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Abstract

Objectives: The purpose of this study was to find out 
validity of Surface Electromyography(sEMG) compared 
with Nerve Conduction Study and clinical assessment 
scale as assessment factors for facial palsy.

Methods:  We investigated 50 cases of patients with pe-
ripheral facial palsy who had records of sEMG and NCS 
to check. Then we analyzed the correlation between 
sEMG and NCS that carried out around 1 week after 
onset. And we analyzed the correlation between sEMG 
and clinical assessment scales that were measured three 
times around 1 week, 3-4 weeks and 5-6 weeks after on-
set. Clinical assessment scales used in this study were 
House-brackmann grade, Yanagihara unweighted grad-
ing scale and Sunnybrook facial grading system. We 
used Pearson's correlation for statistical analysis.

Results: sEMG and NCS, measured at similar times, 
were statistically correlated. Especially, the correla-
tion with the forehead region was high. And sEMG 
and clinical assessment scale, measured at same time, 
were statistically correlated, especially after 5 weeks 
from onset.
 
Conclusion:  According to this study, sEMG is expect-
ed to be useful to assessment facial palsy.

1. Introduction

 Facial nerve palsy is the most common disease of cra-
nial nerve. The symptoms of eyes and mouth twisted to 
one side due to paralysis of the facial muscles are typi-
cal and It may be accompanied by abnormal sensation 
and pain of the face or the cervix, decreased tear, taste 
disorder, decreased saliva secretion, pain around the 
ear, and hearing sensitivity [1].
 The assessment tools for facial nerve palsy include 
clinical assessment scales such as House-Brackmann 
grade, Yanagihara unweighted grading system, Sunny-
brook facial grading system, which evaluate the paral-
ysis by the evaluator by visually checking the appear-
ance of the patient [2, 3], and electrophysical tests such 
as nerve excitability test (NET), Nerve conduction 
study (NCS), electromyography (EMG), blink reflex [4]. 
Among these, EMG is a method of quantifying the de-
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gree of contraction of skeletal muscles, and EMG analysis 
has been actively used as an effective method for evaluat-
ing the contraction activity of human muscles [5].
 EMG is an electrical measurement method for one unit 
of motion in an invasive manner using a needle electrode. 
This method causes pain to the patient and only detects 
information related to the tip of the needle electrode [6]. 
On the other hand, although surface electrodes have a dis-
advantage in having high cross noise in the signal being 
measured and measuring the activity of muscles located 
at the core, the patient has no pain and simple to the tester 
because of non-invasive method of attaching electrodes to 
the surface. And all information of one motion unit can be 
detected [5, 7].
 Studies on the exercise and rehabilitation of the mus-
culoskeletal system have been actively conducted using 
the characteristics of sEMG. There are studies on the use 
of sEMG in the facial muscles, such as the location of the 
electrodes [8, 9], the types of electrodes, Frigerio A et al. 
[10] Have studied the sEMG of the orbicularis oculi m. and 
subsequently, in Korea, Kim et al. studied the motion of 
the orbicularis oris m. of health people. In a study for fa-
cial nerve palsy, Kim et al. [11] reported the correlation be-
tween sEMG and clinical assessment scale of facial nerve 
palsy in 21 patients within 90 days of onset. However, there 
was no follow-up study or comparison of sEMG with con-
ventional electrophysiology.
 Therefore, in this study, we compared the clinical records 
of NCS, sEMG, and clinical assessment scales in patients 
with facial nerve palsy between August 2017 and January 
2018. The research was conducted.

2. Methods 

2.1. Patients

We reviewed the medical records of patients who visited 
the OO University Korean Medicine Hospital who were di-
agnosed with peripheral facial nerve palsy, and who had 
received inpatient and outpatient treatment between Oc-
tober, 2017 and January, 2018. Approval for the study was 
received from the institutional review board of Dong-Eui 
University Korean Medicine Hospital (IRB no. 2016-08)

 The inclusion criteria were: (1) patients were diagnosed 
with peripheral facial nerve palsy; (2) patients had present-
ed to hospital within 14 days of the onset of facial nerve 
palsy; (3) patients had records of NCS and three sEMG to 
check.

 The exclude criteria were: (1) patients had facial palsy 
caused by central nerve disease; (2) patients had history of 
facial palsy; (3) patients had facial skin disease; (4) patients 
had difficulty in moving the face by plastic surgery of facial 
surgery; (5) patients had systemic diseases that can affect 
facial sEMG; (6) patients were deemed inappropriate by 
researcher. 

2.2. Assessment scale

We used the House-Brackmann grade, the Yanagihara 
unweighted grading system, and the Sunnybrook facial 

grading system as clinical assessment scale for facial nerve 
palsy.

2.2.1. House-Brackmann grade (HBGS) [12]

Depending on the degree of paralysis, G Ⅰ to G Ⅵ are 
evaluated in six steps. G Ⅰ means complete normal state, 
G Ⅵ means complete paralysis, and the more severe the 
paralysis, the larger the number.

2.2.2. Yanagihara unweighted grading system 
(Y-Score) [13]

The total score is calculated by imposing a score of 0-4 
points on each of 10 items evaluating the state and motion 
of each facial region. The complete paralysis is assessed as 
0 point and the normal 4 point. The total score is 40 points. 
The more severe the paralysis, the lower the score. 

2.2.3. Sunnybrook facial grading system (S-Score) 
[14]

It is method to evaluate the paralysis of the laralysis by 
subtracting score of Symmetry of resting multiplied 5 and 
score of synkinesis from score of Symmetry of voluntary 
movement multiplied 4. The total score of the normal state 
is 100 points. The more severe the paralysis, the lower the 
score.

2.3. Measurements

2.3.1. Measuring instrument

We measured sEMG of patients with facial nerve palsy us-
ing QEMG-4XL (LAXRTHA, Korea). The sEMG was meas-
ured by attaching the disposable electrode to the surface 
of the muscle group and then connecting the ground elec-
trode.

2.3.2. Measuring method

The sEMG was measured by a Korean medicine doctor 
who was fully familiar with the measurement method. 
Measurements were performed around a week after onset, 
around 3-4 weeks after the onset, and 5-6 weeks after the 
onset. The NCS was performed by the Department of Neu-
rology at OO Hospital. 

 The sEMG measurement site was selected from the fore-
head, cheek and mouth, where muscle movement was 
significant and electrode attachment was relatively easy. 
Electrode Were attached to GB14 ‧ middle of ST4 and SI18 
‧ side 1 chon (寸) of the CV24, corresponding to Frontalis 
m, Zygomaticus major m, Orbicularis oris m, such. Ground 
electrode were attached TE17 [15].

 Before attaching the electrodes, the measurer will fully 
explain the movement of the muscles in a state of facing 
the patient and allow the patient to perform the move-
ment of the muscles correctly. Frontalis m. was examined 
by raising eyebrows and making forehead wrinkles. Zygo-
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maticus major m. was examined by raising the cheek. Or-
bicularis oris m. was examined by making the lips round 
like when make an 'o' sound. Tension time keeps the mus-
cles moving for 3 seconds and relaxation time keeps the 
muscles relaxed for 5 seconds. Tension time and relaxation 
time are repeated three times and the EMG of the muscle 
is measured. The examination time was about 20 minutes 
including preparation time and cleaning time.

 The unit of measured value of sEMG is root mean square 
(RMS), which is the EMG signal amplitude value obtained 
by squaring signal magnitude for a certain time interval. 
In this study, the measurement value of sEMG, expressed 
as root mean square (RMS), was quantified as the ratio of 
the infected side to the unaffected side (%). NCS records 
the Compound Muscle Action Potentials (CMAP), which 
occurs in the distal muscle of the nerve after giving max-
imum stimulus to the proximal portion of the peripheral 
nerve. Terminal latency, amplitude, and nerve conduction 
velocity (NCV) are measured by this method. Among the 
measurements of Orbicularis Oculi collected by NCS test, 
the amplitude value was quantified as the ratio of the af-
fected side to the unaffected side (%).

2.4 Statistical analysis

Statistical analysis was performed using SPSS 18.0 for 
Windows (SPSS Co, USA). Values were presented as mean 
± standard deviation (SD). Pearson's correlation analy-
sis was used to analyze the correlation between sEMG, 
NCS, and clinical evaluation, and p-value less than 0.05 
was considered significant. Correlation coefficient (r) was 
shown in Pearson correlation analysis results.

3. Results

3.1. General characteristics

The gender distribution of 50 subjects in this study was 28 
men (56%) and 22 women (44%). The mean age was 49.56 
± 14.04 years. The direction of paralysis was 32 cases (64%) 
in the right side and 18 cases (36%) in the left side. HBGS, 
measured around a week after onset, was Ⅲ in 11 cases 
(22%), Ⅳ in 12 cases (24%), and Ⅴ 27 in 27 cases (54%). 
(Table 1)

 The mean of the NCS measurements measured around 
a week after the onset was 56.04 ± 18.66%. The mean value 
of sEMG measurements in the frontalis region was 31.59 ± 
21.20% in the first, 62.42 ± 48.21% in the second, and 65.32 
± 26.46% in the third. The mean value of sEMG in the Zy-
gomaticus region was 40.68 ± 23.22% in the first, 64.88 ± 
27.75% in the second, and 63.63 ± 25.60% in the third. The 
mean value of Oribicularis oris was 40.44 ± 22.29% in the 
first, 56.55 ± 25.56% in the second, and 58.19 ± 23.90% in 
the third. The mean value of HBGS was 4.32 ± 0.82 in the 
first, 3.12 ± 1.08 in the second, and 2.38 ± 1.01 in the third. 
The mean value of Y-sore was 13.1 ± 6.07 in the first, 26.12 ± 
8.93 in the second, and 31.42 ± 7.78 in the third. The mean 
value of S-score was 38.00 ± 18.62 in the first, 66.96 ± 22.49 
in the second, and 78.97 ± 19.08 in the third. (Table 2) 

3.2. Correlations between NCS and sEMG 

We analyzed correlations between NCS and sEMG that 
were measured around 1 week after onset. There was a sta-
tistically significant positive correlation between the NCS 
and the sEMG measurements of the frontalis region, the 
Zygomaticus region, the mean of the three regions. And 
the sEMG measurement of the frontalis region was most 
correlated with the NCS measurement. (Table 3)

3.3. Correlations between NCS, sEMG and Clinical 
scales

3.3.1. Around a week from onset

There was a statistically significant negative correlation 
between the NCS measurement and HBGS. And threr was 
a statistically significant positive correlation between NCS 
measurement and Y-score, S-score. subsections of Y-score 
except y1. There was a statistically significant positive cor-
relation between the sEMG measurement of frontalis re-
gion and Y-score, S-score, y2, y8-10. There was a statistically 
significant negative correlation between the sEMG meas-
urement of zygomaticus region and HBGS. And there was 
a statistically significant positive correlation between the 
sEMG measurement of zygomaticus region and S-score, 
all subsections of Y-score. There was not a statistically sig-
nificant correlation between the sEMG measurement of 
orbicularis oris region and all of clinical assessment scale. 
There was a statistically significant positive correlation be-
tween the sEMG measurement of orbicularis oris region 
and Y-score, S-score, y2, 3, 9, 10. (Table 4)

3.3.2. Around 3-4 weeks after Onset
 

There was a statistically significant positive correlation 
between the sEMG measurement of frontalis region and 
Y-score, S-score, y2 and y7-10. There was a statistically 
significant positive correlation between the sEMG meas-
urement of zygomaticus region and Y-score, y2-4, y6 and 
y7. There was a statistically significant negative correla-
tion between the sEMG measurement of orbicularis oris 
region and HBGS. And there was a statistically significant 
positive correlation between the sEMG measurement of 
orbicularis oris region and Y-score, S-score, all subsec-
tions of Y-score. There was a statistically significant nega-
tive correlation between the mean of sEMG measurement 
and HBGS. And there was a statistically significant positive 
correlation between the mean of sEMG measurement and 
Y-score, S-score, all subsections of Y-score. (Table 5) 

3.3.3. Around 5-6 weeks after Onset
 

There was a statistically significant negative correlation 
between the sEMG measurements of 3 regions, the mean 
of sEMG measurement and HBGS each. And there was a 
statistically significant positive correlation between the 
sEMG measurements of 3 regions, the mean of sEMG 
measurement and Y-score, S-score, all subsections of 
Y-score, each. (Table 6)
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Table 1 Basic Characteristics

Table 2 Mean of NCS and sEMG Clinical Assessment Scale

Table 3 Correlations between NCS and sEMG
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Table 4 Correlations between NCS, sEMG and Clinical Assessment Scales around 1 week after Onset 
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Table 5 Correlations between NCS, sEMG and Clinical Assessment Scales around 3-4 weeks after Onset 
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Table 6 Correlations between NCS, sEMG and Clinical Assessment Scales around 5-6 weeks after Onset 
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4. Discussion

Facial nerve palsy is reported to occur in 20-30 people per 
100,000 people [1]. And it occurs in all ages, but it is com-
mon in the 20-30s. The male to female ratio is the same 
and mostly unilateral, with the same on both sides. Facial 
nerve palsy is based on electrical nerve damage and de-
generation, and 86% is reported to be fully recovered if de-
generative changes do not occur [1]. Therefore, initial eval-
uation of facial nerve palsy is important for the treatment 
and prognosis evaluation, and an objective evaluation tool 
for the evaluation of the treatment results is needed. 

 The electro-diagnostic test can measure the facial nerve 
status, degree of impairment, and prognosis of facial nerve 
palsy in a relatively short period, and it was easy to track 
and observe the prognosis of a patient with persistent 
palsy. In the assessment of prognosis and report of treat-
ment effect, it was necessary to use different assessment 
methods appropriately according to the treatment peri-
od, as Gantz et al. reported that the combination of NCS 
and EMG can distinguish between short-term recovery or 
long-term sequelae in patients with facial nerve palsy.

 NCS is widely used to determine the status and progno-
sis of peripheral nerve disorders, so NCS is widely used to 
evaluate facial nerve palsy. NCS is used to diagnose and 
evaluate diseases by evaluating the functional status of the 
nerves through nerve activity potentials induced by stim-
ulation of peripheral motor or sensory nerves. NCS shows 
changes in the amplitude and nerve conduction of the 
nerve activity potential in the muscles dominated by the 
denatured nerve [16].

 The nEMG measures the potential during the resting 
period and during the voluntary contraction period by in-
serting the fine needle electrode into the muscle, so it has 
the advantage of being able to find activity units that are 
not found in other tests [17]. Grosheva et al. [18] Reported 
that nEMG was useful in assessing the prognosis of acute 
facial nerve palsy in a series of tests, and 14 days of onset 
were the appropriate time for testing because the neuro-
logical damage site can be identified after 14 days after the 
onset. However, nEMG causes pain in the patient due to 
the insertion of the electrode, and can be erroneous if not 
inserted correctly in a specific muscle [6]. 

 In contrast, there is no pain induction, and the method is 
simpler than the conventional nEMG, which makes it easy 
to repeat measurement and follow-up because sEMG is a 
non-invasive method that attaches electrodes to the skin 
surface [5, 6, 8]. Nikolaus et al. [19] Have proposed a new 
direction of facial sEMG studies by studying the facial EMG 
patterns of normal people using the sEMG devices, Kim et 
al. [10] Suggested the possibility of sEMG as an assessment 
tool of facial nerve palsy by analyzing the correlation be-
tween sEMG and clinical assessment scale.

 Although there have been studies to utilize sEMG for fa-
cial nerve palsy, there have been no studies that have ob-
tained objective validity, and there have been no follow-up 
studies based on comparison with conventional electro-
physiological methods or treatment timing. The aim of this 
study was to analyze the correlation between the sEMG 
and clinincal assessment scale according to treatment 
timing, NCS, which are widely used in the assessment of 

facial nerve palsy, to evaluate the objectivity of sEMG as 
an assessment tool for facial nerve palsy. This study was 
designed to analyze the patient's medical records retro-
spectively, which can check the records of sEMG, NCV, and 
clinical assessment scales among the facial nerve palsy pa-
tients treated at OO University Korean Medicine Hospital 
from August 1, 17 to February 15,

Clinical assessment scales were evaluated using 
House-Brackmann grade (HBGS), Yanagihara unweighted 
grading system (Y-score) and Sunnybrook facial grading 
system (S-score) on the day of measuring sEMG. NCS was 
measured around 1 week after the onset, and the ampli-
tude value of Orbicularis oculi m. was quantified as the ra-
tio of the affected side to the unaffected side (%). sEMG was 
measured three times, around 1 week, 3-4weeks, 5-6weeks 
after the onset. The sEMG was measured on the forehead, 
cheek and mouth. Electrodes were attached at GB14, the 
middle ST4 and SI18 and on the side of CV24, correspond-
ing to Frontali m., Zygomaticus major m., Orbicularis oris 
m. The measurement value of sEMG, expressed as root 
mean square (RMS), was quantified as the ratio of the in-
fected side to the unaffected side (%).

 As shown in this study, there was a significant correla-
tion between NCS and sEMG measurement, and there 
was a significant correlation between sEMG and clinical 
assessment scale. There was a statistically significant posi-
tive correlation between the NCS and the sEMG measure-
ments of the frontalis region, the Zygomaticus region, the 
mean of the three regions. And the sEMG measurement 
of the frontalis region was most correlated with the NCS 
measurement. The correlation between NCS and clini-
cal assessment scale has already been revealed. In this 
study, there was a significant correlation with all clinical 
assessment scales except y1 corresponding to asymmetry 
at rest, which is subsection of Y-score. HBGS had a signifi-
cant negative correlation with all measured values except 
the sEMG measurements of the frontalis, orbicularis oris 
measured around 1week after onset, and the frontalis, zy-
gomaticus measured around 3-4 weeks after onset. There 
was a significant positive correlation between the Y-score 
and the sEMG measurement except the measurements of 
zygomaticus and orbicularis oris around 1 week after the 
onset of the disease. Of the Y-score subsections, y2, relat-
ed to forehead region, was significantly correlated with the 
sEMG measurements of the frontalis region at all period, 
and y8-10, related to mouth region, were significantly cor-
related with the sEMG measurements of the orbicularis 
oris region after 3 weeks after onset. S-score was signifi-
cantly correlated with sEMG measurements except for the 
orbicularis oris region around 1 week after the onset.

 These results indicate that the sEMG measured around 
1 week after the onset was correlated with the NCS meas-
urement used to evaluate facial nerve palsy, and there was 
a significant correlation between the sEMG measurement 
and the clinical assessment scale that externally assessed 
the status of facial palsy. Especially, the sEMG measure-
ment after 5 weeks from onset had a significant correla-
tion with the clinical assessment scales. This suggests that 
sEMG measurements can be used as an objective assess-
ment tool for facial nerve palsy. The sEMG measurement 
of the orbicularis oris region around 1 week after the onset 
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was not significantly correlated with the NCS measure-
ment and all the clinical assessment scales. It was pre-
sumed that Orbicularis oris m. was the muscle connected 
to the left and right, so movement of unaffected side effects 
the outcome. After 3 weeks, the paralysis was recovered 
and the affection of the normal side was considered to be 
low. However further study is necessary for clarifying the 
reasons and the drawbacks. In addition, the sEMG meas-
urement of the frontalis region of the first test, the frontalis 
region, the zygomaitcus region of the second test were not 
correlated with the HBGS, and only the correlation with the 
Y-score was confirmed. This suggests that the Y-score can 
evaluate various paralysis compared to the HBGS divided 
6 grade, because Y- score can be expressed by dividing the 
degree of the whole paralysis into a continuous number 
(0-40). In the study of Kim et al., to evaluate facial nerve 
palsy, it was necessary to use a gross scale like HBGS and a 
regional grading system such as Y-system, because HBGS 
was general in each grade, it was difficult to express min-
ute changes and it could not evaluate various degrees of fa-
cial paralysis. In the study results, the differences between 
measurement in the muscle group seem to be related to 
the characteristics of the sEMG, that the signals from the 
muscles around the measurement site are likely to affect 
the measurement results. In addition, unlike mechanical 
measurements, the clinical assessment scale may reflect 
some of the subjectivity of the examiner, so it was possi-
ble that an evaluation by another evaluator has caused an 
error. In order to utilize sEMG for facial nerve palsy, it was 
necessary to carry out studies to supplement this part, and 
it was expected that sEMG could be used for evaluation of 
facial nerve palsy through continuous research.

5.Conclusion

We studied 50 patients who were able to check NCS and 
sEMGs of patients who were treated with peripheral facial 
nerve palsy at OO University Korean Medicine Hospital 
from August 1, 2017 to February 15, 2018, and obtained the 
following results:

(1) There was a significant positive correlation between 
the NCS and measurement of sEMG at Frontalis and Zygo-
maticus region, the mean value of sEMG.

(2) There was a significant negative correlation between 
sEMG and HBGS, and there was a significant positive cor-
relation with Y-score and S-score.

(3) There was a significant correlation in some cases, 
between the sEMG measurement and the clinical assess-
ment scale around 1week after onset.

(4) There was a significant correlation in some cases, be-
tween the sEMG measurement at frontalis, zygomaticus 
region and the clinical assessment scale around 3-4 weeks 
after onset. There was a significant correlation between the 
sEMG measurement at orbicularis oris region and the clin-
ical assessment scale around 3-4 weeks after onset.

(5) There was a significant correlation between sEMG 
measurement at all sites and clinical assessment scale 
around 5-6 weeks after onset.
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