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Long term and frequent electrophysiological observation
in carpal tunnel syndrome

S. KARSIDAG 1, S. SAHIN 1, S.  HACIKERIM KARSIDAG 2, S. AYALP 1

Aim. Carpal tunnel syndrome (CTS) is one of the most
common compression neuropathies in neurology.
Electromyography (EMG) including nerve conduction
study (NCS) is the most useful diagnostic technique
for CTS. In this study, we aim to demonstrate changes
in electrophysiological parameters in different level of
CTS patients by frequent EMG studies.
Methods. We prospectively followed patients with CTS
regularly once every 12 weeks for 1 year. Fourteen
women (28 hands) with EMG/NCS findings of CTS were
observed and classified in 3 groups according to elec-
trophysiological severity. All patients were instructed
to wear the splint for 12 weeks. At the end of this peri-
od, patients were evaluated by electrophysiologic para-
meters. If findings were still abnormal, they were
encouraged to continue wearing the splint. In severe
cases, surgical release was carried out. 
Results. No statistically significant changes were not-
ed in EMG recordings of mild cases repeated every 3
months. It was determined that significant improve-
ments begin to occur in the moderate group in all
parameters, except for the amplitude of the median
sensory nerve. However, when the mean values were
studied in the severe CTS group, it was observed that
the preoperative motor and sensory parameters
became increasingly impaired, but approached the
initial values in the first evaluation in the postopera-
tive period. 
Conclusion. Subjects with CTS, particularly moderate
as determined by electrophysiology, may benefit from
conservative therapy, with improvements which con-
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tinue for about one year. In severe cases the main
treatment modality seems to be operation. Frequent
electrophysiological follow-ups may be useful in guid-
ing treatment. 
KEY WORDS: Carpal tunnel syndrome - Electromyography -
Follow-up. 

Carpal tunnel syndrome (CTS), caused by com-
pression of the median nerve at the wrist, is

considered to be the most common entrapment neu-
ropathy in adults and particularly in women.1-4

Conservative treatment of CTS is frequently offered
to those with mild to moderate symptoms.
Nonsurgical treatment options include splinting the
wrist, local injection of corticosteroids, and physical
therapy methods. However, the benefit obtained
from conservative treatment may be limited and sur-
gical methods may be necessary.3, 5-8 There are few
studies observing the 1 year course in patients with
CTS of various clinical severities when applying
conservative treatment.5, 6, 8 In this study, we
prospectively investigated the progress of CTS via
electromyographic (EMG) findings. 
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Materials and methods

Fourteen consecutive patients (28 hands) ranging in
age from 36 to 63 years (mean-SD: 47±7.6 years), with
clinical and electrophysiologic findings of CTS, were
recruited and all patients were women. The duration
of symptoms was between 6 to 12 months. In the first
evaluation, CTS was bilateral in 12 patients, unilater-
al in 2 patients. The diagnosis of CTS was made
according to the criteria of the American Neurology
Academy (Quality Standards Subcommittee, 1993).
Inclusion criteria were as follows: 1) duration of symp-
toms longer than 3 months; 2) no physical or medical
therapy previously; 3) no evidence of obvious under-
lying causes of CTS such as hypothyroidism, diabetes
mellitus, arthritis of the wrist, or pregnancy; 4) no
clinical or electrophysiological evidence of accom-
panying conditions that could mimic CTS. 

Patients were compared 20 hands of 10 age and
sex matched healthy volunteers who had no symp-
toms or signs of neuromuscular disease, no history of
trauma of the wrist or hand and no general metabol-
ic disease. The study was approved by the Institutional
Ethics Committee, and was performed in accordance
with the guidelines of the Declaration of Helsinki. 

Electrophysiologic evaluation

The neurophysiologic study was carried out by the
same specialist in clinical neurophysiology, follow-
ing the same evaluation protocol of CTS, using
Medelec-Oxford Synergy equipment. According to
the guidelines of the American Association of
Electrodiagnostic Medicine 9 the following protocol
was used: skin temperature was measured prior to
testing, and hands with a temperature of less than
32°C were warmed.10 Both hands were tested. Sensory
and motor nerve conduction tests were studied, using
surface electrodes for stimulating and recording.
Latencies were measured from the stimulus onset to
the initial negative response, and amplitudes were
measured from baseline to negative peak. The sensory
nerve action potentials were recorded antidromically
14 cm from the ring recording electrodes that were
placed around the proximal (recording, cathode) and
distal (reference, anode) interphalangeal joints. The
ground electrode was attached to the distal region of
the wrist. Median nerve sensory conduction velocity
(SCV) was measured from the wrist to the middle fin-

ger. The compound muscle action potential was
recorded from the thenar eminence with the active
recording electrode placed over the abductor pollicis
brevis (APB) muscle belly. The reference electrode
was placed over the APB tendon. Median nerve dis-
tal motor latency (DML) was measured with stimu-
lating and recording cathodes 7 cm apart. Median
motor nerve conduction velocity was measured in
the forearm. Supramaximal stimulation was delivered
to the elbow and wrist. In the needle EMG, the activ-
ity at rest and effort was evaluated at the APB. The fol-
lowing nerve conduction parameters were used: 

— median nerve SCV (middle finger) (meters per
second);

— median distal sensory latency (DSL) (middle fin-
ger) (milliseconds);

— median sensory nerve action potentials amplitude
(SNAPa) (microvolt); 

— median DML (milliseconds); 
— median motor nerve action potentials amplitude

(MNAPa) (millivolt).
The mean normal value of DML according to con-

trol group data is 3.6±0.3 ms, and considered abnor-
mal when above 4.2 ms. Normal amplitude of the
muscle response is 7.8±1.9 mV, and considered
abnormal when below 4 mV. Antidromic median DSL
is 2.6 ms±0.2, and considered abnormal when above
3 ms. The normal sensory velocity value is 53 m/s±4,
and it is considered abnormal when below 45 m/s.
The amplitude of sensory response is 27.4 µV±7.7. It
is considered abnormal when below 12 µV. 

Patients were divided into 3 groups based on the
severity of EMG findings:

1. mild abnormality with decreased median SCV,
SNAPa, and prolonged median DSL; 2) moderate
abnormality with decreased sensory response and
delayed median DML but with normal needle EMG; 3)
severe abnormality with decreased sensory and motor
response and abnormal needle EMG.  

We advised patients to wear a volar wrist splint in
the neutral position. There is no standard prescription
guidelines for wearing splints, but in this study patients
were instructed to wear the splint during the night
for 12 weeks and during the day only if they wished.
All patients were re-examined after 12 weeks and
electrophysiologic study was repeated. If the elec-
trophysiologic findings were abnormal, patients were
encouraged to continue wearing the splint. If they
were completely normal, splinting was withheld. All
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patients were followed up regularly once every 12
weeks and the process was repeated for 1 year. We
compared the first and last electrophysiological data
of the patients to show the recovery ratio. Patients
were placed in the recovery group if electrophysio-
logical data showed enough improvements to change
the classification of the patient.

An operation was planned in patients who were
electrophysiologically unresponsive to the use of
splint. 

Surgical procedure

Operations were performed with microscopic mag-
nification under pneumonic tourniquet using region-
al block anesthesia. A classical open carpal tunnel
decompression skin incision was made, palmar fascia
and transversal carpal ligament were incised pre-
serving the median nerve motor branches and super-
ficial palmar arterial arch. The median nerve was thus
freed. Mass in the carpal tunnel was not detected in
any of the patients. Severe stenosis shaped like an
hourglass was present in most of the patients. Single

epineurotomy was performed in nerve sites of severe
stenosis. The skin was sutured and hemostasis was
achieved. Patients returned to their normal daily activ-
ities after wearing a resting splint for 1 week. 

The electrophysiological examinations were repeat-
ed postoperatively at the third and sixth months. 

Statistical analysis

The statistical analyses of this study were performed
with a GraphPad Prisma V.3 software package. While
evaluating the data, the Friedman test in the repetitive
measurements of the groups, Dunn’s multiple com-
parison test in subgroup comparisons, the Mann-
Whitney-U test in paired group comparisons, as well
as definitive statistical methods (mean, standard devi-
ation) were used. Results were assessed at a signifi-
cance level of P<0.05.

Results 

Fourteen women (28 hands) ranging in age from 36
to 63 years (mean-SD: 47±7.6 years) were included in
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TABLE I.—Results obtained during the follow-up of mild carpal tunnel syndrome (CTS) cases.

Mild Parameters Initial Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4 P

N. DML (ms) 3.77±0.35 3.83±0.42 4.02±0.38 3.74±0.3 3.61±0.33 0.526
Medianus Amp (mV) 5.04±1.75 5.12±2 5.53±3.14 5.57±3.21 5.6±3.4 0.879
Motor MCV(m/s) 55.11±5.18 53.89±6.92 57.39±6.73 54.94±3.65 55.33±4.24 0.559

N. DSL (ms) 3.16±0.3 3.23±0.32 3.13±0.46 3.13±0.58 3.69±0.347 0.256
Medianus Amp (µV) 23.57±10.49 19.52±9.35 16.7±11.76 19.9±6.66 17.88±6.96 0.183
Sensory SCV (m/s) 48.56±11.89 43.07±3.68 44.82±7.61 47.22±6.99 46.49±7.34 0.520

DML: distal motor latency;  Amp: amplitude;  MCV: motor conduction velocity;  DSL: distal sensory latency; SCV: sensory conduction velocity. P<0.05 is signi-
ficant.

TABLE II.—Results obtained during the follow-up of moderate CTS cases.

Moderate Parameters Initial Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4 P

N.Medianus DML (ms) 5.29±0.95 4.83±1 4.64±0.89 4.65±0.99 4.62±0.81 0.006
Motor Amp (mV) 4.21±2.06 5.26±2.6 7.38±2.22 6.94±2.98 6.17±2.3 0.0001

MCV (m/s) 51.62±7.16 52.18±4.02 51.92±6.19 53.02±4.08 53.19±5.52 0.011

N.Medianus DSL (ms) 3.55±1.18 3.65±0.75 3.45±0.68 3.46±0.84 3.59±0.56 0.043
Sensory Amp (µV) 12.01±8.02 11.62±4.69 13.65±15.59 12.28±5.56 10.43±6.57 0.606

SCV (m/s) 33.62±11.29 37.38±6.63 42.15±8.84 39.65±7.28 39.79±5.46 0.0003

DML: distal motor latency;  Amp: Amplitude;  MCV: motor conduction velocity;  DSL: distal sensory latency; SCV: sensory conduction velocity. P<0.05 is
significant.
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the study. Initially, 29% (n = 8) of the hands were
electophysiologically classified as mild, whereas 46%
(n = 13) were classified as moderate, 18% (n = 5) as
severe, and 7% (n = 2) as normal. No statistically sig-
nificant changes were observed in the EMG find-
ings of the mild cases repeated every 3 months
(Table I). Significant improvements were observed
in both the motor and sensory parameters except for
the median sensory amplitude, in the EMG of
patients in the moderate group (Table II). It was
determined with Dunn’s multiple comparison test
that this improvement took place following the sec-
ond control (sixth month) (Table III). No statistical
comparisons could be made in the severe CTS group
since there were too few cases, however, the pre-
operative motor and sensory parameters became
increasingly abnormal. From the first postoperative
evaluation the data generally approached the ini-
tial study values (Table IV). 

Discussion

Documentation of neurophysiologic abnormalities in
the median nerve is helpful to establish both diagno-
sis and follow-up in CTS.11 There are several types of

clinical neurophysiologic evaluations of the median
nerve across the wrist. Sensory and motor nerve con-
duction study of the median nerve segment across the
wrist compared to another nerve segment that does
not go through the carpal tunnel (i.e. radial, or ulnar)
are the most sensitive and accurate techniques.12 We
evaluated the electrophysiologic parameters of the
median nerve under different treatment options such as
conservative treatment and surgery in our study. 

Our mean follow-up after the diagnosis of CTS was
1 year. Other series described by Cseuz et al. (3 years),6
DeStefano et al. (7.3 to 12 years),13 Haupt et al. (5.5
years),14 Nancollas et al. (4.8 years) 15 and Thurston
and Lam (18 months) 16 and Kouyoumdjian et al. (5.9
years) 17 rely on the pre and post-treatment electro-
physiological data of the patients and in some the results
of the questionnaire taken by telephone.17 Therefore,
our study differs from these studies with 4 EMG eval-
uations performed during the follow-up period. 

Phalen and Kendrick were the first to use steroid
injections in the management of CTS in 1957.18 Roaf
was the first to suggest wrist splinting as a treatment.19

Conservative methods of management offer long-term
relief in only a minority of the patients.19 However,
surgery has become the mainstay of treatment for
CTS, offering a cure rate in more than 90%.5, 6, 20 The
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TABLE III.—Paired comparison analysis about parameters of median nerve in the moderate CTS group.

Dunn’s multiple comparison test DML MNAPa MCV DSL SNAPa SCV

Initial / Follow-up 1 P>0.05 P>0.05 P>0.05 P>0.05 — P>0.05
Initial / Follow-up 2 P>0.05 P<0.001 P>0.05 P<0.05 — P<0.01
Initial / Follow-up 3 P<0.01 P<0.01 P>0.05 P>0.05 — P<0.05
Initial / Follow-up 4 P>0.05 P>0.05 P<0.05 P>0.05 — P<0.01

DML: distal motor latency; MNAPa: motor nerve action potentials amplitude, Median motor amplitude;  MCV: motor conduction velocity;  DSL: distal sen-
sory latency; SNAPa: sensory nerve action potentials amplitude; SCV: sensory conduction velocity. P<0.05 is significant.

TABLE IV.—Results obtained during the follow-up of severe CTS cases.

Severe Parameters Initial Follow-up 1 Follow-up 2 Follow-up 3 Post-op. 1 Post-op. 2

N. Medianus DML (ms) 6.61±1.19 6.9±1.5 8±1.5 8.2±0.5 5.2±1 5.5±2.2
Motor Amp (mV) 3.18±2.73 1.6±0.9 2.6±1.7 2±0.8 2.6±1.9 3.1±2.3

MCV (m/s) 59.76±24.36 63±18 45.8±8 49±4.8 57.9±16.3 51.8±13.9

N. Medianus DSL (ms) 3.2±2.8 5.07±1.3 5.1±4.5 — 3.6±0.4 3.6±0.7
Sensory Amp (µV) 3±2.8 3.8±0.4 6.4±6.2 — 14.5±6.5 15.7±9.6

SCV (m/s) 18.8±16.5 26.4±5.7 29.4±0.2 — 41.1±5.3 39.8±9.9

DML: distal motor latency;  Amp: amplitude; MCV: motor conduction velocity;  DSL: distal sensory latency; SCV: sensory conduction velocity. P<0.05 is signi-
ficant.
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surgical treatment of median nerve compression in
the carpal tunnel was first described in the 1940s by
Nancollas et al.15

In a review of the literature, the initial response
rates to corticosteroid injections ranged from 51% to
93.5%. However, the percentage of patients who
remained asymptomatic after 1 year ranged from 6.5%
to 33% (average 14.5%). In wrist splint usage, the ini-
tial average response rate was 70%, and long-term
response rate was 12%. In the combined use of cor-
ticosteroids and wrist splinting, initial response rates
ranged from 47% to 76%, and the average long-term
response rate was 15.5%.8

In our study, the recovery ratio as determined by
electrophysiological parameters with the use of splint-
ing after 1 year was 33% in mild CTS patients and
38% in moderate CTS patients. These recovery ratios
are higher than findings in previous studies.7, 8, 21

Improvements tended to be noticed with the use of
splint from the second EMG in moderate CTS patients
and this continued throughout the 1 year follow-up
period. 

Improvements tended to be noticed with the use of
split from the second EMG in moderate CTS patients
and this continued throughout the 1 year follow-up
period. In the severe CTS group, while no improve-
ments were observed in the evaluations of the patients
up to operation, electrophysiological improvements
were noted in all patients after the first postoperative
evaluation. Because the number of patients is low,
statistical analysis could not be performed. 

It has been defined in various studies that sponta-
neous remission may occur in CTS patients and that this
may last for a long time. In Crow’s study, 10% of the
patients became asymptomatic spontaneously and
remained symptom-free for a follow-up period as long
as 6 years.22 Similarly, in the study by Dammers et al.,
the ratio of spontaneous remissions was 7% and these
patients remained asymptomatic after 1 year of follow-
up.3 In our study, there is no patient without conserv-
ative treatment. For this reason, we could not say any-
thing about the ratio of spontaneous remission. 

Conclusions 

In this study, we evaluated the effect of splinting and
surgical applications on electrophysiological para-
meters in various CTS cases. Moderate CTS cases tend-

ed to benefit from conservative therapy with the
improvements lasting the year of the study. However,
operative treatment appears to be needed in severe
cases. In severe cases the follow-up electrodiagnostic
parameters tended to deteriorate prior to operation. We
observed rapid improvement in electrophysiological
findings after the operation. This study was planned
because there were no CTS studies with frequent elec-
trophysiological follow-ups in the literature. The fre-
quent electrophysiological evaluation of CTS may be
useful in the establishment of the treatment protocol.
Further studies documenting more cases are required
in the future. 
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