurate impairment rating can both be satisfying endeavors for 
the clinician or medical examiner. There is no better clinician than 
a competent specialist to act to prevent unnecessary surgery on 
questionable entrapment syndromes, to prevent the “syndrome of 
the spreading diagnosis,” and to diagnose and track the neurologic 
status of workers with CTS.
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There are multiple and varied approaches that have been described 
for diagnosing carpal tunnel syndrome (CTS) using electrophysi-
ologic techniques. The lack of uniformity in approach suggests 
that there is not consensus as to a single best approach. For a broad 
review of electrodiagnostic (EDX) tests in this disorder, readers are 
encouraged to read a comprehensive review of methods for diag-
nosing CTS.1 

In general, the approach to nerve conduction studies (NCSs) 
should include measurement of sensory and motor conduction in 
the median nerve across the wrist. It is generally wise to compare 
these measures with nearby nerves (radial or ulnar) that do not 
traverse the carpal tunnel in order to exclude the effects of tem-
perature, polyneuropathy, or other factors that may influence 
median nerve conduction. Because conduction in large diameter 
myelinated sensory axons is usually affected before smaller diam-
eter motor axons, more focus is typically given to measurement of 
sensory fiber conduction. However, motor axons are rarely prefer-
entially affected. This is possibly due to focal compression of the 
recurrent branch of the median nerve or due to selective affects on 
fascicles containing motor fibers.3 Thus, it is important to study 
motor conduction even if median sensory latencies are normal.

SENSORY CONDUCTION

There are many approaches to evaluating median sensory conduc-
tion across the wrist. It is critical to think through these alternative 
approaches before seeing the patient. In particular, one should 
avoid the approach of performing one test and, upon finding a 
normal result, performing test after test until one finds an abnor-

mality. While this approach is tempting, it is risky for the patient. 
Each test, if well-designed and studied in an appropriate control 
group, would include the mean ± 2 standard deviations within 
the reference range, with 2.5% of healthy asymptomatic control 
subjects in the “abnormal” group (i.e., false positives). As each test 
is performed and analyzed, one roughly adds a 2.5% false positive 
rate. Thus, performing two tests, allowing an abnormality in either 
one to make a diagnosis, theoretically carries a 4.9% false positive 
rate.16 These theoretical calculations are shown in Table 1 and 
Figure 1.

In the setting of CTS, empirical measures have in part confirmed 
these theoretical calculations. In one study examining the effect 
of performing three tests in CTS, it was found that allowing one 
abnormal measure to make a diagnosis carried an 8% false posi-
tive rate (predicted 7.3% as in table above), while requiring two 
abnormal measures of three tests carried only a 2% false positive 
rate (predicted 0.2%).13

There are several options to avoid false positives associated with 
performing multiple tests. The physician could perform just one 
test for all patients coming to the laboratory; however, this carries 
several risks including missing subtle disease affecting only some 
nerve fascicles, being misled by technical errors on a single test, 
and perhaps not picking the best test for each patient. Another 
possibility is to require multiple tests to be abnormal to make a 
diagnosis. The latter approach is not a bad one and effectively 
reduces the chances of false-positive results. However, the sensitiv-
ity will be lower as only more severe cases will demonstrate multiple 
abnormalities. In a study using this approach, CTS sensitivity was 
reduced from 85% (requiring only one of three tests to be abnor-
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mal) to 74% if one required two tests to be abnormal.13 Requiring 
three of three tests to be abnormal further reduced sensitivity to 
56%.

This author’s preferred approach is similar to that used for stan-
dardized tests: ask multiple questions to assess different areas and 
summarize the results into a single summary score. While there 
are advanced statistical methods to perform this process such as 
discriminant analysis or factor analysis,15,17 an approximation can 
be made with simple addition.13

To achieve such a summary score, three sensory NCSs (Figure 2)  
can be relied on that have literature support for a high degree of 
sensitivity and specificity in CTS. These include: comparison of the 
median and ulnar sensory antidromic conduction to the ring finger 

at 14 cm (ringdiff ), comparison of the median and radial sensory 
antidromic conduction to the thumb at 10 cm (thumbdiff ), and 
comparison of median and ulnar orthodromic conduction across 
the wrist with palmar stimulation at 8 cm (palmdiff ).1,6

The strategy is to simply add the results from these three tests into 
a single number. The combined sensory index (CSI) is calculated 
as the sum of the three latency differences (median peak latency 
minus ulnar or radial peak latency):

 CSI = ringdiff + thumbdiff + palmdiff

An example is given in Figure 2, where the CSI is calculated as:

CSI  = (3.8 – 3.2) + (3.2 – 2.7) + (2.2 – 1.9)
 = 0.6 + 0.5 + 0.3
 = 1.4 ms

Studies in subjects without CTS indicate that a reference value 
of up to 0.9 ms is normal (i.e., 1 ms or over is abnormal). When 
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Table 1  Chances of abnormal results as the number of 
independent measures increases

Number of At least one At least two 
Measures abnormal result abnormal results
1 2.5% -
2 4.9% 0.1%
3 7.3% 0.2%
5 11.9% 0.6%
10 22.4% 2.5%
20 39.5% 8.5%

Figure 1   The chance of having one abnormal test out of a number of 
tests performed. This calculation assumes a 2.5% false positive rate for 
each test (use of mean + 2 SD) and independence of the tests.

Figure 2   Three sensory conduction studies commonly used to evalu-
ate for carpal tunnel syndrome. These are (from top to bottom): median 
and ulnar comparison to the ring finger at 14 cm; median and radial 
comparison to the thumb at 10 cm; and median and ulnar comparison 
across the wrist with palmar stimulation at 8 cm.



median latency is less than the comparable ulnar or radial nerve 
latency, a negative number is entered in the equation. 

Although this technique was described in 1998 as the combined 
sensory index, or CSI,13 the advent of the television series CSI 
(Crime Scene Investigation) in 2000 has caused some to rename 
this technique to the “Robinson index.” This author thinks the 
alternative name is fine.

This method carries the advantages of performing multiple tests 
(assessing multiple areas of nerve, enhancing reproducibility of 
findings, etc.) but does not create the problem of multiple com-
parisons and the consequent increase in false positives. Thus, as 
long the physician performs three tests but only “looks at” the sum-
mated result from all three tests, the problem of an additive false-
positive rate is not encountered. Using this approach, sensitivity is 
improved with specificity still remaining acceptable at 95%.13

While this approach represents an improvement over single tests, 
it has also been noted that it might not be necessary to perform 
all three tests for the CSI when the first test results are toward the 
extremes of the normal or abnormal range.14 Figure 3 demonstrates 
the likelihood of finding an abnormal CSI as the median-ulnar 
latency difference to the ring finger increases. Note that when 
there is no latency difference, or when the median nerve is faster 
than the ulnar nerve, there is a very low chance of finding an ab-
normal CSI (≥ 1.0). Similarly, when latency differences are 0.5 ms 
or more, almost all subjects will have an abnormal CSI. Thus, one 
can make a conclusion with one test when the latency difference is 
less than zero or greater than 0.5 ms. The CSI is most useful when 
the difference at the ring finger is between 0.1 and 0.4 ms—this 
uncertain region is the range where performing additional testing 
will be most helpful. Figure 4 demonstrates similar ranges for each 
of the three tests. 

Reliability is also an important consideration when designing EDX 
testing for CTS. It is preferable to use a testing protocol that pro-
vides a similar result if testing is repeated within a few days. Figure 
5 shows a plot of test results from one day plotted against those 
from another day in the same subjects. This figure shows that the 
CSI has a markedly higher degree of test-retest (intraobserver) reli-
ability than single tests.9 

Occasionally, the question arises as to what represents a significant 
difference between two different examinations. This is an impor-
tant question when looking for either improvement (e.g., after 
treatment) or worsening (e.g., after passage of time). An analysis of 
the same data using methods of Bland and Altman2 yields the graph 
in Figure 6. This plot indicates that a difference in CSI between 2 
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Figure 3  The chance of an abnormal combined sensory index (CSI) 
plotted against the median-ulnar latency difference at the ring finger. 
Note that when latency differences are 0.5 msec or more, essentially 
all such patients will have an abnormal CSI. When the median latency 
is the same or less than the ulnar nerve latency, essentially all such 
patients will have a normal CSI.

Figure 4   Each of the three tests that comprise the combined sensory 
index (CSI) has a range of results that suggest the CSI will be normal 
(normal range), a region where the CSI is very likely to be abnormal, 
and a range where there is uncertainty and where the CSI will clarify 
the diagnosis.



different tests of more than 0.3 ms is greater than that expected 
by chance alone. Thus, if one measures a change in CSI over time 
exceeding 0.3 ms, this likely represents a significant improvement 
or worsening; changes of 0.3 ms or less are not significant.

Temperature is well-known to slow nerve conduction latencies and 
velocities. Thus, obtaining a median sensory latency will be de-
pendent upon the temperature to a large degree. Most or all of the 
temperature effect, however, can be reduced by using comparisons 
of two nerves within the same limb rather than comparing a latency 
to reference values.9 Thus, to avoid influences of temperature as 
well as age, height, and other influential variables, it is preferable to 
use comparisons of median nerve latency to other nerves within the 
same hand (e.g., the CSI or median-ulnar or median-radial com-
parison) rather than comparing the median sensory latency against 
a fixed standard reference value. 

MOTOR CONDUCTION

Median motor conduction is an essential component of the EDX 
evaluation of CTS, even if sensory conduction studies are normal. 
Motor conduction studies are useful to determine the level of 
motor fiber involvement in the entrapment neuropathy. In addi-
tion, there are small numbers of individuals with CTS limited to 
motor slowing;3 this can either be due to more distal injury (affect-
ing the recurrent motor branch), or more selective involvement of 
motor fibers in the mixed nerve. 

Most commonly, studies are performed with recording over the 
abductor pollicis brevis (APB) and stimulation at the wrist (8 cm 
proximally) and proximally at the elbow. As expected, the median 
motor distal latency is often prolonged, though to a lesser degree 
than the sensory latency prolongation. The median motor latency 
can either be compared to reference values or to the ulnar nerve 
distal motor latency, but it is normally 1.0-1.5 ms longer than the 
ulnar motor distal latency.

Of interest, the nerve conduction velocity measured in the forearm 
is also often mildly slowed. There is debate as to the reason for this 
slowing. There is some evidence for degeneration of motor fibers 
proximal to the site of entrapment. More likely, however, is the 
fact that the recording electrode over the APB picks up only slower 
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Figure 5   Plots of test results from 2 different days for the median – 
ulnar palmar stimulation comparison and the combined sensory index 
(CSI). The Spearman ρ (rho) coefficient is a non-parametric correlation 
coefficient – perfect correlation would have a value of 1. The Spearman 
ρ was 0.75 for midpalmar studies, 0.67 for studies to the ring finger, and 
0.75 for studies to the thumb. The Spearman ρ for the CSI was 0.95 
indicating a higher test=retest reliability.

Figure 6   Plot of combined sensory index (CSI) obtained on two 
different days according to the methods of Bland and Altman.  The 
average of the two values is plotted against the difference between the 
two values.  This finding suggests that a difference in CSI of greater than 
0.3 msec is significant, and demonstrates either significant improvement 
or worsening.
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motor fibers—faster fibers are blocked at the wrist and hence not 
recorded at all from either site of stimulation. 

Some authors have also advocated stimulation in the palm to look 
for conduction block (neurapraxia) at the wrist; conceptually, a 
significantly larger amplitude response at the palm than at the 
wrist would suggest focal compression.8 However, other authors11 
have reported that when this test is performed on asymptomatic 
individuals, a substantial number have amplitude changes across 
the carpal tunnel that are “abnormal.” Due to stimulation of the 
deep ulnar nerve (which on average is 1.2 cm from the recurrent 
median nerve), and/or crossing anomalous fibers from median 
to ulnar nerves, 53% of healthy control subjects have a palm-to-
wrist difference in amplitude greater than reported control values. 
An example of a larger amplitude response is seen in the author’s 
median nerve (Figure 7). 

The physician performing the EDX examination should also be 
aware of the Martin-Gruber anastamosis (MGA) when performing 
median and ulnar motor conduction studies. An in-depth descrip-
tion of this can be found in the literature.4 In MGA, an anomalous 
branch from the median nerve or the anterior interosseous nerve 
crosses to the ulnar nerve in the proximal forearm. These crossing 
fibers most commonly innervate ulnar muscles such as the first 
dorsal interosseous, but may also innervate hypothenar muscles or 
rarely thenar muscles. 

When recording from thenar muscles in MGA, a larger response 
will be seen from median nerve stimulation at the elbow than with 
stimulation at the wrist. This change is due to co-activation of 
ulnar muscles near the thenar recording electrodes via the crossing 
fibers. 

The thenar response with elbow stimulation may also have a posi-
tive deflection. If there is slowing of median motor conduction at 
the wrist (i.e., in CTS), the ulnar muscles supplied by the cross-
ing fibers will be activated before the thenar muscles (which are 
slower due to demyelination at the wrist). Since the response is 
volume conducted from nearby ulnar muscles to the APB record-
ing electrodes, the elbow stimulation will produce an initial positive 
deflection.

The measured conduction velocity of the median nerve in the 
forearm may be unusually fast in MGA. This is not because any 
axons are conducting faster than usual, but rather it represents an 
artifact of measurement. For example, with stimulation at the wrist, 
the median distal latency will be prolonged (e.g., 6 ms). However 
with stimulation at the elbow, there is a pathway for the crossing 
fibers in the MGA to reach the hand without slowing (i.e., via the 
crossing fibers of the anastamosis), and the latency from these fibers 
will be normal (e.g., 7 ms). When the distance in the forearm (e.g., 
200 mm) is divided by the latency difference (1 ms), a very high 
conduction velocity (200 m/s) is calculated. In these instances, it 

Figure 7   Median nerve stimulation in the author’s hand. Note the much larger amplitude with stimulation in the palm, which is due to co-stimulation 
of the ulnar nerve. 
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is better to avoid attempting to calculate a forearm conduction 
velocity.

There is some evidence that recording from the first lumbrical 
(median innervated) and second palmar interosseous (ulnar inner-
vated) muscles have an advantage over recording from the APB.4,12 
This is an alternative method for measuring motor distal latencies 
and may be an improvement over recording from APB, perhaps 
reflecting greater sensitivity by measuring fascicles supplying the 
first lumbrical muscle. A latency difference exceeding 0.4 ms is 
abnormal and suggestive of CTS.

NEEDLE ELECTROMYOGRAPHY

There is some debate regarding the utility of needle EMG in the 
diagnosis of CTS. Some have reported that needle EMG of thenar 
muscles (or of the upper limb in general) is useful to look for evi-
dence of axon loss or to diagnose cervical radiculopathy. Others, 
however, have reported that needle EMG of thenar muscles adds 
little to NCSs in the diagnosis of CTS.19 A recent literature review5 
has summarized the state of the literature at present and concludes 
that needle EMG studies are not as sensitive or specific as NCSs to 
diagnose CTS, although they are useful to document axonal nerve 
pathology. 

Given lack of scientific data to guide the approach to needle EMG, 
this author usually performs needle EMG in those in whom the 
yield is likely to be greatest or those in whom unique information 
can be provided. This includes three groups:

1. Patients in whom the median motor response is abnormal.

2. Those patients with a history of trauma (where axon loss is more 
likely).

3. Patients with a clinical presentation that suggests another possi-
ble diagnosis (e.g., cervical radiculopathy or brachial plexopathy).

Evaluating for Carpal Tunnel Syndrome in the Presence 
of an Underlying Polyneuropathy

Diagnosing CTS in the presence of an underlying polyneuropathy 
presents special challenges. While it would seem that the physician 
could simply measure the difference in slowing in the median nerve 
versus other nearby nerves, it is not clear that all nerves are equally 
affected by diffuse neuropathies. It is quite possible that due to 
vascular supply or fascicular anatomy the median nerve is more 
severely affected than other nearby nerves in the upper limbs. Thus 
one will want to use caution in using the same diagnostic criteria 
for CTS in patients with diabetic or other polyneuropathies, and 
the physician should be sure that EDX findings are consistent with 
the clinical picture.

Describing Severity of Carpal Tunnel Syndrome

There have been a number of proposed schemes to describe the 
severity of CTS based on EDX findings. There are some concep-
tual problems, however, with assigning disease severity based upon 
median nerve latency. First, a number of studies have shown that 
there is not a strong correlation between latency and symptoms in 
CTS.18 This finding is not surprising since a delay in latency of a 
few milliseconds is not likely to cause sensory or motor symptoms. 
Instead, symptoms are more likely caused by ectopic nerve excita-
tion, conduction block, and axon loss, none of which are directly 
measured by latency.

A second problem with using nerve conduction data to assign sever-
ity is the arbitrary nature of the assignment. Authors have proposed 
various categories for mild, moderate, and severe CTS, but these 
categories are arbitrary and have not been devised by correlation 
with outcomes, symptoms, or other independent measures.

Thus one cannot, in this author’s opinion, accurately define the se-
verity of CTS with electrophysiologic studies. The degree of nerve 
conduction abnormalities can be described, but this is different 
from disease severity. An exception to this position is when there is 
evidence of denervation in thenar muscles. In that case, evidence of 
motor axon loss suggests a more severe lesion and suggests the need 
for surgical release more urgently.

Postoperative Electrodiagnostic Studies

Special care should be taken in evaluating the patient with persis-
tent symptoms after carpal tunnel release. Improvement in latencies 
usually occurs after successful release, with maximal improvement 
usually present within 6 months of surgery. However, latencies 
often do not return to the normal range10 despite successful release. 
Thus, it is critical in these cases to compare postoperative latencies 
with preoperative latencies to look for improvement or worsening. 
In the event there are no preoperative studies for comparison, one 
should consider studying the patient twice over several months, 
looking for signs of change.
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AFTER COMPLETION OF THIS ACTIVITY
Carpal Tunnel Syndrome: Advanced 

ACTIVITY AND FACULTY EVALUATION

On the Scantron Sheet provided rate how well you perceived the activity to have met your expectations using the following scale for 
questions 10-19.  For questions 20 and beyond, use the scale provided under the question.

A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

This CME activity:

 10. Addressed my most pressing questions.

 11. Addressed competencies identified by my specialty.

 12. Provided fair and balanced content.

 13. Provided clear evidence to support content.

 14. Included opportunities to learn interactively from faculty and 
participants.

 15. Provided me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 16. Included opportunities to solve patient cases.

 17. Translated trial data to patients I see in my practice.

 18  Addressed barriers to my optimal patient management.

 19. Improved my knowledge/ability in the objectives outlined?

 20.  Will you incorporate new elements presented in this educational 
session into your practice to improve patient care?
A.  Already do this. 
B.  Yes. 
C. No. 
D.  Not applicable to my patients.

 21.  After attending this session, do you expect your management 
strategies in this clinical area to change within the next 6 months?
A. Definitely will change. 
B.  Possibly will change. 
C.  Definitely will not change.

   Written comments can be provided on page 65.
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22. How would you rate the quality of presentation received during 
Dr. Franklin’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 23. Did you perceive any commercial bias in Dr. Franklin’s presenta-
tion?
A. Yes.
B. No.

 24. How would you rate the quality of presentation received during 
Dr. Kliot’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 25. Did you perceive any commercial bias in Dr. Kliot’s presentation?
A. Yes.
B. No.

 26. How would you rate the quality of presentation received during 
Dr. Robinson’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 27. Did you perceive any commercial bias in Dr. Robinson’s presenta-
tion?
A. Yes.
B. No.
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Select the ONE best answer for each question.
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28. Carpal tunnel syndrome (CTS) is the most common nerve entrap-
ment syndrome.
A.  True.
B.  False.

29. The strongest factor predicting longer term disability for work-
related CTS is:
A.  Greater physical exposure at work.
B.  Psychosocial factors.
C.  Delay in the diagnosis of CTS.
D.  All of the above.

30.  A precise estimate of the proportion of all CTS cases that are work 
related is available.
A.  True.
B.  False.

31. If one were to perform 3 different sensory conduction studies in a 
patient with hand numbness, and were ready to make a diagnosis 
based on an abnormality in any of the 3 studies, what would be 
the approximate false positive rate?
A. 1%.
B. 5%.
C. 7%.
D. 10%.

32. Which of the following suggests Martin-Gruber anastamosis?
A. larger median motor compound motor action potential 

(CMAP) at the wrist than the elbow?
B. Initial positive deflection of the median motor CMAP with 

both wrist and elbow stimulation.
C. Much slower than normal median conduction velocity in the 

forearm segment.
D. Smaller ulnar CMAP with stimulation at the elbow than at 

the wrist.

33. A patient has prolonged median and sensory latencies 6 months 
after surgical release for CTS, but latencies are better than those 
seen preoperatively. This most likely indicates:
A. Continued median nerve compression.
B. Only partial median nerve release.
C. Successful median nerve release.
D. The surgeon operated on the wrong side.

34. Of the following, which is the most likely risk factor for demon-
stration of needle EMG abnormalities in thenar muscles?
A. History of traumatic distal forearm fracture.
B. Prolonged sensory latencies only.
C. Sensory conduction block at the wrist.
D. C5 radiculopathy. 

35. What would be the smallest statistically significant difference in the 
combined sensory index over time?
A. 0.1 ms.
B. 0.4 ms.
C. 0.7 ms.
D. 1 ms.
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