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Summary Introduction: In cases of unilateral facial paralysis, free muscle transfer with
coaptation to the motor nerve of the Masseter is gaining popularity as a primary alternative
to cross-facial nerve grafting. Despite initial expectations, a majority of these subjects can
achieve a spontaneous smile. The mechanism behind this spontaneity is unclear. Plasticity
of the cerebral cortex as well as the relative proximity of the motor centres of the mimetic
and Masseter muscles has been used in explanation. This study demonstrates the involvement
of the Masseter muscle during normal smile production, suggesting a more direct explanation
for the spontaneous smile seen following reanimation procedures innervated by the Masseter
nerve.
Methods: Twenty healthy volunteers were subjected to electromyography of the Masseter
muscle bilaterally to demonstrate whether contraction of the Masseter muscle occurred during
voluntary and involuntary smile production.
Results: Patient age ranged from 20 to 61 years (mean 41.6 years) with an equal male to
female ratio. Activation of the Masseter occurred in 40 percent of individual muscles during
smile production, occurring bilaterally in six participants, and unilaterally in four. There was
no correlation between muscle activation and patient age or gender.
Conclusions: Natural contraction of the Masseter muscle during normal smile production helps
to explain the high rate of spontaneous smile development in subjects with facial paralysis who
have undergone a free muscle reanimation procedure powered by the nerve to the Masseter
muscle.
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Introduction

Facial paralysis is a profoundly disfiguring condition with
significant psychological and functional consequences for
sufferers, which presents a major challenge to the recon-
structive surgeon. Prior to the introduction of microsurgical
techniques, dynamic reanimation surgery commonly made
use of Temporalis and Masseter muscles transfers. These
have now largely been superceded by freemuscle transplant
in suitable, well-motivated patients. Several donor muscles
have been utilized and co-apted to a variety of donor nerves
to power them.1e8 The appropriate buccal branch of the
contralateral facial nerve is traditionally the donor nerve
of choice, permitting synchronous and spontaneous activity
of the transplanted muscle. This approach, however, has
a number of drawbacks: a cross-facial nerve graft (CFNG)
is required creating secondary donor site morbidity8e10;
the procedure needs to be performed in two stages; the
normal side facial nerve is exposed to injury and the proce-
dure results in relatively low axonal regeneration and weak
muscle contraction. Alternative donors include the hypo-
glossal nerve, although hemi-tongue atrophy and unwanted
facial movements can occur.11,12 The spinal accessory nerve
has been used but may still necessitate nerve grafting, and
there is difficulty with coordination of the resultant smile
as well as donor morbidity.13

The motor nerve to Masseter offers an alternative that is
gaining popularity due to its consistent anatomy, close
proximity to the transplanted muscle and relative lack of
donor morbidity. The reanimation procedure is carried out
at a single operation and the power and excursion of the
resultant muscle contraction is impressive. Coaptation of
the Masseter nerve to a free Gracilis muscle has been used
for dynamic reanimation with considerable success.14-20

None of the limitations of the CFNG are apparent. There
is low donor site morbidity, and movement of the oral
commissure is not significantly different from that of the
normal side.17 This is probably due to the relatively high
number of axons in the Masseter nerve (around 1500)
when compared to the distal end of the CFNG (around
100 to 200).21

Use of the Masseter nerve as a donor was commonly
indicated in cases of bilateral facial paralysis where the
contralateral facial nerve is not available for use as a donor.
Initial expectations were that patients would have to bite in
order to stimulate contraction in the transplanted muscle
and achieve a smile. However it soon became evident that
a spontaneous smile developed in many patients. Mankte-
low et al reported that a spontaneous smile was achieved
routinely in 59 percent of patients and occasionally in 29
percent of patients without the need to bite, and this
was unrelated to patient age.16 Cortical adaptation has
been proposed as one possible explanation for this phenom-
enon. Another possible explanation is that the motor nerve
to Masseter is commonly activated during normal smile
production such that muscle re-education through cortical
plasticity is not required for a spontaneous smile in reani-
mation patients.

The aim of this study was to determine whether
Masseter muscle contraction occurs during voluntary and
spontaneous smile production using electromyography

(EMG), which allows the detection of individual muscle
contractions.

Materials and methods

Twenty healthy volunteers (10 male, 10 female, age range
20e61 years) were recruited to the study. Bilateral
Masseter muscle EMG was performed by a consultant
neurophysiologist on each subject using a single-use
0.3 mm Ambu� Neuroline concentric needle electrode
(Ambu A/S, Ballerup, Denmark) and the Dantec Keypoint�

recording system (Dantec Co, Skovlunde, Denmark).
Subjects were asked to clench their teeth and the needle
electrode was inserted using an aseptic technique through
the skin of the cheek into the thickest part of the Masseter
muscle adjacent to the angle of the mandible. The needle
was inserted as far as the mandible and then withdrawn
slightly to ensure correct placement of the needle within
the body of the Masseter muscle. Subjects were again asked
to clench their teeth and correct placement of the needle
was confirmed by the observation of marked electromyo-
graphic activity with this manoeuvre. They were then asked
to make a variety of other facial movements, including
eyebrow elevation, eyelid closure, lip pursing, depression
of the lower lip and contraction of Platysma to further
ensure that the electrode was in the correct position and
would only respond positively to contraction of the
Masseter muscle (Figure 1).

Subjects were then induced to smile. This was achieved
by asking them to perform a full authentic voluntary smile
and subsequently by resorting to humour to provoke
a spontaneous smile. The presence or absence of motor
unit potentials on the EMG was noted. Without adjusting
the needle position, the EMG was repeated several times to

Figure 1 Set up and procedure for EMG of the Masseter
muscle.
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