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Abstract

The purpose of this study is to obtain normative vimes of the masseter muscle of myasthenia
gravis (MG) patients and healthy volunteers by sinig-fiber electromyography (SFEMG).
Stimulation of SFEMG in the masseter muscle was stiied in 15 healthy volunteers (men 8,
women 7; mean age 40.2, range 21-77) and 30 patemtffected by MG (men 16, women 14;
mean age 42.8, range 12-75). The mean consecutiifeedence (MCD) of the individual fiber and
the mean MCD per study were determined in the normlagroup. We recommend the upper
normal limit for the individual fibers of jitter an d the mean MCD per study in the healthy
Chinese adults of 33 us and 22 us respectively. Faermore, 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 he 9 ocular MG patients and 100%
abnormality in the generalized MG patients. The maseter muscle SFEMG has a high degree of
sensitivity. The masseter should be considered f@FEMG in the diagnosis of MG, and added
routinely to the tested muscles.
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Introduction

In previous studies, the masseter muscle is comsid®e
Myasthenia gravis (MG) is a neuromuscular junctionPe suitable to take as a test standard for SFEM st is
dysfunction caused by autoimmune disease [1]. Aockm €asy to attach and safe to examine, and the most
than half of the patients were associated with fbym important reason is that it is often involved isatders of
hyperplasia [2], and surgery may be the first chdR].  neuromuscular transmission [13, 14], even fromvinegy
And most of the cases would recover and got a googarly stages, which meant that the masseter muscles
prognosis with timely treatment [4]. Recently, #hés an should be the best choice for the research of kimd.
increased prevalence of MG among rural male adultélthough no Chinese data was given about the normal
which may has a possible association with agricaltu Vvalue of masseter muscle based on SFEMG, whicledaus
pesticides exposure [5]. Among all the diagnosehoud, there was no possibility of clinical research tbatild be
single-fiber electromyography (SFEMG) is known t® b done to gain any return or diagnosis criteria tuatld be
the most sensitive diagnostic tool for MG [6, #.dome  define, our study, were to collect normative valdies
series, the sensitivity of SFEMG was up to 100%9[8, Jitter in the masseter of Chinese healthy adultsl an
However, the extremely high sensitivity of it haswn perform stimulated SFEMG (SSFEMG) of the
recently challenged, particularly in seronegativases masticatory muscles in patients referred with MG to
[10, 11]. Meanwhile, in some neuropathies andssess the normal value as well as to know the
radiculopathies patients with the abnormalitiesnefve  significance of this methodology.
which was caused by other diseases rather thantihéG,
specificity of SFEMG was still need to be confirniéd].  Materials and Methods
So how to define the neuromuscular transmissiontiom
of all the cases above promoted more researchagstto Clinical information
the normal value by the useage of SFEMG. Fifteen healthy volunteers (men 8, women 7; mean ag
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40.2, range 21-77) without neurological and anyepth
health problem from the physical examination deparit
in the Fifth Affiliated Hospital of Zhengzhou Uninsity
were recruited in this study to form the controbugp.
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Results

Clinical information
Demographic features and the basic clinical findirad

Thirty patients diagnosed as MG (men 16, women 14he MG patients are summarized in Table 1, which
mean age 42.8, range 12-75) from the neurologicalhowed the differences between different types 6f M

department in the Fifth Affiliated Hospital of Zhgzhou
University were included as the MG group, the dagis
criteria as follows: 1) major criteria: any mantggson of
fatigability or weakness; 2) minor criteria: “antplie
decrement >10% on repetitive nerve stimulation (RNS
test” or “any abnormal SFEMG findings in a musdieer
than masseter” or “positive anti-acetylcholine poe
(AChR) antibodies” or “positive edrophonium tes#l)
the cases should have the major manifestation eyt

at least 2 of the minor criteria.

Meanwhile, the muscle-specific tyrosine kinase (MuS

SFEMG findings of the normal control group

In total, 30 MG patients but we found it difficuibr 3
patients to tolerate the examinations for someoresgs
which limited us to study fewer than the ideal B@fs.

We have obtained a total of 282 single-fiber pditdst
between 12 and 28 per muscle. The examinationsreét
MG patients were stopped after recording 12 fibers
because the patients were not feeling well. From th
remaining patients at least 20 potentials wereectdl.
The mean MCD of the individual fibers ranged betw@e

antibody testing was not a necessary standard whicd 45 us, with a mean value of 16.00 ps and a.5® 6

should be got routinely available, and the clinical
presentation of severity of MG was classified adoay

ps. Furthermore, the mean MCD per study ranged from
11.0 to 25.1 ps, with a mean of 13.6 us and a 3b |3s.

to the published Ossermann standards [15]. Thidystu The upper normal limit for jitter of individual fers and
was conducted in accordance with the declaration dpr the mean MCD per study is defined as the 99th

Helsinki. This study was conducted with approvainir
the Ethics Committee of Zhengzhou University. Véritt
informed consent was obtained from all participants

SFEMG measurements and the abnormal standard of
SFEMG

Stimulated jitter was investigated in the massete
according to the previously reported technique .[Ttie
recording SFEMG needle was introduced into the afea
the muscle twitching, anterior to the cathode toidv
blood vessels passing behind the masseter. Stiowlat
was performed at a frequency of 10 Hz when th
electrode positions were achieved. Stable singlerfi
potentials were analyzed with amplitudes over 02 m
and with a rise time shorter than 0.3 ms and wittel-
formed negative peak at a bandpass of 1-10 kHter Jit
was obtained as the mean consecutive differenceDMC
for each fiber for a series of 50 responses.

The judgment of abnormal SFEMG was made if any o
the following criteria was met. abnormal values or
blocking in more than 10% of the fibers studiedanean
MCD per study exceeding the upper limits of thenmalr
value [17].

Satistical analysis

Statistical analysis of all data was performed giS®PSS
software. The differences between the mean valtifeeo
groups were compared by the ANOVA test or Chi-sguar
test according to the measurable or enumerablesfiiep

of the data.

790

e

percentile. In our study, the two indexes each \88rand
22 ps. We recommend these two values as the bainds
normality of the masseter of healthy Chinese aquilible

2).

Comparison of the SFEMG findings

The results of the SFEMG findings of the MG groue a
Bresented in Table 1, and the results of the health
Chinese adults are presented in Table 2. In Table3
show the comparison of these two groups. Twentgisev
patients had abnormalities in the masseter muscidatee
overall sensitivity was 90.0%. The positive detattiate

of ocular MG (OMG) and generalized MG (GMG) were
7% (6/9) and 100% (21/21) respectively, and theas mo
statistical difference between the detection rdt¢hese
two MG types P > 0.05). The three normal results were
found among patients with ocular MG, where the
sensitivity was 67%.

tatistical analysis of the sex and age valuesatdil that
here was no significant difference between the two
groups P > 0.05). The mean MCD of the MG group was
67.34 us (SD 21.17 us), which was significantlyedént
compared with the normal control group < 0.01). The
mean percentage of jitter is >33 yus and the meanlsa
blocking percentage were 57.81% and 39.87%
respectively, while in the normal control groupgéewo
values are all 0. The mean jitter and the impulseking
percentage were significantly different between tive
groups P < 0.01).
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Table 1. Demographic and clinical features in 30 MG patgent

Ocular MG (OMG) ESGeI\r/]Ig)allzed MG Total
Age (years) 33.1+£11.12 (13-64) 47.374£15.21 (12-75) 42.77+15.13 (12-75)
Sex (n,%) Male (6,66.67%), Male ( 10,47.62%), Smale ( 16,3%3
Female (3,33.33%) Female (11,52.38%) Female (18746)
Disease onset (n,%) Ocular (6,20.0%) Ocular (15,50.0%)
Oculobulbar (7,23.33%)  Oculobulbar (7,23.33%)
0,
Ocular (9.30.0%) g ihar (6,20.0%) Bulbar (6,20.0%)

Generalized (2,6.67%) Generalized (2,6.67%)
Disease duration at the time of-3 months (6,20.0%) 1-3 months (8,26.67%) 1-3 m®ii4,46.67%)

SFEMG study (n,%) 4-12 month (1,3.33%) 4-12 months (6,20.0%) 4-12 theKi7,23.33%)
More than one yearMore than one yearMore than one year
(2,6.67%) (7,23.33%) (9,30.0%)
Grade | (3,10.0%) Grade | (12,40.0%)
MG grade at the time of SFEMG Grade lla (1,3.33%) Grade lla (1,3.33%)
study (Ossermann typing) (n,%) Grade | (9,30.0%) Grade 1lb (11,36.67%) Grade llb (11,36.67%)
Grade 11 (6,20.0%) Grade l11 (6,20.0%)
SFEMG of masseter (n,%) Abnormal (6,30.0%) Abnor(&l20.0%) Abnormal (27,90.0%)

Table 2. MCD values of the masseter in healthy Chinesetadus)

N = X+SD Range Upper normal limit for jitter ~ X+2.58SD
MCD of individual fiber 282 16.046.59 7~45 33
Mean MCD per study 15 13.6+3.26 11~25.1 22

Table 3. Comparison of the jitter values between two gro(l;ps)

Normal control group (n = 15) MG group (h = 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 (is) 16.0+6.59 67.34+21.17
Jitter > 331s (%) 0 57.81+19.89
Blocking (%) 0 39.87+20.13
"P>0.05;"P<0.01.
Discussion receiving much greater attention in the SFEMG ssidi

because of its characteristics, but we never found
SFEMG has been known to be the most sensitiveorrelative studies about the masseter muscle inaCin
diagnostic procedure for the diagnosis of MG fomgna this study we collected the normative values ftiefjiin
years [6, 7]. Using this detection method, the atmad the masseter of healthy Chinese adults and pertbrme
neuromuscular transmission can be easily foundnin astimulated SFEMG (SSFEMG) of the masticatory
early stage, before impulse blocking or clinicalakeess muscles in patients referred with myasthenia graeis
appearce. However, in the recent studies, peopladfo assess the significance of this methodology.
that it is not specific, for example, in the radapathies
and neuropathies, the specificity of SFEMG has beelt 6% of the myasthenic patients an early fatignetiee
questioned [6, 7]. Therefore, it is advisable tarek for a masseter muscle occurs, and this muscle is usually

kind of muscle that is easily and safely accessiié is  involved in most patients in the later period af tlisease,
highly sensitive. with frank weakness and atrophy developing in 1%38j.[

Furthermore, the masseter muscle presented thedtigh
To our knowledge, the masseter muscle seems tii fulf degree of abnormality compared to the facial, zape
these requirements, and seems to be suitable for tRr limb muscles [19-21]. Overall, we decided toaoit
SFEMG detection. Overall, the masseter muscle weaéie control values of the masseter muscle in theM8E
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detection which can be wused for further
researches. The stimulated jitter values that wbtained

in the masseter are similar with the facial muscles;
because the masseter resembles most closely irasize
length of the fiber, and is similar to the a braddies
results [14]. In our study, we recommend the uppep.
normal limit for jitter of individual fibers and éhmean
MCD per study of healthy Chinese adults as 33 jais22n

ps respectively, which is comparable with othedigs,

30 ps and 21 ps. 3.

Our results confirm the high specificity of SFEMGen
performed on the masseter muscle in the MG patientg
and we found a high frequency of stimulated SFEMG
abnormalities in the masseter muscle in a seriel¥Gf
patients. From our results, the high sensitivityraisseter

in MG is consistent with the findings in other dafacial 5.
muscles by stimulation SFEMG method, for example in
frontalis and orbicularis oculi [22]. Due to shayithe
common origin and contiguous with the other craacdl
muscles in the anatomically, the sensitivity ugsuaf 6.
expected over 90.0% of these muscles in MG patients
The positive detection rate in OMG is only 66.61%he
nine patients with ocular MG, which was a littlewlo
sensitivity. This result maybe has relationshiphwihe
small detection number, and the early investigation
timing, which make it difficult to make definite
conclusion about the value of masseter SFEMG in thé
diagnosis of ocular MG. Statistical analysis of thean
MCD, mean percentage of jitter >33 us and the meafr
impulse blocking percentage values were all sigaiftly
different between normal control group and the MGug

(P < 0.01), which indicated the high sensitivity of
masseter SFEMG in MG. 0.

In addition, from a technical viewpoint, stimulated

SFEMG investigation method of the masseter is easy 10.

accessible, because the location of masseter esfaigl
and clearly locate. Furthermore, most patients ccoul
tolerate this technique, which is much better than
sampling of the orbicularis oculi or frontalis mlesc

11.

In conclusion, the masseter muscle is suitabl&fFEMG

in MG patients, this method is not only easily12

investigated, but it also has a high degree of iteihs

We suggest that the masseter muscle could be dtudie
routinely in patients which are suspected to have
neuromuscular transmission disorders, and the neasse
SFEMG may be of value in the diagnosis of these
diseases.
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