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Diagnostic Validity of Clinical Provocative Tests in Carpal

Tunnel Syndrome
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Abstract

Introduction: Carpal tunnel syndrome (CTS) is the most prevalent mononeuropathy worldwide.

Clinical diagnosis of CTS is important for screening of the condition and selecting cases to be

confirmed with nerve conduction study (NCS), considering the limited availability of the latter.

Numbers of clinical provocative tests have been designed for CTS. This study was conducted to

compare the diagnostic validity of five widely used clinical provocative tests for CTS.

Methods: This was a case-control diagnostic accuracy study conducted on NCS-proven 140 CTS

cases and 202 controls. Five clinical provocation tests – Phalen’s test, reverse Phalen’s test, Tinel’s

test, Durkan’s test and arm raising test were performed on all participants. Sensitivity, specificity,

positive and negative predictive values, positive and negative likelihood ratios, overall accuracy and

weighted kappa coefficient were calculated.

Results: Phalen’s test, reverse Phalen’s test, and Tinel’s test showed low sensitivity (48-50%) despite

their high specificity (91-92%) and moderate accuracy (73-75%). Durkan’s test demonstrated 73%

sensitivity, 86% specificity and 80% accuracy. Arm raising test results exhibited a poor sensitivity of

42%, despite a high specificity of 89%. Durkan’s test had the strongest degree of agreement with the

NCS diagnosis with a weighted kappa coefficient of 0.6.

Conclusion: Durkan’s test exhibited the best diagnostic performance among five most commonly

used clinical provocative tests for CTS.
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Introduction:

Carpal tunnel syndrome (CTS) is the symptomatic
compressive neuropathy of the median nerve at wrist.1 It
is the most common mononeuropathy, accounting for more
than 90% cases.2 Prevalence of CTS is 3.8% in general
population with a female predominance and a peak age
from 40 to 60 years.3-5 CTS causes a high economic burden
because of high number of days away from work and the
cost of surgical treatment.3,6

The pathophysiology of CTS involves a combination of
mechanical trauma, increased pressure and ischemic injury
to the median nerve within the carpal tunnel.7 CTS
commonly presents with tingling, numbness and pain in
the hand and a reduction of the grip strength and function
of the affected hand.8,9 Symptoms get worse at night and
activities that need wrist flexion.10 Common differential
diagnoses of CTS are cervical radiculopathy, brachial
plexopathy, proximal median neuropathy and thoracic
outlet syndrome.2  Nerve conduction study (NCS) is the
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gold standard diagnostic investigation for CTS, despite
its limitations.11,12

Several provocative tests are developed to aid the clinical
diagnosis of CTS. Phalen’s test, reverse Phalen’s test, Tinel’s
test, Durkan’s test and arm raising test (ART) are the most
widely used clinical provocative tests for CTS.13-17

The sensitivity and specificity of Phalen’s test, reverse
Phalen’s test, Tinel’s test, Durkan’s test and ART are 50-85%
and 33-96%, 50% and 79%, 42-53% and 56-96%, 71-87% and
22-96%, and 76-88% and 60-98%, respectively.18-23

Numbers of researchers have questioned the validity of
these provocative tests.24-26 However, there is no
published research work on the validity of all these
provocative tests in Bangladeshi population.

This study was conducted to evaluate the diagnostic
validity of the clinical provocative tests in CTS among
Bangladeshi people.

Methods:

This was a case-control diagnostic accuracy study conducted
on 140 CTS cases and 202 controls attending the Medicine
and Physical Medicine outpatient at Shaheed Monsur Ali
Medical College Hospital from July 2023 to June 2024. CTS
was defined as presence of both 1. One or more of tinging,
numbness or pain in hand, and 2. Electrophysiological
evidence of CTS in nerve conduction study (NCS).26 The
control group comprised individuals who did not complain
of any tingling, numbness or pain in hands.

Five clinical provocation tests – Phalen’s test, reverse
Phalen’s test, Tinel’s test, Durkan’s test and arm raising
test were performed on all participants following standard
protocols. Phalen’s test was performed by maximal wrist
flexion held for 60 seconds while elbow is extended.27

Reverse Phalen’s test was done by keeping the wrist and
fingers in extended position for 60 seconds.14 Tinel’s test
was conducted with percussion over the median nerve
just proximal to the wrist crease.19 The procedure for the
Durkan’s test involved maintaining manual compression
of the carpal tunnel for 30 seconds.19 In the Arm Raising
Test (ART), participants elevated both hands above their

heads and sustained this posture for 120 seconds.22 A
test was recorded as positive if paresthesia developed in
the fingers in the median nerve distribution.

The results of the provocative tests were documented in
case record forms. Sensitivity (SEN), specificity (SPE),
positive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+), negative likelihood
ratio (LR-) and overall accuracy were calculated. The
agreement between NCS results and individual clinical
provocative test results was evaluated with weighted
kappa coefficient (WK). Microsoft Excel 2016 and
Statistical Package for the Social Sciences (SPSS) 26.0 were
used for the final analyses.

The study received formal approval from the Institutional
Ethical Review Board (IERB) of Shaheed Monsur Ali
Medical College Hospital (Ref: SMAMC/04/2023/1787,
dated 04/10/2023).Written informed consent was taken from
all participants. The nature & aim of the study were
explained to every study participant in simple
understandable language before requesting their consent.
The identity of the study participants were kept
confidential. Every participant had the right to withdraw
from the study at any time.

This study was carried out at a single center with a limited
number of participants, which might constrain the
generalizability of the study’s results.

Results:

The mean age of the CTS group was significantly higher
than that of the control group (44.5±10.3 years versus
37.6±10.6 years, p-value <0.0001). Among the CTS group,
132(94.3%) were females, and 8(5.7%) were males. The control
group comprised 126(62.4%) females and 76(37.6%) males.

Table I shows the number results of the five provocative
tests. Phalen’s test, reverse Phalen’s test, Tinel’s test,
Durkan’s test and ART were positive in 50%, 49%, 48%,
73% and 42% CTS cases, respectively. In the control
group, positive results were obtained in 8% Phalen’s test,
reverse Phalen’s test and Tinel’s test each, 14% in Durkan’s
test and 11% in ART, respectively.

Table I

Results of different clinical provocative tests for CTS

Test                                        CTS                                                                  Controls
Positive1 Negative1 Positive1 Negative1

Phalen’s test 70 (50.0) 70 (50.0) 16 (7.9) 186 (92.1)

Reverse Phalen’s test 69 (49.3) 71 (50.7) 17 (8.4) 185 (91.6)
Tinel’s test 67 (47.9) 73 (52.1) 18 (8.9) 184 (91.1)
Durkan’s test 102 (72.9) 38 (27.1) 28 (13.9) 174 (86.1)
Arm raising test 59 (42.1) 81 (57.9) 23 (11.4) 179 (88.6)

1 – percentages are given within parentheses
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Diagnostic validities of the provocative test are illustrated
in Table II. Phalen’s test showed 50% sensitivity, 92%
specificity, 81% PPV, 73% NPV, 6.3 LR+, 0.5 LR- with 75%
accuracy. A sensitivity of 49%, specificity of 92%, PPV of
80%, NPV of 72%, LR+ of 5.9, LR- of 0.6, and an accuracy
rate of 74% was observed in the reverse Phalen’s test. In
the assessment of Tinel’s test, the findings revealed a
sensitivity of 48%, specificity of 91%, PPV of 79%, NPV of
72%, LR+ of 5.3, LR- of 0.6, and accuracy of 73%. The
evaluation of Durkan’s test revealed 73% sensitivity, 86%
specificity, 79% PPV, 82% NPV, 5.3 LR+, 0.3 LR-, and 81%
accuracy. Arm raising test results exhibited a sensitivity
of 42%, specificity of 89%, PPV of 72%, NPV of 69%, LR+
of 3.7, LR- of 0.7, and accuracy of 70%.
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Figure 1: Sensitivity, specificity and weighted kappa

coefficient of provocative test for CTS

Table II

Diagnostic validity of different clinical provocative tests for CTS

Parameters Phalen’s test1 R Phalen’s test1 Tinel’s test1 Durkan’s test1 Arm raising test1

SEN 0.50 0.49 0.48 0.73 0.42

(0.41-0.59) (0.41-0.58) (0.39-0.57) (0.65-0.80) (0.34-0.90)

SPE 0.92 0.92 0.91 0.86 0.89

(0.88-0.95) (0.88-0.95) (0.86-0.95) (0.81-0.91) (0.83-0.946)

PPV 0.81 0.80 0.79 0.79 0.72

(0.73-0.88) (0.71-0.87) (0.70-0.86) (0.72-0.84) (0.63-0.80)

NPV 0.73 0.72 0.72 0.82 0.69

(0.69-0.76) (0.69-0.76) (0.68-0.75) (0.78-0.86) (0.65-0.72)

LR+ 6.3 5.9 5.3 5.3 3.7

(3.8-10.4) (3.6-9.5) (3.7-7.5) (3.7-7.5) (2.4-5.7)

LR- 0.5 0.6 0.6 0.3 0.7

(0.5-0.6) (0.5-0.7) (0.5-0.7) (0.2-0.4) (0.6-0.8)

Accuracy 0.75 0.74 0.73 0.81 0.70

(0.70-0.79) (0.69-0.79) (0.68-0.78) (0.76-0.85) (0.64-0.74)

WK2 0.45 0.43 0.41 0.60 0.32

(0.35-0.54) (0.34-0.53) (0.32-0.51) (0.51-0.68) (0.23-0.43)

1-estimate (95% confidence interval)2-Weighted Kappa Coefficient

Durkan’s test exhibited the strongest degree of agreement
with the NCS diagnosis, with a WK of 0.6, while ART had
the weakest agreement with a WK of 0.32. The other three
provocative tests showed WK between 0.41 and 0.45.

Discussion:

The CTS patients examined in this study present a mean
age of 44.5 years, with a female representation of 93.4%,
comparable to findings from contemporary studies.3-5

Phalen’s test, reverse Phalen’s test, and Tinel’s test showed
analogous diagnostic potentials, characterized by low

sensitivity (48-50%) despite their high specificity (91-92%)

and moderate accuracy (73-75%). Recent studies revealed

similar sensitivity and specificity of Phalen’s and Tinel’s

tests.20,21 A study on reverse Phalen’s test found 55%

sensitivity with 78% specificity.18 ART demonstrated poor

performance metrics, with a sensitivity of 42% and an

accuracy of 70%, notwithstanding its high specificity. This

finding contrasts with that of two recent studies, conducted

in the United Kingdom and South Korea demonstrating

very high sensitivity.22,23
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The Durkan test demonstrated the highest sensitivity at
73%, while also achieving a commendable specificity of
86% and an accuracy rate of 81%. A recent study in USA
found a very low specificity of 22% of Durkan’s test despite
75% sensitivity.19 However, Richter et al showed high
sensitivity (87%) and specificity (96%) of Durkan’s test.21

Durkan’s test achieved the best results, exhibiting
considerably higher sensitivity and weighted kappa
coefficient than that of the remaining tests, with a
reasonable specificity. (Figure-1)

Conclusion:

Clinical provocative tests are useful in the diagnosis of
CTS. Durkan’s test outperformed the others.
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