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Abstract

Objective: The transient suppression of voluntary muscle
contraction after nociceptive stimulation is termed the cutaneous
silent period (CSP), and is thought to be a spinal inhibitory reflex
mediated by A-delta fibers. In CSP testing using the abductor
pollicis brevis (APB) muscle (C8-T1 myotome) and the index finger
(C6-C7 dermatome), the intramedullary CSP circuit is thought to be
localized to the C6-T1 spinal segments. Notably, CSPs are altered
or abolished in cervical cord disorders. However, the association
between the site of cord lesion and CSP changes is not clearly
defined.

Methods: We prospectively reviewed the onset latency and duration
of preoperative CSPs in 40 hands from 22 patients with cervical
compression myelopathy (CCM) and single-level cord compression.
CCM patients were divided into 2 groups: those with compression
involving the C6-T1 spinal segments (CCM at the middle and lower
cervical spine, the ML group; 10 hands) or other segments (CCM at
the upper cervical spine; the U group, 30 hands).

Results: Onset latency was significantly delayed in the ML group
compared to the U group (P=0.0001), whereas duration was not
significantly different between groups (P=0.9).

Conclusion: Changes in the CSP onset latency were influenced by
the CCM lesion site. The results of this study inform the evaluation
of patients with cervical cord disorders when using CSP testing.
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Introduction

The cutaneous silent period (CSP) is a transient suppression of
voluntary muscle contraction following nociceptive stimulation
[1]. The afferent impulses that generate the CSP are mediated by
the smaller, slower conducting A-delta fibers [2,3]. A-delta fibers
enter the spinal cord via the lateral division of the dorsal root and
divide into several branches in the tract of Lissauer. These branches
terminate in the dorsal horn in laminae I and V of Rexed and
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connect to propriospinal projections that suppress motor nucleus
activity. Clinically, CSP testing is useful for the detection of cervical
cord disorders (e.g. intramedullary lesions such as syringomyelia
or cervical spondylotic myelopathy based on the vulnerability of
intramedullary A-delta fibers [4-7].

It is unknown whether CSP changes are detectable and altered in
accordance with the lesion site of cervical cord disorders. The abductor
pollicis brevis (APB) muscle (C8-T1 myotome) and index fingertip
(C6-C7 dermatome) are commonly used sites for CSP testing [4,8-
12]. Afferent impulses travel along the C6 and C7 nerve roots, enter
the spinal cord, and suppress activity in the motor nuclei of the C8 and
T1 myotome via a spinal inhibitory reflex. Therefore, the presence of
an intramedullary CSP reflex circuit is implicated at the C6-T1 level
[13]. Because spinal segments extend one disc level higher than the
intervertebral level (i.e., the C6 spinal segment is located at the C4-
C5 intervertebral level) we hypothesized that CSP findings from the
APB muscle and index finger would be most significantly influenced
by cervical cord lesions between the C4-5 and C7-T1 intervertebral
levels [14,15]. To test this hypothesis, we prospectively reviewed
CSP changes in 2 cervical compression myelopathy (CCM) patient
groups: a group with spinal cord compression at or below the C4-
C5 intervertebral level (the ML group) and a group with spinal cord
compression at or above the C3-C4 intervertebral level (the U group).

Materials and Methods

Patients

Ninety-five patients with CCM were surgically treated for
progressive myelopathy symptoms at our institution between
April 2014 and May 2016. Preoperative CSPs were recorded in all
patients. We selected 22 patients (12 male patients and 10 female
patients; mean age, 66 years; age range, 41-86 years) with transverse
lesion-type myelopathy and single-level cord compression with
an intramedullary T2 high-signal change confirmed by 1.5-T
magnetic resonance imaging (MRI) and a manual muscle testing
(MMT) APB score of > 4. Three hands with a MMT APB score <
3 were excluded because severe weakness prohibited the continuous
muscle contraction needed for CSP recording. In cases of cord
compression at a single site and unilateral APB weakness (MMT <
3), the contralateral hand without weakness was used for the study.
Patients with multiple cord compressions or a previous history of
cervical spine surgery or cerebrovascular disease were also excluded
[16]. Finally, we excluded individuals with peripheral nerve diseases
because CSPs are influenced by these conditions [17].

A total of 40 hands met the inclusion criteria and were used
for analysis: 30 hands were assigned to the ML group and 10 hands
were assigned to the U group. The pathology of CCM was cervical
spondylosis for 32 hands in 18 patients, extramedullary tumor for 4
hands in 2 patients, cervical disc herniation for 2 hands in 1 patient,
and ossification of the posterior longitudinal ligament for 2 hands in
1 patient. The preoperative clinical severity of cervical myelopathy
was evaluated using the Japanese Orthopaedic Association score of
cervical myelopathy (JOA score), which is based on motor dysfunction
of the upper and lower limbs, the degree of sensory deficits, and
bladder dysfunction [18]. The total JOA score ranges from 0-17,
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with a maximum score of 17 reflecting normal function. This study
was approved by the Ethical Review Board of Kochi Medical School.
All participants provided written informed consent prior to study
participation.

CSP testing

CSP was defined as an absence or a clear reduction (not exceeding
100 pV) of voluntary EMG activity at an appropriate post-stimulus
latency. The onset and end of latencies and duration of the absent
or reduced interference wave were measured. Sensory threshold
intensities were also measured. The mean values of 5 responses were
used for the analysis. When no visible CSPs were recorded for more
than 2 out of 5 trials, the series of trials was categorized as CSP absent.
Abnormal CSP findings included latency delay, shortened duration,
and the absence of a CSP [4,6]. Because the end of the latency
is influenced by the onset of the latency and its duration, we only
analyzed the onset of latency and its duration in this study.

We recorded CSPs in the APB muscle following stimulation of
the index fingertip. Single shocks were delivered to the index fingertip
using a pair of ring electrodes. Electric stimuli were square waves of
0.2 m in duration with stimulus intensities 20 times stronger than
the sensory threshold. The intensity of the sensory threshold was
defined as the weakest stimulus intensity that the patient was able
to feel subjectively [12]. Surface recording electrodes were attached
at the APB muscle using the belly-tendon method. Patients were
instructed to keep maximal voluntary contraction of the APB muscle
against resistance during the examination. Stimulation was delivered
during maximal voluntary contraction and we recorded subsequent
transient suppression of muscle contraction interference. This
procedure was repeated 5 times with the inter-trial interval varying
randomly between 10-20 s. Five single sweeps of 500 ms in duration
were recorded with the filter set at 20 and 5000 Hz. CSP testing was
performed using standard electrodiagnostic equipment (Neuropack
S1; Nihon Koden; Tokyo, Japan) [19-21].

Statistical analysis

To assess between-group differences, Mann-Whitney U tests
were used for age, JOA score, sensory threshold intensity, CSP onset
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latency and CSP duration. All values are expressed as the mean +
standard deviation. JMP statistical software (version 12.01, SAS
Institute, Cary, NC) was used for all statistical analyses. P-values<0.05
were considered to be statistically significant.

Results

Patient demographics and lesion characteristics

Table 1 summarizes the patient demographics for each group. No
significant differences were observed between the 2 groups (P>0.05).
The sites of cord compression were at C1-C2 in 2 patients (4 hands);
C3-C4 in 4 patients (6 hands); C4-C5 in 9 patients (17 hands); C5-C6
in 6 patients (11 hands); and C6-C7 in 1 patient (2 hands). The site
of the intramedullary T2 high signal change was identical to the cord
compression site in all patients.

CSP testing

CSPs were recordable in all hands from the U group
(Figure 1), but were absent in 8 hands from the ML group (2 hands
from patients with C4-C5 compression, 4 hands from patients
with C5-C6 compression, and 2 hands from patients with C6-C7
compression) (Figure 2). Table 2 shows CSP parameters in each
group. The onset latency was significantly delayed in the ML group
compared to the U group (P=0.0001), whereas CSP duration was not
significantly between groups (P=0.9). Sensory thresholds in the U and
ML groups were 2.9 + 0.8 mA and 2.9 £ 0.7 mA, respectively (P=0.9).

Discussion

In this study, we found that CSP onset latencies were prolonged
in patients with CCM in the middle and lower cervical spine. Twelve
of 22 hands from the ML group showed had onset latencies longer
than 92 ms, which is the longest upper limit for onset latency [4-
7]. In contrast, the onset latency for the upper cervical CCM group
reached 87.1 ms. Absent CSPs were only observed in the ML group.
These findings support our hypothesis. The results of previous studies
indicate that CSP abnormalities are specifically associated with the
implicated cervical cord region. Stetkarova et al. evaluated CSP
changes in mild cervical spondylotic myelopathy (CSM) and found

Figure 1: A 65 year old woman with cervical spondylotic myelopathy and isolated cord compression at the C3-C4 level. The total Japanese Orthopaedic
Association score for this patient was 6.5 points. T2-weighted sagittal magnetic resonance images (right) demonstrated cord compression with intramedullary
T2 high signal intensity at C3-C4. The cutaneous silent period onset latency and duration recorded from the right abductor pollicis brevis muscle were 73.0 ms

and 26.3 ms, respectively (left).
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Figure 2: A 75 year old man with cervical spondylotic myelopathy and isolated cord compression at C6-C7. The total Japanese Orthopaedic Association score
for this patient was 11.5 points. T2-weighted sagittal magnetic resonance images (right) demonstrated cord compression with intramedullary T2 high signal
intensity at C6-C7. The cutaneous silent period was absent in the left abductor pollicis brevis muscle (left).

Table 1: Patient demographics.

Total U group
Number of patients 22 6
Male:Female 12:10 3:3
Age 66.8 + 12.1 63.8+15.4
Total JOA score 8.6+25 7.8+4.0

Age and JOA score are expressed as the mean + standard deviation
Mann-Whitney U tests were used for between-group analyses
P<0.05 was the threshold for statistical significance

ML group P-value
16

9:7

67.9+11.0 0.50
87+18 0.27

JOA score, Japanese Orthopaedic Association score for cervical myelopathy; ML group, cervical compression myelopathy at and below the C4-C5 intervertebral level;
U group, cervical compression myelopathy at and above the C3-C4 intervertebral level

Table 2: Cutaneous silent period (CSP) parameters in each group.

U group

(n=10)
Onset latency (ms) 77056
Duration (ms) 429 +14.5

Mann-Whitney U tests were used for between-group analyses
P<0.05 was the threshold for statistical significance

ML group

(n=22) P-value
945+ 11.8 0.0001*
43.5+24.2 0.9

ML group, cervical compression myelopathy at and below the C4-C5 intervertebral level; U group, cervical compression myelopathy at and above the C3-C4

intervertebral level

nearly normal CSPs in 2 patients with cord compression at the C3-
C4 intervertebral level [6]. Kofler et al. also reported normal CSPs in
patients with thoracic myelopathy [5].

Stimulus strength and clinical severity influence CSP changes
[3,19,20]. The sensory thresholds that defined the stimulus strength
and JOA score were not different between groups. These findings also
support our hypothesis.

The duration of the CSP was not different between groups.
Lopergolo et al. found that axonal neuropathy was associated with
decreased CSP durations and CSP absence, while demyelinating
neuropathy was associated with prolonged CSP latencies [21].
Different patterns of CSP changes in various disease states should be
examined in future studies.

The present study had the following limitations. First, the statistical
power of our analysis was limited by a small sample size. Second,
our cohort included patients with relatively heterogeneous diseases,

including degenerative cervical myelopathy and extramedullary
tumor. Nevertheless, this study demonstrates that CSP onset latency
is affected by the site of spinal cord compression. The results of this
study may help to evaluate the patients with cervical compression
myelopathy using CSP testing.
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