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Changes in Dermatomal Somatosensory Evoked
Potentials according to Stimulation Intensity and
Severity of Carpal Tunnel Syndrome
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Departments of Physical Medicine and Rehabilitation," Neurosurgery,’ Orthopedic Surgery,® Research Institute of Clinical Medicine,
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Objective : To investigate the change of latency of cervical dermatomal somatosensory evoked potential (DSEP) according to stimulation intensity
(SI) and severity of carpal tunnel syndrome (CTS).

Methods : Stimulation sites were the C6, C7, and C8 dermatomal areas. Two stimulation intensities 1.5xsensory threshold (ST) and 2.5xST were
used on both normal and CTS patients.

Results : In moderate CTS, the latencies of C6 and C7 DSEP during 1.5xST Sl and those of C7 DSEP during 2.5xST S| were significantly delayed
compared with the values of normal subjects. Significant correlation between the latency of C7 DSEP of 2.5xST stimulation and the median senso-
ry nerve conduction velocity was observed.

Conclusion : We suggest that these data can aid in the diagnosis of cervical sensory radiculopathy using low stimulation intensity and of those who

have cervical sensory radiculopathy combined with CTS patients.

Key Words : Carpal tunnel syndrome - Dermatomal somatosensory evoked potential - Stimulation intensity - Stimulation threshold -

Sensory radiculopathy.

INTRODUCTION

The dermatomal somatosensory evoked potential (DSEP)
study is a method for evaluating the abnormality of the somato-
sensory tract, which extends from the peripheral nerve to the
cerebral cortex. In 1947, Dawson® first reported the evoked po-
tentials in humans. Since then, it has been reported to be effec-
tive in identifying lesions and then determining their locations
in various damage sites, such as peripheral neuropathies, radic-
ulopathies, spinal cord injuries, central nervous system disor-
ders, and cerebral damage">'?.

In patients with radiculopathy, however, DSEP remains an
auxiliary diagnostic regimen secondary to needle electromyog-
raphy (EMG). Conflicting opinions about DSEP’s diagnostic
value in sensory cervical radiculopathy'®'® indicate that more

study is needed to optimize its usefulness as a diagnostic proce-
dure. Thus, we conducted a preliminary study in patients with
lumbosacral radiculopathy, according to which the sensitivity
of DSEP could be enhanced when a stimulus was exerted at a
lower intensity compared with conventional intensity'.

Given the above background, we have assumed that low-in-
tensity DSEP might be clinically useful in making a diagnosis of
cervical radiculopathy. In this report, we measured the latencies
and amplitudes of DSEP depending on the dermatomes of cer-
vical nerve roots and stimulation intensities in normal healthy
people. In addition, we performed the DSEP study for patients
with carpal tunnel syndrome (CTS), one of the most common
neuropathies in the upper extremities. The aim of this study is to
acquire reference data which can be helpful for the diagnosis of
cervical sensory radiculopathy in patients with or without CTS.
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MATERIALS AND METHODS

Study subjects

In this study, a low-intensity DSEP study was performed for
28 hands of 28 normal healthy people and 29 hands of 19 pa-
tients who were diagnosed with CTS. The CTS patients were
confined to ones who visited Department of Rehabilitation
Medicine in this hospital between April 2009 and May 2011.
All participants gave informed consent. There were 3 hands
which belonged to severe CTS subgroup were discarded from
the study. Because they were small in number for statistical
analysis, 29 hands of 18 CTS patients were used.

Methods

An electrodiagnostic test was performed using Keypoint®
(Medtronics, Denmark), for which the motor nerve conduction
study (MNCS) and the sensory nerve conduction study (SNCS)
of the median nerve and the ulnar nerve were carried out. Anti-
dromic SNCS was performed for the median nerve and the ul-
nar nerve; during the test, the hand temperature was main-
tained at >33°C.

For the MNCS of the median nerve, an active recording elec-
trode was placed on the abductor pollicis brevis, a reference re-
cording electrode was placed on its tendon close to the metacar-
pophalangeal joint, and a stimulating electrode was placed on
the wrist joint, 8 cm proximal to the active recording electrode.
For the MNCS of the ulnar nerve, an active recording electrode
was placed on the abductor digiti minimi, a reference recording
electrode was placed on its tendon close to the metacarpopha-
langeal joint of the fifth finger, and a stimulating electrode was
placed on the wrist joint, 8 cm proximal to the active electrode.

For the SNCS of the median nerve, an active recording elec-
trode was placed on the proximal phalanx of the third finger, a
reference recording electrode was placed on the distal phalanx
of the third finger, and a stimulating electrode was placed on
the palmar region, 7 cm proximal to the active electrode, and
14 cm proximal to the active recording electrode. For the SNCS
of the ulnar nerve, an active recording electrode was placed on
the proximal phalanx of the fifth finger, a reference recording
electrode was placed on the distal phalanx of the fifth finger,
and a stimulus was exerted on the wrist, 14 cm proximal to the
active recording electrode. The latency, amplitude, and conduc-
tion velocity were measured at each session of the test, which
was followed by electrodiagnostic severity classification based
on the criteria by Steven'®.

The DSEP testing was performed us-

ms/division, 1 uV/division, 10-3000 Hz, 3 Hz, 0.1 msec, and
200 times, in the corresponding order. Encephalographic nee-
dle electrodes were used to record DSEP. Active recording elec-
trodes were placed on C3” or C4’ based on the 10-20 interna-
tional encephalographic system according to the examined
hands. A reference electrode was placed on Fz, and a ground
electrode was placed between the stimulus electrode and the re-
cording electrode. A stimulating electrode was placed on the
proximal phalanx of the thumb for the sixth cervical derma-
tome, on the proximal phalanx of the third finger for the sev-
enth cervical dermatome, and on the proximal phalanx of the
fifth finger for the eighth cervical dermatome with the use of a
surface electrode?. Patients were recommended to assume a re-
laxed posture if possible. The nerve conduction and dermato-
mal SEP studies were assessed by different testers.

Statistical analysis

Statistical analysis was performed using SPSS 12.0 for Win-
dows. An inter-group difference between normal healthy peo-
ple and patients was analyzed using a non-parametric method,
the Mann-Whitney U test. The difference between the cervical
dermatomes was analyzed with a non-parametric method, the
Kruskal-Wallis test. Additionally, a detailed comparison was
also made for the difference depending on the electrodiagnostic
severity of CTS. Furthermore, an analysis was performed to
identify the correlation between the sensory nerve conduction
velocity and the latency of DSEP with the use of Spearman’s
test. A value of p<0.05 was considered statistically significant.

RESULTS

General characteristics of the subjects

The normal control group comprised 28 normal healthy peo-
ple, 13 men and 15 women, and the mean age was 51.9 years
(range 43-63 years). Patients group of CTS was composed of 4
men and 14 women, and the mean age was 48.9 years (range
29-77 years). There was no significant difference in the age be-
tween the two groups. The mean height of normal control group
was 162.5 and those of patients group of CTS was 159.7. There
was no significant difference in the age between the two groups
(Table 1). Of 18 patients with CTS, seven patients had a unilat-
eral presence of lesions, and 11 patients had bilateral lesions.
Therefore, a total of 29 lesions were examined in the current
study (Table 1).

Table 1. General characteristics of normal subjects and patients with CTS

inga Keypoint® (Medtronics, Denmark), Subjects Normal CTS patients p value
for which the intensity of stimuli was set Number of subjects 28 18

at 1.5 times and 2.5 times the sensory Male/Female 13/15 4/14

threshold. The sweep velocity, sensitivity, Mean age+SD (years) 51.9+4.2 49.8+11.1 p>0.05
filtering selection, stimulation preva- Height 162.5+6.7 159.7+4.9 P<0.05
lence, stimulation persistence time, and Number of hands 28 29 (mild : 14, moderate : 15)

stimulation frequency were set at 10

SD : standard deviation, CTS : carpal tunnel syndrome
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DSEP study in normal healthy people

In cases of stimulus intensities of 1.5 times and 2.5 times the
sensory threshold (ST), a discrepancy was observed in the re-
sponse rate of DSEP. In cases of stimulus intensity of 1.5 times
ST, the response rate was found to be 43% in the sixth cervical
dermatome, 61% in the seventh cervical dermatome, and 68%
in the eighth cervical dermatome. In cases of stimulus intensity
of 2.5 times ST, it was found to be 100%, 100%, and 96%, in the
corresponding order.

In cases of stimulus intensity of 1.5 times ST, the latency of
DSEP was 23.3+1.6 ms in the sixth cervical dermatome, 23.5+
1.3 ms in the seventh cervical dermatome, and 23.8+2.0 ms in
the eighth cervical dermatome. In cases of stimulus intensity of
2.5 times ST, the latency was found to be 23.0+1.7 ms, 23.1+1.4
ms, and 22.5+1.5 ms, in the corresponding order. No significant
difference in latency was found between the cervical derma-
tomes. However, in the eighth cervical dermatome, the latency
was significantly shorter in cases of 2.5 times ST as compared
with those of 1.5 times ST (p<0.05).

In cases of stimulus intensity of 1.5 times, the amplitude was
0.95+0.44 pV in the sixth cervical dermatome, 0.97+0.70 uV in
the seventh cervical dermatome, and 0.98+0.75 uV in the eighth
cervical dermatome. In cases of stimulus intensity of 2.5 times,
it was 1.31+0.90 pV, 1.43+0.93 pV and 1.39+0.82 uV; in the cor-
responding order. These results indicate that no significant dif-

Table 2. Dermatomal SEP in normal subjects according to stimulation intensity (n=28 hands)

ference was seen in the amplitude between the cervical derma-
tomes. In the seventh and eighth cervical dermatomes, the
amplitudes of DSEP were significantly increased in cases of 2.5
times ST compared with those of 1.5 times ST (p<0.05) (Table 2).

DESP study in patients with carpal tunnel syndrome

Using an electrodiagnostic test, 14 mild and 15 moderate cas-
es of CTS were found in the 29 affected hands tested in this
study. The mean age of the patients was 50.0+12.0 years and
51.8+9.8 years for mild and moderate cases, respectively. No
significant difference in the mean age between the mild and the
moderate group was found.

In the affected hands of patients with CTS, there was also a
significant difference in the response rate of DSEP according to
the stimulation intensity. In cases of stimulus intensity of 1.5
times, the response rate was found to be 55% in the sixth cervi-
cal dermatome, 55% in the seventh cervical dermatome, and
76% in the eighth cervical dermatome. In cases of stimulus in-
tensity of 2.5 times, the response rate was found to be 93%,
93%, and 100%, in the corresponding order.

In mild CTS patients, there were no significant differences in
the latency depending on the cervical dermatome level and
stimulation intensity. In addition, no significant differences
were seen in the amplitude depending on the cervical derma-
tome level and stimulation intensity (Table 3).

In moderate CTS patients, the latency
of DSEP evoked by stimulus intensity of

Dermatome Stimulation intensity Latency Amplitude 1.5 times ST was found to be 24.8+2.0
C6 1.5x 23316 0.9520.44 ms in the sixth cervical dermatome,
2.5% 23.0+1.7 1.31+0.90 25.5+2.1 ms in the seventh cervical der-

p-value 0.925 0.062 matome, and 22.4+1.6 ms in the eighth

C7 1.5x 23.5+1.3 0.97+0.70 cervical dermatome. With the stimulus
2.5% 23.1+14 1.43+0.93* intensity of 2.5 times ST, the latency was

p-value 0.097 0.002 found to be 23.2+1.6 ms, 24.5+1.8 ms,

C8 1.5% 23.842.0 0.98+0.75 and 22.0+1.6 ms, in the corresponding
2.5% 22.5+1.5* 1.39+0.82* order. In the sixth cervical dermatome,

p-value 0.046 0.003 the latency was more prolonged with

1.5% : 1.5 times of sensory threshold, Latency : N1 latency, Amplitude : peak to peak amplitude, *p<0.05 :
comparison between 1.5x and 2.5x stimulation intensity. SEP : somatosensory evoked potential

Table 3. Dermatomal SEP in mild CTS patients according to stimulation intensity (n=14 hands)

the stimulation intensity of 1.5 times ST
than with that of 2.5 times ST (p<0.05).
Using the stimulus intensity of 1.5 times

ST, the amplitude was 1.26+0.67 uV in

Dermatome Stimulation intensity Latency Amplitude the sixth cervical dermatome, 1.26+0.33
6 Lox 24234 0992075 1V in the seventh cervical dermatome,
2% 217223 1.40=0.87 and 2.43+0.84 pV in the eighth cervical
p-value 0379 0.054 dermatome. Using the stimulus intensi-
<7 Lo 23.3:18 1:4020.72 ty of 2.5 times ST, the amplitude was
2.5x 221524 173164 found to be 1.95+1.20 uV; 2.29+0.98 iV,
prvalue 0810 0172 and 2.88+1.51 uV; in the corresponding
c8 1.5x 218+2.2 1.26£071 order. These results indicate that the
2.5x 216226 1.54x1.34 amplitude was significantly higher with

p-value 0.405 0.257

1.5% : 1.5 times sensory threshold, 2.5x : 2.5 times sensory threshold stimulation intensity, Latency : N1
latency, Amplitude : N1P1 peak to peak amplitude, CTS: carpal tunnel syndrome, SEP : somatosensory evoked

potential

a stimulus intensity of 2.5 times ST as
compared with that of 1.5 times ST in the
seventh cervical dermatome (p<0.05). In
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case of the eighth cervical dermatome, the latency was more
prolonged and the amplitude was lower tendency with the
stimulation intensity of 1.5 times ST than with that of 2.5 times
ST (Table 4).

Comparison of the results of DSEP between normal
healthy people and patients with carpal tunnel
syndrome

Between normal healthy people and patients with mild or
moderate CTS, the latencies and the amplitudes of DSEP were
compared. In the seventh cervical dermatome, with the stimulus
intensity of 1.5 times and 2.5 times ST, the latency was signifi-

fine the effect of CTS on cervical radiculopathy during dermato-
mal somatosensory evoked potentials study. Thus, one of the
purpose for this study is to present reference data of CTS accom-
panied by cervical radiculopathy. We performed the dermatomal
somatosensory evoked potentials study not at patients with cervi-
cal radiculopathy but at normal healthy people. The control
group consisted of patients with CTS.

Tsai et al.'® tried to detect nerve root injuries using a DSEP
study in rats, and he reported that the sensitivity and specificity
of the DSEP study was higher with submaximal stimulation in-
tensity than with supramaximal stimulation intensity. In our
previous study'?, we also reported that the diagnostic sensitivi-

cantly prolonged in patients with mod-
erate CTS as compared with normal
healthy people and patients with mild
CTS (p<0.05) (Table 5).

In the eighth cervical dermatome,
with the stimulus intensity of 1.5 times
and 2.5 times ST, the amplitude of
DSEP was significantly higher in pa-
tients with moderate CTS as compared
with normal healthy people and pa-
tients with mild CT'S (p<0.05) (Table 6).

The correlation between the
sensory nerve conduction study
and the DSEP in the patients with
carpal tunnel syndrome

In the seventh cervical dermatome with
the stimulus intensity of 2.5 times ST, the
latency of DSEP had a significant correla-
tion with the conduction velocity of the
median sensory nerve in patients with
CTS (=0.2570, p<0.05). This correlation
was evident in patients with moderate
CTS (r2=0.4251, p<0.05) (Fig. 1).

DISCUSSION

Currently, the reference data for the
dermatomal somatosensory evoked po-
tentials in CTS do not exist. Cervical ra-
diculopathy is sometimes combined
with the CTS® When they are com-
bined, it is difficult to investigate how
CTS could influence on cervical radicu-
lopathy in dermatomal somatosensory
evoked potentials study. To enhance the
diagnosis of cervical radiculopathy
combined with CTS, we need the refer-
ence data of dermatomal somatosenso-
ry evoked potentials in CTS patients
according to severity. Then, we can de-

Table 4. Dermatomal SEP in moderate CTS patients according to stimulation Intensity (n=15 hands)

Dermatome Stimulation intensity Latency Amplitude
C6 1.5x 24.8+2.0* 1.26+0.67
2.5% 23.2%1.6 1.95+1.20
0.049 0.053
C7 1.5x 25.5%2.1 1.26+0.33
2.5x 24.5%1.8 2.29+0.98*
0.140 0.004
C8 1.5x 22.4+1.6 2.43+0.84
2.5% 22.0+1.6 2.88+1.51
0.099 0.112

1.5x : 1.5 times of sensory threshold, Latency : N1 latency, Amplitude : peak to peak amplitude, *p<0.05 :
comparison between 1.5x and 2.5x stimulation intensity. CTS : carpal tunnel syndrome, SEP : somatosensory
evoked potential

Table 5. Latency of dermatomal SEP in normal subjects, and CTS patients according to severity

Latency
Stimulation
Dermatome . Normal Mild Moderate
intensity p-value
(n=28 hands) (n=14 hands) (n=15 hands)

Cé6 1.5x 23.3t£1.6 24.2+3.4 24.8+2.0 0.068
2.5% 23.0£1.7 21.7£2.3 23.2+1.6 0.907

Cc7 1.5x 23.5%£1.3 23.3+1.8 25.5+2.1* 0.017
2.5% 23.1£1.4 22.1£2.4 24.5+1.8* 0.024

C8 1.5x 23.8+2.0 21.8+2.2 22.4+1.6 0.387
2.5x 22.5%1.5 21.6£2.6 22.0+1.6 0.545

1.5% : 1.5 times of sensory threshold, Latency : N1 latency, Amplitude: N1P1 peak to peak amplitude, Normal :
normal subjects, Mild : mild CTS patients, Moderate : moderate CTS patients, *p<0.05 : comparison with nor-
mal subjects and mild group. CTS : carpal tunnel syndrome, SEP : somatosensory evoked potential

Table 6. Amplitude of dermatomal SEP in normal subjects, and CTS patients according to severity

Amplitude
Stimulation -
Dermatome intensi Normal Mild Moderate
ensity p-value
(n=28 hands) (n=16 hands) (n=12 hands)
C6 1.5% 0.95+0.44 0.99+0.75 1.26+0.67 0.425
2.5x 1.31+£0.90 1.40+0.87 1.95+1.20 0.070
C7 1.5% 0.97%0.70 1.40+0.72 1.26+0.33 0.052
2.5% 1.43£0.93 1.73+1.64 2.29+0.98 0.056
C8 1.5x 0.98+0.75 1.26+0.71 2.43+0.84* <0.001
2.5% 1.39+0.82 1.54+1.34 2.88+1.51* 0.002

1.5% : 1.5 times of sensory threshold, Latency : N1 latency, Amplitude : peak to peak amplitude, Normal : nor-
mal subjects, Mild : mild CTS patients, Moderate : moderate CTS patients, *p<0.05 : comparison with normal
subjects and mild CTS patients. CTS : carpal tunnel syndrome, SEP : somatosensory evoked potential
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Fig. 1. Significant correlation is noted between latency of C7 DSEP and sensory nerve conduction velocity (NCV) in CTS patients, (A) in total CTS pa-
tients, (B) in moderate CTS patients, during 2.5xsensory threshold intensity. r* : Correlation coefficient, p : p-value. DSEP : dermatomal somatosensory

evoked potential, CTS : carpal tunnel syndrome.

ty of DSEP in lumbar radiculopathy patients could be enhanced
by lowering the intensity of electrical stimulation as compared
with the conventional intensity. Similar significance can be ob-
tained in cervical radiculopathy patients. Before conducting to
define the clinical significance of a cervical DSEP study with
low stimulation intensity, we suggested to present the normal
reference values of cervical DSEP and the changes according to
CTS severity, which is one of the most common entrapment
syndromes.

In the current study, we performed the cervical DSEP study
at a conventional intensity (2.5 times ST) and low intensity (1.5
times ST) for the sixth, seventh, and eighth cervical derma-
tomes in normal healthy people and patients with CTS. This
study showed that the response rate was relatively lower with
the low stimulation intensity than with the conventional inten-
sity. In performing the DSEP study, the conventional intensity
of stimulation is 2.5 times ST. This is based on the report made
by Katifi and Sedwick”, in which the amplitude of DSEP reached
approximately 80% of the maximum amplitude with a stimula-
tion intensity of 2.5 times ST. These authors also noted that
there was no further decrease of the latency of DSEP at a higher
intensity of 2.0 times ST. In the current study, the latencies of
DSEP using 2.5 times ST was relatively decreased in compari-
son with those of 1.5 times ST in normal controls, with statisti-
cal significance only in the eighth cervical dermatome. More-
over, the amplitudes of DSEP were significantly increased with
2.5 times ST with statistical significance in the seventh and the
eighth dermatomes.

The somatosensory evoked potential study is a method that
mainly evaluates the function of large myelinated sensory fibers
of the posterior column in the spinal cord. The DSEP study has
been designed to evaluate sensory nerve fibers of related to a
specific root?. The better diagnostic sensitivity achieved by use
of low stimulation intensity may be due to the activation of a
fraction of the stimulated dermatomal sensory fibers, so that
the function of problematic sensory fibers will be exposed bet-
ter in a DSEP study when compared to the cases in which all

dermatomal sensory fibers are activated. In other words, a DESP
study using strong conventional stimulation intensities will ac-
tivate more dermatomal sensory fibers and the focal problem of
sensory fibers will be overlooked.

The DSEP test has been used to help determine the location
of lesions in patients with spinal cord diseases or sensory radic-
ulopathy, and it has also been used to make a differential diag-
nosis between sensory radiculopathy and peripheral neuropa-
thy in patients who complained of severe subjective pain but
had no abnormal findings on the conventional EMG'". The
DSEDP test could be helpful for determining the severity and the
prognosis of diseases according to a study which was conduct-
ed in patients with peripheral nerve injuries®.

In the current study, the latencies of DSEP in the moderate
CTS were increased significantly, especially at stimulation of the
sixth and seventh cervical dermatomes compared to the normal
controls. This is because the nerve fibers related to the DSEP of
the sixth and seventh cervical dermatomes passes through the
carpal tunnel and are affected by the entrapment. However, the
latencies of DSEP in the mild CTS were not changed significant-
ly compared to the normal controls. These results will be helpful
in defining the abnormality of DSEP in the patients who are sus-
pected of sensory cervical radiculopathy and CTS.

In the DSEP study of eighth cervical dermatomes of the CTS
patients, the amplitudes were significantly increased as com-
pared with the other cervical dermatomes and with the normal
control or the mild CTS patients. Tinazzi et al."” reported neu-
roplasticity at multiple levels of the somatosensory system in
patients with CTS. The median nerve injury leads to altered af-
ferent processing throughout the somatosensory system, and
the ulnar nerve SEP changes. It is thought to be caused by the
changes in synaptic strength and unmasking inputs secondary
to disconnection of the normally dominant inputs to the medi-
an nerve cortex. Also, Napadow et al.” reported somatosensory
cortical plasticity in CTS using functional magnetic resonance
imaging evaluation. The ulnar nerve innervated cortex showed
a trend for greater activation in CTS patients as compared to

290



Changes in Dermatomal Somatosensory Evoked Potentials | SY Sohn, et al.

healthy adults. Referring to the previous studies, neural plastici-
ty induced activation of the eighth cervical dermatomal path-
way to the cortex and the amplitude of the eighth cervical der-
matome was increased.

Additionally, using the stimulus intensity of 1.5 times and 2.5
times ST, the latency was significantly prolonged in patients
with moderate CTS as compared with normal healthy people
and patients with mild CTS in the seventh dermatome but not
the sixth dermatome. We believe that it is because sensory fi-
bers of the median nerve have a funicular distribution inside
the carpal tunnel, where funiculi coming from the digital nerve
of the third finger are more medially located than in the second
finger'>'® So, they are presumably more susceptible to damage
from intrafunicular anoxia in the condition of CTS.

According to the findings that the amplitudes are affected sig-
nificantly in the moderate CTS patients but not in the mild CTS
patients, it is presumed that the difference in the neural plastici-
ty might be subject to the severity of CTS. In this study, the se-
vere CTS group was discarded because of robust statistical anal-
ysis was not possible on the small number of patients available.
The relatively low response rate especially in the DSEP study
stimulated with 1.5 times ST can be a limitation in clinics. To
draw reliable, generalized conclusions about the DSEP study
with low stimulation intensity used in this study, further large-
scale studies will be necessary.

CONCLUSION

In the current study, we examined the normal controls for the
reference data of DSEP depending on the stimulation intensity.
In addition, we also reported the changes of DSEP according to
the severity of CTS and the stimulus intensities. Through this
study, we expect to present the reference data when we perform
the DSEP study after cervical radiculopathy is diagnosed. This
reference also is expected to be the preliminary data for studies
on low intensity stimulation DSEP. Furthermore, these data can
be helpful in the diagnosis of sensory cervical radiculopathy
combined with CTS.
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