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Abstract: Objective: To explore the value of neural electrophysiological examination in the diagnosis and treatment 
evaluation of carpal tunnel syndrome (CTS). Methods: We recruited 165 cases with CTS (204 affected sides) treated 
in the Department of Orthopaedics and Trauma of Peking University People’s Hospital, Peking, China, between 
March 2004 and November 2013. We included 68 cases (88 sides) in the study according to the defined inclusion 
criteria. Following a definitive diagnosis, all 68 patients were treated with median neurolysis. The Boston Carpal 
Tunnel Questionnaire was administered by telephone as a follow-up after surgery. Results: The median nerve mo-
tor latency, motor nerve compound muscle action potential, sensory nerve conduction velocity, and sensory nerve 
action potential, showed a specificity of diagnosis of 63.6%, 43.2%, 88.6% and 61.4%, respectively. There was a 
correlation between patients’ preoperative neural electrophysiological examination indexes and BCTQ scores before 
and after surgery. Conclusion: Neural electrophysiological examination is an objective and effective auxiliary exami-
nation for diagnosing CTS. The positive diagnosis rate of neural electrophysiological examination indexes is high 
in patients with CTS. To some extent, neural electrophysiological examination indexes can be used to evaluate pa-
tients’ preoperative symptoms and functioning, and have a certain predictive function for prognosis of the disease. 
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Introduction

Carpal tunnel syndrome (CTS) is the most com-
mon upper extremity nerve entrapment dis-
ease. It consists of a series of clinical syn-
dromes caused by entrapment of the median 
nerve at the wrist, affecting sensory and motor 
functioning in the median nerve distribution 
area at the distal end of the wrist. The main 
clinical symptoms of CTS are paresthesia, 
numbness, and tingling in the three and a half 
fingers on the radial side, which is worse at 
night. In severe cases this can be accompanied 
by weakness and atrophy of the muscles in the 
area controlled by median nerve [1].

Currently the diagnosis of CTS is mainly based 
on clinical information, and the classic treat-
ment is surgical carpal tunnel release. Although 
a neural electrophysiological examination is 
relatively time-consuming and expensive, and 
may be uncomfortable for patients, it is now 
considered the gold standard for a definitive 
diagnosis of CTS. In recent years, B-scan ultra-

sonography at the carpal tunnel exit of the 
median nerve has emerged for the auxiliary 
diagnosis of CTS. Although B-scan ultrasound 
is more cost-effective, it is unable to detect CTS 
in some cases, so has not replaced diagnosis 
by neural electrophysiological examination [2]. 
In this study, we retrospectively analyzed a 
group of patients with CTS at the Orthopedic 
Trauma Department of Peking University 
People’s Hospital, Peking, China over the past 
10 years. We evaluated the value of a preopera-
tive neural electrophysiological examination in 
the diagnosis of CTS by analyzing the abnormal-
ity indexes in patients undergoing surgery for 
CTS. We also investigated the correlation 
between neural electrophysiological examina-
tion indexes and disease severity. Overall, we 
aimed to explore the value of a preoperative 
neural electrophysiological examination in pre-
dicting therapeutic effects by analyzing the cor-
relations between preoperative electrophysio-
logical examination indexes and the prognoses 
of patients with CTS.
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Materials and methods

Clinical data

We investigated 165 patients (204 sides)  
with CTS treated in the Orthopedic Trauma 
Department of Peking University People’s 
Hospital between March 2004 and November 
2013. This study was authorized by the ethical 
committee of Peking University People’s Hos- 
pital and all patients gave written informed  
consent for their participation in the study. 
Inclusion criteria included a clear diagnosis of 
CTS, a neural electrophysiological examination 
conducted in the outpatient department of  
our hospital, and subsequent treatment by 
median neurolysis surgery. Exclusion criteria 
included: patients with cervical spondylosis; 
hereditary polyneuropathy or radiculopathy 
indicated by neural electrophysiological exami-
nation; peripheral neuropathy such as diabe-
tes, rheumatoid arthritis or other autoimmune 
diseases; previous wrist surgery or injury; and 
thoracic outlet syndrome or other diseases.  
Of the initial group, 78 patients had no preop-
erative neural electrophysiological data, 19 
patients had preoperatively diagnosed cervical 
disease, and 19 patients had preoperatively 
diagnosed diabetes. The remaining 68 patients 
(88 affected sides) were included in the study. 
The patients were aged 27-84 years (mean 
53.0 years), with disease durations ranging 
from 1 month to 20 years (Median 49.9 
months). There were 59 females and 9 males, 
with 48 cases of unilateral CTS and 20 cases of 
bilateral CTS. Thirty-five cases were affected on 
the left side, and 53 cases on the right side. 

Equipment and neural electrophysiological ex-
amination methods

Preoperative neural electrophysiological exami-
nations were conducted in our outpatient elec-
tromyography (EMG) room using a Nicolet 
Biomedical EA-4 electromyograph. The room 
temperature was maintained at 18-25°C and 
the skin temperature of the examination area 
was kept above 32°C.

Neural electrophysiological examination invol- 
ves measuring the median nerve conduction  
of movement and sensation. When measuring 
motor nerve data, there are distal and proximal 
stimulating electrodes, which are placed in the 
elbow and wrist of the patient, respectively. The 

recording electrode is placed at the muscle 
belly of abductor pollicis brevis muscle, record-
ing the latency (M-lat) and compound muscle 
action potentials (CMAP) of nerves responding 
to the stimulating electrodes. The motor nerve 
conduction velocity (CV) can be obtained using 
the distance from the wrist to the elbow, divid-
ed the latency difference. In this study, the 
motor nerve M-lat and CMAP from the wrist 
stimulating electrode to the distal recording 
electrode are used as a motor nerve evaluation 
index. An antegrade approach is used when 
measuring sensory nerve data, with the stimu-
lating electrode placed at distal end of index 
finger, and the recording electrode placed at 
the wrist. The latency of the sensory nerve 
action potentials from the stimulating elec-
trodes to the recording electrodes is recorded. 
The sensory nerve CV (SNCV) is obtained by 
dividing the distance between two electrodes 
by the latency. In this study, SNCV and sensory 
nerve action potentials (SNAP) are used as a 
sensory nerve evaluation index.

In accordance with the literature and electro-
physiological diagnosis guidelines of the 
American Association of Electrodiagnostic 
Medicine, we used the following value defini-
tions as abnormal values of the neural electro-
physiological examination indexes: median 
nerve M-lat > 4.2 ms; motor nerve CMAP < 5 
mV; SNCV < 50 m/s; and SNAP < 20 µV [3-5].

Surgical methods

Transverse carpal ligament decompression  
and median neurolysis was conducted on all 
patients, from which a decision was made 
whether to conduct carpal tunnel synovectomy 
and epineurium lysis depending on the intraop-
erative conditions. Brachial plexus block anes-
thesia was applied to patients, and once it  
was in effect, they assumed the supine  
position. The affected limb was placed in an 
accessible position and a pneumatic tourni-
quet applied at a pressure of 300 mmHg. The 
surgical area was disinfected, covered with  
a surgical towel, and a curved incision of about 
3 cm was made from the midpoint of the  
thenar crease to the rasceta. The skin, subcu-
taneous tissue, and palmar fascia layers were 
horizontally incised first. Incisions of the trans-
verse carpal ligament on the rasceta, and  
the transverse carpal ligament to the proximal 
end, were made to prevent damaging its deep 
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median nerves when incising the transverse 
carpal ligament, until fully incising the trans-
verse carpal ligament. Care was taken to avoid 
damaging the median nerve recurrent branch 
at the midpoint of the thenar crease and 
beyond. Obvious thickened transverse carpal 
ligament was typically seen during the opera-
tion, with median nerves compressed under 
the transverse carpal ligament. We could see 
that the nerves became flat and the epineuri-
um became obvious thick in most of the 
patients. The compressed area became a 
faded color, and the nerves were covered with 
scar tissues. For some patients, the flexor digi-
torum profundus and flexor digitorum superfici-
alis of the wrist tube flexor were wrapped by a 
large number of synovial tissues, and signifi-
cant congestion swelling occurred to the synovi-
um. After cutting the transverse carpal liga-
ment, and separating the median nerve, a deci-
sion was made whether to conduct the epineu-
rial lysis surgery according to the degree of 
nerve entrapment and hyperplasia. If conduct-
ing the epineurial lysis surgery, the epineurial 
and hyperplastic tissues were released with 
microsurgical scissors. A longitudinal incision 
of the epineurium at the upper and lower ends 
of the lesions was made, until soft and normal 
nerves were revealed, and thus a thorough 

release was completed. For patients with CTS 
accompanied by a lot of synovial hyperplasia, 
redness, congestion, and swelling, the hyper-
plastic and affected synovial tissues could be 
removed while strictly protecting the median 
nerve and separating the flexor digitorum pro-
fundus and flexor digitorum superficialis in the 
carpal tunnel. After the release was complete, 
the tourniquet was removed, strict wound 
hemostasis conducted, a rubber catheter left 
in the incision, and the palmar aponeurosis 
layer and all the layers of incised skin were 
sutured. All cut synovial tissues surrounding 
the tendon were sent for pathological 
examination.

Follow-up evaluation

A telephone follow-up was made for all patients 
included in the study, using the Boston Carpal 
Tunnel Questionnaire (BCTQ) [6]. This question-
naire allows the evaluation of the symptoms 
and functional conditions of the patient’s hands 
before and three months after surgery.

The BCTQ is divided into symptom and function 
sections, with a total of 19 questions related  
to the patient’s carpometacarpal numb- 
ness, pain, paresthesia, and hand functions. 
Fernando et al. divided the BCTQ into three  
separate factors: sensory, functional, and pain 
factors by using the factor analysis method [7].

Statistical method

SPSS 16.0 (SPSS Inc., Chicago, IL) statistical 
software was used for Pearson correlation 
analyses. P < 0.05 considered statistically 
significant.

Results

Neural electrophysiological examination and 
clinical diagnosis  

Comparisons of the values of the neural elec-
trophysiological examination indexes and 
abnormal values used to obtain the positive 
diagnosis rates of various indexes were shown 
in Table 1.

The results showed that SNCV had the highest 
positive diagnosis rate, and the average posi-
tive diagnosis rate of the SNAP was higher than 
that of the CMAP.

Table 1. Positive diagnosis rate of patients’ 
neural electrophysiological indexes

Examination 
items

Data  
description

Number 
of positive 

cases

Positive 
diagnosis 

rate
M-lat (ms) 5.0 ± 1.4 56 sides 63.6%
CMAP (mV) 7.2 ± 5.7 38 sides 43.2%
SNCV (m/s) 35.0 ± 11.5 78 sidesa 88.6%
SNAP (µV) 19.1 ± 19.2 54 sidesb 61.4%
NOTE: Five sides were not investigated.

Table 2. Patients with positive indexes from 
neural electrophysiological analysis
Number of positive 
indexes

Number of 
sides Percentage

4 16 18.2%
3 36 40.9%
2 24 27.3%
1 6 6.8%
0 6 6.8%
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The compositions and analyses of the positive 
neural electrophysiological indexes were shown 
in Table 2.

The data showed that patients with four ab- 
normal neural electrophysiological indexes 
accounted for only 18.2%, while patients with 
four normal neural electrophysiological indexes 
accounted for 6.8%. The percentage of patients 
with three abnormal neural electrophysiologi-
cal examination indexes was as high as 40.9%.

Correlation between patients’ preoperative 
neural electrophysiological examinations and 
preoperative symptoms and functions

Patients’ preoperative BTCQ scores were as fol-
lows: sensory score 11.9 ± 3.7 points; function-
al score 22.4 ± 12.0 points; pain score 8.9 ± 

5.2 points, and total score of 43.1 ± 17.0 
points.

Pearson correlation analysis was conducted on 
all patients’ four preoperative neural electro-
physiological indexes (the median nerve M-lat, 
CMAP, SNCV, and SNAP), and the preoperative 
sensory score, functional score, pain score, 
and total BCTQ score. The results were shown 
in Table 3.

These results showed a correlation between 
preoperative neural electrophysiological exami-
nation results and preoperative symptoms and 
functions. The M-lat was positively correlated 
with the pain score, CMAP negatively correlated 
with the sensory and functional scores, SNCV 
negatively correlated with the sensory and pain 
scores, and the SNAP was negatively correlated 
with the functional score.

Correlation between the preoperative neural 
electrophysiological examination and disease 
prognosis

The patients’ postoperative BCTQ scores were 
as follows: sensory 4.7 ± 1.5 points, functional 
11.4 ± 4.2 points, pain 6.0 ± 3.5 points, with a 
total BCTQ score of 22.0 ± 7.2 points.

Differences in the patients’ four pre- and post-
operative neural electrophysiological indexes 
(median nerve M-lat, CMAP, SNCV, and SNAP) 
and sensory, functional, pain, and BCTQ scores 
were calculated and analyzed using Pearson 
correlation analysis (Table 4). 

This data revealed a correlation between the 
preoperative neural electrophysiological exami-
nation and prognosis. The motor nerve CMAP 
and SNAP are negatively correlated with the 
functional score difference, and the SNCV was 
negatively correlated with the sensory score 
difference.

Discussion

Some studies have indicated that neural  
electrophysiological examination can aid the 
diagnosis of CTS by advanced ultrasound, but 
ultrasonic diagnosis is still unable to fully 
replace nerve electrophysiological examina-
tion. Research has shown that the positive 
diagnosis rate of electrophysiological indexes 
of CTS is high, and the overall positive rate is 

Table 3. Analysis of the correlation between pa-
tients’ preoperative neural electrophysiological 
examinations and preoperative symptoms and 
functions

Items Sensory 
score 

Functional 
score Pain score Total BCTQ 

score
M-lat r = 0.207 r = 0.171 r = 0.290 r = 0.195

P = 0.113 P = 0.192 P = 0.025 P = 0.136
CMAP r = -0.296 r = -0.477 r = -0.130 r = -0.439

P = 0.022 P = 0.000 P = 0.321 P = 0.000
SNCV r = -0.269 r = -0.112 r = -0.335 r = -0.225

P = 0.041 P = 0.405 P = 0.010 P = 0.090
SNAP r = -0.117 r = -0.282 r = -0.160 r = -0.262

P = 0.381 P = 0.032 P = 0.231 P = 0.047

Table 4. Analysis of the correlation between pa-
tients’ preoperative neural electrophysiological 
examination and postoperative improvement

Items
Sensory 

score  
difference

Functional 
score  

difference

Total pain 
score  

difference

Total BCTQ 
score  

difference
M-lat r = 0.184 r = 0.121 r = 0.190 r = 0.150

P = 0.159 P = 0.357 P = 0.147 P = 0.252
CMAP r = -0.233 r = -0.449 r = -0.058 r = -0.375

P = 0.073 p = 0.000 p = 0.658 p = 0.003
SNCV r = -0.264 r = -0.128 r = -0.213 r = -0.176

P = 0.045 P = 0.340 P = 0.108 P = 0.187
SNAP r = -0.064 r = -0.273 r = -0.052 r = -0.200

P = 0.635 P = 0.038 P = 0.635 P = 0.133
NOTE: score difference is the difference between scores 
after and before operation.
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93.2%, which is quite a high indicator. Some 
literature reports that the diagnostic sensitivity 
of neural electrophysiological examinations for 
CTS is 85-90% [8]. We have also found two 
mechanisms to be involved: 1) the average 
positive diagnosis rate of sensory nerve related 
indexes is higher than that of the motor nerve; 
2) the positive diagnostic rate of motor nerve 
latency related indexes is higher than that of 
the CMAP. The first mechanism may result from 
local ischemic changes that occur upon entrap-
ment of the median nerves, as sensory nerves 
are more sensitive to ischemia than motor 
nerves. The second mechanism may be due to 
action potential measurement, which is dis-
turbed by many factors, such as the intensity of 
stimulation and patients’ local soft tissue 
conditions.

We observed that patients with three positive 
neural electrophysiological examination index-
es constitute the highest percentage of our 
study (40.9%), and have positive rates of M-lat, 
SNCV, and SNAP of more than 50%. We can 
infer that if the neural electrophysiological 
examination of a patient shows that the M-lat, 
SNCV, and SNAP are positive, the positive diag-
nosis rate of an electrophysiological examina-
tion of the patient with CTS is extremely high.

We also observed that there is a correlation 
between the preoperative neural electrophysi-
ological examination and preoperative symp-
toms and functions (i.e., the “positive/nega-
tive” relationship derived from our results). The 
electrophysiological significance of these cor-
relation and examination indexes is consistent: 
That is, CMAP reflects the state of the muscles 
to a certain extent, and therefore is associated 
with the functional score. Likewise SNCV 
reflects the sensitivity of sensory nerves to a 
certain extent, and so is associated with the 
symptom and pain scores.

The value of neural electrophysiological exami-
nations for diagnosing CTS has long been con-
troversial. The view generally accepted in cur-
rent literature is that neural electrophysiologi-
cal examination cannot be used alone, but it is 
an effective and helpful examination method to 
assist in making a clear diagnosis of CTS [9].

Kanaan et al. [10] found that neural electro-
physiological examination is suitable for CTS 
patients with clinical diagnoses, preparing for 

CTS surgery, and with persistent CTS sym- 
ptoms or a relapse after surgery. They propose 
that neural electrophysiological examination is 
useful for: 1. investigating the severity of the 
nerve compression to guide next treatment; 2. 
recording the basal status of preoperative 
patients’ sensory nerves and motor nerves; 3. 
investigating the reasons for surgical failure, 
intraoperative injury or insufficient operative 
decompression, and postoperative relapse or 
recompression.

In a study of 215 adult patients, Chan et al. [11] 
found that neural electrophysiological examina-
tion does not reflect the functional status or 
symptom severity in patients with the disease. 
Kyle et al. [12] have also suggested that exces-
sive reliance on neural electrophysiological 
examination may mask the clinical symptoms 
of patients, and may lead to delays in treat-
ment of the disease. This phenomenon may be 
particularly evident in patients who have obvi-
ous clinical symptoms but with negative neural 
electrophysiological examination results. 

Our data showed a correlation between preop-
erative neural electrophysiological indexes, 
and postoperative symptoms and functional 
improvement situations. We conclude that pre-
operative neural electrophysiological examina-
tion has important value for disease treatment 
and prognosis evaluation.

A limitation of this study is that electrophysio-
logical examination cannot be used to grade 
the severity of CTS accurately. Although it is 
sensitive for qualitative analysis, it is quantita-
tively imprecise. Another limitation is the high-
prevalence in the population we evaluated may 
have resulted in an overestimation of the true 
specificity and sensitivity of electrophysiologi-
cal examination. A third limitation may be the 
examiners, as the reliability of electrophysiolog-
ical examination is closely related to the exam-
iners’ technique and experience. Further 
research taking these factors into account is 
required.

There is currently no unified conclusion regard-
ing the value of neural electrophysiological 
examination for the prognosis of CTS in 
patients. Rachel et al. [13] conducted a meta-
analysis of literature published before 1998 in 
MEDLINE and EMBASE in accordance with cer-
tain screening criteria. Their analysis found that 
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neural electrophysiological examination has no 
guiding significance for prognosis, and that 
there was no statistical difference in the prog-
nosis for patients with positive and negative 
indexes in the preoperative neural electrophysi-
ological examination. Through the statistical 
analysis of neural electrophysiological exami-
nation and CTS prognosis in 167 patients, 
Keith et al. [14] drew a similar conclusion. 
However, Bland et al. [15] found that there is 
association between the efficacy of carpal tun-
nel decompression and preoperative neural 
electrophysiological Bland staging. Patients 
with a moderate staging have good prognoses, 
and patients with serious illness or normal con-
ditions indicated by preoperative electrophysi-
ological examination have poor prognoses. 
Kanatani et al. [16] found that the motor nerve 
latency of preoperative neural electrophysio-
logical examinations can be used as a predictor 
of surgical outcome. 

Neural electrophysiological examination is an 
objective and effective auxiliary examination 
for diagnosing CTS. The positive diagnosis rate 
of neural electrophysiological examination 
indexes is higher in patients with the diagnosis 
of CTS. To some extent, neural electrophysio-
logical examination indexes can be used to 
evaluate patients’ preoperative symptoms and 
functions, and has certain predictive function 
for disease prognosis. However, its exact value 
needs to be revealed in further studies.
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