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Carpal tunnel syndrome: Analyzing efficacy and 
utility of clinical tests and various diagnostic 
modalities

Introduction

Carpal tunnel syndrome  (CTS) accounts for about 
90% of all entrapment neuropathy.[1] It affects nearly 
1–3.5 patients per 100,000 person years.[2,3] The incidence 
and prevalence varies, 0.125–1% and 5–16%, depending 
upon the criteria used for the diagnosis.[1,4] The usual 
predisposing factors are diabetes mellitus, obesity, 

hyperlipidemia, rheumatoid arthritis, hypothyroidism, 
recurrent twisting turning of hands while working, 
work with vibrating tools and postpartum period. 
CTS is primarily a clinical diagnosis and is clinically 
detected by stress tests such as Phalen test, Tinel’s 
test, hand elevation test, pressure provocation test, 
tethered median nerve stress test, tourniquet test, and 
others. Nerve conduction study  (NCS) is considered 
as gold standard for diagnosis. However, recent years 
have shown a surge in research papers on the utility of 
ultrasonography (USG) in diagnosis of CTS. Magnetic 
resonance imaging (MRI) too has been studied in this 
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field, and has shown some importance. However not 
much study of has been done on this topic in India. We 
undertook this study to study the efficacy of clinical 
tests, NCS, USG, and MRI in diagnosing CTS, and the 
correlation between them. We also planned to study the 
correlation between Boston Carpal Tunnel Questionnaire 
Symptom (BCTQ‑S) and function (BCTQ‑F) score with 
NCS and USG.

Materials and Methods

This prospective study was performed over 24 months 
from August 2012 to July 2014. Patients attending 
Outdoor Department of Neurology Department and 
referred from Medicine and Orthopedics Outdoor 
Departments were included in the study. Patients 
were screened for symptoms suggestive of CTS and 
clinical provocative tests of CTS were done. Phalen test, 
Tinel’s test, hand elevation test, pressure provocation 
test, tethered median nerve stress test, and tourniquet 
test were performed in all patients. Of a total of 
60  patients  (100 hands) screened with symptoms of 
upper limb paresthesias, 54  patients  (93 hands) were 
diagnosed as having CTS clinically. Twenty‑three control 
hands were included, of which 4 patients (8 hands) were 
completely asymptomatic, whereas 15 had unilateral 
CTS and opposite hand  (15 hands in all) was taken 
as control. Then, patients were subjected to NCS on 
Medelec Synergy Machine, Oxford, UK measuring 
sensory and motor latency, amplitude, and velocity. 
Patients were also subjected to orthodromic mixed 
median nerve study, median to ulnar nerve, and median 
to radial nerve comparative study. All NCS positive 
patients were classified into subgroups for sake of 
analysis as follows: Mild‑prolonged sensory latency 
and/or decreased sensory velocity, normal sensory 
amplitude and motor study; mild‑moderate ‑ prolonged 
latency and/or decreased velocity in sensory and motor 
nerves, with normal amplitude; moderate ‑ above with 
mildly decrease sensory and/or motor amplitude; 
severe ‑ absent sensory potentials or severely reduced 
sensory and/or motor amplitudes. USG was performed 
by Aloka Prosound α6 machine using a 10 MHz linear 
probe measuring anterior‑posterior diameter, transverse 
diameter, circumference  (CIR), and cross‑section 
area (CSA) each, at the inlet (I), middle (M), and outlet (O) 
of the carpal tunnel. MRI of wrists for carpal tunnel and 
median nerve was done in 26 of the patients (39 hands) 
on a Philips Achieva, Netherland 1.5‑Tesla MRI machine.

Statistical analysis
For statistical analysis the data was entered in Microsoft 
Excel format and analyzed using   Stata for Windows, 

StataCorp USA, Version 11.1 and Statistical Package 
for the Social Sciences software  (SPSS Inc. Released 
2007. SPSS for Windows, Version 16.0. Chicago, SPSS 
Inc.; Now IBM SPSS Statistics). Data were expressed in 
mean, percentage, and standard deviation. Pearson’s 
correlation coefficient was used for comparing BCTQ‑S 
and BCTQ‑F with both NCS and USG and between NCS 
and USG. USG of cases and controls were compared by 
Kruskal‑Wallis Test, and comparison of MRI among the 
NCS severity groups was carried out by Fischer’s exact 
test. Informed consent was obtained from all patients 
and the study was performed with approval of the 
Institutional Ethics Committee.

Results

Baseline characteristics of the study group are given 
in Table 1. The patients’ mean age was 43.9 ± 14 years, 
and most of them were females, with male to female 
ratio being 13:79. The most common risk factor was 
obesity  (15%) followed by hypothyroidism  (12.9%), 
diabetes mellitus  (10.75%), work related  (8.6%), and 
postpartum state  (7.53%). Rheumatoid arthritis was 
associated in only one patient  (1.1%). Among clinical 
tests, Phalen’s test and hand elevation tests had high 
sensitivities  (84.9% each) and specificities  (74–83%), 
whereas Tinel’s test had a moderate sensitivity (78.5%) 
but high specificity (91%). Pressure provocation test had 
high sensitivity (81.7%) but moderate specificity (69.6%), 
while tethered median nerve test and tourniquet 
tests had only moderate sensitivities  (~70%) and 
specificities  (65–70%). Among the subgroups, Phalen 
test had greater sensitivity in mild‑moderate, moderate, 
and severe groups, while Tinel’s had greater sensitivity 
in mild group. Rest of the tests had greater sensitivities 
in mild and mild‑moderate groups  [Table  2]. USG 
had a sensitivity and specificity of 30.1% and 91.3% 
respectively, while MRI had a sensitivity of 53.8%. USG 
in patients was significantly abnormal compared to 
controls in CSA‑I and CIR‑I in all patient groups, and 
also in CSA‑O in all‑CTS (ACTS) group by Kruskal‑Wallis 
test. Pearson’s correlation between BCTQ‑S and BCTQ‑F 
with both, NCS and USG and also between NCS and 
USG were calculated. Symptoms score in BCTQ showed 
significant correlation with sensory latency, sensory 
amplitude, and sensory velocities in most groups, while 
moderate and severe groups also had correlation with 
motor amplitude. Function score showed significant 
correlation with sensory latency, sensory amplitude, and 
motor amplitude [Figure 1]. Symptom score compared to 
USG showed significant correlation only in mild group in 
CIR‑O, while function score showed no correlation with 
USG [Table 3]. Comparing USG with nerve conduction 
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velocity showed significant correlation between CIR‑M 
with sensory latency in ACTS group and between CIR‑O 

with sensory latency in mild and sensory amplitude 
in moderate groups. CSA‑M correlated with sensory 
latency in mild‑moderate and ACTS groups. CSA‑I 
correlated with sensory latency, motor latency, and 
motor amplitude in ACTS group [Table 4 and Figure 2]. 
MRI between moderate and nonmoderate groups was 
statistical significant by Fischer’s exact test, as was the 
combined moderate and severe groups compared to the 
mild and mild‑moderate groups [Table 5].

Discussion

Most of the studies done till date have taken into account 
comparison between only NCS and CSA or bowing of 
the flexor retinaculum on USG.[5‑14] We thus conducted 
this study to evaluate all available diagnostic parameters, 
that is, clinical tests, NCS, USG, and MRI and compare 
between them. We also compared them with BCTQ as 
previous studies have conflicting results, some showing 
a correlation while others not.[9,15,16]

Median nerve CSA has been the most studied USG 
parameter. Other include bowing of the flexor 

Table 2: Sensitivity and specificity of clinical tests in diagnosing CTS
Total Mild 

(n=23)
Mild‑ 

moderate 
(n=25)

Moderate 
(n=23)

Severe 
(n=22)

All CTS‡ 
(n=93)

Controls 
(n=23)

Sp§

Pos* Sn† Pos Sn Pos Sn Pos Sn Pos Sn Pos
Phalen test 17 73.9 23 92 19 82.6 20 90.9 79 84.9 6 73.9
Tinel’s test 29 82.6 16 64 13 56.5 15 68.2 73 78.5 2 91.3
Hand ele|| 21 91.3 22 88 17 73.9 19 86.4 79 84.9 4 82.6
Pressure# 19 82.6 21 84 18 78.3 18 81.8 76 81.7 7 69.6
Tether** 17 73.9 20 80 11 47.8 17 77.3 65 69.9 8 65.2
Tourniq†† 18 79.3 18 72 13 56.5 15 68.2 64 68.8 7 69.6
*Pos: Positive test, †Sensitivity, ‡All CTS including NCS negative, §Specificity, ||Hand elevation test, #Pressure provocation test, **Tethered median nerve stress test, 
††Tourniquet test. CTS: Carpal tunnel syndrome, NCS: Nerve conduction studies

Table 3: Pearson’s correlation  (r) between BCTQ‑S 
score and BCTQ‑F score with NCS and USG
NCS/USG*→ SL SA SV ML MA CIR‑O
Mild

BCTQ‑S 0.697† −0.351 −0.129 0.189 0.088 0.473‡

BCTQ‑F 0.413‡ −0.029 −0.320 −0.017 0.223 0.130
Mild‑moderate

BCTQ‑S 0.600‡ −0.483‡ −0.631† 0.373 0.094 0.025
BCTQ‑F 0.370 −0.408‡ −0.388 0.581‡ 0.164 0.281

Moderate
BCTQ‑S 0.866† −0.668† −0.789† 0.213 −0.507‡ −0.374
BCTQ‑F 0.523‡ −0.397 −0.495‡ 0.197 −0.459‡ −0.101

Severe
BCTQ‑S 0.638‡ −0.442 −0.549‡ 0.117 −0.527‡ −0.131
BCTQ‑F 0.419 0.008 −0.291 −0.057 −0.568‡ −0.123

All‑CTS
BCTQ‑S 0.593† −0.410† −0.363† 0.192 −0.133 −0.006
BCTQ‑F 0.302‡ −0.221‡ −0.183 0.162 −0.210‡ 0.034

*SL: Sensory latency, SA: Sensory amplitude, SV: Sensory velocity, ML: Motor 
latency, MA: Motor amplitude, CIR‑O: USG circumference at outlet, †Statistically 
highly significant (P<0.001), ‡Statistically significant (P<0.05), Rest of the parameters 
were statistically nonsignificant. BCTQ‑S: Boston Carpal Tunnel Questionnaire 
symptom, BCTQ‑F: Boston Carpal Tunnel Questionnaire function, NCS: Nerve 
conduction studies, USG: Ultrasonography, CTS: Carpal tunnel syndrome

Table 1: Clinical profile of study population with risk factors and hand involvement in CTS
Controls Mild Mild‑moderate Moderate Severe All‑CTS (%)

Number of hands 23 23 25 23 22 93
Age (mean±SD) 37.9±16 45.4±15 41.8±13 41.1±13 47.4±16 43.9±14
Male: female 3:20 5:18 2:23 2:21 4:18 13:80
Diabetes mellitus 1 3 0 3 4 10 (10.8)
Lipid 2 1 6 4 3 14 (15.1)
Hypothyroid 3 4 2 3 3 12 (12.9)
Work 3 2 3 2 1 8 (8.6)
Postpartum 0 2 1 1 3 7 (7.5)
Rheumatoid arthritis 0 0 1 0 0 1 (1.1)
Both hands CTS (patients) NA 9 11 11 12 39 (72.2)
Dominant hand CTS (patients) NA 6 2 4 2 14 (25.9)
Non Dominant hand CTS (patients) NA 0 1 0 0 1 (1.9)
BCTQ‑S score 11 32.4±9 32.4±13 30.1±9 35.7±9 32.5±10
BCTQ‑F score 8 17.1±9 13.9±8 17.5±10 20.3±10 17±9
SD: Standard deviation, CTS: Carpal tunnel syndrome, BCTQ‑S: Boston Carpal Tunnel Questionnaire symptom, BCTQ‑F: Boston Carpal Tunnel Questionnaire 
function, NA: Not available
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retinaculum, change in CSA of median nerve and 
flattening ratio. Various ranges for “normal” USG 
parameters have been reported with CSA ranging from 
9 mm2 to 15 mm2. However, a lack of a consensus leads 
to difficulties in using USG as a diagnostic modality. 
Also the ideal site of CSA measurement is of debate. 
Sensitivity of CSA in diagnosing CTS ranges from 48% to 
89% and specificity from 47% to 100%.[5‑14] USG becomes 
more sensitive for moderate and severely affected 

patients compared to mildly affected ones. However, it 
has been reported to be positive in up to 30% of patients 
with false negative NCS.[7] Herein lays the importance 
of USG in detecting CTS.

NCS tend to become abnormal after significant 
compression leads to ischemic demyelination of the 
median nerve. This occurs first in the fast conducting 
fibers which travel deep to the flexor retinaculum. Thus, 

Figure 1: Correlation between Boston Carpal Tunnel Questionnaire Symptom (S) and Function (F) scores and nerve conduction study in all‑carpal 
tunnel syndrome patient group. (a) Boston Carpal Tunnel Questionnaire‑S with SL in all‑carpal tunnel syndrome group. (b) Boston Carpal Tunnel 
Questionnaire‑S with SA in all‑carpal tunnel syndrome group. (c) Boston Carpal Tunnel Questionnaire‑S with SV in all‑carpal tunnel syndrome 
group. (d) Boston Carpal Tunnel Questionnaire‑F with SL in all‑carpal tunnel syndrome group. (e) Boston Carpal Tunnel Questionnaire‑F with 
SA in all‑carpal tunnel syndrome group. (f) Boston Carpal Tunnel Questionnaire‑F with MA in all‑carpal tunnel syndrome group (SL = sensory 
latency, SA = sensory amplitude, SV = sensory velocity, and MA = motor amplitude)
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Table 4: Pearson’s correlation  (r) between NCS and USG
NCS parameters*→ SL SA SV ML MA

Mild CIR‑O† 0.4188** −0.2703 −0.1603 0.0224 0.1199
Mild‑moderate CSA‑M‡ 0.636†† −0.1206 0.0913 0.3673 −0.0876
Moderate CIR‑O −0.2645 0.4193** 0.1984 −0.0509 −0.1853
All‑CTS CIR‑M§ 0.2158** −0.0711 −0.0853 0.1576 −0.146
All‑CTS CSA‑M|| 0.2971** −0.0944 −0.0316 0.0952 −0.1869
All‑CTS CSA‑I# 0.2838** −0.2039 −0.1878 0.2519** −0.3836††

*NCS parameters→ SL: Sensory latency, SA: Sensory amplitude, SV: Sensory velocity, ML: Motor latency, MA: Motor amplitude, †CIR‑O: Circumference of 
median nerve at outlet of carpal tunnel on USG, ‡Cross sectional area of median nerve at middle of carpal tunnel, §Circumference of median nerve at middle 
of carpal tunnel on USG, ||Cross sectional area at middle of carpal tunnel on USG, #Cross sectional area at inlet of carpal tunnel on USG, **Statistically 
significant (P<0.05), ††Statistically highly significant (P<0.001), Rest of the USG parameters not mentioned in the above table did not have a significant correlation 
with NCS. NCS: Nerve conduction studies, USG: Ultrasonography, CTS: Carpal tunnel syndrome
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routine NCS measuring superficial sensory branch of 
median nerve may fail to pick up the pathology. Thus 
as per the AAEM guidelines, orthodromic mixed nerve 
studies and comparative studies  (median to ulnar 
digit 4, median to radial thumb) should be done. These 
techniques increase the sensitivity and specificity of 
diagnosing CTS. Thus, NCS has been considered as 
gold standard. However, many patients experience 
discomfort during NCS and the same are more willing 
to undergo USG or MRI instead. In addition, adding 
USG in the diagnostic armamentarium helps increase 
sensitivity of NCS from 76% to 84% but decreases the 

specificity from 97% to 84%,[8] Mondelli et al.[9] reported 
combined sensitivity of 76%.

Our study showed significant difference between patients 
and controls in CSA‑I in all the groups, including mild, 
mild‑moderate, moderate, severe, and ACTS groups, and 
between CSA‑O and ACTS group. A new finding noted 
in our study which has not been studied previously is 
the median nerve CIR. We found a significant difference 
in CIR‑I of patients with CTS compared to controls in all 
the groups, including mild, mild‑moderate, moderate, 
severe, and ACTS groups.

Comparison   between USG and NCS in our study 
showed the overall significant correlation of both, area 
and CIR, with NCS. Among the subgroups, correlation 
was found between CIR‑M and sensory latency in ACTS 
group, between CIR‑O and sensory latency in mild 
group, and sensory amplitude in moderate group. Also, 
CSA‑M correlated with sensory latency in mild‑moderate 
group and in ACTS group, and CSA‑I correlated with 
sensory latency, motor latency, and motor amplitude 
in ACTS group. Other studies also show a significant 
correlation between CSA and NCS, but have not studied 
CIR of the median nerve.[5‑14]

Table 5: MRI diagnosis distributed as per NCS 
severity groups

Mild Mild‑moderate Moderate Severe All‑CTS*
n† 5 15 11 8 39
CTS 2 5 9‡,§ 5§ 21
Osteoarthritis 1 8 1 6 16
Fracture 1 0 0 1 2
Cyst 1 0 3 1 5
Ganglion 1 1 0 0 2
*Total number of CTS, osteoarthritis, fracture, cyst and ganglion are more than 
total number of hands on which MRI was performed due to more than one 
finding in few patients, †Number of hands on which MRI done, ‡Statistically 
significant  (P<0.05) when compared to nonmoderate group, §Statistically 
significant  (P<0.05) when combined moderate + severe group compared 
to combined mild + mild‑moderate group. CTS: Carpal tunnel syndrome, 
MRI: Magnetic resonance imaging, and NCS: Nerve conduction studies

Figure 2: Correlation between ultrasonography and nerve conduction study. (a) Cross‑sectional area at inlet of carpal tunnel with SL in all‑carpal 
tunnel syndrome group. (b) Cross‑sectional area at inlet of carpal tunnel with ML in all‑carpal tunnel syndrome group. (c) Cross‑sectional area 
at inlet of carpal tunnel with MA in all‑carpal tunnel syndrome group. (d) SL with cross‑sectional area at inlet of carpal tunnel in all‑carpal tunnel 
syndrome group. (e) SL with cross‑sectional area at middle of carpal tunnel in all‑carpal tunnel syndrome group. (f) SL with circumference at middle 
of carpal tunnel in all‑carpal tunnel syndrome group. (g) SL with cross‑sectional area at middle of carpal tunnel in mild‑moderate carpal tunnel 
syndrome group. (h) SL with circumference at outlet of carpal tunnel in mild carpal tunnel syndrome group (SL = sensory latency, ML = motor 
latency, and MA = motor amplitude)
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Some studies have shown a correlation between BCTQ 
and NCS or USG,[15,16] whereas few have shown no 
correlation.[9] Our study showed a significant correlation 
with both. BCTQ symptom score correlated with sensory 
latency in mild group, sensory latency and velocity in 
severe group, and with sensory latency, amplitude and 
velocity in mild‑moderate, moderate and ACTS group. 
A  correlation was also found with motor amplitude 
in moderate and severe groups. The function score 
correlated with sensory latency in mild, moderate and 
ACTS groups, with sensory amplitude in mild‑moderate 
and ACTS groups and sensory velocity in moderate 
group. Function score also correlated with motor latency 
in mild‑moderate group and with motor amplitude in 
moderate, severe and ACTS group. In contrast, USG 
showed significant correlation only between CIR‑O and 
symptom score, while no correlation was found between 
function score and any of the USG parameters.

MRI was performed in 39 of our CTS patients detected 
CTS in 21 patients (53.85%). Median nerve swelling and 
T2‑weighted hyperintensity of median nerve and thenar 
muscles is considered as CTS on MRI[17‑19] [Figure 3]. Other 
parameters considered likely suggestive of CTS were 
flattening of median nerve and to measure differing canal 
size. An important indication for the use of these MRI is 
preoperatively, and also for recurrent CTS after surgical 
release to look for real canal widening, inflammation, 
incomplete resection of ligament, and scarring or 
algodystrophy.[20,21] Our study documented associated 
pathologies such as osteoarthritis (41.03%), cyst (12.82%), 
ganglion (5.13%), and incidental fracture (5.13%). Thus, 
the overall sensitivity of MRI seems low. However, 
the associated pathologies (total 58.97% of MRIs done) 
detected were significant as they could not be detected 
on NCS or USG. This is important whenever surgical 
intervention, especially endoscopic intervention is 
planned for. As mentioned previously, MRI also plays a 
role in patients who have previously undergone carpal 

tunnel release operation and develop recurrent symptoms, 
to know the underlying anatomy and deformities, if any.

There are a few limitations of our study. One limitation 
of this study was that MRI was not done in controls, due 
to financial constraints. Thus, we were unable to find the 
combined sensitivity of NCS, USG, and MRI. For the same 
reason, specificity of MRI could not be calculated either. 
Also, among our controls we included both completely 
asymptomatic patients (8 hands) and the asymptomatic 
hand of patients with unilateral CTS (15 hands). Some 
consider inclusion of asymptomatic hand as a control to 
be beneficial as it helps eliminate the bias of the normal 
anatomical variation in median nerve and the carpal 
tunnel structures. However, others are of the opinion 
that inclusion of asymptomatic hand leads to selection 
bias.[22] Although some may consider this as a limitation 
of our study, we have deliberately included such controls 
in order to eliminate this controversy and to derive an 
overall unbiased result.

Conclusions

Clinical tests even today have a role as Phalen test, hand 
elevation test, and pressure provocation test have a high 
sensitivity, whereas Tinel’s test has a high specificity, 
which approach that seen with NCS, and may even exceed 
that of USG and MRI. Also, although even today NCS 
may be the gold standard for diagnosing, USG and MRI 
play a complimentary role in NCS negative patients and 
those planning for surgery or having recurrent symptoms 
even after surgery. MRI is particularly abnormal only in 
moderate and moderate to severely affected patients. In 
our study, we also found that the median nerve CIR is an 
important measurement and further larger multi‑centric 
studies may show whether it is significant or not.
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