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Purpose: Carpal tunnel syndrome (CTS) is commonly encountered in clinical practice. Diagnostic tools that currently exist include
painful provocative maneuvers, invasive nerve conduction studies and the use of tests that require physician’s direct participation in an
era of sanitary crisis and virtual consultations. Therefore, having an easily accessible, reliable and practical tool for diagnosing CTS
would be highly beneficial. Herein, we investigated the diagnostic value of the “pronation compensation sign” that we described for
diagnosing CTS.

Patients and Methods: We included 18 hands with and 18 hands without CTS (age: CTS hands = 52.5 + 13.8 years, non-CTS hands
=43.2 + 12.3 years; sex ratio: CTS hands = 12:8, non-CTS hands = 9:9). The presence of the “pronation compensation sign” was
evaluated in each included hand. The presence of the “pronation compensation sign” were compared between CTS and non-CTS hands
using the chi-squared test. Statistical significance was set at p < 0.05. The sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated of the “pronation compensation sign” for CTS.

Results: All 18 hands with CTS showed a positive “pronation compensation sign”, while those without CTS were negative. All 18
hands that were positive for the “pronation compensation sign” were hands with CTS, while those that were negative were hands
without CTS. The sensitivity and specificity of the “pronation compensation sign” for diagnosing CTS were both 100%. The PPV and
NPV of the “pronation compensation sign” for CTS were both 1.000. The rates of the presence of the “pronation compensation sign”
were significantly different between hands with and without CTS (p < 0.001).

Conclusion: The “pronation compensation sign” seems a useful tool for diagnosing CTS. We believe that the “pronation compensa-
tion sign” will help clinicians diagnose CTS with high diagnostic accuracy.
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Introduction

Carpal tunnel syndrome (CTS) is a prevalent condition characterized by the compression of the median nerve as it passes
through the carpal tunnel of the wrist." CTS is a common disorder that impacts hand function and causes neuropathic
pain. It affects 4-5% of people worldwide.”> An early and accurate diagnosis of CTS is essential for appropriate
management and timely intervention to prevent long-term complications.”

The diagnosis of CTS is based on a combination of clinical history, physical examination findings, and confirmatory
nerve conduction study findings.* Clinicians should examine the distribution of sensory symptoms and assess for
a positive Phalen’s test, a positive Durkan’s test, and Tinel’s sign over the carpal tunnel area. The scratch collapse test
and its confirmation with a cold spray test are useful for confirming entrapment site location.” However, to perform an
accurate physical examination, a sufficient level of experience in diagnosing neurological diseases is required.® In
addition, nerve conduction studies can only be performed by physicians specialized in the relevant medical field. As CTS
is a frequently encountered condition, having an easily accessible and reliable diagnostic method, even for non-specialists
in neurological diseases, would be highly beneficial.
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Abductor pollicis brevis (APB) muscle weakness is common in patients with CTS but seldom assessed in clinical
practice.” Having noticed that weakness of this muscle can lead to wrist pronation to compensate for limited thumb
abduction, here we investigated the “pronation compensation sign” as an additional diagnostic tool to demonstrate this
weakness and diagnose CTS. The APB originates from the scaphoid, trapezium, and flexor retinaculum bones and inserts
on the lateral aspect of the proximal phalanx and the metacarpophalangeal joint of the thumb.® Innervated by the median
nerve, it brings the thumb in palmar abduction anteriorly and perpendicularly to the plane of the palm and assists with
thumb opposition and extension.® When the median nerve becomes compressed distally in the carpal tunnel, varying
degrees of weakness occur in the APB, with or without severe muscle atrophy, making palmar abduction of the thumb
difficult. Patients with APB muscle weakness tend to compensate for this difficulty by pronating the wrist. The
observation of this compensatory strategy led us to describe the “pronation compensation sign” and assess its utility
as an additional diagnostic indicator for CTS.

In the current study, we investigated the diagnostic value of the “pronation compensation sign” for diagnosing CTS.

Materials and Methods

Patients

This prospective study included consecutive patients who visited a local hand clinic for neuropathic pain between May
and July, 2023. This study received approval from the Institutional Review Board of Exception MD. All participants
were fully informed about the study and informed consent was obtained from the study participants before beginning the
study. This study was performed according to the principles of the Declaration of Helsinki. Eighteen hands of 10 patients
were included in the study. Among them, eight were affected bilaterally, while two were affected unilaterally (one with
CTS [2024 International Classification of Diseases, 10th Revision, Clinical Modification diagnostic code G56.00] in the
right hand and one with CTS in the left hand). CTS was diagnosed by a single hand surgeon with more than 20 years’
experience using the following criteria:’ (1) paresthesia or dysesthesia with a weak and clumsy hand, which is
exacerbated by repeated wrist use or falling asleep and relieved after postural adjustment or flicking of the hand;'® @)
numbness due to sensory impairment in the territory innervated by the median nerve; 3) thenar muscle weakness and/or
atrophy; and (@) positive Phalen’s combined with Durkan’s test'' + Tinel’s sign. To perform the combination of Phalen’s
and Durkan’s tests, the patient was asked to maximally flex their wrist while the examiner applied pressure at the level of
the carpal tunnel. CTS was diagnosed if the patients fulfilled criteria () and at least one of the remaining criteria. We
excluded patients with cervical radiculopathy, nerve compressive disorders other than CTS, tendinitis, or osteoarthritis of
the hand. In addition, 18 hands of 11 participants without CTS (non-CTS hands) were included in the study. Among
them, seven had both hands evaluated and four had only one hand evaluated (three with evaluation of the right hand and
one with evaluation of the left hand). The 18 non-CTS hands did not exhibit any musculoskeletal or neurological
disorders. To confirm the absence of CTS in these hands, we assessed for sensory problems or motor weakness and
confirmed the absence of any CTS-related symptom.

Collection of Data

Data on age; sex; hand dominance; presence of pain and paresthesia in the hand; nocturnal symptoms; and loss of power,
dexterity, and endurance were collected by the same hand surgeon. In addition, physical examination, evaluation of
carpometacarpal joint tenderness, and manual muscle testing of the APB were conducted.

Evaluation of the Presence of “Pronation Compensation Sign”

The single investigator (a hand surgeon with more than 20 years’ experience) who was blinded to the presence of CTS
evaluated the presence of “pronation compensation sign”. The test was conducted in the sitting position. Participants
placed both their wrists and hands on the table in a supinated position, the second metacarpophalangeal joint in contact
with the table (Figure 1, Video S1). The elbow is in a flexed position. The subjects were then asked to perform palmar
abduction of the thumb. The instruction was given as follow:
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Figure | Findings of (A) negative “pronation compensation sign” as the second metacarpophalangeal joint remains in contact with the table while the thumb goes into
palmar abduction. (B) positive “pronation compensation sign” as the forearm pronates to compensate for abductor pollicis brevis muscle weakness causing the second
metacarpophalangeal joint to lift off the table (indicated by the arrow).

Bring your thumb up towards the ceiling while trying to keep this joint (surgeon pointing at the second metacarpophalangeal
joint) in constant contact with the table.

When compensatory pronation movement of the wrist occurred and it caused the dorsal aspect of the second metacarpo-
phalangeal joint to lose contact with the table surface, the “pronation compensation sign” was considered to be positive.

Data Analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 27.0 (IBM Corp., Armonk, NY).
Summaries of the characteristic variables were obtained using descriptive analysis; quantitative and qualitative variables
were represented as mean=+ standard deviation and frequencies (percentages), respectively. Demographic data and the
presence of the “pronation compensation sign” were compared between CTS and non-CTS hands using the chi-square
test and Mann—Whitney U-test. Statistical significance was set at p < 0.05. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the “pronation compensation sign” for CTS were calculated.

Results
The age and sex ratio were not significantly different between those with and without CTS (age: CTS hands = 52.5 + 13.8
years, non-CTS hands = 43.2 + 12.3 years, p = 0.161; sex ratio: CTS hands = 12:6, non-CTS hands = 9:9, p = 0.310). In
addition, all included patients were right-handed. Of the 18 CTS hands, 15 (83.3%) had neuropathic pain. Additionally, all 18
CTS hands (100%) had paresthesia. Neuropathic pain or paresthesia was aggravated during sleep in 16 CTS hands (88.3%).
Loss of power, dexterity, and endurance was observed in 15 (83.3%), 7 (38.9%), and 11 (61.1%) CTS hands, respectively.
Thenar eminence atrophy was observed in 13 CTS hands (72.2%). The combination of Phalen’s and Durkan’s test and Tinel’s
sign were positive in all 18 CTS hands (100%). Tenderness of the carpometacarpal joint was not observed in any of the 18 CTS
hands (0%). On the MMT of the APB, all 18 CTS hands showed grade 3 or 4. In contrast, none of the non-CTS hands had
neuropathic pain; paresthesia; nocturnal aggravation of symptoms; thenar eminence atrophy; or loss of power, dexterity, or
endurance (0%). In addition, all 18 non-CTS hands were negative for both Phalen’s test and Tinel’s sign (0%). Furthermore,
tenderness of the carpometacarpal joint was absent, and the MMT result was grade 5 in all non-CTS hands.

All CTS hands were positive for the “pronation compensation sign”. Additionally, all non-CTS hands were negative for the
“pronation compensation sign” (Table 1). All 18 hands that were positive for the “pronation compensation sign” were CTS
hands, and all 18 hands that were negative for the “pronation compensation sign” were non-CTS hands. Therefore, the

Table | Classification of the Included Hands Based on the Presence of the
“Pronation Compensation Sign”

Pronation Pronation

Compensation Sign + | Compensation Sign -

Carpal tunnel syndrome + | 18 0

Carpal tunnel syndrome - | 0 18
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sensitivity and specificity of the “pronation compensation sign” for diagnosing CTS were both 100%. Furthermore, the PPV
and NPV of the “pronation compensation sign” for CTS were both 1.000. The rates of presence of the “pronation compensa-
tion sign” were significantly different between CTS and non-CTS hands (p < 0.001).

Discussion
In the current study, we describe a test called “pronation compensation sign” to help clinicians diagnose CTS more easily and
accurately. Based on our results, the sensitivity, specificity, PPV, and NPV of the “pronation compensation sign” were excellent.
To diagnose CTS through physical examination, clinicians should conduct various tests and integrate their results to
determine the presence of CTS. However, the accuracy of physical examination has not been extensively studied.'*'* In
1997, Kuhlman et al evaluated the sensitivity of each physical sign of carpal tunnel syndrome.'? Hypoesthesia in the area
innervated by the median nerve and Phalen’s test had sensitivities of 51%. The sensitivity of Tinel’s sign was 23%. They
reported that APB weakness was the most sensitive sign (66%) for diagnosing CTS. Furthermore, APB weakness has been

reported in up to 94% of patients with CTS.'*'* Based on the results of previous studies,'* '

we aimed to suggest a test for
APB weakness. The results of manual muscle testing vary depending on the examiner, and accurate measurement of APB
weakness is challenging unless performed by specialists in neuromuscular disorders. Thus, we proposed an indirect test (ie,
the “pronation compensation sign”) to identify APB weakness without relying on manual muscle testing.

Palmar abduction of the thumb is the primary action of the APB muscle.'”> When APB weakness caused by CTS
makes palmar abduction of the thumb difficult, patients tend to compensate by pronating their wrists and hands to raise
their thumbs toward the ceiling. When this compensatory movement is exhibited by a patient with CTS, it is referred to
as a positive “pronation compensation sign”. Although the diagnostic value of this sign was investigated in a limited
number of CTS and non-CTS hands, all CTS hands showed a positive sign, and all non-CTS hands showed a negative
sign. Therefore, we believe that the “pronation compensation sign” has an excellent diagnostic value. If a patient exhibits
a positive “pronation compensation sign”, clinicians may strongly consider the likelihood of CTS. Conversely, clinicians
may consider CTS less likely if a patient shows a negative sign.

In our study, we found that the “pronation compensation sign” could help clinicians in diagnosing CTS more easily
and accurately. It has excellent diagnostic accuracy in evaluating CTS. The “pronation compensation sign” is a visual
sign demonstrating APB weakness that is newly described here. We believe that its use in addition to Tinel’s sign,
Durkan’s test, and Phalen’s test will help clinicians diagnose CTS with high diagnostic accuracy. The “pronation
compensation sign” will contribute to appropriate and timely treatment of CTS, possibly preventing long-term complica-
tions. However, our study is limited in that it was a preliminary study, including only a small number of CTS and non-
CTS hands and omitted a calculation of the appropriate sample size. To be effectively utilized in clinical practice,
investigating the diagnostic accuracy of the “pronation compensation sign” in a large number of patients with CTS and
normal participants is necessary. Furthermore, the study was conducted in a single local clinic setting. Because our clinic
is a private pay for service institution, in a country where universal healthcare is available, we believe that many patients
included in this study might have had an advanced stage of CTS, compared to a general population of carpal tunnel
patients which could have potentially inflated the sensitivity and specificity of the test.
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