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Objectives. Facial nerve monitoring (FNM) can be used to identify the facial nerve, to obtain information regarding its
course, and to evaluate its status during parotidectomy. However, there has been disagreement regarding the efficacy
of FNM in reducing the incidence of facial nerve palsy during parotid surgery. Therefore, instead of using electromyography (EMG) to identify the location and state of the facial nerve, we applied an intraoperative neuromonitoring
(IONM) system using a surface pressure sensor to detect facial muscle twitching. The objective of this study was to investigate the feasibility of using the IONM system with a surface pressure sensor to detect facial muscle twitching
during parotidectomy.
Methods. We evaluated the stimulus thresholds for the detection of muscle twitching in the orbicularis oris and orbicularis
oculi, as well as the amplitude and latency of EMG and the surface pressure sensor in 13 facial nerves of seven rabbits, using the same stimulus intensity.
Results. The surface pressure sensor detected muscle twitching in the orbicularis oris and orbicularis oculi in response to a
stimulation of 0.1 mA in all 13 facial nerves. The stimulus threshold did not differ between the surface pressure sensor and EMG.
Conclusion. The application of IONM using a surface pressure sensor during parotidectomy is noninvasive, reliable, and
feasible. Therefore, the IONM system with a surface pressure sensor to measure facial muscle twitching may be an alternative to EMG for verifying the status of the facial nerve.
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Facial nerve palsy (FNP) is an immediate and potentially serious
complication of parotid or otologic surgery. In addition to causing cosmetic problems, FNP can also lead to functional impairment, affecting patients’ quality of life and potentially resulting
in expensive medical litigation [1,2]. Most cases of facial nerve
damage are caused by stretching, entrapment, compression,
thermal injury, or ischemia [3]. Hitherto, transient FNP has been
reported in approximately 65% of parotidectomy patients, and
permanent facial weakness has been reported in 4% to 7% of
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patients [4-9]. Facial nerve monitoring (FNM) is a procedure
that can be used to identify the facial nerve, obtain information
regarding the course of the facial nerve, and evaluate the status
of the facial nerve in patients undergoing parotidectomy [10].
Intraoperative FNM is an adjunctive method that can be used
by surgeons to ensure the functional preservation of the facial
nerve during parotid, neurotologic, and skull-base surgery. It has
been reported that in the United States, 60% of surgeons used
FNM during parotidectomy, but 40% did not [10]. A recent meta-analysis showed a lower occurrence of immediate FNP after
parotidectomy performed using FNM than after parotidectomy
performed without using FNM (22.5% vs. 34.2%, respectively).
However, no significant difference in the occurrence of permanent FNP was evident between the FNM group and the nonFNM group (3.9% vs. 7.1%, respectively) [11]. These results are
consistent with those of previous studies [4,5,9]. In light of these
findings, the need for intraoperative FNM during parotidectomy
is controversial.
In addition, a study reported that only 16% of patients showed
abnormal electromyography (EMG) results during parotid surgery; however, 65% of the patients in that study had postoperative transient or permanent FNP. It was concluded that FNM using EMG could not predict postoperative neurological outcomes
accurately [4]. Both false-negative and false-positive responses
may occur when monitoring patients for potential facial nerve
damage. The discrepancy between intraoperative EMG findings
and postoperative facial nerve function can be explained by several factors. First, the distal segment of the transected facial nerve
can be stimulated by electrical pulses; therefore, the surgeon may
not be aware of the resultant nerve damage. Moreover, the EMG
findings of healthy facial nerves may be affected by the depth of
anesthesia, neuromuscular blockers, and/or electrocautery. Another disadvantage of intraoperative EMG monitoring of the facial nerves is the need to insert an electrode into the facial muscles to obtain EMG recordings. This insertion may cause infection,
inflammation, bleeding, and facial edema around the eye and
mouth [9].
Compared with EMG measurements, which reflect electrical
activity in muscles, measuring vibrations or skin surface pressure around the muscles, as reported in previous studies [12],

H I G H L I G H T S
	The use of a surface pressure sensor and electromyography in
facial nerve monitoring during parotidectomy was compared.
	The stimulus thresholds did not significantly differ between
the system with a surface pressure sensor and electromyography.
	The application of intraoperative neuromonitoring with a surface pressure sensor during parotidectomy is noninvasive, reliable, and feasible.

does not require the insertion of a needle electrode and might
be less strongly influenced by electrocauterization. Therefore, a
relatively novel intraoperative neuromonitoring (IONM) system
that analyzes muscle twitching using a skin surface pressure sensor was proposed to evaluate the status of the nerves instead of
recording EMG responses. The aim of this study was to investigate the feasibility and reliability of the IONM system using a
skin surface pressure sensor to detect facial muscle twitching
during parotid surgery in a rabbit model.

MATERIALS AND METHODS
Experimental design
The experimental protocol was approved by the Institutional
Animal Care and Use Committee (No. PNUYH-2018-51). The
experiment was performed on thirteen facial nerves in seven female rabbits. The rabbits were sedated using an intramuscular injection of ketamine hydrochloride (10 mg/kg) and xylazine (2
mg/kg), and anesthesia was maintained by inhaled 3% isoflurane.
After the rabbits were anesthetized, they were placed in a lateral
decubitus position. Both sides of the facial region were shaved,
and a skin incision was made, followed by the dissection of the
buccal and zygomatic branches of the facial nerve.
The amplitudes and latencies of needle EMG and surface pressure sensor were recorded at every step. All rabbits were monitored using a nerve integrity monitor (NIM-Response 3.0 System; Medtronic Xomed, Jacksonville, FL, USA), and a hand-made
surface pressure sensor monitor. A pair of EMG needle electrodes
was inserted into the orbicularis oris and orbicularis oculi muscles to perform the EMG. Simultaneously, a surface pressure sensor was attached to the skin above the orbicularis oris and orbicularis oculi muscles (Fig. 1). After the end of the experiment,
the anesthetized rabbits were euthanized.
The displayed stimulation threshold of EMG was the stimulus
value at which the response was first evident.The mean amplitudes
of needle EMG and surface pressure sensor for each stimulus
value were compared (Fig. 2). The stimulus thresholds of EMG
were analyzed to detect facial muscle movement, and the amplitudes and latencies of needle EMG and surface pressure sensor
were measured in the thirteen facial nerves of seven rabbits.

Surface pressure sensor
As mentioned in the previous paper, the surface pressure sensor
utilizes the piezo-electric effect, which is responsible for its characteristic diagnostic ability (Fig. 1) [12]. As it is a patch-type device, it is attached to the skin. When attached to the skin, it measures the surface pressure caused by twitching of the facial muscle due to facial nerve stimulation. Additional supplementary
material is available in the online version of the article (Supplementary Material 1, video clip).
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Fig. 1. Surface pressure sensor and surgical field. (A) Photograph of the patch-type surface pressure sensor. (B) Photograph of the surgical
field in the rabbit, demonstrating facial nerve dissection. Black arrow, buccal branch of the facial nerve; white arrow, zygomatic branch of the
facial nerve. (C) Stimulation of the buccal branch of the facial nerve using the nerve probe. (D) Illustration of a pair of electromyography needle
electrodes inserted into the orbicularis oris and orbicularis oculi muscles. Simultaneously, a surface pressure sensor was attached to the skin
above the orbicularis oris and oculi muscles.

Statistical analysis
Statistical analyses were performed using the Wilcoxon signedrank test on the IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY,
USA). A P-value less than 0.05 was considered statistically significant.

RESULTS
The stimulus threshold, amplitude, and latency of needle EMG
and the surface pressure sensor were evaluated in the buccal
branch of 13 facial nerves (Table 1, Fig. 2). When the nerves were
stimulated by a current of 0.02 mA, the amplitude of the needle
EMG and surface pressure sensor at the orbicularis oris muscle
was 125.50±162.63 μV and 144.00±154.97 mV, respectively,
and their latency was 3.75±0.00 ms and 26.00±5.65 ms, respectively, in two buccal branches of the facial nerves. When
stimulated by a current of 0.03 mA, the amplitude of the needle
EMG and surface pressure sensor at the orbicularis oculi muscle

was 209.50±160.51 μV and 68.00±19.79 mV, respectively,
and their latency was 4.75±0.35 ms and 25.50±7.77 ms, respectively, in two zygomatic branches of the facial nerves. Both
the needle EMG and surface pressure sensor were able to detect
facial muscle twitching in response to a stimulation of 0.1 mA in
all 13 facial nerves. As shown in Tables 1 and 2, the stimulus
thresholds did not differ significantly between the needle EMG
and the surface pressure sensor.
The mean amplitude of the needle EMG and surface pressure
sensor for the buccal branch of the facial nerve was 691.35±
622.01 μV and 301.90±166.77 mV, respectively. The mean latency of the needle EMG and surface pressure sensor for the buccal branch of the facial nerve was 3.90±0.33 ms and 24.32±
4.73 ms, respectively. The mean amplitude of the needle EMG
and surface pressure sensor for the zygomatic branch of the facial nerve was 537.09±361.88 μV and 375.56±257.84 mV, respectively. The mean latency of the needle EMG and surface
pressure sensor for the zygomatic branch of the facial nerve was
4.04±0.59 ms and 23.31±4.98 ms, respectively. As shown in
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Fig. 2. Electromyography (EMG) and surface pressure sensor recordings showing the amplitude and latency of EMG and the pressure sensor
for a stimulation of 0.3 mA using the nerve integrity monitor 3.0 system in a rabbit. (A) Pressure sensor signal. (B) EMG signal.
Table 1. Analysis of the amplitude and latency of needle EMG and the surface pressure sensor at the orbicularis oris muscle depending on the
intensity of the facial nerve stimulus under intermittent intraoperative neuromonitoring in rabbits
Stimulus
(mA)
0.02
0.03
0.05
0.1
0.2
0.3
0.5
0.8

Needle EMG

Surface pressure sensor

P-value

Response (n)

Amplitude (µV)

Latency (ms)

Response (n)

Amplitude (mV)

Latency (ms)

Amplitude

Latency

2
3
7
13
13
13
13
13

125.50±162.63
211.33±120.93
240.57±144.52
273.62±228.62
582.08±308.03
773.23±389.57
1,046.54±681.47
1,221.85±890.87

3.75±0.00
3.66±0.14
3.92±0.33
3.90±0.36
3.90±0.36
3.90±0.36
3.90±0.36
3.90±0.36

2
3
7
13
13
13
13
13

144.00±154.97
150.50±194.45
158.29±129.89
196.62±141.25
287.08±141.99
353.31±137.47
389.00±134.16
420.54±151.29

26.00±5.65
25.33±4.16
23.57±4.46
24.31±5.01
24.31±5.01
24.31±5.01
24.31±5.01
24.31±5.01

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are presented as mean±standard deviation. The P-values indicate the result of a comparison of the mean response values of amplitude and latency between needle EMG and the surface pressure sensor depending on the stimulus value.
EMG, electromyography.

Table 2. Analysis of the amplitude and latency of needle EMG and the surface pressure sensor at the orbicularis oculi muscle depending on
the intensity of the facial nerve stimulus under intermittent intraoperative neuromonitoring in rabbits
Stimulus
(mA)
0.03
0.05
0.1
0.2
0.3
0.5
0.8

Needle EMG

Surface pressure sensor

P-value

Response(n)

Amplitude (µV)

Latency (ms)

Response (n)

Amplitude (mV)

Latency (ms)

Amplitude

Latency

2
8
12
13
13
13
13

209.50±160.51
229.12±82.24
326.91±219.29
519.15±293.61
568.23±320.04
719.76±392.73
770.53±429.97

4.75±0.35
4.18±0.62
4.02±0.62
4.00±0.60
4.00±0.60
4.00±0.60
4.00±0.60

2
8
12
13
13
13
13

68.00±19.79
169.75±140.20
243.75±169.19
382.61±256.75
434.84±276.77
484.00±250.73
496.46±259.77

25.50±7.77
22.87±4.99
23.58±5.16
23.00±5.36
23.15±5.17
23.23±5.10
23.53±4.94

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are presented as mean±standard deviation. The P-values indicate the result of a comparison of the mean response values of amplitude and latency between needle EMG and the surface pressure sensor depending on the stimulus value.
EMG, electromyography.

Tables 1 and 2, the differences in amplitude and latency between
the needle EMG and surface pressure sensor were significantly
different, depending on the stimulus value (P<0.001 and P<
0.001, respectively). A direct comparison of the difference in
amplitude was not significant due to the differences in the measurement units. The mean latency difference was approximately

20 ms, which is clinically significant during parotidectomy.

DISCUSSION
FNP after surgery is a complication that surgeons should strive
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to avoid. To some extent, FNP can be avoided by adequate
knowledge of the facial anatomy, which is helpful for direct
identification of the facial nerve. However, the location of the
facial nerve can be altered in the presence of a large tumor, in
cases of reoperation, or in the presence of severe adhesions due
to inflammation, which might render identification of the facial
nerve based on knowledge of the facial anatomy alone difficult
[8,13]. In such cases, FNM can prove to be of considerable value
for the surgeon as a way to locate the path of the facial nerve.
During parotid surgery, if the surgeon has difficulty in localizing
the nerve, a nerve probe is used to identify the main trunk of
the facial nerve, to identify peripheral branches during retrograde facial nerve dissection, to evaluate the status of the nerve,
and to predict postoperative facial nerve function [3]. As the
probe helps to identify the nerve, the operation time is shortened and the safety of the patient is enhanced [6,9,10]. However, whether FNM can help reduce the incidence of FNP during
parotid surgery remains controversial.
Lopez et al. [14] reported that the use of FNM reduced the
incidence of both temporary and permanent FNP. Makeieff et
al. [15] also documented that patients in whom FNM was used
showed a lower proportion of FNP than those in whom FNM
was not used. However, reasons to disfavor the use of FNM include economic constraints and the time required for set-up. Terrell et al. [16] showed that FNM did not reduce the operation
time. Witt reported that no association was found between the
use of FNM and a decrease in postoperative temporary FNP.
Meier et al. [4] reported a discrepancy between postoperative
abnormal EMG results and postoperative functional integrity as
determined by FNM. Identifying the facial nerve using IONM
by EMG during parotidectomy is helpful; however, the accuracy
of prediction of postoperative nerve function using this method
and the degree to which it can prevent intraoperative nerve injury remains controversial [5,6,11].
EMG monitoring can be missed or misinterpreted due to the
effects of muscle relaxants, inflammation, nerve damage caused
due to invasion by cancer, electrocauterization, and/or cold-water stimulation, as well as due to errors in the EMG monitor setup [4,6,17-19]. FNM can often provide false-positive responses.
It is important to distinguish between actual EMG signals and
artifacts resulting from contact with surgical instruments in the
surgical field during IONM [3]. The EMG waveform can vary
depending on the situation. Furthermore, even if the proximal
part of the nerve is damaged, peripheral muscle activity can be
caused by the stimuli discharged during EMG [4,20]. In addition, needle electrodes can cause infection, bleeding, and/or
postoperative pain, and can injure the surgeon during insertion
and removal of the needle electrodes [3]. A study reported three
cases of facial burns at needle electrode insertion sites associated with a technical error in the monitoring devices [21]. If an
abnormal signal is seen on the IONM system, facial muscle
twitching is checked using a finger to confirm that the function
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of the facial nerve is intact. By using an objective sensor instead
of a finger, the movement of the muscle can be detected, and
the location and status of the nerve can be identified more accurately.
A piezoelectric pressure sensor was modified to measure
changes in skin surface pressure and to identify facial muscle
movement [12,22]. The objective of the present study was to
determine the feasibility and reliability of FNM using a surface
pressure sensor in a rabbit model. The surface pressure sensor
and EMG reacted to a stimulus of 0.1 mA, indicating that there
was no difference in the stimulus threshold between the surface
pressure sensor and EMG in the identification of facial muscle
movement. As the pressure sensor is a patch-type device, the
surgeon is required to attach the sensor to the skin, with no
need to insert a needle.
The surface pressure sensor is designed to overcome the evident drawbacks of EMG during parotid surgery. EMG identifies
muscle movement by measuring the difference in the action potential between the two electrodes. Therefore, if the position of
even one electrode changes due to a postural shift during parotidectomy, muscle movement cannot be precisely assessed by
EMG. However, a patch-type device can assess muscle twitching
by surface contact with a small part of the skin. Therefore, a
piezoelectric pressure sensor is less sensitive to postural changes
than EMG measurements. Since no electrode is inserted into the
muscle to measure the amplitude of EMG during surgery, this
device is noninvasive and does not pose any risks of bleeding,
infection, or pain.
There are some limitations to this study. Since the sample size
was small, and the study was conducted on animals, further
large-scale human studies including a larger sample size are warranted to determine the feasibility and safety of using a surface
pressure sensor during parotidectomy in humans. In conclusion,
the use of a piezoelectric surface pressure sensor that detects
muscle twitching is a noninvasive, reliable, and feasible approach, as there was no difference in the stimulus threshold for
the detection of muscle twitching between EMG and the surface
pressure sensor. Therefore, an IONM system that uses a surface
pressure sensor to measure facial muscle twitching is an alternative to EMG for analyzing the status of the facial nerve.
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