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Abstract

Background: The association between carpal tunnel syndrome (CTS) and ulnar nerve entrapment is unclear, and
the extra-median paresthesia in the ulnar nerve territory innervation in CTS is unexplained. Our purpose is to
evaluate the neurophysiologic changes in ulnar nerve sensory fibers secondary to idiopathic CTS in comparison to
normal subjects, and their relation to the severity of CTS.

Results: The difference between CTS and control hands regarding all parameters of ulnar motor nerve conduction
studies (MNCS) was not statistically significant (p > 0.05). There was a statistically significant difference in all
parameters of median sensory conduction study (SCS) and MNCS between CTS and control hands (p < 0.0001)
except for conduction velocity and in all parameters of median and ulnar SCS recording digit 4 (D4) (p < 0.05). The
mean value of abnormalities of ulnar SCS recording D4 and digit 5 (D5) was significantly higher in moderate and
severe CTS hands (p < 0.05). There were significant negative correlations between median motor and sensory
latency and ulnar sensory amplitude recording D4 and D5.

Conclusion: Ulnar sensory nerve abnormalities exist among CTS patients, which were more in moderate and
severe grades. The drop in amplitude of ulnar nerve sensory response argues in favor of the possible impact of CTS
on the ulnar nerve and did not indicate axonal deterioration of the ulnar nerve.

Keywords: Carpal tunnel syndrome, Median versus ulnar comparative studies, Motor conduction, Sensory
conduction, Extra-median paresthesia, Axonal loss

Background
Carpal tunnel syndrome (CTS) is the commonest type of
nerve entrapment syndromes causing significant socio-
economic costs [1].
Guyon’s canal (GC) syndrome is an uncommon periph-

eral neuropathy where the ulnar nerve is entrapped
through the narrow canal at the wrist [2]. Many studies
analyzed the possible ulnar nerve affection at the region of
the wrist in CTS [1], which mainly involved sensory fibers,

and that ulnar nerve conduction abnormality was aug-
mented with the increase in the severity of CTS [3–13].
Studies suggested that a sensory change in the ulnar

nerve in CTS is functional rather than mechanical. In-
creased pressure in the CTS causes a mechanical trac-
tion on the transverse carpal ligament increasing GC
pressure resulting in functional changes in the ulnar
nerve, and decompression surgery for CTS resulted in
the relief of the GC pressure with spontaneous reduction
in the symptoms regarding the ulnar nerve [6, 14–17].
This study aimed to evaluate ulnar nerve sensory fi-

bers’ neurophysiologic changes secondary to idiopathic
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CTS in comparison to normal subjects, and their
relation to CTS severity.

Methods
A prospective case–control cross-sectional study in-
cluded 183 hands from 100 patients clinically diag-
nosed as idiopathic CTS. They were recruited from
the neurophysiology clinics of physical medicine and
rehabilitation departments of Mataria teaching hos-
pital and Ain Shams university hospitals. CTS diagno-
sis was based on the presence of one or more of the
following clinical symptoms including numbness, tin-
gling or paresthesia in the distribution of the median
nerve, sensory manifestations causing nocturnal awak-
ening, symptoms that are triggered by hand activity
and relived with hand elevation or shaking, and the
presence of positive Tinel’s or Phalen sign [18].
Ninety-two asymptomatic hands recruited from 50
age- and sex-matched apparently healthy subjects
were selected as a control group. Patients with sys-
temic diseases, neurological diseases (such as radicu-
lopathy, plexopathy, thoracic outlet syndrome, and
myelopathy), pregnancy, metabolic or endocrine dis-
eases, previous CTS decompression operation, and
ulnar nerve entrapment at any level electrophysiologi-
cally diagnosed were excluded from the study. The
study was described to the studied subjects, and an
informed consent was given by all.
CTS patients were evaluated clinically by history and

full neurological examination, emphasizing on the occur-
rence of sensory complaint in the territory of the median
nerve and/or extra-median distribution of symptoms.
Electrophysiological studies were conducted to all

studied subjects using Dantek “Keypoint” electro-
myography 2 channels measuring nerve conduction/
EMG/evoked potentials system (DANTEK, Skorlunde,
Denmark) and using Nihon Kohden Neuropack with
a two-channel evoked potential/EMG measuring sys-
tem (Nihon Kohden Corporation, Tokyo, Japan).
Nerve conduction study techniques of median and

ulnar nerves and their recording protocol were per-
formed to all subjects in the study according to Preston
and Shapiro [19]. The study included the following:

– Motor nerve conduction study of the median nerve
recording abductor pollicis brevis muscle

– Motor nerve conduction study of the ulnar nerve
recording abductor digiti minimi muscle

– Sensory nerve conduction study of the median nerve
[recording digit 2 (D2)]

– Sensory nerve conduction study of the ulnar nerve
[recording digit 5 (D5)]

– Median versus ulnar SCS [recording digit 4 (D4)]

Patients were subdivided into electrophysiological
subgroups according to the Bland scale for severity
grading of CTS [20]. According to the Bland scale for
simplification, our patients were grouped as minimal
(grade 1), mild (grade 2), moderate (grades 3 and 4),
and severe (grade 5). Grade 6 was not included in
the study.

Ethics approval and consent to participate
This study was conducted after the approval of the eth-
ics committee of the General Organization for Teaching
Hospitals and Institutes (GOTHI), with reference num-
ber HM00122. All patients in this study gave written in-
formed consent to participate in this research.

Statistical analysis
All tabulated data were statistically analyzed by using
the IBM SPSS, New York, USA, version 25 software. De-
scriptive measures (minimum, maximum, mean, and
SD) and analytic comparison measures (independent
Student t test between means, one-way ANOVA in be-
tween groups, in addition to Pearson chi-square test)
were used. Correlation studies were done using the Pear-
son regression equation, and statistical significance was
measured to p value ≤ 0.05.

Results
The current study included 183 idiopathic CTS clinically
diagnosed that were collected from 100 patients [89
women (89%) and 11 men (11%)]. Their mean age was
40.86 ± 11.6 years (ranged from 18 to 75 years). The
control group included 92 hands that were collected
from 50 healthy subjects [42 women (84%) and 8 men
(16%)]. Their mean age was 38.17 ± 12.5 years (ranged
from 18 to 66 years). No statistically significant differ-
ences were found between patients and the control
group as regards age (t = 1.766, p = 0.082) and sex (χ2 =
0.868, p = 0.386). The clinical parameters of patient and
control groups are summarized in Table 1.
In the CTS group, 51.37% of cases confined

paresthesia to the sensory zone of the median nerve and
in 48.63% in extra-median sensory territory (whole hand
or ulnar sensory territory, i.e., little finger or ring and lit-
tle fingers only).
According to electrophysiological severity, 87 hands

(47.54%) had minimal CTS, 43 hands (23.5%) had
mild CTS, 41 hands (22.4%) had moderate CTS, and
12 hands (6.56%) had severe CTS. There was no stat-
istical significance difference between patients with
different CTS electrophysiological severity grades and
control group as regards sex (F = 0.353, p = 0.842)
and age (F = 2.151, p = 0.075).
The results of the NCSs of the studied nerves are

shown in Table 2. There was a statistically significant
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difference between CTS patients and control regarding
all the studied parameters (p < 0.05) except for median
and ulnar nerve motor conduction velocities which were
lower than the control but did not reach statistical sig-
nificance. There were no statistically significant differ-
ences between patients and the control group as regards
all parameters of ulnar motor conduction study (p >
0.05). As regards the difference in ulnar nerve sensory
studies recording D4 between CTS patients and control
subjects, there were prolonged peak latency, lower

amplitude, and slow conduction velocity with a statisti-
cally significant difference as p < 0.05.
The comparison of ulnar NCS parameters between pa-

tients with different CTS electrophysiological severity
grades and control subjects is shown in Table 3.
There were no statistically significant differences be-

tween different CTS electrophysiological severity grades
and the control group as regards all parameters of ulnar
nerve motor conduction studies. There were statistically
significant differences in all parameters of ulnar SCS

Table 1 Clinical characteristics of patient and control groups

Clinical data CTS group (183 hands from 100 patients) Control group (92 hands from 50 healthy subjects) t p

Women (no. and %) 89 (89%) 42 (84%) 0.868 0.386

Men (no and %) 11 (11%)

Age (years) mean ± SD 40.86 ± 11.6 38.17 ± 12.5 1.766 0.082

Bilateral/unilateral 83 (83%)/17 (17%) 42 (84%)/8 (16%) 0.210 0.834

Side (right/left) 95 (51.9%)/88 (48.1%) 47 (51.8%)/45 (48.9%) 0.016 0.987

Median/extra-median symptoms 94 (51.37%)/89 (48.63%) NA NA NA

CTS carpal tunnel syndrome, SD standard deviations, NA not applicable

Table 2 Comparison of nerve conduction study parameters between case and control groups

NCS parameters Patients (n = 183 hands) Control (n = 92 hands) t p

Median motor

MM DL 4.07 ± 1.3 3.24 ± 0.4 5.986 < 0.0001*

MM amp 8.04 ± 2.8 9.4 ± 2.5 − 3.946 < 0.0001*

MM CV 56.8 ± 6.3 58.43 ± 5.4 − 1.543 0.124

Median sensory D2

MS PL 3.79 ± 1.05 2.87 ± 0.3 5.207 < 0.0001*

MS amp 33.7 ± 19.8 48.8 ± 15.1 − 4.840 < 0.0001*

MS CV 47.35 ± 11.5 59.7 ± 6.05 − 9.710 < 0.0001*

Ulnar motor

UM DL 2.53 ± 0.4 2.43 ± 0.4 1.817 0.070

UM amp 9.11 ± 2.7 9.22 ± 1.9 − 0.343 0.732

UM CV 61.27 ± 2.5 62.5 ± 5.3 − 1.788 0.075

Ulnar sensory D5

US PL 2.52 ± 0.3 2.44 ± 0.25 2.230 0.027*

US amp 26.33 ± 16.4 35.23 ± 19.1 − 4.014 < 0.0001*

US CV 57.7 ± 6.7 61.2 ± 5.7 − 4.291 < 0.0001*

Median vs. ulnar D4

ML4 3.81 ± 1.15 2.72 ± 0.38 8.865 < 0.0001*

Mamp4 20 ± 12.3 31.62 ± 13.8 − 7.095 < 0.0001*

MCV4 44.2 ± 12.5 58.7 ± 7.2 − 10.238 < 0.0001*

UL4 2.73 ± 0.4 2.57 ± 0.3 3.429 0.001*

Uamp4 18.52 ± 12.86 23.06 ± 14.2 − 4.042 < 0.0001*

UCV4 58.16 ± 8.4 62.3 ± 6.76 − 4.146 < 0.0001*

DL distal latency, amp amplitude, CV conduction velocity, MM median motor, MS median sensory, PL peak latency, D5 digit five recording, D4 digit four recording,
ML4 median latency recorded from 4th digit, Mamp4 median amplitude recorded from 4th digit, MCV4 median conduction velocity recorded from 4th digit, UL4
ulnar latency recorded from 4th digit, Uamp4 ulnar amplitude recorded from 4th digit, UCV4 ulnar conduction velocity recorded from 4th digit
*p is significant at ≤ 0.05
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recording D4 and D5 between CTS severity groups and
the control group in which there were prolongation in
latency (F = 2.9, p = 0.022 and F = 6.299, p = 0.0001 re-
spectively), reduction in amplitude (F = 3.39, p = 0.01
and F = 2.45, p = 0.047 respectively), and delay conduc-
tion velocity (F = 8.03, p < 0.0001 and F = 4.44, p =
0.0007 respectively).
The mean value of abnormality of ulnar sensory pa-

rameters recording D4 and D5 was significantly higher
in hands with CTS severity in moderate and severe
grades than in minimal CTS as shown in Table 3. Cor-
relation study between different parameters of ulnar sen-
sory NCSs and parameters of median motor conduction
studies and sensory PL are shown in Table 4.
There was a statistically significant negative cor-

relation between median motor distal latency (DL)
and ulnar sensory amplitude recording D5 and D4
(r = − 0.373**, p ≤ 0.0001 and r = − 0.154*, p =
0.037 respectively). There was a statistically

significant negative correlation between median sen-
sory PL and ulnar sensory amplitude recording D5
and D4 (r = − 0.379**, p ≤ 0.0001 and r = − 0.174*,
p = 0.018 respectively). There was a statistically sig-
nificant positive correlation between median motor
DL and ulnar sensory PL recording D4 (r = 0.147*,
p = 0.049).
There was a statistically significant positive correl-

ation between median sensory PL and ulnar sensory
PL recording D5 and D4 (r = 0.187*, p = 0.011 and r
= 0.270**, p ≤ 0.0001 respectively).

Discussion
CTS diagnosis is assessed by clinical studies integrating
NCSs. The CTS symptoms are mainly sensory in the re-
gion of median nerve innervation and median nerve ab-
normal SCS with or without motor abnormality
associated with normal ipsilateral ulnar conduction. Nu-
merous CTS patients had extra-median spread of

Table 3 Comparison of different ulnar nerve conduction study parameters between patients with different CTS electrophysiological
severity grades and control subjects

Control (92) Minimal CTS (87) Mild CTS (43) Moderate CTS (41) Severe CTS(12) p,
between
all groups

p,
control
and
minimal

p,
control
and
mild

p, control
and
moderate

p,
control
and
severe

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

UM DL 2.43 ± 0.4 2.39 ± 0.3 2.5 ± 0.4 2.57 ± 0.41 2.42 ± 0.43 0.133 0.605 0.321 0.071 0.950

UM amp 9.22 ± 1.9 9.16 ± 3.2 9.15 ± 2.4 8.96 ± 1.6 8.97 ± 1.5 0.983 0.879 0.855 0.446 0.671

UM CV 62.5 ± 5.3 62.09 ± 5.4 61.6 ± 4.5 60.8 ± 5.5 59.8 ± 8 0.299 0.603 0.337 0.088 0.123

US PL 2.44 ± 0.25 2.4 ± 0.3 2.5 ± 0.4 2.56 ± 0.3 2.6 ± 0.3 0.022* 0.980 0.269 0.018* 0.044*

US amp 35.23 ± 19.1 30.33 ± 15.4 29.1 ± 19.2 25.5 ± 11.65 22.58 ± 17.3 0.010* 0.061 0.084 0.003* 0.032*

US CV 61.2 ± 5.7 59.86 ± 5.7 57.5 ± 7.3 55.74 ± 5.5 55.78 ± 7.1 < 0.0001* 0.122 0.002* <0.0001* 0.003*

UL4 2.57 ± 0.3 2.59 ± 0.3 2.71 ± 0.44 2.85 ± 0.34 2.76 ± 0.4 < 0.0001* 0.781 0.038* <0.0001* 0.007*

Uamp4 23.06 ± 14.2 20.6 ± 10.2 17.9 ± 13 17.4 ± 11.6 16.7 ± 5 0.047* 0.187 0.046* 0.027* 0.129

UCV4 62.3 ± 6.76 60.56 ± 7.2 57.2 ± 10.6 57.78 ± 8.34 56.3 ± 6 0.0007* 0.097 0.001* 0.001* 0.004*

UM ulnar motor, DL distal latency, amp amplitude, CV conduction velocity, US ulnar sensory, PL peak latency, UL4 ulnar latency recorded from 4th digit, Uamp4
ulnar amplitude recorded from 4th digit, UCV4 ulnar conduction velocity recorded from 4th digit
*p is significant at ≤ 0.05

Table 4 Correlation between median motor distal latency and sensory peak latency and conduction studies of ulnar nerve
recording D4 and D5

Nerve
conduction
study
parameters

Median motor DL Median motor amp Median motor CV Median sensory PL

r p r p r p r p

US PL 0.115 0.123 0.093 0.212 − 0.214** 0.004 0.187* 0.011

US amp − 0.373** <0.0001 0.211** 0.004 0.016 0.825 − 0.379** <0.0001

US CV − 0.119 0.108 0.082 0.271 0.299 <0.0001 − 0.170 0.021

UL4 0.147* 0.049 0.033 0.655 − 0.299** <0.0001 0.270** <0.0001

Uamp4 − 0.154* 0.037 − 0.006 0.940 − 0.171* 0.021 − 0.174* 0.018

UCV4 0.032 0.670 0.244 0.238 0.238** 0.001 − 0.048 0.522

D4 digit 4, D5 digit 5, amp amplitude, CV conduction velocity, US ulnar sensory, PL peak latency, UL4 ulnar latency recorded from 4th digit, Uamp4 ulnar
amplitude recorded from 4th digit, UCV4 ulnar conduction velocity recorded from 4th digit, r Pearson correlation coefficient
*p is significant at ≤ 0.05, ** < 0.01 highly significant
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paresthesia including the zone of innervation of the
ulnar nerve. Motor and sensory median versus ulnar
nerve comparative conduction studies were utilized
in the diagnosis of early CTS, and if there were any
changes in ulnar sensory and motor NCS in these
patients suffering CTS, this might alter the accuracy
of these tests. The aim of the study was to evaluate
the neurophysiologic changes in sensory fibers of
ulnar nerve secondary to idiopathic CTS in compari-
son to normal subjects, and their relation to the
severity of CTS.
Earlier electrophysiological studies have shown that

traction of nearby ulnar nerve fibers may occur in pa-
tients with CTS [3, 5, 7, 8, 12, 17]. In addition, in an old
retrospective study involving the results of 234 cases
with CTS, Sedal et al. [3] reported that sensory nerve ac-
tion potential amplitude of ulnar nerve was found to be
abnormal in 39.3% of their CTS cases which was associ-
ated with increased sensory latency and reduced sensory
amplitude of the ulnar nerve. There was also a signifi-
cant correlation between the amplitudes of median and
ulnar sensory nerve action potentials and a significant
correlation between the median nerve motor conduction
velocity and the ulnar nerve sensory action potential
amplitude, and the abnormality in SCS regarding the
ulnar nerve was related to delay in the median nerve
motor conduction velocity at the forearm, suggesting
that other factors outside the carpal tunnel might be sig-
nificant in the pathogenesis of the disorder and support-
ing the idea of a hidden widespread subclinical
neuropathy that might occur in some patients with CTS.
Gozke et al. [5] performed nerve conduction studies
(NCSs) in 65 hands of 53 CTS patients and described
that 18.4% had ulnar nerve entrapment at the level of
the wrist to some extent and the abnormalities were
found only among the ulnar sensory fibers with no ab-
normalities among the ulnar motor fibers. They also
stated that impairment of the ulnar nerve was found
mostly in CTS patients with moderate and severe de-
grees with no impairment in those with very mild degree
of CTS. There was no control group for those two stud-
ies [3, 5]. In another study with a larger number of pa-
tients, Ginanneschi et al. revealed that ulnar sensory
amplitudes recording D4 and D5 were significantly de-
creased in patients with CTS than in the control group
and the ulnar motor DL was not significantly different
than control. They reported the occurrence of significant
alterations in ulnar NCS yet in the mild phases of CTS.
There was a significantly positive correlation between
CTS severity and ulnar SCS abnormalities. They specu-
lated that the pressure in the CT increases with the in-
creased severity of CTS leading to compression force
transmission to GC causing ulnar NCS abnormalities
[17]. Cassvan et al. [4] stated that entrapment of the

ulnar nerve at the wrist was observed in 46% of the pa-
tients. There were 15% of their studied CTS hands in
whom ulnar motor NCSs showed abnormalities. They
found that ulnar nerve abnormalities frequently occurred
among patients with cervical radiculopathy. Patients
with cervical radiculopathy were not included in the
current study.
The current study showed ulnar sensory nerve fiber af-

fection. The ulnar sensory nerve amplitudes recording
D4 and D5 were significantly lower among CTS hands
versus controls. The ulnar sensory parameters recording
D5 and D4 were significantly affected (slow amplitude,
delay peak latency, and conduction velocity) among
moderate and severe CTS than the controls and hands
with minimal CTS.
The present study showed statistically significant nega-

tive correlations between both ulnar sensory amplitude
recording D5 and D4 and median DL as well as positive
correlations between both ulnar sensory amplitude re-
cording D5 and D4 and median sensory PL. These sig-
nificant correlations suggested that various ulnar sensory
fibers were equally involved with more progression of
median nerve compression at the wrist.
This study did not identify any ulnar motor fiber in-

volvement among CTS patients compared to the control
group. This might be due to minimal impairment within
the motor fibers of the ulnar nerve which could not be
identified by applying standard electrophysiological tech-
niques [21]. Additionally, this could be explained by dis-
tinct properties of the sensory and motor fibers of the
ulnar nerve, making the sensory fibers more vulnerable
to be compressed [17, 22].
Some previous investigations clarified that affection of

ulnar nerve sensory fibers in CTS patients is probably
due to its traction by forces of compression transferred
to GC by high pressure in the carpal tunnel causing an
incidental compression of ulnar nerve fibers especially
the distal portion which is more susceptible to external
compression or due to association of ulnar neuropathy
with CTS [14, 15, 21, 23].
The current study was in agreement with an Egyptian

study done by Saba and El-Tawab [24]; they studied the
parameters of ulnar nerve SCS in 145 CTS hands from
102 patients in a case–control study with 71 asymptom-
atic hands and reported that there was ulnar sensory
nerve variation from the normal in CTS documented by
decreased ulnar sensory nerve action potential amplitude
without any changes in the sensory conduction. The
ulnar MNCS were normal. Additionally, they stated that
abnormalities in ulnar nerve happen in moderate and se-
vere CTS.
This study did not support the results of Moghtaderi

and Ghafarpoor [25]. They revealed that the correlation
regarding ulnar nerve conduction abnormality between
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CTS patients and the control group in their case–con-
trol study with 99 healthy volunteers and 181 patients
(absolutely 378 hands) was not statistically significant.
Tamburin et al. [26] additionally examined NCS parame-
ters of the ulnar nerve in 143 CTS patients (225 hands)
and detailed that ulnar sensory variations from the nor-
mal did not participate in the propagation of sensory
symptoms to the ulnar zone. Azmy et al. [8] detailed
that the differences in the peak latency of ulnar sensory
or their conduction velocities recorded from 4th and 5th
fingers between CTS patients and the control group
were not statistically significant. Moreover, previous re-
ports introduced some evidences that patients with
extra-median sensory manifestations have an augmented
hand representation in the sensory cortex which might
support the likelihood of a central mechanism as op-
posed to an ulnar neuropathy in CTS as a cause of
extra-median sensory manifestations [27–29].
In their comprehensive systematic review, Ginanneschi

et al. [1] stated that CTS could determine an effect on
GC morphology as well as on the morphology and func-
tion of the ulnar nerve at the wrist. Literature analysis of
the relationship between CTS frequency and ulnar nerve
conduction defects made it clear that the main causative
factor might be compressive forces transmitted from the
carpal tunnel to Guyon’s canal as a result of high pres-
sure in the carpal tunnel. The most prominent influence
was on the sensory conduction [1]. We suggest that im-
paired neurodynamics in CTS might be one of the
mechanisms for such clinical and neurophysiological im-
pairment, for further studies to examine this
assumption.
The limitation of this study was that the finding of

sensory axonal loss was not examined if it is more in the
dominant hand, as the dominant hand could have more
increased pressure and more sensory cortical representa-
tion which are the two suggested mechanisms for this
abnormality.

Conclusion
There is some electrophysiological evidence of pressure
on the adjacent ulnar nerve fibers in patients with min-
imal to moderate CTS, and the abnormality was greater
in moderate and extreme grades. This may argue in
favor of the potential effect of CTS on the ulnar nerve
given changes in the magnitude of the sensory ulnar
nerves and did not suggest axonal degeneration of the
ulnar nerve.
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