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Introduction

The diagnosis of carpal tunnel syndrome (CTS) may remain
challenging despite the ubiquity of the condition and the
plethora of studies attempting to improve our ability to
accurately detect it.1,2 Various objective, clinical, and elec-
trophysiological tests are used as an aid in diagnosis.3–5

Various diagnostic tools are also required to assess the
degree of involvement, need for therapy or surgery, and to
document the response to conservative and surgical
management.6

A weak abductor pollicis brevis (APB) in CTS has been
reported in up to 94% of patients.7,8 However, relatively few

studies support the motor and muscle strength examination
as being better, or at least as good as the sensory examination
in defining and quantifying CTS.6–9

Some studies defined patients with CTS and a predomi-
nantly motor presentation as a separate subgroup of CTS;
others believe that motor symptoms appear later than
sensory symptoms. Not all cases of CTS actually present
with thenar muscle weakness, but it remains unclear
whether these are indeed separate groups andwhether there
is a common natural history.10–12

Manual muscle testing (MMT) of the APB is most often
compared with the muscle in the other hand. The nature of
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Abstract The relative importance and use of motor evaluation to diagnose carpal tunnel syndrome
(CTS) is not clear. Because the ulnar nerve is not affected in CTS, we evaluated comparing
the strengthof themedian-nerve innervatedmuscles to theulnar innervatedmuscles in the
same patient, through manual muscle testing (MMT) and a handheld dynamometer. Our
purposewas to evaluatewhether thismethod,which takes into account patient-dependent
factors that would affect both groups ofmuscles equally, can provide better assessment of
CTS. A retrospective case-control review ofMMT and dynamometer-measured strength for
CTSwas performed. The study was performed retrospectively but prior to surgery or other
treatment. There were 28 cases (CTS) and 14 controls (without CTS). Positive nerve
conduction tests defined cases. MMTof the thenarmusculaturewas found to be unreliable
as a test for CTS. Comparisons to ulnar nerve innervated muscle strength did not improve
sensitivity or specificity of the MMT examination. Use of the dynamometer improved
sensitivity and specificity of motor testing in CTS over MMT. Motor evaluation is important
for the diagnosis of CTS, but further study iswarranted, specifically to define themethod of
motor evaluation and delineate the subgroup of patients (predominantly thenar motor
presentation) that would benefit most from motor testing and motor-focused treatment.
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the examination renders it examiner dependent, subject to
inherent interuser variability, and the APB strength of one
handmay not be comparable to the contralateral hand as the
strength in the dominant hand may be greater than that in
nondominant hand.13–15 Some studies have evaluated inter-
observer agreement of grip and pinch strengths such as the
study by Mathiowtz et al.16 A study by Brandsma et al
evaluated inter- and intraobserver reliability in measuring
the intrinsic muscles of the hand. They found that intraob-
server reliabilities ranged from 0.71 to 0.96 and interobser-
ver reliabilities from 0.72 to 0.93, depending on the muscle
group that was evaluated.Multiple attempts have beenmade
to trial more “objective” manometers to evaluate muscle
strength.17–20

Because CTS is caused by pressure on the median nerve in
the carpal tunnel and the ulnar nerve is not affected, we
evaluated comparing MMT of the median-nerve-innervated
APB toMMTof thefirst dorsal interosseous (FDI), supplied by
the ulnar nerve, in the same patient. This may take into
account patient-dependent factors that would affect both
groups of muscles equally and provide better evaluation of
CTS. A previous study evaluated quantitative testing of APB
strength, using a commercially available handheld strength-
testing device in patients with CTS.21,22

The purpose of this study was to evaluate the specificity
and sensitivity of MMT in CTS when comparing the median
nerve innervated muscles (thenar musculature) to the ulnar
nerve innervated muscles (FDI) in the same hand and to
evaluate the utility of the handheld strength-testing device
in CTSwhen comparing the median to the ulnar nerve in the
same hand. We hypothesized that comparing muscles in-
nervated by different nerves in the same hand will be more
sensitive and specific to diagnose CTS thanMMTof the APB in
the involved hand alone and that the use of the handheld
device would be more sensitive and specific to identify CTS
than MMT.

Methods

A review of a cohort of patients with suspected CTS was
performed. Fifty-oneconsecutiveadultpatientswhopresented
to the hand clinic with a history that was suspicious for CTS
were included in the study. Incomplete charts, history of hand
surgery, and other injuries to the ulnar or median nerves were
excluded from the study as well as evidence of any other
neurologic or nerve-related diagnoses. Patients with bilateral
symptomswere also excluded. All the patients were evaluated
by an experienced board-certified hand surgeon and hand
therapist. The diagnosis of CTS was made on the basis of
symptomatology, including nighttime numbness and pain,
morning stiffness, and by clinical findings including Phalen’s
test, compression tests, and thenarmuscleweakness aswell as
electrodiagnostic testing. Patients with positive nerve conduc-
tion tests (NCTs) and typical signs and symptoms were con-
sidered as suffering from CTS whereas those with a negative
NCT were considered as not having CTS (controls). Twenty-
eight patients had unilateral CTS and 14 patients were used as
controls (negative NCT and no typical symptomatology).

Background information obtained for each patient in-
cluded age, sex, affected side, hand dominance, duration of
symptoms, occupation, general medical conditions, and his-
tory of any previous diagnosis and/or treatment involving
the affected hand. APB strength was tested using the com-
mercially available handheld strength-testing device (Digi-
track, J TechMedical Industries, Heber City, Utah) attached to
a portable computerized data storage device (Commander
PowerTrack II, J Tech Medical Industries, Heber City, Utah).
The instrument was calibrated and certified at the manu-
facturer with serialized weights traceable to the National
Institute of Standards and Technology (NIST). During the
period of testing for this study, a calibrated weight was
applied to the instrument on a weekly basis to check for
any possible error in calibration.

Quantitative APB testing was administered according to
standard testing procedures and instructions established in
a previous study.21 The examiner stabilized the hand, while
the thumb was positioned in maximum palmar abduction
and ulnar rotation in a plane perpendicular to the palm. At
the beginning of each trial, the examiner placed the curved
aluminum pad of the Digitrack on the radial aspect of the
interphalangeal (IP) joint of the thumb, checking for proper
placement; that is, that the concave pad was properly
placed along the convex part of the radial (lateral) side of
the thumb directly at the IP joint. The patient was asked to
push against the resistance supplied by the tester with
maximal force. During the testing period, the examiner
exerted a gradually increasing force against abduction
and ulnar rotation until the position of the thumb could
no longer be maintained. Duration of testing time was
controlled at 3 seconds using audible cues from the testing
device. Time between trials was standardized at 10 seconds.
During testing, both patient and tester were blinded to the
test values. After both the hands were tested, the assessor
read and recorded the data stored in the Commander, which
included the results of each trial and coefficients of varia-
tion (CV). The temporal reproducibility of the test has been
established in a previous study.21 The ulnar nerve was
evaluated using the same method but evaluating abduction
of the index (FDI muscle) instead of the thumb.

MMTwas performed using the index finger of the physi-
cian opposing the patients’ thumb abduction or index finger
abduction (FDI muscle). The same (evaluating) physician
performed all tests. MMT was graded using a scale based
on resistance only from 0 to 5 (0–1 no resistance, 2–4
decreased resistance, 5 normal).

The sample included 26 females and 16males, with an age
range of 26 to 57 years (54.52 � 15.4 years). Thirty-seven
patients were right-hand dominant, and five were left-hand
dominant. Symptoms were present for over 1 year in 56
(90%) of hands tested. Thirty cases were covered under
workers’ compensation (71%).Most patientswere employed;
94% were currently working, and 6% were out of work. Forty
percent were employed primarily in computer-relatedwork;
22% were manual workers; and 38% were employed in other
types of work, including administrative, sales, health care,
and education.
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Fourteen patients had right-handed CTS, 14 had left-
handed CTS, and 14 patients had a negative NCT and no
symptoms typical of CTS as outlined in the methods, and
were therefore considered without CTS. The CTS and non-
CTS groups are compared in ►Table 1. The two groups
differed in age but not in any other demographic character-
istics. All patients in the CTS group were offered treatment.
Our general policy is to trial night splinting in patients with
short-term symptoms and surgery when the symptoms have
been long standing.

Statistical Analysis
Data analysis was performed using the SPSS statistical
package version 21 (SPSS, Chicago, Illinois, United States).
The relationships between categorical characteristics and
clinical variables and CTS (as defined by positive NCT) were
analyzed with chi-square test.

Continuous variables were evaluated using the t-test or
Mann-Whitney tests. Receiver-operating characteristic (ROC)
curve was used to determine the DYN APB-level that differed
most between positive and negative NCT. The area under the
ROC curve (AUC)was computed, and a cutoff pointwas chosen
to have the highest possible sensitivity and specificity.

Logistic regressionwas performed to evaluate the relative
contribution of the different variables to the outcome of CTS.
Odds ratios (ORs) with 95% confidence interval (CI) were
calculated.

All p values were two-sided, and statistical significance
was defined as p < 0.05.

Results

The associations between the different tests and the results
of NCT (the gold standard for CTS) are depicted in ►Table 2.

Table 1 Characteristics of study participants with and without CTS as defined by NCT and EMG results

CTS
n ¼ 28

Non-CTS
n ¼ 14

p Value

Age 58.46 � 16.0 46.64 � 10.6 0.017

Sex ¼ male (%) 10 (36%) 6 (43%) 0.653

Occupation ¼ heavy
Labor/heavy use of the hands (%)

14 (50%) 3 (21.4%) 0.075

Hand dominance (%) 25 (89.3%) 12 (85.7%) 0.59

Abbreviations: CTS, carpal tunnel syndrome; NCT, nerve conduction test.
Note: When the groups are compared, there is a trend toward a difference between the two groups in occupation type with heavy laborers
marginally more common in the CTS group.

Table 2 Relationships between the clinical test and NCT results

CTS
n ¼ 28

Non-CTS
n ¼ 14

p Value (affected
vs. unaffected)

Mean � SD
median

Mean � SD
median

MMT APB-only 4.51 � 0.58
5.0

4.78 � 0.42
5.0

0.224

MMT FDI-only 4.55 � 0.75
5.0

4.78 � 0.42
5.0

0.488

MMT APB/FDI ratio 1.01 � 0.15
1.0

1.0 � 0.09
1.0

0.88

DYN APB-only 11.46 � 5.45b

10.17
16.25 � 5.36c

16.02
0.01a

DYN FDI-only 14.10 � 6.91b

13.58
17.68 � 5.90c

17.12
0.106

DYN APB/FDI ratio 0.90 � 0.42
0.83

0.98 � 0.33
0.97

0.84

Abbreviations: APB, abductor pollicis brevis muscle indicating thenar strength; DYN, use of the dynamometer to evaluate thenar strength; FDI, first
dorsal interosseous muscle indicating ulnar strength; MMT, manual muscle testing; NCT, nerve conduction testing; SD, standard deviation.
aA significant relationship: dynamometer for thenar strength affected versus unaffected side.
Comparisons within the same hand:
bDYN APB versus DYN FDI within Affected Hand: p ¼ 0.007.
cDYN APB versus DYN FDI within the unaffected hand: p ¼ 0.28.
It is possible that we were underpowered to detect differences.
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MMT of the APB of the affected side/unaffected side was
not significantly associated with CTS, but the comparison
of measurements using the dynamometer was significant
when comparing thenar strength between the affected and
unaffected side as well as when comparing thenar to ulnar
(FDI) strength on the affected side. The association of MMT
with NCT results is shown in ►Table 3. These values were
not statistically significant but seemed to trend toward
significance.

The ROC analysis is illustrated in ►Fig. 1. The area under
the curve was 0.75 � 0.075, 95% CI (0.61–0.90), p ¼ 0.008.
Logistic regression was performed for thenar motor evalua-
tion by the dynamometer adjusted for age and sex. The cutoff
point to give optimal sensitivity and specificity using the
ROC curvewas found to be 14 lb; a thenar measured strength
of � 14 lb was found to be significantly related to CTS
(OR ¼ 5.53 95% CI: 1.01–30.3) (p ¼ 0.49).

Discussion

Because CTS is so common and causes significant morbidity,
it is especially relevant to physicians and hand surgeons, in
particular, to try and optimize its diagnosis and treatment.
Recently, multiple studies have been performed evaluating
the cost-effectiveness of anesthesia and surgical procedure
type in the treatment of CTS.23–25 Other studies have eval-
uated the effect of accurate diagnosis.26

The best method to diagnose CTS has long been debated in
the literature.27,28 Sometimes considered an occupational
condition, the need for a standardized, objective, and reliable
diagnostic tool has not consistently been met. NCT and
electromyography (EMG), though considered the gold stan-
dard for the diagnosis of CTS, have significant limitations and
are even considered by some researchers as unnecessary in
the face of clear and characteristic clinical symptoms and
signs.3 Multiple studies have examined methods for improv-
ing the specificity and sensitivity of NCT and EMG, whereas
others have examined different modalities such as ultraso-
nography and magnetic resonance imaging (MRI).11,29–32

Ultrasound has recently been used, allowing the technician
to demonstrate flattening of the median nerve within the
carpal tunnel. Some studies have supported its use to in-
dicate surgery when there are persisting pain and dysesthe-
sia despite conservative measures and a normal NCT and
EMG.33,34 Other studies have targeted clinical evaluation
methods and provocative testing.35,36

In this studyMMTof the thenar musculaturewas found to
be unreliable as a test for CTS. Furthermore, comparisons to
ulnar nerve innervated strength did not improve the sensi-
tivity or specificity of the MMT examination (►Table 3).
Though we did not find significance, it is possible that this
study was underpowered to find differences in MMT. How-
ever, in tandemwith our findings, Brown et al foundminimal
clinical thenar motor loss despite a significant loss in motor
neurons.37 Because we did find a significant relationship
with motor testing using the dynamometer (even when
correcting for age and gender), it is not clear whether the
lack of relationship of MMT stems from the fact that motor
evaluation in general is not always sensitive or specific for
CTS or whether the reason lies with the way MMT was

Table 3 Association of MMT with NCT results

Affected hand-only Unaffected p Value (affected vs. unaffected)

MMT APB-only

< 5 12 (43.0%) 3 (21.4%) 0.172

¼ 5 16 (57.0%) 11 (78.6%)

MMT FDI-only

< 5 9 (32.0%) 3 (21.4%) 0.470

¼ 5 19 (68.0%) 11 (78.6%)

Abbreviations: APB, abductor pollicis brevis muscle indicating thenar strength; FDI, first dorsal interosseous muscle indicating ulnar strength; MMT,
manual muscle testing; NCT, nerve conduction testing.
Note: MMT was graded using a scale based on resistance only from 0 to 5 (0–1 no resistance, 2–4 decreased resistance, 5 normal).

Fig. 1 The receiver-operating characteristic (ROC) analysis of the
results.
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performed in this study. BecauseMMTsubjectively compares
thenar strength to the examiner’s strength, it may not be a
good test for detecting CTS. Furthermore, this may not be
reliable in patients with concomitant median and ulnar
nerve compression. Handheld dynamometer assessment
also does not take into account thumb CMC symptoms
(sometimes asymptomatic OA), which may affect thenar
muscle power testing while FDI strength would remain
unaffected. The existence of aberrant connections between
the ulnar andmedian nerves (e.g., Riche-Cannieu andMartin
Gruber) would affect the clinical presentation as well as the
examination. We did not have any cases as identified by NCT
and EMG examinations.

Mondelli et al finding predominant loss of motor fibers in
vineyard workers actually classified these as a different type
of CTS.38 We believe that it is most likely that some patients
present with predominantly motor signs and symptoms
whereas others present with a more sensory presentation.
If indeed there is a separate “predominantly motor” sub-
group, perhaps a different therapeutic approach may be
indicated, such as exercises that have been described to
decompress the carpal tunnel by pulling the lumbricals out
of the carpal tunnel or exercises aimed at muscle strength-
ening.39,40 However, the characterization of each group has
not yet been elucidated.

The handheld dynamometer used in this study has been
validated in previous studies.21,41 The potential disadvan-
tage of this dynamometer is that it is handheld and therefore
possibly includes examiner/operator factors in the results.
Schrama et al found that results of intraexaminer reliability
acrossmultiple studies using handheld dynamometry for the
upper extremity were not consistently acceptable.42 Other
dynamometers have also been examined, such as the Rot-
terdam Intrinsic Hand Myometer (RIHM), and found to be
reliable and comparable in accuracy to other strength dy-
namometers in distinct populations such as children.43,44

The comparison of APB strength (median) to FDI (ulnar)
testing was helpful in detecting CTS only when performing
the comparison in the affected hand using the dynamometer.
This comparison may be helpful clinically in identifying a
subgroup of patients with significant motor weakness, as
well as quantifying the amount of motor loss.26

The main limitations of this study stem from its retro-
spective nature. We had 36% males since the study was
performed in a “blue collar” area with a relatively high
percentage of laborers. This is a high percentage of males
compared with some studies, but younger male laborers are
also considered at risk for the development of CTS and so we
assume our population was representative of most CTS
populations.45–48 We also did not always have information
regarding severity of CTS according to examination and NCT/
EMG. Furthermore, the testing was done in different places
by different examiners so it is not clear what value there
would be to a comparison.

Though the order of the examination was usually the
same (the history was taken first, then the manual examina-
tion and then the testing using the manometer) and though
most patients in the studywere sent by the physician for NCT

and EMG testing, it is possible that some of the patients
presented with an NCT and EMG examination at their first
encounter, causing a bias that wewere unable to identify due
to the retrospective nature of the study.We also did not have
information in this study to evaluate any correlations be-
tween weakness and thenar muscle wasting. Isolated thenar
muscle wasting and weakness should warrant a search for a
cause other than CTSwith only motor signs, such as osteoar-
thritis or neurological disease.

CTS is commonly bilateral though not necessarily at the
same time or to the same degree. Padua et al found an 87%
incidence and Goyal et al found 91.4% bilaterality in their
series of patients with CTS.49,50 This study only identified
patients with unilateral CTS at the time of presentation. It is
possible that this affected our MMT and dynamometer
comparisons between both hands of the patients, but it is
uncertain that muscle weakness precedes the appearance of
symptoms and positive findings on NCT and EMG.

Though our gold standard of NCT and EMG is considered
the most sensitive and specific for the existence of CTS, it is
still a limited examination, sometimes being at oddswith the
patient’s physical examination and history. It is possible that
using NCT and EMG results to differentiate between cases
and controls affects our results as pertaining to the true
occurrence of CTS and consequently the utility of the phy-
sical examinations. Furthermore, this examination does not
supply qualifying information on characteristics such as
severity and anatomical distribution. As already stated, it
is possible that the comparison to ulnar innervated muscles
adds sensitivity and specificity to the test only when per-
formed in the affected handwith a dynamometer, but it may
add qualifying information such as severity even when
performed manually. For example, a thenar MMT of 4/5 in
a hand with ulnar MMTof 4/5 is conceivably less severe than
finding a thenar MMT of 45 in a hand with 5/5 ulnar MMT.

In summary, theuseofmotor testing in the diagnosis of CTS
is beneficial, but it warrants further study, specifically to
define the subgroups that would benefit most from motor
testing aswell as to define those patientswhomay profitmost
from treatment, both surgical and therapeutic, to strengthen
the intrinsic musculature. This distinction may be important
especially because motor recovery may be more limited and
more time sensitive than sensory recovery. In general, this
knowledge can help improve our ability to objectively diag-
nose this multifactorial and common condition.
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