Development and Validation of Diagnostic
Criteria for Carpal Tunnel Syndrome

Brent Graham, MD, Glenn Regehr, PhD, Gary Naglie, MD,
James G. Wright, MD

From the University Health Network, Hospital for Sick Children, Toronto Rehabilitation Institute, Toronto,
Ontario, Canada; and the University of Toronto, Toronto, Ontario, Canada.

Purpose: To develop clinical diagnostic criteria for carpal tunnel syndrome (CTS) that
modeled the clinical diagnostic practices of experts.

Methods: Fifty-seven clinical findings associated with CTS had been ranked previously in
order of diagnostic importance using Delphi as a method of establishing consensus among a
panel of expert clinicians. The 8 most highly ranked criteria then were placed into all possible
combinations to create 256 unique case histories. Two new panels of experts rated these case
histories. One panel made a binary evaluation as to whether the case history did or did not
represent CTS. This allowed the development of a logistic regression model that had the
probability of carpal tunnel syndrome as the dependent variable and the weighted diagnostic
criteria as the independent variables. This model then was validated against the judgments of
the second panel of clinicians who estimated the probability of CTS for each of the same case
histories.

Results: The correlation between the probability of CTS predicted by the model and the panel
of clinicians was 0.71.

Conclusions: The most important clinical diagnostic criteria for CTS as identified from a larger
pool of potential diagnostic items through a consensus approach using Delphi were weighted
and found to correlate well with the judgments of a new panel of clinicians. By improving the
consistency of the diagnosis of CTS these criteria should lead to more effective treatment and
a better understanding of the effect of workplace exposures in the development of this
condition. A methodology that emphasizes a rigorous approach to item generation and item
reduction through expert consensus, followed by validation, may represent a template for
establishing consensus among experts on other controversial clinical issues. (J Hand Surg
2006;31A:919.e1-919.e7. Copyright © 2006 by the American Society for Surgery of the Hand.)

Type of study/level of evidence: Diagnostic, Level I.
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arpal tunnel syndrome (CTS) is diagnosed
‘ commonly, with prevalence estimates in the

general population varying from 0.1% to
9.2%.'” This variation in prevalence estimates is
caused in part by different diagnostic criteria for
CTS."¢~'9 Misdiagnosis, which probably is frequent,
may lead to the inappropriate use of electrodiagnostic
tests and, more importantly, inappropriate treatment.
The inaccurate diagnosis of CTS has been identified
as one of the most common causes of treatment
failure for CTS."'"'?

There is no gold standard for establishing a diag-
nosis of CTS. The diagnosis of CTS has been based
on both clinical findings®'° and the results of elec-
trodiagnostic testing.®”-'* Although electrodiagnos-
tic studies often are assumed to represent a diagnostic
gold standard for CTS,"*~'° this assumption may be
questioned for at least 3 reasons. First, because elec-
trodiagnostic study results are abnormal only when
compression is sufficiently severe to cause structural
abnormalities in the median nerve,'”'® nerve con-
duction test results may be normal despite the pres-

The Journal of Hand Surgery 919.e1



919.e2 The Journal of Hand Surgery / Vol. 31A No. 6 July-August 2006

ence of clinically significant median nerve compres-
sion. Thus improvement is observed in many patients
after surgery for CTS despite normal electrodiagnos-
tic test results.'”?° Second, it is assumed that nerve
conduction velocities are distributed normally with
thresholds for abnormality defined as the lower 2.5%
to 5% of values; however, the distribution of nerve
conduction velocities is skewed substantially toward
slower conduction velocities in the asymptomatic
population,?-** resulting in a large proportion of
healthy individuals being mislabeled as affected by
CTS. Third, the cut-off point used for determining
abnormality in the measurement of nerve conduction
is highly variable.'***-**

Some clinical experts rely exclusively on clinical
findings and do not use electrodiagnostic study re-
sults to make the diagnosis of CTS.*> Thus symp-
toms and signs play a major role in establishing the
diagnosis of CTS. Clinicians, however, are inconsis-
tent in the importance they ascribe to the various
clinical findings.?® Therefore an important step in
reducing inconsistencies and misdiagnoses would be
the development of standardized clinical criteria for
CTS that could be applied consistently. The objective
of this study was to establish consensus among clin-
ical experts on the most important clinical diagnostic
criteria for CTS, give these criteria weighted values,
and then validate the resulting diagnostic instrument.

Materials and Methods

A diagnostic scale for CTS was developed in 3 stages
(Fig. 1). For the process of item generation 57 po-
tential diagnostic criteria for CTS were identified
through a combination of literature review, key in-
formant interviews, and focus groups with clinicians
from various clinical backgrounds.”’ This pool of
potential diagnostic items was rated for importance
by a panel of clinicians who met our criteria for being
experts in the clinical diagnosis of CTS. An individ-
ual was considered an expert if he or she had pub-
lished reports in peer-reviewed journals on the topic
of CTS management or had a national reputation in
the field of peripheral nerve conditions. Ranking of
these criteria in order of diagnostic importance thus
was established using the Delphi technique, a process
that allowed a group consensus to be established
through repeated assessments of the criteria.”®

The decision about the number of items from
this list that should be included in a final diagnos-
tic scale required a balance between comprehen-
siveness and feasibility. Examination for common-
ality and redundancy among the 20 highest-ranked
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Figure 1. Summary of the steps in the development of a
diagnostic scale for CTS.

items showed that several of these could be com-
bined together. For example, the items ranked 1, 3,
5, and 7 in importance all related to the nature and
distribution of the sensory disturbance. Items
ranked 2 and 4 described denervation of the thenar
musculature. Items ranked 8, 12, and 19 were
related to coexisting medical conditions. Items 15
and 16 described the response to common thera-
peutic interventions for CTS. This process of com-
bining similar clinical items to create broader di-
agnostic constructs allowed the top 20 items to be
collapsed into 8 major criteria (Table 1).

The relative importance of the final 8 items was
determined by establishing weights for each crite-
rion. The objective was to develop a logistic regres-
sion model with the dependent variable being the
probability of CTS and the independent variables
being the items in the diagnostic scale. This process
required 2 new groups of 16 clinicians each. None of
these individuals had participated in any of the earlier
stages of the project.



These clinicians examined case histories contain-
ing the 8 diagnostic criteria in all possible combina-
tions.?*-** This required the creation of 256 unique
case histories. This approach was taken so that all of
the 8 criteria could be evaluated as they occurred
alone in a case or together with the other criteria.
Another 256 non-CTS case histories also were cre-
ated to present the clinicians with conditions that are
seen commonly in the same patient population pre-
senting with CTS or that frequently are misdiagnosed
as CTS. These included cases representing cubital
tunnel syndrome, de Quervain’s tenosynovitis, trape-
ziometacarpal joint osteoarthritis, flexor tendon trig-
gering, osteoarthritis of the wrist, lateral epicondyli-
tis, flexor carpi radialis tendinitis, and radial sensory
nerve compression. Each case history had a standard-
ized format that included a randomly assigned patient
age, gender, and occupation except in instances in
which age or gender was intrinsic to the item (eg,
pregnancy as a diagnostic factor). Two typical case
histories are shown in Appendix A (Appendix A may
be viewed at the Journal’s Web site, www.jhandsurg.
org).

Each of the 32 clinicians evaluated 16 randomly
selected CTS and 16 non-CTS case histories. The
cases were allocated to each rater so that all features
were uncorrelated and equally represented within
each set of cases. This approach also ensured that
within 1 rater, 1 factor would not increase spuriously
the importance of another factor through inadvertent
correlations. This complicated approach was neces-
sary to the goal of developing an unbiased logistic
regression model to predict the probability of CTS.
The use of actual patients rather than case histories
would have introduced a number of uncontrollable
variables that would have thwarted this objective.
The use of vignettes such as those used in our study
has been shown to be more effective than histories
obtained from patient charts.

One panel of 16 clinicians made a binary judgment
as to whether or not each case represented CTS.
These data were used to develop a logistic regression
model with the dependent variable being the proba-
bility of CTS and the predictor variables being the 8
diagnostic criteria. A second panel of 16 clinicians
who evaluated the same case histories rated the prob-
ability of CTS for each case history on a 10-cm
visual analog scale (VAS). These ratings were com-
pared with the predictions of the logistic regression
model. The process of reviewing the case histories is
summarized in Figure 2.
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Table 1. Final List of Unweighted Clinical

Diagnostic Criteria

Numbness and tingling in the median nerve distribution
Nocturnal numbness
Weakness and/or atrophy of the thenar musculature
Tinel’s sign
Phalen’s test
Loss of 2-point discrimination
Ameliorating/exacerbating factors*
Improvement by splinting and/or steroid injection
Worsening with activities such as driving and
strenuous hand use
Coexisting medical conditions*
Pregnancy
Diabetes
Hypothyroidism

*These factors did not contribute significantly to the logistic
regression model.

Results

Only 6 of the 8 criteria (numbness in the median
nerve distribution, nocturnal numbness, weakness/
atrophy of the thenar musculature, Tinel’s sign,
Phalen’s test, loss of 2-point discrimination) contrib-
uted significantly (p < .05) to the model (Appendix
B may be viewed at the Journal’s Web site, www.
jhandsurg.org). By applying the resulting formula to
each of the cases a CTS probability was predicted for
each case by the model.

The probability of CTS for each case history pre-
dicted by the model then was compared with the
probability of CTS independently assigned to each
case by the clinicians using the VAS. The correlation
between the probability of CTS predicted by the
model and that estimated by the clinical experts was
0.71 (Fig. 3).

Discussion

A failing of contemporary clinical medicine in gen-
eral is the lack of clearly stated, widely agreed on,
and formally established diagnostic criteria for many,
if not most, medical conditions. Diagnosis, an essen-
tial component of clinical decision making, often
determines which patients will be treated and what
treatment they will receive. Thus standardization of
diagnostic practices for commonly diagnosed condi-
tions is of fundamental importance to the practice of
clinical medicine.

The term gold standard, which often is used in
clinical medicine, implies a criterion for definitive
diagnosis; however, gold standards exist only by
consensus. If there is no consensus on the diagnostic
criteria for a condition then a standard of diagnosis
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256 CTS cases

16 panelists evaluating 32 cases
(16 CTS, 16 non-CTS)

Binary evaluation. Is CTS present,
yes/no?

Regression analysis to develop
weighted diagnostic scale

256 non-CTS cases

16 panelists evaluating 32 cases
(16 CTS, 16 non-CTS)

VAS evaluation. What is the
probability of CTS?

Validation of weighted scale

Figure 2. Schema for dstribution of cases for weighting criteria in the final scale.

cannot be established. The existence of agreement is
the key issue. This is true even when a tissue diag-
nosis is made because unless there is agreement on
the meaning of the histologic findings the signifi-
cance remains in doubt. In the diagnosis of CTS
electrodiagnostic tests often are used as the gold
standard criterion for this condition. There is no con-
sensus on this issue, however, and thus electrodiagnos-
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Figure 3. Standardized VAS scores from specialist clinicians
versus scores predicted by the weighted diagnostic scale. r =
0.71.

tic tests cannot be considered a gold standard criterion
for the diagnosis of CTS. This is not to assert that
electrodiagnostic tests never play a role in the diagnosis
of CTS but rather to suggest that they cannot on their
own be considered the criterion for the diagnosis of
CTS in all circumstances, which is necessary if these
investigations are to be considered the gold standard.

Our study has developed standardized clinical diag-
nostic criteria for CTS that have been validated against
the opinions of clinical experts. The correlation with the
clinical experts of 0.71 was substantial, explaining more
than 50% of the variance in the sample. Standardized
diagnostic criteria such as those established by our
study have many uses. First, standard criteria could be
used to determine the population prevalence of CTS.
The use of valid standardized diagnostic criteria for
CTS may decrease the wide variance in population
prevalence caused by variable case definitions. This has
been attempted in the past’> but the case definitions
intended for large-scale epidemiologic studies often are
not applicable for clinical use in individuals. The study
of etiologic factors such as workplace exposures would
be aided by the adoption of standardized diagnostic
criteria because variability in the identification of CTS
would be limited.

Second, nonexpert clinicians such as those in pri-
mary care settings could use standardized criteria to



establish the probability of CTS in a manner ap-
proaching the practices of clinical experts. Depend-
ing on the probability of CTS the action taken might
be the initiation of nonsurgical treatment, referral for
surgery, further investigation with electrodiagnostic
testing, or consideration of an alternative diagnosis.
For example, if the probability of CTS is high then
treatment with either nonsurgical or surgical inter-
ventions probably can be instituted safely without
electrodiagnostic testing. At a high level of clinical
probability for CTS electrodiagnostic tests are not
likely to add much greater certainty to the diagnosis.
When the probability of CTS is very low it may be
appropriate to consider a different diagnosis. Even
when electrodiagnostic test results are positive in this
group the posttest probability of CTS still is likely to
be insufficient to recommend surgical intervention.
Estimates of probability that are intermediate may
indicate a need for further investigation with elec-
trodiagnostic testing. This is the group in whom the
results of electrodiagnostic testing are most likely to
influence decision making about treatment. Further-
more electrodiagnostic test data could be interpreted
in a Bayesian context using the output of the diag-
nostic instrument as an estimate of pretest probabil-
ity. The ability to report the electrodiagnostic test
results as a posttest probability may improve their
precision beyond the current standard of establishing
the CTS diagnosis based on comparison with a
threshold for nerve conduction velocity.

Third, standardized diagnostic criteria also could be
used to establish guidelines for instituting treatment
such as surgery. For example surgical decompression of
the carpal tunnel might be considered if the probability
of CTS exceeds a defined threshold value. This thresh-
old might vary depending on the clinical context—for
example if there has been treatment that failed or if the
patient is receiving workers’ compensation benefits.
The decision to institute treatment is based on the se-
verity of the condition to be treated and a variety of
factors associated with treatment including the risk for
complications, morbidity, and cost. As such it is diffi-
cult to determine precisely a critical threshold at which
surgical treatment should be recommended. The crite-
rion used to make important clinical decisions should
have a reliability of at least 0.80.%* It might be consid-
ered that a CTS probability of at least this level might
be necessary to start treatment. A determination of the
actual threshold for recommending different forms of
treatment requires further study; however, the first step
is to base the diagnosis of CTS on standardized criteria
so that these comparisons can be made.
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Our study has some limitations. Because they are
based on expert opinion these diagnostic criteria may
be relevant only to current thinking on the topic of
the clinical diagnosis of CTS. As knowledge grows
the views of experts may change through time and as
a result an instrument based on expert opinion may
become obsolete without constant re-evaluation. The
Diagnostic and Statistical Manual of Mental Disorders
IV** is an example of an expert-based diagnostic system
that has had successive revisions aimed at capturing the
evolution of the concepts of mental disease. Although
the diagnostic criteria for conditions in the Diagnostic
and Statistical Manual of Mental Disorders have
changed over time, they have been based consistently
on a consensus of experts. In general although the
nature of a consensus may evolve, the principle of
obtaining consensus should remain the key consider-
ation in establishing diagnostic criteria. It may be nec-
essary to determine periodically whether expert consen-
sus is changing. As evidence linking outcomes with
these diagnostic criteria accumulates the reliance on
expert consensus probably will decrease.

A second limitation of our diagnostic instrument is
that the validation process was performed using simu-
lated case histories created for this purpose. Although
the use of clinical vignettes is a more valid approach
than the abstraction of clinical data from patient
charts,®' the instrument requires testing in actual pa-
tients.> The reliability of some of the individual clini-
cal criteria is unknown and may be variable in different
settings; however, the output of the instrument, which
expresses the diagnosis in probabilistic terms, allows
for flexibility on the part of the clinician. In other words
the clinician may readjust the probability predicted by
the instrument if aspects of the history or physical
examination for CTS are equivocal or if there are other
factors not included in the instrument that are thought to
have diagnostic implications. These questions can be
answered only in studies on patients. These studies
currently are underway in our center.

We have developed clinical diagnostic criteria for
CTS based on expert consensus. The diagnostic instru-
ment correlates well with the judgments of expert cli-
nicians. The diagnostic instrument could be used to
standardize the clinical diagnosis of CTS and this
should increase the accuracy of diagnosis, improve the
targeting of specific treatments, and facilitate the per-
formance of epidemiologic studies of the risk factors for
CTS. The role and interpretation of electrodiagnostic
test results in the diagnosis of CTS may be defined
better as a result of the use of standardized diagnostic
criteria. We believe that a formal and methodologically
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sound approach to developing diagnostic criteria similar
to that used in this study could be used in other contexts
when consensus on diagnosis is lacking.
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Appendix A. Two Typical Case Histories
Provided to the Panelists

Patient number 522 is a 32-year-old male who presents
with a chief complaint of numbness/tingling in the
distribution of the median nerve. There are no other
symptoms. The symptoms are made worse by grasping.
There has been some improvement with splinting.

The past history includes no other relevant condi-
tions.

The physical examination shows a positive Phalen’s
test and a Tinel’s sign over the median nerve at the level
of the carpal tunnel The remainder of a comprehen-
sive physical examination is within normal limits.

On the basis of only the clinical information pro-
vided, does this patient has carpal tunnel syndrome?

The rater giving a binary response classified this as
yes.

The rater responding on the VAS scored the his-
tory as 76.

Case number 773 is a 63-year-old male who pre-
sents with a chief complaint of numbness and tin-
gling in the ring and small fingers.

The past history includes hypothyroidism. The pa-
tient is retired.
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The physical examination shows increased numb-
ness with passive flexion of elbow, positive Tinel’s
sign over cubital tunnel, and normal intrinsic muscle
strength. The remainder of a comprehensive physical
examination is within normal limits.

On the basis of only the clinical information pro-
vided, estimate the probability that this patient has
carpal tunnel sydrome?

The rater giving a binary response classified this
as no.

The rater responding on the VAS scored this his-
tory as /2.

Appendix B. Logistic Regression Formula
for the 6-1tem Model Predicting the
Probability of CTS

P(CTS)/1 — p(CTS) = b0 +brsi +bava +baxa +baxs +bsss + b
where b, = —2.14; variable present = 1, absent = 0;
b, = 1.44; x, = thenar atrophy; b, = 1.44; x, =
Phalen’s test; by = 1.30; x5 = loss of 2-point dis-
crimination; b, = 1.16; x, = Tinel’s sign; b5 = 1.16;
X5 = nocturnal numbness; by = 1.03; x, = numb-
ness, median nerve distribution.
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