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Study Design: Retrospective study.
Purpose: We aimed to use motor evoked potentials (MEPs) to examine the association of electrophysiological assessment of the 
trapezius muscle with neck pain.
Overview of Literature: Previous reports on the association of neck pain with the trapezius muscle have focused on surface electro-
myograms and muscle oxygenation; however, to our knowledge, none of these studies included detailed data on MEPs.
Methods: The study included 100 patients with cervical myelopathy who underwent surgery at the National Center for Geriatrics and 
Gerontology in Obu, Japan from June 2010 to March 2013. Before the surgery, neck pain was evaluated using a Visual Analog Scale 
(a score ≥50 indicated neck pain and a score <50 indicated no neck pain). The preoperative cross-sectional areas of the trapezius 
muscles were measured with cervical magnetic resonance imaging sagittal T2-weighted images. Cranial stimulation under general 
anesthesia was used to derive the MEPs, enabling the measurement of latency and amplitude, using preoperative MEPs of the trape-
zius muscles.
Results: The MEP of the trapezius muscle in patients with neck pain had significantly shorter latencies than those in patients who 
did not have neck pain. However, there was no significant difference in the amplitude between patients with and without neck pain. 
However, this tended to be greater in patients with neck pain as compared to that in those without neck pain. The cross-sectional 
area of the trapezius muscle in patients with neck pain was significantly smaller than that in those who did not have neck pain.
Conclusions: MEPs revealed electrophysiological abnormalities of the trapezius muscles in patients with neck pain, supporting a 
relationship of neck pain with the trapezius muscles.
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Introduction

Causes of neck pain include impaired nerve roots, inter-
vertebral disks, facet joints, and muscles [1]. Muscles are 
more important for the stability of the cervical vertebrae 
as compared to the intervertebral disks [2]. Furthermore, 
neck pain is often seen in people who spend long periods 
in the same position while performing deskwork [3]. In 
terms of stability of the cervical vertebrae, the neck exten-
sor muscles are believed to be important in the prevention 
of bending and rotation [1]. Within the neck muscles, 
there are deep muscles, such as the multifidus, cervi-
cal semi-spinal, semispinalis, and splenius muscles, and 
superficial muscles, such as the trapezius muscles. Many 
studies have reported on the relationship between the 
deep muscles and the trapezius muscles [4-8]. Moreover, 
other studies have used surface electromyography (EMG) 
to analyze the relationship between neck pain and the 
trapezius muscles; however, surface EMG results are in-
fluenced by physiological reactions resulting from stress, 
installation of the EMG equipment, posture, and test en-
vironment, leading to low reproducibility of EMG results 
[8,9].

Many studies have focused on people with neck pain [1-
9] and investigated the factors associated with postopera-
tive neck pain in people with cervical myelopathy [10,11]. 
However, few reports have investigated preoperative neck 
pain in people with cervical myelopathy. Therefore, we 
designed this study to investigate the relationship between 
neck pain and the trapezius muscles preoperatively in 
patients with cervical myelopathy, using motor evoked 
potential (MEP) under intraoperative anesthesia. The 
methods of this study enabled us to conduct a detailed 
and accurate electrophysiological test that was not influ-
enced by physiological reactions related to stress and test 
environment.

Materials and Methods

1. Participants

Consecutive patients undergoing cervical laminoplasty 
for cervical myelopathy were enrolled between June 2010 
and March 2013. Spine surgeons at the National Center 
for Geriatrics and Gerontology determined the surgical 
indications as per the symptoms and medical imaging 
results of patients with cervical myelopathy. The surgery 

was performed at the level of C3–C7 where stenosis was 
noted. C3–C6, C3–C7, C4–C6, and C4–C7 laminoplasty 
were included. Those who had undergone prior cervical 
spine surgery were excluded; further, those for whom the 
MEP control wave could not be recorded, Visual Analog 
Scale (VAS) scores could not be determined, magnetic 
resonance imaging (MRI) data were unavailable, or an as-
sessment of muscle hardness could not be performed were 
also excluded.

We conducted this study as per the principles of the 
Helsinki Declaration. This study was conducted with the 
approval of the Research Ethics and Conflicts Committee 
of the National Center for Geriatrics and Gerontology of 
Japan (approval no., 433). All the participants provided 
informed consent for study participation.

2. Measurements

We evaluated neck pain using the VAS, with a score 
≥50 indicating neck pain and a score <50 indicating no 
neck pain [12,13]. To measure the MEPs of the trapezius 
muscles, we performed transcranial stimulation using 
a D185 MultiPulse stimulator (Digitimer Ltd., Tokyo, 
Japan). The stimulation parameters were as follows: five 
consecutive stimuli with 2 ms interstimulus intervals; 500 
V; a 50–1,000-Hz filter; and 100 ms epoch time, with ≤20 
individual recorded responses. The stimulated point was 
2 cm anterior and 6 cm lateral to the Cz location (Inter-
national 10–20 System) over the cerebral cortex motor 
area. Using the Neuromaster MEE-1200 series (Nihon 
Kohden, Tokyo, Japan), MEPs were recorded from the bi-
lateral trapezius muscles. For derivation of the compound 
action potential of the trapezius muscles, we used needle 
electrodes with the electrodes located at the midpoint be-
tween the 7th cervical spinous process and the acromion. 
We measured the latency and amplitude using a control 
waveform that was measured preoperatively to exclude 
the influence of surgery.

The drugs that were initially administered included pro-
pofol (3–4 µg/mL), fentanyl (2 µg/kg), and vecuronium 
(0.12–0.16 mg/kg). Anesthesia was maintained using 
propofol (3 µg/mL), fentanyl (1–2.5 µg/kg/hr), and ve-
curonium (0.01–0.04 mg/kg/hr). Benzodiazepines were 
administered as a pre-anesthetic medication; however, 
the use was limited or avoided because it suppresses the 
latency and amplitude. Our participants were maintained 
under normothermia, and the anesthetist attempted to 
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maintain end-tidal CO2 in the normal range throughout 
the surgery duration [14].

We assessed the trapezius muscle mass using a 1.5 T 
MRI scanner. Axial T2-weighted slices at the C3–C4, 
C4–C5, C5–C6, and C6–C7 intervertebral levels were 
obtained to measure the cross-sectional area (CSA) of the 
trapezius muscles. The trapezius muscle CSAs obtained 
from the right and left sides were combined for each par-
ticipant. The CSAs of the muscles were measured with 
area calculation software (SYNAPSE; Fujifilm Medical, 
Tokyo, Japan). CSA measurements were performed by 
one investigator (S.I.) who manually traced the defined 
region of interest within the fascial border of each muscle, 
bilaterally, on the T2-weighted images (Fig. 1). The mea-
surement was performed 2 times, and the obtained values 

were averaged. The intra- and interobserver errors were 
calculated as follows: five randomly chosen magnetic 
resonance images were measured independently by one 
investigator (S.I.) and then measured again by a second 
investigator (Y.S.) [15].

3. Statistical analyses

Participant demographics, latency and amplitude of the 
trapezius muscle MEPs, and the muscle mass of the tra-
pezius muscles were compared between patients with 
neck pain and those without neck pain with chi-square 
test or Student t-test, as appropriate. Pearson’s correlation 
coefficient was used to assess the relationship between 
the muscle mass of the trapezius muscles and the latency 
and amplitude of the trapezius muscle MEPs. The data 
were aggregated and analyzed using IBM SPSS statistics 
ver. 22.0 software (IBM Corp., Armonk, NY, USA), with 
p<0.05 indicating statistical significance.

Results

We enrolled 100 participants who had undergone sur-
gery for cervical myelopathy from June 2010 to March 
2013. The average patient age at the time of surgery was 
72.2±8.7 years. Twenty-seven patients underwent C3–
C6 laminoplasty, 37 underwent C3–C7 laminoplasty, 10 
underwent C4–C6 laminoplasty, and 26 underwent C4–
C7 laminoplasty. There were 31 participants in the neck 
pain group and 69 subjects in the no neck pain group. The 
sex, age, height, body weight, range of motion, and cervi-
cal lordosis of the groups were not significantly different 
(Table 1).

Fig. 1. Using preoperative magnetic resonance imaging, the cross-sectional ar-
eas of the trapezius muscles at the C3–4, C4–5, C5–6, and C6–7 intervertebral 
levels were measured on T2-weighted axial images. a)Multifidus, b)semispinalis 
cervicis, c)semispinalis capitis, d)splenius capitis, and e)trapezius.

a)

b)

c)

d)

e)

Table 1. Demographic and clinical characteristics of patients with cervical myelopathy

Characteristic Neck pain (+) (VAS score ≥50) Neck pain (-) (VAS score <50) p-value

No. of patients 31 69

Age (yr)   73.8±9.8   71.6±8.8 0.274

Male:female  22:9      50:19 0.529

Height (cm) 156.3±9.9 159.3±9.0 0.132

Weight (kg)     59.1±10.0     61.4±11.0 0.336

Range of motion (°) (X-p)     33.2±13.6     33.6±13.7 0.903

Cervical lordotic angle (°) (X-p)     15.0±13.0     13.0±11.0 0.435

Values are presented as number or mean±standard deviation for each group. Range of motion: C2–7 lordotic angle of extension to C2–7 lordotic angle of flexion (lateral 
view); cervical lordotic angle: C2–7 lordotic angle (lateral view, neutral position).
VAS, Visual Analog Scale.
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Latency was significantly shorter in the neck pain group 
as compared to that in the no neck pain group (neck 
pain group, 23.21±2.45; no neck pain group, 24.76±2.80; 
p<0.05) (Table 2). There was no significant difference in 
the amplitudes; however, the amplitude tended to be larg-
er in patients with neck pain (neck pain group, 2,356±675; 
no neck pain group, 2,015±939; p=0.071) (Table 2).

The CSAs of the trapezius muscles were significantly 
smaller in those with neck pain than in those without 
neck pain (neck pain group, 2,922±470 mm2; no neck 
pain group, 3,334±625 mm2; p=0.001) (Table 2). Further-
more, the CSAs of the trapezius muscles were significantly 
different; therefore, we examined the relationship between 
trapezius muscle mass and MEP and found a positive cor-
relation between the trapezius muscle mass and latency 
(Fig. 2) and a negative correlation between trapezius 
muscle mass and amplitude (Fig. 3).

Discussion

This study assessed the relationship between the trapezius 
muscles and neck pain in patients with cervical myelopa-
thy using exercise-induced potential obtained under gen-

eral anesthesia. Thus, we believe that our results are objec-
tive.

We observed reduced latency of the trapezius muscle 
MEPs. Although there was no significant difference in the 
amplitude, an increasing tendency was noted. In previ-
ous reports, the latency of the trapezius muscle MEPs was 
reportedly shorter and the amplitude was larger during 
spontaneous contraction compared to that at rest [16,17]. 
These findings suggest that in people with cervical my-
elopathy, the electrophysiological status of the trapezius 
muscles, when associated with neck pain, is comparable 
to that in those without cervical myelopathy.

Similar to previous reports [5], our study showed that 
the neck pain group had significantly smaller CSAs of the 
trapezius muscles, suggesting that atrophy of the trape-
zius muscles may cause neck pain. Moreover, a previous 
report that used surface EMG associated neck pain with 
electrophysiological abnormalities [6]. This finding was 
consistent with that in our study, wherein we observed a 
significantly shorter MEP latency in the neck pain group 
and a tendency toward increased amplitudes, suggesting 
increased electrophysiological activation of the trapezius 

Table 2. Comparison of the latency and amplitude of preoperative MEP and cross-sectional area of the trapezius muscle between patients with and without neck pain

Trapezius muscle Neck pain (+) (VAS score ≥50) Neck pain (-) (VAS score <50) p-value

Latency (MEP) (ms) 23.21±2.45  24.76±2.80 0.009

Amplitude (MEP) (μV) 2,355±675 2,003±900 0.055

Muscle cross-sectional area (mm2) 2,922±470 3,334±625 0.001

Values are presented as mean±standard deviation for each group.
MEP, motor evoked potential; VAS, Visual Analog Scale.
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Fig. 2. The association between the latency of preoperative motor evoked po-
tentials and cross-sectional area of the trapezius muscle (r=0.477, p<0.001).
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muscles in individuals who had neck pain.
In our study, we observed a correlation between the la-

tency and amplitude of MEP and trapezius muscle mass, 
irrespective of neck pain. Normally, if muscle atrophy oc-
curs, an increase in the mobilization and firing rates of the 
motor units is required to maintain muscle tension, in-
creasing the amplitudes of the EMG. Furthermore, based 
on the results of reduced MEP latency and increased am-
plitude after trapezius muscle atrophy and delayed latency 
in cases of spinal damage, it may be inferred that the atro-
phy causes poor function, leading to muscle contraction 
and ischemia that causes neck pain [18].

Studies conducted on monkeys and cats have reported 
several descending volleys occurring at 1–2 ms intervals 
in the pyramidal tract after cerebral cortex stimulation; 
thus, the same results are expected in humans. The reac-
tive latency of the cortex is reduced during voluntary 
muscle contraction as compared to that at rest. When at 
rest, the membrane potential of most anterior horn cells is 
lower by 5–6 mV below the threshold; therefore, the ante-
rior horn cells are not excited unless multiple descending 
volleys are elicited, with firing being impossible with the 
first descending volley, while that seeming to occur at the 
second and third descending volleys. However, during 
voluntary muscle contraction, the membrane potential of 
the anterior horn cells is almost at the threshold, making 
it possible to fire at the first descending volley. Therefore, 
there is an approximately 2-ms reduction in the latency 
during voluntary contraction than at rest [19]. In this 
study, an average reduction of 1.4 ms was noted in those 
with neck pain as compared to that in those without neck 
pain. Although the difference in the latency between vol-
untary contraction and that at rest was not significant, the 
membrane potential of the anterior horn cells may have 
been higher in those with neck pain. One possible factor 
for the increased membrane potential in the anterior horn 
cells is an abnormality in the descending control from the 
upper central nervous system. In this case, it is possible 
that this would causes an abnormality in the descend-
ing control of sensation [20-22], and an abnormality in 
the upper central nervous central could simultaneously 
cause myotonia and pain. Another possible factor is the 
increased excitability of the anterior horn cells that may 
affect latency reduction. Alternatively, in patients with 
neck pain, the muscle tone may be abnormally elevated, 
decreasing the MEP threshold and shortening the latency.

This study has certain limitations, including the influ-

ence of the anesthetic on the MEP wavelengths because 
complete withholding of the anesthetic could not be 
achieved. However, an intraoperative total propofol dose 
>1,550 mg is reported to influence the waveform [23]; 
therefore, we believe that the influence of the anesthetic 
on the waveforms in our study was minimal. The inner-
vation of the trapezius muscle is C3 or C4 and the MEP 
of trapezius muscle may be affected by stenosis at C2/3 
and C3/4; however, we did not investigate the effect of 
stenosis in that area in the present study. Moreover, the 
participants were limited to people with neck pain who 
had indications for cervical myelopathy surgery. These 
results may not be applicable to individuals who had neck 
pain but did not have cervical myelopathy. Despite these 
limitations, our results suggest that in people with cervical 
myelopathy, poor muscle function can be caused by tra-
pezius muscle atrophy leading to muscle contraction from 
a state of rest. Based on the reduced latency in the MEP, 
the possibility that myotonia and pain are caused by the 
central nervous system cannot be ruled out. Therefore, we 
believe that further investigations are needed.

Conclusions

Thus, in people with cervical myelopathy and neck pain, 
the trapezius muscle mass is lower and the MEP latency is 
shorter. Although no significant difference was observed 
in the MEP amplitude, it tended to be larger in people 
with neck pain. These observations suggest a correlation 
of neck pain with the trapezius muscles.
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