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Abstract: The purpose of this study is to obtain normative values of the masseter muscle of myasthenia gravis (MG) 
patients and healthy volunteers by single-fiber electromyography (SFEMG). Stimulation of SFEMG in the masseter 
muscle was studied in 15 healthy volunteers (men 8, women 7; mean age 40.2, range 21-77) and 30 patients 
affected by MG (men 16, women 14; mean age 42.8, range 12-75). The mean consecutive difference (MCD) of 
the individual fiber and the mean MCD per study were determined in the normal group. We recommend the upper 
normal limit for the individual fibers of jitter and the mean MCD per study in the healthy Chinese adults of 33 µs and 
22 µs respectively. Furthermore, in the MG group, the percentage of jitter > upper normal limit jitter and the impulse 
blocking percentage were detected, which were all significantly different compared to the normal control group (P < 
0.01). The overall sensitivity was 90%, with the abnormality in 6 of the 9 ocular MG patients and 100% abnormality 
in the generalized MG patients. The masseter muscle SFEMG has a high degree of sensitivity. The masseter should 
be considered for SFEMG in the diagnosis of MG, and added routinely to the tested muscles.
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Introduction

Myasthenia gravis (MG) is a neuromuscular 
junction dysfunction caused by autoimmune 
disease [1]. And more than half of the patients 
were associated with thymic hyperplasia [2], 
and surgery may be the first choice [3]. And 
most of the cases would recover and got a good 
prognosis with timely treatment [4]. Recently, 
there is an increased prevalence of MG among 
rural male adults, which may have a possible 
association with agricultural pesticides expo-
sure [5]. Among all the diagnose methods, sin-
gle-fiber electromyography (SFEMG) is known 
to be the most sensitive diagnostic tool for MG 
[6, 7]. In some series, the sensitivity of SFEMG 
was up to 100% [8, 9]. However, the extremely 
high sensitivity of it has now recently chal-
lenged, particularly in seronegative cases [10, 
11]. Meanwhile, in some neuropathies and 
radiculopathies patients with the abnormalities 

of nerve which was caused by other diseases 
rather than MG, the specificity of SFEMG was 
still need to be confirmed [12]. So how to define 
the neuromuscular transmission function of all 
the cases above promoted more researchers to 
get the normal value by the usage of SFEMG.

In previous studies, the masseter muscle is 
considered to be suitable to take as a test stan-
dard for SFEMG since it is easy to attach and 
safe to examine, and the most important rea-
son is that it is often involved in disorders  
of neuromuscular transmission [13, 14], even 
from the very early stages, which meant that 
the masseter muscles should be the best 
choice for the research of this kind. Although  
no Chinese data was given about the normal 
value of masseter muscle based on SFEMG, 
which caused there was no possibility of clinical 
research that could be done to gain any return 
or diagnosis criteria that could be define, our 
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study, were to collect normative values for jitter 
in the masseter of Chinese healthy adults and 
perform stimulated SFEMG (SSFEMG) of the 
masticatory muscles in patients referred with 
MG to assess the normal value as well as to 
know the significance of this methodology.

Materials and methods

Clinical information

Fifteen healthy volunteers (men 8, women 7; 
mean age 40.2, range 21-77) without neuro-
logical and any other health problem from the 
physical examination department in the Fifth 
Affiliated Hospital of Zhengzhou University were 
recruited in this study to form the control group. 
Thirty patients diagnosed as MG (men 16, 
women 14; mean age 42.8, range 12-75) from 
the neurological department in the Fifth Affili- 
ated Hospital of Zhengzhou University were 
included as the MG group, the diagnosis crite-
ria as follows: (1) major criteria: any manifesta-
tion of fatigability or weakness; (2) minor crite-
ria: “amplitude decrement > 10% on repetitive 
nerve stimulation (RNS) test” or “any abnormal 
SFEMG findings in a muscle other than masse-
ter” or “positive anti-acetylcholine receptor 
(AChR) antibodies” or “positive edrophonium 
test”, all the cases should have the major mani-
festation and any but at least 2 of the minor 
criteria. Meanwhile, the muscle-specific tyro-
sine kinase (MuSK) antibody testing was not a 
necessary standard which should be got rou-
tinely available, and the clinical presentation  
of severity of MG was classified according to 
the published Ossermann standards [15]. This 
study was conducted in accordance with the 
declaration of Helsinki. This study was conduct-
ed with approval from the Ethics Committee of 
Zhengzhou University. Written informed con-
sent was obtained from all participants.

SFEMG measurements and the abnormal 
standard of SFEMG

Stimulated jitter was investigated in the mas-
seter according to the previously reported tech-
nique [16]. The recording SFEMG needle was 
introduced into the area of the muscle twitch-
ing, anterior to the cathode to avoid blood ves-
sels passing behind the masseter. Stimulation 
was performed at a frequency of 10 Hz when 
the electrode positions were achieved. Stable 
single-fiber potentials were analyzed with amp- 

litudes over 0.2 mV and with a rise time shorter 
than 0.3 ms and with a well-formed negative 
peak at a band pass of 1-10 kHz. Jitter was 
obtained as the mean consecutive difference 
(MCD) for each fiber for a series of 50 respons-
es. The judgment of abnormal SFEMG was 
made if any of the following criteria was met: 
abnormal values or blocking in more than 10% 
of the fibers studied or a mean MCD per study 
exceeding the upper limits of the normal value 
[17].

Statistical analysis

Statistical analysis of all data was performed 
using SPSS software. The differences between 
the mean values of the groups were compared 
by the ANOVA test or Chi-square test according 
to the measurable or enumerable properties of 
the data.

Results

Clinical information

Demographic features and the basic clinical 
findings of the MG patients are summarized in 
Table 1, which showed the differences between 
different types of MG.

SFEMG findings of the normal control group

In total, 30 MG patients but we found it difficult 
for 3 patients to tolerate the examinations for 
some reasons, which limited us to study fewer 
than the ideal 20 fibers.

We have obtained a total of 282 single-fiber 
potentials between 12 and 28 per muscle.  
The examinations of three MG patients were 
stopped after recording 12 fibers because the 
patients were not feeling well. From the remain-
ing patients at least 20 potentials were collect-
ed. The mean MCD of the individual fibers 
ranged between 7 and 45 µs, with a mean 
value of 16.00 µs and a SD 6.59 µs. Further- 
more, the mean MCD per study ranged from 
11.0 to 25.1 µs, with a mean of 13.6 µs and a 
SD 3.26 µs. The upper normal limit for jitter of 
individual fibers and for the mean MCD per 
study is defined as the 99th percentile. In our 
study, the two indexes each were 33 and 22 µs. 
We recommend these two values as the bounds 
of normality of the masseter of healthy Chinese 
adults (Table 2).



Normative values of the masseter muscle

19426 Int J Clin Exp Med 2015;8(10):19424-19429

Table 1. Demographic and clinical features in 30 MG patients
Ocular MG (OMG) Generalized MG (GMG) Total

Age (years) 33.1±11.12 (13-64) 47.37±15.21 (12-75) 42.77±15.13 (12-75)
Sex (n, %) Male (6, 66.67%) Male (10, 47.62%) Male (16, 53.33%)

Female (3, 33.33%) Female (11, 52.38%) Female (14, 46.67%)
Disease onset (n, %) Ocular (9, 30.0%) Ocular (6, 20.0%) Ocular (15, 50.0%)

Oculobulbar (7, 23.33%) Oculobulbar (7, 23.33%)
Bulbar (6, 20.0%) Bulbar (6, 20.0%)

Generalized (2, 6.67%) Generalized (2, 6.67%)
Disease duration at the time of SFEMG study (n, %) 1-3 months (6, 20.0%) 1-3 months (8, 26.67%) 1-3 months (14, 46.67%)

4-12 month (1, 3.33%) 4-12 months (6, 20.0%) 4-12 months (7, 23.33%)
More than one year (2, 6.67%) More than one year (7, 23.33%) More than one year (9, 30.0%)

MG grade at the time of SFEMG study (Ossermann typing) (n, %) Grade I (9, 30.0%) Grade I (3, 10.0%) Grade I (12, 40.0%)
Grade IIa (1, 3.33%) Grade IIa (1, 3.33%)

Grade IIb (11, 36.67%) Grade IIb (11, 36.67%)
Grade III (6, 20.0%) Grade III (6, 20.0%)

SFEMG of masseter (n, %) Abnormal (6, 30.0%) Abnormal (21, 20.0%) Abnormal (27, 90.0%)
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Comparison of the SFEMG findings

The results of the SFEMG findings of the MG 
group are presented in Table 1, and the results 
of the healthy Chinese adults are presented  
in Table 2. In Table 3 we show the comparison 
of these two groups. Twenty-seven patients 
had abnormalities in the masseter muscle  
and the overall sensitivity was 90.0%. The  
positive detection rate of ocular MG (OMG)  
and generalized MG (GMG) were 7% (6/9) and 
100% (21/21) respectively, and there was no 
statistical difference between the detection 
rate of these two MG types (P > 0.05). The 
three normal results were found among pati- 
ents with ocular MG, where the sensitivity was 
67%.

Statistical analysis of the sex and age values 
indicated that there was no significant differ-
ence between the two groups (P > 0.05). The 
mean MCD of the MG group was 67.34 µs (SD 
21.17 µs), which was significantly different 
compared with the normal control group (P < 
0.01). The mean percentage of jitter is > 33 µs 
and the mean impulse blocking percentage 
were 57.81% and 39.87% respectively, while in 
the normal control group these two values are 
all 0. The mean jitter and the impulse blocking 
percentage were significantly different between 
the two groups (P < 0.01).

mission can be easily found in an early stage, 
before impulse blocking or clinical weakness 
appearance. However, in the recent studies, 
people found that it is not specific, for example, 
in the radiculopathies and neuropathies, the 
specificity of SFEMG has been questioned [6, 
7]. Therefore, it is advisable to search for a kind 
of muscle that is easily and safely accessible 
and is highly sensitive.

To our knowledge, the masseter muscle seems 
to fulfill these requirements, and seems to be 
suitable for the SFEMG detection. Overall, the 
masseter muscle was receiving much greater 
attention in the SFEMG studies because of its 
characteristics, but we never found correlative 
studies about the masseter muscle in China. In 
this study we collected the normative values for 
jitter in the masseter of healthy Chinese adults 
and performed stimulated SFEMG (SSFEMG) of 
the masticatory muscles in patients referred 
with myasthenia gravis to assess the signifi-
cance of this methodology.

In 6% of the myasthenic patients an early 
fatigue on the masseter muscle occurs, and 
this muscle is usually involved in most patients 
in the later period of the disease, with frank 
weakness and atrophy developing in 15% [18]. 
Furthermore, the masseter muscle presented 
the highest degree of abnormality compared to 
the facial, trapezius, or limb muscles [19-21]. 
Overall, we decided to obtain the control values 
of the masseter muscle in the SFEMG detec-
tion which can be used for further clinical 
researches. The stimulated jitter values that 
were obtained in the masseter are similar with 
the facial muscles, because the masseter 
resembles most closely in size and length of 
the fiber, and is similar to the broad studies 
results [14]. In our study, we recommend the 
upper normal limit for jitter of individual fibers 
and the mean MCD per study of healthy Chinese 
adults as 33 µs and 22 µs respectively, which is 
comparable with other studies, 30 µs and 21 
µs.

Table 2. MCD values of the masseter in healthy Chinese adults 
(us)

N _
x±SD Range Upper normal limit 

for jitter 
_
x±2.58SD

MCD of individual fiber 282 16.0±6.59 7~45 33
Mean MCD per study 15 13.6±3.26 11~25.1 22

Table 3. Comparison of the jitter values be-
tween two groups (

_
x±s)

Normal control 
group (n = 15)

MG group  
(n = 30)

Sex (n, %)
    Male 8 (53.33) 16 (53.33)*

    Female 7 (46.67) 14 (46.67)*

Age (years) 40.17±15.23 42.77±15.13*

MCD value (μs) 16.0±6.59 67.34±21.17**

Jitter > 33 μs (%) 0 57.81±19.89**

Blocking (%) 0 39.87±20.13**

*P > 0.05; **P < 0.01.

Discussion

SFEMG has been known to be 
the most sensitive diagnostic 
procedure for the diagnosis of 
MG for many years [6, 7]. Us- 
ing this detection method, the 
abnormal neuromuscular trans-



Normative values of the masseter muscle

19428 Int J Clin Exp Med 2015;8(10):19424-19429

Our results confirm the high specificity of 
SFEMG when performed on the masseter mus-
cle in the MG patients, and we found a high fre-
quency of stimulated SFEMG abnormalities in 
the masseter muscle in a series of MG patients. 
From our results, the high sensitivity of masse-
ter in MG is consistent with the findings in other 
craniofacial muscles by stimulation SFEMG 
method, for example in frontalis and orbicularis 
oculi [22]. Due to sharing the common origin 
and contiguous with the other craniofacial mus-
cles in the anatomically, the sensitivity usually 
is expected over 90.0% of these muscles in MG 
patients. The positive detection rate in OMG is 
only 66.67% in the nine patients with ocular 
MG, which was a little low sensitivity. This result 
maybe has relationship with the small detec-
tion number, and the early investigation timing, 
which make it difficult to make definite conclu-
sion about the value of masseter SFEMG in the 
diagnosis of ocular MG. Statistical analysis of 
the mean MCD, mean percentage of jitter > 33 
µs and the mean impulse blocking percentage 
values were all significantly different between 
normal control group and the MG group (P < 
0.01), which indicated the high sensitivity of 
masseter SFEMG in MG.

In addition, from a technical viewpoint, stimu-
lated SFEMG investigation method of the mas-
seter is easy and accessible, because the loca-
tion of masseter is superficial and clearly 
locate. Furthermore, most patients could toler-
ate this technique, which is much better than 
sampling of the orbicularis oculi or frontalis 
muscles.

In conclusion, the masseter muscle is suitable 
for SFEMG in MG patients, this method is not 
only easily investigated, but it also has a high 
degree of sensitivity. We suggest that the mas-
seter muscle could be studied routinely in 
patients which are suspected to have a neuro-
muscular transmission disorders, and the mas-
seter SFEMG may be of value in the diagnosis 
of these diseases.
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