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ÖZ

AMAÇ: Karpal Tünel Sendromu (KTS) en sık görülen tuzak 
nöropatisidir. Tanısı klinik bulgularla ile konulabilir, ancak 
tanıyı doğrulamak ve tedaviyi planlamak için elektrodiag-
nostik çalışmalara ihtiyaç vardır. Bu çalışmada, idiyopatik 
hafif KTS’li hastalarda klinik semptomlar ve provokatif 
testler ile elektrodiagnostik testlerin duyarlılığını değer-
lendirmek amaçlandı.

GEREÇ VE YÖNTEM: Çalışmaya 75 idiyopatik hafif KTS 
tanılı hasta (90 el) ve 15 sağlıklı gönüllü (30 el) alındı. Has-
talarda median sinir innervasyon alanında ağrı, parestezi, 
elde güçsüzlük, uyku sırasında artan ağrı ve uyuşma ile 
elleri silkeleme ile şikayetlerde rahatlama semptomları 
sorgulandı; Tinel ve Phalen testleri yapıldı. Elektrodiag-
nostik incelemede; median sinir motor, miks, 1-2-3-4. 
parmak ve avuç içi duyusal iletim çalışmaları, ulnar sinir 
motor, miks ve 5.parmak duyusal iletim çalışmaları, medi-
an ve ulnar F dalgası, radial sinir 1.parmak duyusal iletim 
çalışması yapıldı. Çalışılan tüm sinirler için distal latans 
ve sinir iletim hızı değerleri hesaplandı. Parmak (1, 2, 3, 
4) ve avuç içi median duyusal distal latansları ve iletim
hızlarının; karşılaştırmalı elektrodiagnostik testlerden 1.
parmaktan median-radial duyusal distal latans farkının
(DDLF), 4. parmaktan median-ulnar DDLF, 2-5, 3-5, 4-5.
parmaklar arasında median-ulnar DDLF; median ve ulnar
F dalgası latans farklarının duyarlılığı hesaplandı.

BULGULAR:  İdiyopatik hafif KTS’li hastalarda en sık rast-
lanan iki semptom parestezi (%95.6)  ve gece uyuşması 
(%88.8) idi. Phalen testi ve Tinel testlerinin duyarlılığı sı-
rasıyla %67.8 ve %56.7 olarak bulundu. Elektrodiagnostik 
testlerin sonuçları değerlendirildiğinde, 1.parmak-bilek 
ve avuç içi-bilek segmenti duyusal iletim hızı çalışmaları 
%98.9 ile duyarlılığı en yüksek testler olarak bulundu. Uy-
gulanan karşılaştırmalı testlerden 4-5.parmak median-ul-
nar DDLF %93.3 ile en duyarlı karşılaştırmalı test olarak 
tespit edildi. Median-ulnar F latans farkı duyarlılığı en dü-
şük test (%38.9) olarak saptandı. 

SONUÇ: En duyarlı elektrodiagnostik testler 1. par-
mak-bilek ve avuç içi-bilek segmenti duyusal iletim hızıy-
dı. 4-5 parmak median-ulnar DDLF diğer karşılaştırmalı 
sinir iletim çalışmalarından daha duyarlı olarak bulundu. 
KTS elektrodiagnostik tanısında bu testlerin kullanılması 
ile duyarlılık arttırılabilir. 

ANAHTAR KELİMELER: Karpal tünel sendromu, elektrodi-
agnostik test, duyarlılık

ABSTRACT

OBJECTIVE: Carpal tunnel syndrome (CTS) is the most 
common entrapment neuropathy. The diagnosis is based 
on the history, clinical signs and symptoms of the patient, 
but electrodiagnostic studies are done to confirm the di-
agnosis and to manage the treatment. This study aimed 
to assess sensitivities of clinical symptoms, provocative 
tests and electrodiagnostic studies (EDS) in patients with 
idiopathic mild CTS.

MATERIAL AND METHODS:The study included 90 han-
ds of 75 patients with idiopathic mild CTS and 30 hands 
of 15 healthy volunteers. The patients were questioned 
for symptoms in the innervation area of the median ner-
ve such as pain, paresthesia, weakness in the hand and 
numbness and pain worsening at night, relief from the 
symptoms by shaking hands. Tinel and Phalen tests were 
done. The EDS included; motor, mixed and sensorial (di-
gits 1-2-3-4 and palm) nerve conduction studies (NCS) 
for median nerve; motor, mixed and sensorial (fifth digit) 
NCS for ulnar nerve, sensorial NCS (first digit) for radial 
nerve, median and ulnar F waves. The values for distal la-
tency and nerve conduction velocity (NCV) were calcula-
ted for all studied nerves. Sensitivities of median sensory 
distal latency and NCV to digits 1,2,3,4 and palm-wrist 
segments and sensitivities of the following comparative 
tests were detected; median-radial sensory distal latency 
difference (SDLD) to the first digit, median-ulnar SDLD to 
the fourth digit, median-ulnar SDLD to the digits 2-5, 3-5, 
4-5 and median-ulnar F latency difference.

RESULTS: The most common symptoms in patients with 
idiopathic mild CTS were paresthesia (95.6%) and noc-
turnal numbness (88.8%). The sensitivity of Phalen’s and 
Tinel’s tests were 67.8% and 56.7%, respectively. Among 
the EDS, first digit and palm-wrist sensorial NCV were the 
most sensitive tests (98.9%). Of the comparative tests, 
median-ulnar SDLD to digits 4-5 was the most sensitive 
one (93.3%). Median-ulnar F latency difference had the 
lowest sensitivity (38.9%).

CONCLUSIONS: The most sensitive EDS were first digit 
and palm-wrist sensorial NCV. Median-ulnar SDLD to di-
gits 4-5 was more sensitive than the other tests. With use 
of these tests, the diagnostic sensitivity of EDS may be 
increased in patients with mild CTS. 

KEYWORDS: Carpal tunnel syndrome, electrodiagnostic 
test, sensitivity.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most com-
mon entrapment neuropathy that occurs as a 
result of mechanical compression and local is-
chemia of the median nerve in the carpal tun-
nel (1-3). The diagnosis is based on the history, 
clinical signs, symptoms of the patient and the 
electrodiagnostic studies (EDS) (2). EDS are 
used to confirm the diagnosis and plan the tre-
atment program. In the literature, there are stu-
dies both stating EDS as the “gold standard” for 
the diagnosis of CTS and not agreeing. Different 
EDS are reported to have sensitivities varying 
between 49% and 84% (1,2-4,6). Although con-
ventional sensorial nerve conduction studies 
(NCS) for digit to wrist segment are most com-
monly used, some studies advocate the superi-
ority of palm to wrist NCS. This study aimed to 
investigate which of the studied clinical symp-
toms, provocative tests, EDS (motor, sensorial, 
mixed NCS and comparative tests) were more 
sensitive in patients with mild CTS.

MATERIALS AND METHODS

The study was approved by the institutional re-
view board and the procedures followed were 
in accord with the Helsinki Declaration of 1975. 

The patients who applied to our outpatient cli-
nic with an initial diagnosis of CTS were ques-
tioned and examined for CTS after obtaining 
informed consent, they underwent standard 
electrodiagnostic tests.

Patients with endocrine or inflammatory disea-
ses (such as diabetes mellitus, hypothyroidism, 
rheumatoid arthritis, amyloidosis, acromegaly), 
the ones with a history of previous surgery for 
CTS, fracture of the hand and wrist and poly-
neuropathy were excluded from the study. 

The study included 90 hands of 75 patients di-
agnosed with mild CTS who admitted to elect-
roneuromyography laboratory with an initial 
diagnosis of CTS. With regard to the EDS results, 
the patients with prolonged sensory nerve acti-
on potential (SNAP) distal latency (obtained by 
orthodromic, antidromic, or palmar methods), 
decreased sensory nerve conduction velocity 
(NCV), decreased SNAP amplitude below the 
lower limit of normal but no prolonged medi-

an distal motor latency (DML) were accepted to 
have mild CTS and included in the study.

Fifteen volunteer subjects (30 hands) with no 
risk factors for neuropathy and no neurological 
abnormalities were used as controls.

Data of the patients including age, gender, and 
presence of repetitive hand movements, side 
of the dominant and affected hand were recor-
ded.

The patients were questioned for pain and pa-
resthesia in the innervation area of the median 
nerve, hand weakness, nocturnal exacerbation 
of numbness, the need for shaking hands and 
pain and duration of any existing symptoms. 
Phalen and Tinel tests were applied (7,9).

All electrodiagnostic tests were performed on 
both hands, while the patients lying in supine 
position, by using Neuropack 2-MEB 7102-K 2 
channels EMG-EP device (Nihon Kohden Corp.

Tokyo, Japan) by the same examiner (SE). Me-
dian motor, sensory and mixed NCS were per-
formed to diagnose CTS. To exclude polyneuro-
pathy ulnar motor, sensory and mixed NCS were 
done. The measurements were done at a room 
temperature of 22-24°C and skin temperatures 
of the subjects were above 32°C. All the stimuli 
and recordings were performed by using sur-
face electrodes. Motor, sensory and mixed NCS 
for median and ulnar nerves, sensory NCS for 
radial nerve, F waves were studied and distal la-
tency (DL), amplitude and NCV were recorded.

Motor nerve conduction and F wave studies

A surface bar electrode was used for motor NCS. 

Compound muscle action potentials (CMAP) 
were generated via bipolar surface stimulator 
with 0.1 ms supramaximal stimulation. 

The onset of CMAP was measured as DML. The 
distance between the highest and the lowest 
points of the potential was defined as the amp-
litude. The recording electrode was placed over 
the muscle belly of the abductor pollicis brevis 
and the reference electrode was placed over 
the distal tendinous insertion. The ulnar motor 
NCS were performed by recording CMAPs from 
abductor digiti minimi. The CMAPs for median 
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and ulnar nerves were obtained by stimulating 
8 cm proximal to the active electrode on the 
wrist and from the elbow, respectively. F wa-
ves were recorded by surface electrodes using 
at least 10 stimulations from the same motor 
point where CMAP were obtained for both ner-
ves. The lowest F wave latency was used for the 
study. The latency differences for median and 
ulnar nerves were calculated (8,10).

Sensory nerve conduction studies

Sensory nerve action potentials (SNAP) were 
determined by orthodromic stimulation of the 
median and ulnar nerves and antidromic stimu-
lation of the radial nerve. Median sensory NCS 
were performed by stimulating from thumb 
(D1), index (D2), middle (D3), radial half of the 
ring finger (D4) and palm and those of the ul-
nar nerve were performed by stimulating from 
ulnar half of the ring (D4) and little finger (D5).

All responses were recorded from the wrist. The 
SNAPs were determined by stimulating from 
an 8 cm distance in D1-wrist and the palm-w-
rist segments and by stimulating from 13 cm 
proximally in the other digits. Radial sensory 
NCS were performed by stimulating from the 
forearm and recording from the thumb (antid-
romic). The stimulation was characterized by a 
duration of 0.1 ms and intensity of 10-30 mA.

The supramaximal responses were obtained. To 
determine the distal sensory latency and the 
amplitude, the peak of the evoked action po-
tential and the distance between the top and 
the bottom of the evoked potential were used, 
respectively. All sensory responses were avera-
ged after repeating for at least 10 times. 

The median-radial sensory distal latency dif-
ference (SDLD) was defined using latency dif-
ference between median–thumb and radial–
thumb recordings. The median-ulnar SDLD was 
defined using latency differences of the median 
recordings from D2, D3, D4 and ulnar recordin-
gs from D5 median and ulnar recordings from 
D4. 

Median and ulnar mixed NCV were measured 
orthodromically within the wrist-elbow seg-
ment (8,10).

ETHICS COMMITTEE

Approval was obtained from the Ankara Numu-
ne Training and Research Hospital Non-Inter-
ventional Clinical Research Ethics Committee.

STATISTICAL ANALYSIS

Statistical analyses of the data were performed 
using the Statistical Package for Social Science 
(SPSS) version 15.0 statistical program. Desc-
riptive statistics, including mean and standard 
deviation (SD), were determined. Normal valu-
es for upper and lower limits of the NCS were 
defined as the mean±2.5 SD, using the data 
obtained from the control group. Values out of 
the ranges were recognized abnormal. The sen-
sitivity of each test was calculated as number of 
hands with positive test results and clinical CTS/
number of hands with clinical CTSx100%.

RESULTS

The study was conducted on 724 subjects that 
applied to our electroneuromyography labo-
ratory with a prediagnosis of CTS. Among the 
subjects studied 117 had severe, 321 had mo-
derate and 170 had mild CTS. Fifteen patients 
had other neuropathies (polyneuropathy or 
mononeuropathy) and 101 subjects had nor-
mal electromyographic findings. The study was 
detailed in 75 patients (90 hands) who fulfilled 
the inclusion criteria and accepted to participa-
te in the study and 15 healthy controls. 

There was no statistically significant difference 
between the mean age of the patients (aged 
23-74 years, the mean 46.7±11.3 years) and 
controls (aged 31-60 years, the mean 46.8±7.6 
years). Seventy-two (96%) of the patients were 
female. Occupational data of the patients were 
as follows: 60 (80%) housewives, 7 (9.3%) far-
mers,  2 (2.7%) computer technicians, 1 retiree, 
1 almoner, 1 cook, 1 doctor, 1 electrician and 1 
construction worker (1.3% for each). 

History of repetitive movements of the wrist 
and hand was present in 80 (88.9%) of the exa-
mined hands. All patients had right-hand domi-
nancy. The numbers of affected hands were as 
follows; 32 (42.6%) right hand, 28 (37.3%) left 
hand and 15 (20%) bilateral hands. The mean 
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period from the onset of symptoms to the EDS 
was 19.85±9.14 months. The data about the sy-
mptoms and examination findings are given in  
(Figure 1).

Figure 1: Symptoms and clinical findings in patients with 
mild carpal tunnel syndrome.

The results of the EDS conducted on the pa-
tients with mild CTS are summarized in (Tables 
1, 2).
Table 1 : Results of electrodiagnostic studies in hands 
with mild carpal tunnel syndrome. 

Table 2 : Results of comparative tests in hands with mild 
carpal tunnel syndrome.

Compared to the control group, in 78 of 90 han-
ds with mild CTS, sensorial DL to D1 was prolon-
ged and its sensitivity was 86.7%. The number 
and sensitivity of prolonged DL to D2, D3 and 
D4 were as follows; 75 hands (83.3%), 85 hands 
(94.4%), and 85 hands (94.4%), respectively. 

Table 3 Sensory NCV in the D1-wrist segment 
was decreased in 89 hands (98.9% sensitivity). 
Other sensory NCV values are given in Table 3. 

In the palm-wrist segment, the sensory DL was 
prolonged in 88 hands (97.8% sensitivity) and 
the sensory NCV was decreased in 89 hands 
(98.9% sensitivity). 

The most sensitive comparative test was medi-
an–ulnar SDLD to D4-D5 (93.3%). Sensitivity of 
other comparative tests is given in (Table 3).

Table 3 : The studied tests, number of affected hands and 
calculated sensitivities of the tests in hands with mild car-
pal tunnel syndrome.

DISCUSSION

Symptoms related to CTS vary depending on 
the severity of median nerve entrapment. Sy-
mptoms are due to the involvement of sensory 
fibers in the earlier phase and motor fibers later. 

The most frequent symptoms are pain, numb-
ness and tingling in the median nerve territory 
distal to the wrist. Nora et al. reported that the 
most common symptoms were pain (82.9%) 
and paresthesia (82.4%) in 1039 patients with 
CTS (11). In another study of 327 patients, the 
most common (95.7%) symptom was parest-
hesia experienced in the night (38%), heavier 
in the night but also in the daytime (58%) and 
only in the daytime (5%) (2). Various studies 
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D1SDL 78 %86.7 
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Palm SDL 88 %97.8 

Palm DSNCV 89 %98,9 

MRSDLD 76 %84.4 

D4MUSDLD 57 %63.3 

D2-5MUSDLD 80 %88.9 
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D4-5MUSDLD 84 %93.3 

MUFLD 35 %38.9 
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reported nocturnal numbness to have an inci-
dence of 51-96% (4,10,12). In the present study, 
the frequency of symptoms was as follows; pa-
resthesia (95.6%), nocturnal numbness (88.8%), 
pain (84.4%), shaking hands to relieve pain 
(72.2%), nocturnal pain (61.1%).

Phalen’s and Tinel’s tests are the most widely 
used and investigated provocative tests. Vari-
able values for sensitivities of Phalen’s (10-91%) 
(4,13-18) and Tinel’s tests (23-67%) (4,15-17,21-
23) were reported in the literature. The reason 
for such wide ranges may be that the tests are 
affected by many factors (constant regenerati-
on of the median nerve distal to the wrist cre-
ase, the performed technique and the differen-
ces in the intensity of power while applying the 
Tinel’s test) (23). In the present study, Phalen’s 
and Tinel’s tests had a sensitivity of 67.8% and 
56.7%, respectively. It was reported that the di-
agnostic values  of the provocative tests for CTS 
might be increased when used in combination 
(4). 

Since the location of sensory fibers in the me-
dian nerve is variable, the decrease in NCV may 
differ in digital branches. In mild cases of CTS, 
the conduction abnormalities are usually rest-
ricted in the proximal segment of the nerve 
within the carpal tunnel and slowing in proxi-
mal segment conduction may be masked by 
faster conduction in the distal segment. There-
fore, palm–wrist segmental sensory studies of 
the median nerve and comparative NCS with 
the other nerves of the hand are used to incre-
ase the sensitivity of EDS (24,25). In this study, 
slowing of sensory NCV within the wrist-palm 
and D1-wrist segments were the most sensitive 
(98.9%) findings among other tests applied to 
increase diagnostic sensitivity. Similarly, Aydın 
et al., in their study of 506 hands, detected that 
the most common (98.5%) electrodiagnostic 
finding was slowing in sensory NCV within the 
palm-wrist segment and among the wrist-digit 
segments, D1-wrist was the most commonly 
(95.4%) affected one (26).

In the literature, there are different reports 
about which sensory branch of the median ner-
ve to be affected first. Macdonell et al. reported 
that slowing of NCV was most common in D1 
and least common in D2 (27). 

Kothari et al. stated that slowing of NCV in D1 
was the most sensitive test in cases of mild CTS, 
however, they advocated that no differences 
existed between the digits of cases with prolon-
ged DML (28). Demirci et al. detected slowing 
in NCV within the palm-wrist segment in 98.8% 
of the cases with mild CTS, and slowing within 
wrist-D1, D2, D3 and D4 segments were 76%, 
72%, 68% and 68%, respectively (3). In a study 
of 72 cases with mild CTS, Terzis et al. repor-
ted that sensitivity of sensory NCV in D1, D2, 
D3 and D4 was 61%, 22%, 50% and 88%, res-
pectively (29). Lauritzen et al. could detect no 
significant differences in median sensory NCV 
in D1-wrist and D3-wrist segments of patients 
with mild CTS (30). In the present study, we 
detected slowing in sensory NCV of 87 hands 
(96.7%) within D2-wrist and D3-wrist segments. 

Although Stevens, in his review, reported that 
recordings from D2 were most commonly used 
for the diagnosis of CTS, Kothari, Macdonell, 
Demirci, Aydin and we detected that sensory 
NCV in D1-wrist segment was more sensitive 
(3,26-28,31).

Since the fourth digit is innervated by median 
and ulnar nerves, it is advantageous to compare 
the sensory latency differences of these nerves 
within D4. Therefore, the latencies can directly 
be compared when stimulated from the same 
distance. Likewise, the thumb (median-radial 
nerve innervated) is also favourable for com-
parison of sensory distal latencies. Electrodiag-
nostic assessment of CTS may be affected by 
NCV, normal variations in the amplitude and 
duration of the stimulated responses and tem-
perature of the hand. These variables can be 
controlled by simultaneous testing of the other 
nerves in the same hand. Thus, the sensitivity of 
EDS in the detection of mild focal entrapments 
may be increased. Chang et al. reported that 
median-radial SDLD has a sensitivity of 86.7%, 
which was greater than that of the digital distal 
latencies and NCV in the palm-wrist segment 
(25). 

Demirci et al stated the sensitivities for medi-
an-radial SDLD, median-ulnar SDLD to D2-5 and 
median-ulnar SDLD to D4 were 94.1%, 89.4% 
and 84.7%, respectively (3). In a study of 86 ca-
ses with mild CTS, Pease et al. found the sensi-
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tivity of median-radial SDLD was 87% and that 
of median-ulnar SDLD was 88%. They reported 
that the sensitivities for routine median motor 
DL and DL to D3 were 29% and 52%, respecti-
vely. Based on these findings, they stated that 
median-radial SDLD obtained within D1 and 
median-ulnar SDLD obtained from D3-5 were 
quite sensitive (32). In the present study, among 
the comparative studies, median-ulnar SDLD to 
D4-5 was the most sensitive test (93.3%). The 
sensitivity for median-ulnar SDLD to D4 was the 
least (63.3%). That rate was less than those re-
ported by the studies, in which antidromic met-
hods were usually used. Since the antidromic 
method can stimulate also motor fibers of the 
nerve, orthodromic method was used in this 
study (26,33). Future studies to compare the 
orthodromic and antidromic methods within 
D4 may be conducted. Another possible reason 
for the differences in results may be the diver-
sity of anatomical involvement of the median 
nerve in the carpal tunnel. The fibers located 
anteromedially and anterolaterally are more 
frequently entrapped than the central fibers in 
the carpal tunnel (34,35). Similar to our study, 
Demirci et al. detected that median-ulnar SDLD 
was less sensitive than median-radial SDLD and 
median-ulnar SDLD to D2-5 and they advoca-
ted that the difference might be related to funi-
cular topography of the median nerve (3).

The comparison of median and ulnar F wave 
latencies are also used in the diagnosis of CTS. 

But, as known, this test is nonspecific and it can 
not localize the site of entrapment. Thus, it can 
only be used as a confirmatory in the diagnosis 
of CTS (36). Sander et al. investigated the use of 
median and ulnar F latency difference and re-
ported a sensitivity of 78% for the test (37). 

In this study, we detected 38.9% sensitivity rate 
for median and ulnar F latency difference. Sin-
ce we included only the mild cases of CTS, but 
Sander did not classify the patients, this diffe-
rence might have emerged. As Sander stated, F 
latency difference alone is not enough for the 
diagnosis of CTS and an additional abnormality 
should be indicated. CTS has bilateral involve-
ment in 20-60% of the cases (24,25-38,40). Since 
tests like ANOVA, t-test and Wilcoxon non-pa-
rametric test are performed with a suggestion 

that the samples are independent, analysing 
both hands of the same patient may cause ove-
restimation.

In studies about CTS, unless special statistical 
methods are used, it seems more reasonable to 
evaluate the data as individual patients (rather 
than hands). Some solutions to overcome this 
issue have been recommended. These include 
evaluating the right and left hands individually, 
studying one hand randomly when evaluating 
both hands of the patient, selecting the more 
symptomatic hand, separating the dominant 
and non-dominant hands. But although these 
methods have accuracy in terms of statistics, 
they do not give adequate clinical results. 

Usual statistical methods are not appropriate 
and adequate to study on both hands. Some 
specially designed software may be instituted, 
but those are unfamiliar to most researchers 
and not widely used. Eventually, statistical met-
hods should be determined with regard to the 
aim and methods of the study (41). Since we 
aimed to detect which test was more sensitive 
and to discuss which techniques to use in the 
diagnosis of CTS, the aforementioned statistical 
tests were not performed.

CONCLUSION

In the diagnosis of CTS, various electrodiagnos-
tic results may be obtained depending on the 
anatomy of the median nerve in the carpal tun-
nel. In this study, the sensory NCV in D1-wrist 
and palm-wrist segments had the highest sen-
sitivity for electrodiagnosis of CTS. Median-ul-
nar SDLD to D4-5 test, with a rate of 93.3%, was 
the most sensitive. We concluded that, with 
the use of these tests, the diagnostic sensitivity 
of EDS may be increased in patients with mild 
CTS, additionally, the median-ulnar F latency 
difference, with a sensitivity of 38.9%, is not an 
adequate test individually and it should be sup-
ported with other tests.
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