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ASSESSMENT OF THE VARIATIONS IN ELECTRICAL ACTIVITY OF THE MASSETER
MUSCLE AND MASTICATORY FORCE AFTER THE USE OF THE MASSETER NERVE
AS DONOR IN FACIAL REANIMATION SURGERY-AN ORIGINAL RESEARCH
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ABSTRACT

Aim

To evaluate the impact that the use of the masseter nerve in dynamic facial reconstruction has on the electrical
activity of the masseter muscle and on bite force.

Methodology

An observational and prospective longitudinal study was performed measuring bite force and electrical activity
of the masseter muscles before and 3 months after dynamic facial reconstructive surgery using the masseter
nerve. An occlusal analyzer and surface electromyography were employed for measurements.

Results

The study included 15 patients with unilateral facial paralysis, with a mean age of 24.06 + 23.43. Seven patients
were subjected to a masseter—buccal branch nerve transfer, whereas in eight patients, the masseter nerve was
used as a donor nerve for gracilis free functional muscle transfer. Electrical activity of the masse ter muscle was
significantly reduced after surgery in both occlusal positions: from 140.86 + 65.94 to 109.68 + 68.04 (p = 0.01)
in maximum intercuspation and from 123.68 + 75.64 to 82.64 + 66.56 (p = 0.01) in the rest position. However,
bite force did not show any reduction, changing from 22.07 + 15.66 to 15.56 + 7.91 (p = 0.1) after the
procedure.

Conclusion

Masseter nerve transfer causes a reduction in electromyographic signals of the masseter muscle; however, bite
force is preserved and comparable to preoperative status.

Keywords masseter muscle, facial paralysis, masseter nerve, electromyography

INTRODUCTION

Facial expression is a complex neuromotor and psychosocial process linking physical expression with emotion,
responsible for essential functions such as eyelid closure, oral competence, and phonation of labial sounds, and
provides a social participant with important clues to one’s meanings, intentions, and emotional status.
Correspondingly, facial nerve palsy is negatively associated with functional, aesthetic, and psychosocial
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consequences.” In addition to leading to physical detriments including facial asymmetry, corneal ulceration,
oral incompetence such as difficulties in eating, drinking, and speaking, facial paralysis causes psychosocial
stress, decreased self-esteem, anxiety, depression, and social isolation.**Facial reanimation surgery aims to
restore resting symmetry, along with oral competence, eye closure, voluntary facial movement, and effortless
spontaneous expression in the absence of synkinesis, while causing minimal loss of function due to harvesting
of donor nerves. The facial symmetry and movement can be restored with different methods such as direct
neurotization, nerve grafting, free muscle transfer, or various combined surgery. Adjacent nerve transfers are
effective to reanimate the paralyzed face in cases with intact distal facial nerve branches as well as viable
mimetic muscles. This situation frequently arises after tumor resection or traumainvolving the skull base. A
series of donor nerves have been utilized for facial reanimation with varying success including the contralateral
facial nerve with cross-facial grafts, hypoglossal nerve, spinal accessory nerve, and the great auricular nerve.The
power of motor source was thought to be the predominant cause of the disability in facial recovery after
reanimation. Previous studies revealed that both the hypoglossal nerve and the masseteric nerve of the
trigeminus are more powerful motor sources than contralateral facial cross nerve,®® as a result, symmetry
improvement and adequate excursion of the oral commissure can be realized easily by single motor source.
Although direct hypoglossal-to-facial neurotization was once the most widely used technique, donor nerve-
associated sequelae often yield unsatisfactory outcomes, such as tongue atrophy, speech and swallowing
difficulty, mass movement, and synkinesis.'” Spira et al. first described the role of the masseteric nerve in facial
reanimation in 1978.'' Subsequently, many researchers demonstrated the advantages of employing the
masseteric nerve.*>'*'* As a result, the masseteric nerve has recently emerged as a popular option for reanimating
the paralyzed face,because it provides a large axonal load resulting in powerfulmuscle contraction and
preferable symmetry, and it has the advantage of favorable proximity, faster onset of functional recovery, and
lower risk of synkinesis. ® 1% 14 16 2= 22 particularly, the masseteric-to-facial nerve transfer (MFNT) avoids
morbidity from nerve graft harvesting. '* ' 2* Although the MFNT is widely applied in facial reanimation, the
systematic evaluation of the efficacy and applicability of MFNT is limited.Literature related to changes in
masseter muscle volume or bite force after masseter nerve harvesting are limited. Klebuc, and Hontanilla and
Marre reported that patients in their clinical series rarely complained of masticatory problems.**Yoshioka found
that masseter nerve transfer causes masseter muscle atrophy in humans,*whereas Carter and Harkness reported
similar findings in a rat model.**Despite these findings, no authors have reported if these morphological changes
translate into functional alterations.

AIM OF THE PRESENT STUDY

The objective of this study is to evaluate the impact that the use of the masseter nerve in dynamic facial
reconstruction has on the electrical activity of the masseter muscle and on bite force.

METHODOLOGY

An observational, prospective, longitudinal study was performed to evaluate the electrical activity of the masse-
ter muscle and the mean bite force (MBF) in patients with facial paralysis planned for facial reanimation surgery
using the masseter as a donor nerve during a 1-year period between January and December 2021. Every patient
with unilateral facial paralysis who was a candidate for dynamic facial reconstruction using the masseter as a
donor nerve was included. Full approval by the institutional ethics board was received; consent was obtained
from all patients. Information was recorded using a data sheet including the following information: patient’s
age, gender, and side of paralysis; electrical activity (expressed as root mean square [RMS]); and bite force
(expressed in kilogram-force [kgF]). All measurements were obtained preoperatively and at 3 months after the
surgical procedure was performed.. Electrical activity of the masseter muscles of both sides was measured by
two-channel surface electromyography (EMG) with 20- to 500-Hz bandwidth. MBF was measured (in kgF)
using a computerized occlusal analyzer with T-Scan III sensor. Masseter nerve harvest is performed following
Borschel and Zuker’s technique. Descriptive analyses of patient demographic and clinical characteristics were
performed. Continuous variables are expressed in measures of central tendency, and categorical values are
presented as percentages. Comparative statistics between pre- and postoperative values were performed using
Wilcoxon’s signed-rank test since our sample presented a nonparametric distribution, as determined by the
Shapiro—Wilk test. A p-value of <0.05 was considered significant.

Table 1- Results of surface electromyography of the masseter muscle during maximal intercuspation and

at rest
Emg Paralysed side Paralysed side | Non- paralysed side | Paralysed side
(basal) (Post op) (basal) (Post op)
Maximal 140 110 140 150

intercuspation
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| At rest | 115 | 80 | 115 | 130 |
Table 2- Mean biting force pre and post operatively
MBF Paralysed side Paralysed side | Non- paralysed side | Paralysed side
(basal) (Post op) (basal) (Post op)
22.67 £ 16.69 (15.56 £ 7.91 22.07 £ 15.66 15.56 + 6.88
RESULTS

A total of 15 patients (9 females and 6 males) were included in this study, with an average age of 24.06 + 23.43
years. In nine cases, the paralysis was left-sided, whereas in the rest of the patients, it was right-sided.
Preoperative surface EMG at MIC was 140.86 + 65.94 on the side with paralysis and 141.7 + 71.3 on the
healthy side; after surgery, the value on the paralyzed significantly decrease to 109.68 + 68.04 (p = 0.01),
whereas the contralateral side did not show significant variation (150.44 + 54.9; p = 0.3).EMG results during RP
were 123.68 + 75.64 for the affected side and 122.59 £ 74.55 for the healthy one. Postoperative values for the
operated side significantly decreased to 82.64 + 66.56 (p = 0.01), no significant changes were observed on the
non-operated side (136.75 £ 65.88; p = 0.2.Preoperative MBF was 22.67 + 16.69 on the paralyzed side and
22.07 £ 15.66 on the nonparalyzed side; postoperative results showed a decrease in MBF on both the paralyzed
(15.56 + 7.91) and healthy sides (15.56 + 6.88); however, no statistical significance was found after comparing
pre- and postoperative values (p = 0.1) nor between the normal and the intervened side (p = 0.9).

DISCUSSION

Facial paralysis is a devastating disease and presents a formidable challenge in terms of treatment. A wide
variety of surgical options for facial reanimation have been developed; historically, the hypoglossal or accessory
nerves were used as extrafacial nerve donors, but in recent years, interest in the masseter nerve has grown due to
its several advantages such as proximity to the facial nerve, constant anatomical location, ease of mobilizations
that allows direct anastomosis to the buccal branch, and possessing an axonal load of more than 2,700
fibers."*The main proponents of the technique indicate that surgical site morbidity is minimal after masseter
nerve transfer, arguing that any changes in the electrical activity and strength of the masseter are negligible and
can be compensated by the redundant function of the temporalis and pterygoid muscles ; nevertheless, objective
evidence in regard to the functional changes caused by masseter denervation is lacking.*Most studies have
focused solely on subjective reports by patients or on evaluation of the muscle’s morphology; for example,
Klebuc reported in a 12-year review of clinical experience that no difficulties with temporomandibular
joint function or mastication had been found, whereas Hontanilla and Cabello noted that patients seldom
complained of masticatory force reduction after the procedure. A study by Carter et al in rats found that
masseter muscle denervation causes masseter muscle atrophy and compensatory hypertrophy of the temporalis;
these findings were later corroborated in humans by Yoshioka, who evaluated changes in muscle area after
masseteric nerve transfer using computed tomography (CT) scans.*Our study showed that the electrical activity
of the masseter muscle is globally diminished after harvesting the masseteric nerve. Reduction of
electromyographic activity clearly develops due to denervation of the muscle, and whether it is partial or total, it
depends on each patient’s individual anatomy. It is possible that the denervation of the masseter muscle is only
partial, thus maintaining its strength. It is also possible that the remaining masticatory muscle hypertrophy and
compensate for the loss of strength of the masseter muscle, as supported by morphological evidence from
Yoshioka, and Carter and Harkness.™

CONCLUSION

Masseter nerve transfer causes a reduction in electromyographic signals of the masseter muscle; however, bite
force is preserved and comparable to preoperative status.
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