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ABSTRACT 

Background: Myasthenia gravis is a chronic autoimmune disease of the neuromuscular 
junction, clinical and electrophysiological assessment of muscles is necessary for the 
diagnosis. Repetitive nerve stimulation test is reliable and its sensitivity depends on the 
distribution and the severity of the affected muscles. 
Objective: This study aimed to characterize the normal values of jitter for volitional single-
fiber electromyography (SFEMG) of the upper trapezius in healthy subjects and patients 
with generalized myasthenia gravis in Iraq. 
Methods: Fifty-two patients with myasthenia gravis (mean age, 34.8 years; mean duration 
of illness, 4.1 years) underwent single-fiber electromyography of the trapezius, frontalis, and 
extensor digitorum communis (EDC) muscles. In addition, for the control group, 30 healthy 
subjects (mean age, 32.8 years) were subjected to single-fiber electromyography of the 
trapezius.  
Results: The mean jitter of the trapezius in the patient group (67.1 ± 8.7 µs) was 
significantly higher than that in the control group (18.7 ± 4.1 µs; p < 0.001). The normal 
upper limit of trapezius mean (Mean consecutive differences) MCD of 23 µs /study (mean 
± 1 standard deviation) and 26 µs per individual fiber pair, respectively (95th upper 
percentile, 26.4 µs).    
Conclusion: These results suggest that volitional SFEMG of the trapezius is a specific 
investigation for diagnosis of generalized myasthenia gravis even when the examined 
muscle is not clinically weak. Because of relatively poor patient tolerance and a remote risk 
of accidental pneumothorax, it is not advisable to examine the upper trapezius. 
Keywords: Single-fiber electromyography, Trapezius, Myasthenia gravis, Repetitive 
nerve stimulation.    
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Myasthenia gravis, a chronic 
autoimmune disease of the neuromuscular 
junction, is characterized by muscle 
weakness due to destruction of 
acetylcholine receptors at the 
neuromuscular junction(1). The prevalence 
rate of myasthenia gravis has been 
reported to be approximately 16 cases per 
100,000(2). Most patients have circulating 
antibodies to nicotinic receptors (NM) at the 
neuromuscular junction(3,4). Consequently, 
the concentration of acetylcholine available 
for neurotransmission at the neuromuscular 
junction is reduced. A common symptom of 
myasthenia gravis is fluctuating muscle 
weakness that is relieved by rest(5).  
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External ocular, bulbar, and proximal 
limb muscles most commonly exhibit such 
weakness(6). The disease typically follows a 
course of remission and relapse.  

Clinical and electrophysiological 
assessment of muscles is necessary for 
diagnosis of myasthenia gravis. Clinical 
diagnosis of myasthenia gravis is achieved 
by the tensilon test, repetitive nerve 
stimulation (RNS), SFEMG, and detection 
of acetylcholine using receptor antibodies 
and/or muscle-specific tyrosine kinase 
antibodies(7).  

“Repetitive nerve stimulation test is 
reliable and its sensitivity depends on the 
distribution and the severity of the affected 
muscles. The sensitivity of RNS is improved 
when the proximal rather than distal nerves 
are stimulated. Facial nerve is the most 
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commonly examined cranial nerve, and has 
a diagnostic yield of 62% in generalized 
myasthenia gravis”(8). Limitations of 
repetitive stimulation of the facial nerve 
include patient discomfort and necessity for 
stimulation of the contralateral facial nerve 
or ipsilateral and contralateral trigeminal 
nerves. 

The trapezius is a proximal muscle, and 
the sensitivity of the RNS test is high in 
proximal muscles(2). Therefore, the 
rationale of the present study was to induce 
repetitive supramaximal stimulation of the 
trapezius. “In addition, supramaximal 
stimulation of the spinal accessory nerve 
easily performs and causes less pain 
(because this nerve is a pure motor nerve). 
Modification of the maneuver is necessary 
to counteract the immobilization that faced 
in practicing the investigation. In brief the 
subject lay in a supine position, and their 
shoulder was elevated passively with the 
hand of the examiner placed on the 
subject’s arm, and thus held upward firmly. 
The neck of the subject was rotated slightly 
away from the examined side to secure 
some space for stimulation”(9).  

The present study aimed to identify the 
cutoff value of jitter for volitional single-fiber 
electromyography (SFEMG) of the 
trapezius muscle in healthy Iraqi individuals 
and to apply the results for evaluation of 
myasthenia gravis. In addition, the validity 
of the present results was assessed by 
comparing the findings of volitional SFEMG 
(v-SFEMG) and RNS of the same 
trapezius muscle in patients with 
generalized myasthenia gravis. 

–––––––––––––––––––Methods 

The study was conducted at the 
Department of the Neurophysiology, Al-
Yarmouk Teaching Hospital, between June 
2015 and June 2017. Informed consent was 
obtained from all patients and healthy 
subjects, and the ethics committee of the 
hospital approved the study. The control 
group included 30 healthy volunteers (male, 
12; female, 18) recruited from among the 
staff of Al-Yarmouk Teaching hospital. The 
control subjects were all apparently healthy 

and symptom-free, with no history or clinical 
evidence of neurological deficit. The patient 
group included 52 patients (male, 24; 
female, 28) who were referred to the 
hospital by consultant neurologists for 
confirmation of clinical diagnosis of 
myasthenia gravis.  

The patients were forbidden medication 
with acetylcholinesterase enzyme inhibitors 
for 12 hours prior to the electrophysiological 
study. The SFEMG and RNS tests were 
performed using the Nihon Kohden MEB-
9400 EMG system. 

Motor and sensory nerve conduction 
studies of upper- (right median and ulnar) 
and lower- (right and left fibular and left 
sural) limb nerves were performed to rule 
out neuropathic processes and to confirm 
that the nerves that were to be assessed by 
RNS were normal. Moreover, to rule out 
primary muscle diseases, the EMG study 
was performed using a concentric needle.  

Repetitive nerve stimulation of facial 
(orbicularis oculi muscle), spinal accessory 
(upper trapezius), and ulnar (abductor digiti 
minimi) nerves was administered at a low 
frequency of 3 Hz for a train of 10 
responses. Maximal stimulation was usually 
administered using a current of 10–15 mA. 
The intensity of the stimulus was adjusted 
to correspond to two times the maximum 
stimulus (i.e., < 30 mA).   

Since the spinal accessory nerve 
descends along the posterior border of the 
sternocleidomastoid muscle, it was 
stimulated using a surface-stimulating 
electrode. The active electrode was placed 
over the upper trapezius at the angle of the 
neck and shoulder. The stimulating 
electrodes were manually secured when a 
stimulation point with the lowest threshold 
was detected. The recording electrode was 
placed over the upper border of the 
trapezius, midway between the spinous 
process of the seventh cervical vertebra 
and the acromion, with the reference 
electrode being placed over the acromion. 

The result of the RNS test was 
considered positive when the amplitude 
decreased between the first and fourth 
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responses by 20% or more for the facial 
nerve and by 10% or more for the spinal 
accessory and ulnar nerves. A positive 
result observed at rest necessitated 10 s of 
voluntary muscle exercise in order to 
obviate the decrement (post-exercise 
facilitation), while a negative result at rest 
necessitated 1 min of voluntary muscle 
exercise.   

Continuous stimulation was repeated 
every minute for 4 min after the running 
exercise. Once decrement was recorded, 
patients were requested to perform the 
most strenuous exercise for 10 s or more. 
This exercise involved shrugging shoulders 
against resistance; the surface skin 
temperature was maintained at 32℃ to 
avoid false-negative results. 

Volitional single-fiber electromyography 
(v-SFEMG): The upper trapezius, frontalis, 
and extensor digitorum communis muscles 
were evaluated by v-SFEMG using the 
following parameters: gain, 0.05 
mV/division; sweep time, 1 msec /division; 
and band pass, 10–500 Hz.  

“The patient was instructed to activate 
the upper trapezius muscle, and to sustain 
that contraction. Five to six insertions were 
done to report 10 to 20 pairs of single 
muscle fiber action potentials. The needle 
was reallocated as far as a single muscle 
fiber potential was optimally placed, then a 
search for a second action potential that 
was time locked to the first action potential, 
imply that it was from the equivalent motor 
unit. Numerus, successive firing of the 
muscle fiber action potential pairs were 
ultimately registered” (10).  

The criteria for acceptable potential pairs 
were (11) “an amplitude of more than 200 μV, 
and a rise time of less than 300 µs”. “At least 
20 pairs were requested from control 
subjects. Jitter was considered abnormal if 
2 out of 20 pairs exceeded the normal value 
for that muscle or if mean consecutive 
difference (MCD) of jitter exceeded the 95 
percentile value” (12). 

The criteria for abnormal SFEMG were 
as follows: mean jitter > 50 µs and/or > 10% 
of pairs exhibiting jitter > 55 µs with or 

without blocking. Blocking was defined as 
discharges dropped during consecutive 
discharging at MCD ≥ 80 µs. Reference 
values for SFEMG of healthy EDC and 
frontalis muscles were derived from 
previous studies(13,14). 

Qualitative and quantitative analysis of 
variables was performed using the 
Statistical Package f o r  Social  
Sciences (SPSS) version 16.1. 
Intergroup differences in quantitative 
variables were evaluated by the unpaired 
two-tailed Student's t-test.  A p value of 0.05 
was considered as the highest limit of 
significance. 

–––––––––––––––––––Results 

Table 1 shows the characteristics of the 
patients included in this study. The patient 
group (mean age, 32.8 years; age range, 
23–63 years) included 24 men (46.1%; 
mean age, 42.3 years) and 28 women 
(53.8%; mean age, 34.2 years). The mean 
and median disease durations in the 
patients group were 4.1 ± 5.4 years (range, 
2 months to 21 years) and 1.3 years, 
respectively, (Table 1). The control group 
(mean age, 32.8 ± 13.5 years; age range, 
20–58 years) included 12 men (40%) and 
18 women (60%).   

The results of the RNS test were 
negative in all control subjects. In the 
patient group, the results of the RNS test 
were negative in 18 patients and positive for 
one, two, and three nerves in 5, 20, and 9 
patients, respectively, (Table 1). 

The results of SFEMG are presented in 
Table 2. In the control group, SFEMG 
findings of the trapezius revealed minimum 
and maximum MCD values of 13.2 and 27.9 
µs, respectively, with mean ± standard 
deviation values of 20.6 ± 4.2 and 20.4 µs, 
respectively. The 95th percentile for a 
single-fiber pair was 26.7 µs. The proportion 
of abnormal pairs was 2.72 and no 
instances of blocking were observed, 
(Table 2, Figure 2). 

In the patient group, SFEMG results of 
the trapezius muscle revealed abnormal 
MCD values for all subjects (100%); 48 
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(92.3%) patients exhibited significant 
percentages of abnormal pairs, and 19 
(38.4%) exhibited blocking, (Table 2, Figure 
2). The SFEMG results of the frontalis 
muscle also revealed abnormal mean MCD 
values; 48 (92.3%) patients exhibited 
significant percentages of abnormal pairs, 
and 16 (30.7%) exhibited blocking, (Table 
2). In case of the EDC, 47 (90.3%) patients 
exhibited abnormal MCD values and 
significant percentages of abnormal pairs, 
and 14 (26.9%) patients exhibited blocking, 
(Table 2). 

There were significant differences 
between the control and patient groups in 

terms of mean MCD (p < 0.001), 
percentage of abnormal pairs (p < 0.001), 
and percentage of blocking (p = 0.02) of the 
trapezius muscle. In the patient group, there 
was no statistically significant difference in 
percentage of abnormal pairs (p = 0.175) 
among the EDC (59.2%), frontalis (70.1%), 
and trapezius (70.3 %) muscles. However, 
significant differences in percentage of 
blocking were observed among the three 
groups (EDC, 26.9%; trapezius, 38.4%; 
frontalis muscle, 40.3%; p = 0.001). The 
sensitivity of mean MCD of the trapezius, 
frontalis, and EDC muscles were 100%, 
100%, and 90%, whereas the sensitivity of 
the RNS test was approximately 63%.

 
Table 1: Patient characteristics. 

Variable Results 
No. (%) 

Age, years 32.8 ± 10.8 

Sex 
Male 
Female 

 
24 (46.1) 
28 (53.8) 

Duration of illness, years 4.1 ± 5.5 

Repetitive nerve stimulation findings 
Negative 
Positive — one nerve 
Positive — two nerves 
Positive — three nerves 

 
18 (34.6) 
5 (9.6) 

20 (38.4) 
9 (17.3) 

Values are expressed as mean ± standard deviation or number (percentage).  

 
Table 2: SFEMG data of the trapezius, frontalis, and EDC muscles. 

SFEMG parameters Control group 
Trapezius 

Patient group 
Trapezius 

Patient group 
Frontalis 

Patient group 
EDC 

Median MCD, µs 21.3 67.8 68.9 73.5 

Mean MCD, µs 21.9 ± 4.2 64.2 65.1 71.2 ± 11.3 

Abnormal pair, % 3.2 ± 3.4 70.3 ± 29.2 70.1 ± 27.3 59.2 ± 22.3 

Blocking, % 0 38.4 40.3 26.9 
Values are expressed as number (percentage) or mean ± standard deviation. 
SFEMG, single fiber-electromyogram; EDC, extensor digitorum communis; MCD, mean consecutive difference. 
 
 
 

 

Figure 1: Normal single-fiber EMG of the upper trapezius. 
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Figure 2: Abnormal single-fiber EMG of the upper trapezius. 

 

–––––––––––––––––Discussion 

Repetitive nerve stimulation is a valid 
technique for assessment of generalized 
myasthenia gravis(15). “However, the 
sensitivity of RNS, is variable and it 
depends on the severity of disease, 
distribution of the involved muscles, use of 
acetylcholinesterase inhibitor drugs, and 
the examined nerves. The sensitivity of 
conventional RNS is low in mild myasthenia 
gravis, therefore single fiber EMG could 
serve as a confirmative diagnostic test”(16). 

In the present study, the proportion of 
women was slightly higher than that of men, 
who presented with myasthenia gravis at a 
younger age than did women(17). Single-
fiber EMG is the most valuable clinical test 
for diagnosis of myasthenia gravis; serial 
measurements of jitter can be useful for 
disease follow-up and assessment of 
treatment effects. This test should be 
administered when RNS test findings are 
negative or equivocal(15). “When abnormal 
NMT has been demonstrated by RNS, the 
finding of abnormal jitter does not add to the 
diagnosis, although it may be useful in 
providing baseline values for comparison 
with the results of subsequent studies”(5).  

Several studies have reported normal 
MCD values of the frontalis (42.6 ± 6.8 µs) 
and EDC (42.68 ± 6.1 µs) muscles like Balci 
et al(18) and Farqad et al(19).  

Kokubun et al(20) reported an MCD value 
of 56.8 μs for v-SFEMG of the frontalis 
muscle. These differences in MCD values 
among various studies might be attributable 

to differences in technique, muscle type, 
and subject age.  

In the present study, the sensitivity of 
SFEMG of the EDC among patients with 
myasthenia gravis was 90%; previous 
studies involving patients with generalized 
myasthenia gravis have reported sensitivity 
values of 96.4%(16), 99%(20), and 74%(12). A 
possible explanation for these differences in 
sensitivity among various studies is the 
difference in proportion of patients who did 
not experience muscle weakness at the 
time of examination. Two of the present 
subjects exhibited normal SFEMG results 
for the EDC and did not experience muscle 
weakness. In the present study, SFEMG of 
the trapezius and frontalis muscles 
exhibited 100% sensitivity, which 
corresponds with the results reported by 
Kokubun et al(20) in patients with 
generalized myasthenia gravis. In addition, 
42 patients in the present study exhibited 
normal findings upon SFEMG of the 
trapezius, while the remaining 10 patients 
exhibited minimal to moderate weakness of 
the upper trapezius. 

These findings support the assumption 
that SFEMG of the trapezius is an extremely 
hypersensitive diagnostic method for 
myasthenia gravis, even in the absence of 
clinical muscle deficit. The high sensitivity of 
SFEMG of the trapezius in myasthenia 
gravis corresponds with SFEMG findings in 
other faciocranial muscles, such as the 
frontalis and sternocleidomastoid muscles 
(volitional mode of measurement)(9) and the 
orbicularis oculi(10). The trapezius and 
frontalis muscles exhibited a significantly 
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higher percentage of blocking than did the 
EDC, because of its little safety element. In 
this study, SFEMG of the trapezius 
exhibited 100% sensitivity, which is in 
agreement with the findings of Stalberg et 
al(8), who reported a sensitivity of 
approximately 90% for the combined results 
of ocular and generalized myasthenia 
gravis.  

In conclusion; The present study 
determined the normal limits of MCD values 
of the trapezius. Volitional SFEMG of the 
trapezius is an extremely sensitive tool for 
diagnosis of generalized myasthenia gravis, 
and its sensitivity is related not to muscle 
weakness but to disease severity. Upper 
trapezius SFEMG analysis is not 
recommended because patients have 
better tolerance to sampling of the frontalis 
muscle than to sampling of the upper 
trapezius. Moreover, upper trapezius 
SFEMG carries a relatively high risk of 
pneumothorax. 

–––––––––––––––––References  

1- Jaretzki A, Barohn RJ, Ernstoff RM, Kaminski HJ, 
Keesey JC, Penn AS, Sanders DB. Myasthenia 
gravis: recommendations for clinical research 
standards. Task Force of the Medical Scientific 
Advisory Board of the Myasthenia Gravis 
Foundation of America. Neurology 2000; 55: 16-
23. 

2- Shin J Oh. Clinical Electromyography, Case 
studies (2nd edition). Pan-Korean Book 
Corporation, 2013; p.391. 

3- Gilchrist JM, Sachs GM. Electrodiagnostic studies 
in the management and prognosis of 
neuromuscular disorders. Muscle Nerve 2004; 
29(2): 165-90. 

4- Preston DC, Shapiro BE. Neuromuscular junction. 
In: Electromyography and Neuromuscular 
Disorders.  (3rd ed.). USA: Elsevier, 2013. p. 559. 

5- Rana AQ, Ghouse AT, Govindarajan R. 
Neurophysiology in Clinical Practice. 2017; 
Switzerland: Springer P 153.  

6- Kimura J. Electrodiagnosis in Diseases of Nerve 
and Muscle: Principles and Practice (4th ed). 
Philadelphia FA Davis.  2013; pp 184-200. 

7- Amato AA, Russell JA. Neuromuscular disorders, 
Boston: McGraw-Hill Education Medical .2008; p. 
457. 

8- Stålberg EV, Trontelj JV, Sanders DB. Single 
Fiber EMG (3rd ed). 2010. Fiskebakskil: Edshagen 
Publishing House. 

9- Ogawa G, Sonoo M, Hatanaka Y, Kaida K. A new 
maneuver for repetitive nerve stimulation testing 
in the trapezius muscle. Muscle Nerve 2013; 
47(5): 668-672. 

10- AANEM Quality Assurance Committee. American 
Association of Electrodiagnostic Medicine. 
Literature review of the Usefulness of repetitive 
nerve stimulation and single fiber EMG in the 
electrodiagnostic evaluation of patients with 
suspected myasthenia gravis or Lambert-Eaton 
myasthenic syndrome. Muscle Nerve 2001; 24(9): 
1239-47. 

11- Srivastava A, Kalita J, Misra UK. A comparative 
study of single fiber electromyography and 
repetitive nerve stimulation in consecutive 
patients with myasthenia gravis. 
Electromyography Clin. Neurophysiology 2007; 
47(2):93-96. 

12- Ptolemaios G, Sarrigiannis MD, Robin P. Single-
fiber EMG with a concentric needle electrode: 
Validation in Myasthenia gravis. Muscle Nerve 
2006; 33(1): 61-65. 

13- Mostafa M, Abdel Kader A, Mostafa S, Farouk A, 
Nawito A. Single-fiber electromyography in the 
diagnosis of myasthenia gravis. Kasr El-Aini Med 
J 2005;11(4):79-86. 

14- Rousseff RT, Khuraibet AJ, Al-Shubaili AF, 
Tzvetanov P. Stimulated jitter in the masseter 
muscle: normative values. Muscle Nerve 2007; 
35(2): 243-5.  

15- Tulio E.Bertorini. Neuromuscular disorders. 
Elsevier, W.B Saunders. 2011; p. 307.  

16- Shin J Oh. Clinical Electromyography, Case 
studies (2nd edition). Pan-Korean Book 
corporation, 2013; p.391. 

17- Dumitru D, Amato AA, Zwarts M. 
Electrodiagnostic medicine (2nd ed). Philadelphia: 
Hanley & Belfus Inc. 2002; p. 1127.  

18- Balci K, Turgut N, Nurlu G . Normal values for 
single fiber EMG parameters of frontalis muscle in 
healthy subjects older than 70 years. Clin 
Neurophysiology 2005; 116(7): 1555-7.  

19- Farqad B Hamdan, Fakher S Al-Ani, Khalil Al-
Shiakhly. Single fiber EMG in Duchenne muscular 
dystrophy. Iraqi PMJ 2003; Vol. 2, No. 3.  

20- Kokubun N, Sonoo M, Imai T, Arimura Y et al.   
Reference values for voluntary and stimulated 
single-fiber EMG using concentric needle 
electrodes: A multicenter prospective study. Clin 
Neurophysiology 2012; 123(3): 613-20.  

 

–––––––––––––––––––––––––––––––––––––––––––––––––––––  IMJ 2018;64(1):77-82. 

 


