
Carpal tunnel syndrome (CTS) is caused by compression 
of the median nerve and is the most common compressive 
neuropathy. The median nerve innervates the radial three 
and a half digits and it is sometimes assumed that this area 
will be where the disease manifests its symptoms. Clinicians 
frequently encounter patients with an atypical distribution 
of symptoms who have a diagnosis of CTS confirmed by 
nerve conduction studies (NCS) and whose symptoms are 
relieved by carpal tunnel decompression. These presenta-
tions occur with such frequency that many clinicians do not 
consider an atypical presentation as unusual.

The classical description given by the patient is of wak-
ing from sleep with tingling or uncomfortable numbness in 
the hand that is relieved by vigorously shaking the hand. 
Disturbances of sensation by paraesthesia, dysaesthesia 
and pain are the hallmark features of CTS. There are other 
aspects of the disease such as weakness, trophic changes 
and muscle wasting but because these are normally seen at 
later stages of the disease they are less useful in diagnosis. 
In the context of a classical history for CTS, NCS1 are usu-
ally considered the gold standard diagnostic test although 
this in itself is controversial.2 NCS are not always readily 
available and can be uncomfortable for the patient. Some 
would argue that the true gold standard for research should 
be the resolution of symptoms three months after surgical 
decompression.

A broad variety of tests exist for CTS; the majority of 
diagnoses are made by assessment of disturbed sensation 
through history and examination. Evaluation of sensation 
that relies on patient history is often termed subjective while 
tests and examinations performed by the doctor are termed 
objective. Subjective evaluation can be formalised by use of 
a hand diagram on which the patient can record the site 
of their symptoms.3 Objective tests for acute disturbance of 
sensation measure threshold light touch sensation by evalu-
ation of pressure aesthesiometry with nylon monofilaments.4 
Several provocative tests exist that are well established and 
routinely used in daily practice.5–10 After surgery the suc-
cess of nerve regeneration can be assessed by evaluation of 
sensitivity density through two-point discrimination.6 This 
array of possible examinations and investigations is sum-
marised in Table 1; the list is not exhaustive.

Subjective evaluation of CTS relies on patient report-
ing of symptoms and this is notoriously variable. Clinicians 
often assume that the problem with the variable reporting 
of symptoms stems from difficulty in remembering or un-
derstanding symptoms. Objective tests are attractive to the 
clinician as to some degree they exclude the self-reporting 
of symptoms. The objective tests do, however, continue to 
rely on the patient’s response to questions so the subjective 
element is not entirely excluded.
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ABSTRACT
This study aimed to examine the disturbance of hand sensation in patients with carpal tunnel syndrome (CTS) and assess the 
usefulness of objective and subjective measures. The study included 64 patients with CTS confirmed by electrophysiologi-
cal testing. Sensory assessment was made by objective (pressure aesthesiometry) and subjective (hand symptom diagram) 
measures in different anatomical areas. The results of the subjective and objective testing were correlated with nerve conduc-
tion studies by a kappa analysis. Sensory disturbance occurred more frequently in areas innervated by the median nerve (index 
finger, 94%) but also with great frequency in other areas (little finger, 39%). Pain occurred frequently in anticipated areas 
(wrist crease, 33%) but also in other areas (little finger, 11%). There was very poor correlation between objective measures and 
electrophysiological testing or subjective measures. This study does therefore not support the use of objective sensory assess-
ment for the initial diagnosis of CTS. An atypical distribution of symptoms is a common occurrence and should not discourage 
diagnosis of CTS. The patient’s description of symptoms remains the most important tool in diagnosis.



Figure 1 Sensory map; percentage of patients reporting non-
painful disturbance per anatomical area

Table 1 Tests for carpal tunnel syndrome

Type of evaluation Specific tests

‘Gold standard’ Nerve conduction studies

Provocative tests Tinel’s sign 
Phalen’s test
Hand elevation test
Carpal compression test
Tourniquet test

Objective measures of sensibility Pressure aesthesiometry (threshold)
Two-point discrimination (density)

Subjective measures of sensibility Katz hand diagram
Patient history

Table 2 Difference between low and high threshold 
Semmes–weinstein monofilament test

Finest 
monofilament 
sensed by patient

Low threshold test High threshold test

2.83 Normal Normal

3.61 Abnormal Normal

4.31 Abnormal Abnormal

4.46 Abnormal Abnormal

The aim of this study was to examine the distribution of 
altered sensation and pain experienced by the patients with 
CTS and to assess the usefulness of objective and subjective 
assessment of this distribution.

Methods
From September 2004 to July 2005, 142 consecutive patients 
with hand dysaesthesia and a diagnosis of CTS confirmed 
by NCS were evaluated. Patients were excluded if they were 
pregnant or if they had hypo-/hyperthyroidism, acromegaly, 
diabetes, cervical spondylopathy, acute dysaesthesia follow-
ing trauma, generalised peripheral neuropathy, or sympto-
matic hand or wrist arthritis. Where disease was bilateral 
(36 cases) we excluded one wrist by random selection using 
an internet-based random number generator (http://www.
random.org/). There remained 64 wrists in 64 patients with 
CTS. The ratio of women to men was 3:1 and the mean age 
was 58 years (range: 25–88 years). All patients had their 
diagnosis confirmed by NCS before clinical assessment, 
which was performed as follows:

Katz hand diagram (subjective)
Patients were asked to fill out a Katz hand diagram and to 
report their symptoms using two broad categories. They 
marked either pain or any non-painful stimuli including 
tingling, numbness and decreased sensation. We divided 
the hand diagrams into anatomical areas that included the 

thenar and hypothenar eminences, the distal palm, each 
digit, the posterior hand and the forearm. Pain and sensory 
disturbances were evaluated and recorded separately.

Semmes–weinstein monofilament (objective)
Pressure density aesthesiometry was assessed by an in-
vestigator (RA), who was not aware of the results of the 
NCS at the time of testing. The equipment used was the 
Semmes–Weinstein monofilament system (SWM, Research 
Design Inc, Houston, TX, US).4,11 As these tests are heavily 
dependant on patient understanding, the patients under-
went an education session that consisted of demonstration 
of pressure aesthesiometry on the foot. All patients reported 
normal aesthesiometry on the foot.
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Table 3 Sensitivity of each test at anatomical sites

Findings Thumb Index 
finger

Middle 
finger

Ring 
finger

Little 
finger

Thenar  
eminence

wrist 
crease

Tingling, numbness, decreased sensation on hand 
diagram                                

69% 94% 91% 72% 39% 63% 20%

Pain on hand diagram                                14% 22% 23% 19% 11% 27% 33%

Abnormal SWM test using high threshold  
(3.61 normal)

20% 22% 22% 16% 13% 28%

Abnormal SWM test using low threshold  
(3.61 abnormal)

59% 61% 64% 52% 44% 73%

Correlation of hand diagram and SWM test  
(with 3.61 as normal)

-0.05 -0.04 0.013 -0.06 0.07 -0.13

Correlation of hand diagram and SWM test  
(with 3.61 as abnormal)

-0.01 -0.04 -0.09 -0.05 -0.12 0.04

Figure 2 Pain map; percentage of patients reporting pain per 
anatomical area

Each hand digit was assessed once with each nylon fi-
bre. The nylon fibre was held at a right angle to the skin 
and depressed until either the patient felt the stimulation 
or until the fibre bent. Progressively larger fibres were used 
until the patient was able to identify the pressure; the ar-
ray of fibres used in this study was 2.83, 3.61, 4.31 and 4.56. 
There is controversy about whether an unrecognised 3.61 
filament should be considered as normal (high threshold) 
or abnormal (low threshold). These two eventualities are 
displayed in Table 2.

Statistical analysis of agreement was performed with a 
kappa analysis using SPSS® version 13 (SPSS Inc, Chicago, 
IL, US). Simple calculations were made with Microsoft® 
Excel® 2008.

Results
Non-painful sensory disturbance (tingling, numbness or 
decreased sensation) occurred in all patients. The index 
finger was the most common location (94%) followed by the 
middle finger (91%), distal palm (84%), ring finger (72%), 
thumb (69%), thenar eminence (63%), little finger (39%), 
dorsal hand (31%), hypothenar eminence (25%) and fore-
arm (13%) (Fig 1).

Pain was less common than non-painful disturbance 
and reported in 59% of patients. Pain occurred in the wrist 
crease (33%), thenar eminence (27%), forearm (20%), 
middle finger (23%), index finger (22%), ring finger (19%), 
distal palm (16%), thumb (14%), dorsal hand (11%), little 
finger (11%) and hypothenar eminence (6%) (Fig 2).

The results of the SWM objective tests were considered 
in both low and high threshold modes. The cut off for the 
high threshold test was 4.31 whereas for the low threshold it 
was 3.61. Where the patient did not recognise a 3.61 mono-
filament and this was considered as normal (high thresh-
old), the sensitivity of the test at the thenar eminence was 
28%, 22% at the middle finger, 22% at the index finger, 20% 
at the thumb, 16% at the ring finger and 13% at the little 
finger. As expected, pressure aesthesiometry had a higher 
sensitivity when an unrecognised monofilament of 3.61 was 
considered as abnormal (low threshold). With a low thresh-
old the sensitivity at the thenar eminence was 73%, 64% 
at the middle finger, 61% at the index finger, 59% at the 
thumb, 52% at the ring finger and 44% at the little finger.

The correlation between the subjective and objective 
tests was evaluated (Table 3). Where non-recognition of a 
monofilament of 3.61 was considered normal (high thresh-
old), the sensitivity was poor (best sensitivity was 28% at 
thenar eminence) and when non-recognition was consid-
ered abnormal (low threshold), the specificity was poor 
(best specificity was 14% at index finger). The correlation 
between the subjective and objective tests was very poor 
and in many cases negative. The best correlation between 
the subjective diagram and SWM test was with a 3.61 cut-off 
as normal at the thenar eminence (kappa value 0.044).
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Discussion
The symptoms reported by patients during history-taking 
are the cornerstone of a diagnosis of CTS but these vary 
considerably. Subjective measures such as the Katz hand 
diagram or objective ones such as pressure aesthesiometry 
are commonly undertaken. We found that the distribution 
of symptoms in CTS does not closely match the anatomy of 
the median nerve. In both the subjective and objective tests 
over 10% of patients were found to have symptoms in the 
little finger. These findings are not inconsistent with those 
of other investigators; Elfar et al demonstrated that the most 
symptomatic digit can, in some cases, be the ring or little 
fingers.12 A number of explanations have been proposed 
for this discrepancy, including patient error in describing 
symptoms, true functional overlay and the presence of a 
Martin–Gruber anastomosis. The Martin–Gruber anasto-
mosis is a connection between the median nerve and ulnar 
nerve that may exist in over 20% of individuals.13 It is usu-
ally unilateral.

The subjective hand diagram relies on patients accu-
rately remembering and interpreting their symptoms. The 
objective test removes this element of patient recollection. 
Another advantage of the objective test is that patients 
are only asked simple dichotomous questions whereas in 
the subjective test they are asked to remember all of the 
symptoms and record them on a diagram, which may be 
overwhelming and challenging for the patients. The objec-
tive test is not fully objective as it still relies on the patient’s 
interpretation of the examination; the test is subject to the 
same functional overlay as in the subjective evaluation. The 
symptoms of CTS are typically more severe at night. It is 
uncommon for a clinician to evaluate a patient at the peak 
of their symptoms and for this reason recollected symptoms 
may offer a more accurate description of the disease than 
current ones even though they are viewed through the 
prism of patient memory.

We found that non-painful sensory disturbance is de-
scribed more frequently in the area innervated by the me-
dian nerve but it also occurs commonly elsewhere. Sensory 
symptoms in CTS at the index finger occur in 94% of cases 
but the little finger is involved in 39% and the forearm in 
13%. Although the sensory disturbance in CTS generally 
matches the anatomical distribution of the median nerve, 
variations occur with such frequency that a diagnosis of CTS 
should not be excluded if the area of sensory symptoms does 
not match the classical median nerve distribution.

Pain appeared most commonly at the site of compres-
sion (at the wrist crease) and appeared to follow the median 
nerve distribution into the fingers. Pain was even reported 
in the forearm or arm in more than 20% of patients.

Objective clinical measures require specialised equip-
ment and are more time-consuming than subjective assess-
ment. We found that objective measurement of abnormal 
sensation correlates poorly with both NCS and subjective 
measures. This is consistent with Pagel et al, who found that 
where a low threshold was used, the test had an unaccept-
ably poor specificity and where the threshold was high, the 
sensitivity was poor.14 Although SWM testing is often used in 
the course of diagnosing hand dysaesthesia, there is little in 

the literature to support its reliability for this purpose. Some 
investigators have suggested using low threshold SWM test-
ing in conjunction with a provocative test to overcome the 
problem of poor specificity.15

Conclusions
Subjective assessment with a hand diagram is reflective of 
patient history and forms a valuable record of the patient’s 
experience. Although the symptoms on a hand diagram ap-
pear in the area innervated by the median nerve, they are 
never precise. Objective testing is neither a suitable single 
test nor an adequate surrogate for subjective testing and in 
the context of NCS it is redundant. In CTS sensory distur-
bance occurs most frequently in the median nerve distri-
bution but an atypical distribution of symptoms should not 
discourage a diagnosis of CTS. The patient’s description of 
his or her symptoms remains the most important tool in the 
diagnosis of CTS.
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