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Abstract

Facial paralysis is a severe disease and presents a formidable treatment challenge. A wide variety of surgical procedures are
available with limited evidence. Major risk factors of suboptimal recovery include the duration of paralysis as well as higher age.
In this paper, we demonstrate reconstruction of the facial nerve via an intratemporal end-to-end anastomosis and concomitant
transfer of an intact masseteric nerve to the side of facial nerve trunk. The supercharge (reverse end-to-side) transfer resulted in
preservation of target muscles and faster recovery. Masseteric supercharge bypass may be an acceptable surgical technique to

restore muscle function in potentially higher risk cases.
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Introduction

Facial nerve paralysis is a condition resulting in serious func-
tional, cosmetic, and psychological problems. Optimal recon-
struction techniques of the facial nerve, resulting in improved
function, remain a challenge and there is currently no consen-
sus on ideal therapeutic management of these patients.
Adequate treatment depends on many factors such as type of
palsy, time elapsed since injury, prognosis, age, and general
health of the patient. Of these factors, time of denervation and
patient age are the most important [12, 14, 25, 33]. In cases of
acute intraoperative lesions with short-term paralysis lasting
up to 12 months and an available proximal nerve stump, a
direct facial nerve reconstruction is the best option. In cases
of denervation exceeding 2 years, a muscle transplant is
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necessary due to irreversible atrophy of the mimic muscula-
ture. Lesions between 12 and 24 months treated by isolated
facial nerve repair are at risk of suboptimal functional recov-
ery; therefore, muscle transfers are reasonable options, pre-
ferred by many reconstructive surgeons [30]. In this paper,
we report a case of complete intratemporal facial nerve injury
treated via an intratemporal nerve reconstruction and a con-
comitant masseteric nerve reverse end-to-side transfer.

Clinical presentation

A 68-year-old male was referred to our center with persisting
complete facial nerve paralysis on the left side. Fourteen
months before to this, the patient had a traffic accident with
a brain contusion and skull base fractures including a commi-
nuted fracture of the left pyramid (Fig. 1).

Preoperative clinical evaluation and electrodiagnostic
tests

Patient presented with complete unilateral facial nerve palsy
on the left side with the absence of clinical movement and no
signs of recovery on needle electromyography. The ipsilateral
masseteric nerve function and electromyography were with-
out deterioration. Pure tone audiometry confirmed complete
loss of hearing on the ipsilateral side. The patient did not
complain of tearing problems. After a thorough consultation
with the patient, a surgical course of treatment was chosen.
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Fig. 1 Preoperative complete
facial nerve paralysis on the left
side (a, b) and comminuted
temporal bone fracture (c)

The surgical plan was intratemporal reconstruction of the
damaged facial nerve and a simultaneous masseteric nerve
supercharge transfer to the facial nerve trunk to improve rein-
nervation of the mimic muscles. Ethical approval was
obtained.

Surgical technique

The radical mastoid approach was used to reveal the entirety
of the facial nerve canal. Two facial nerve defects were iden-
tified in close proximity to the geniculate ganglion. The nerve
was rerouted from the bony canal and a tension-free end-to-
end anastomosis was performed. A sural graft was harvested
simultaneously. A 4-cm preauricular incision was made ante-
rior to the tragus in order to dissect the facial nerve trunk and
the masseteric nerve. The location of masseteric nerve is typ-
ically a constant, located at a point 4 cm anterior to the tragus,
1 cm below the zygomatic arch and 1.5 cm deep in the area of

Fig. 2 Intraoperative
identification of the facial nerve
trunk (a, arrow) and masseteric
nerve (b, arrow). Subsequent
coaptation of the masseteric nerve
to the sural nerve graft in an end-
to-end technique (¢, arrow) and
coaptation of the graft to the facial
nerve trunk via an end-to-side
technique (d, arrow).
Corresponding scheme of
masseteric supercharge bypass
with interposition of sural nerve
graft between the rotated
masseteric nerve and facial nerve
trunk (e). Scheme of
intratemporal rerouting of the
tympanic and labyrinthine part of
the facial nerve (f)
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the mandibular notch under a layer of masseteric muscle fi-
bers. Following verification via electrostimulation, the nerve
was transected preserving maximum length and rotated to-
ward the facial nerve trunk. The masseteric stump was adapted
to the sural nerve graft in an end-to-end technique with a 10/0
epineural suture under a microscope control. The second end
of the sural graft was subsequently adapted to the facial nerve
trunk via an end-to-side technique using 10/0 epineural su-
tures through a perineurial window (Fig. 2).

Follow-up and surgical outcome

The postoperative course was uneventful and the patient
underwent postoperative physiotherapy. The patient was reg-
ularly clinically and electromyographically evaluated
throughout a 3-month postoperative period. The first control
showed no signs of reinnervation. The recovery time of mus-
cle tone with improvement of oral competence, without
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drooling or spillage of food and drink, was 6 months.
Simultaneously, initial facial nerve movement was observed
in the malar region along with jaw clench. The electrophysi-
ological evaluation confirmed reinnervation in muscles of
both branches, with richer and more mature voluntary activity
in the orbicularis oris muscle. Three months later, palpebral
closing significantly improved, with only a 3-mm residual
gap. Furthermore, the patient achieved facial symmetry at rest.
Complete eyelid closure, as well as initial signs of a sponta-
neous smile, was achieved after 12 months (Fig. 3). Recovery
of the capacity to spontaneously blink and clinically signifi-
cant synkinesis have not yet been observed. The patient did
not complain of any mastication problems throughout the en-
tire follow-up period. Electrophysiological evaluation
12 months after surgery showed ongoing reinnervation of
mimic muscles, with evidence of axon sources from both
donor nerve sites (Fig. 4).

Discussion

The main goals of facial rehabilitation include restoration of
face symmetry, mimic muscle function, and spontaneity. In
cases of absent proximal facial nerve stumps, a wide spectrum
of nerves has been used for transposition including spinal,

Fig. 3 Significant improvement a
of clinical status (a, b) together =
with the inconspicuous
preauricular scar 9 months after
surgery (c). The final clinical
status with complete closure of
the eyes 12 months after
procedure (d—f)

phrenic, hypoglossal, masseteric, and contralateral facial
nerves with various success rates and donor morbidity [28,
30]. In 1984, Terzis introduced the “babysitter” procedure,
which combines cross-facial nerve grafting with temporary
partial hypoglossal to facial nerve transfer, in order to
preserve mimic muscle function until contralateral rein-
nervation is achieved [31]. Examples of masseteric
nerve utilization have been described in literature.
Spira was the first to describe the use of masseteric
nerve for direct restoration of lower facial nerve paral-
ysis in 1978 [29]. Throughout the years, uses of the
masseteric nerve in combined techniques have been re-
ported. Examples include cross-facial nerve grafting
with masseteric nerve coaptation [2], a “babysitter” do-
nor [11], or a direct masseteric-facial transfer [5, 21].
Double innervation of muscular transfers with the masseteric
nerve and a facial cross-graft have been published with en-
couraging results [4]. In our case, the masseteric nerve was
used as a secondary source of innervation in a supposed in-
complete recovery of the facial nerve itself. The mean time of
reinnervation in cases with direct coaptation of the masseteric
nerve is usually only about 4 months [3]. In our case, reinner-
vation was prolonged due to sural graft interposition [25]. The
risk of synkinesis is lower in cases of masseteric nerve coap-
tation compared with the hypoglossal nerve [25].

@ Springer



1092

Acta Neurochir (2019) 161:1089-1094

Fig. 4 Electromyography needle evaluation of temporalis muscle (upper
line) and orbicularis oculi muscle (lower line) function 12 months after
surgery declares independent reinnervation through both donors (a —

Harvesting of the masseteric nerve is straightforward and
relatively simple. The position of nerve on the under-
surface of the masseter muscle and its large number of
axons are constants [6, 7, 17]. The nerve itself can
readily be identified via electrostimulation. The subse-
quent scar after a preauricular incision is inconspicuous
and donor morbidity is minimal. The effect on mastica-
tion is minimal and patients rarely complain about it
[16].

End-to-side techniques have attracted attention be-
cause they allow additional target muscle reinnervation,
with simultaneous preservation of donor nerve function
[32]. Previously described, well-established techniques
involving the transfer of an injured nerve to the side
of an intact normal nerve should be termed end-to-side
(ETS) transfers. In these cases, reinnervation occurs by
collateral nerve sprouting. On the other hand, the trans-
fer of an intact motor nerve into the side of an injured
nerve should be termed a reverse end-to-side (RETS) or
supercharge end-to-side (SETS) transfer [10]. These
techniques were first described by Letiévant in 1873
[22]. Terzis described the SETS technique in a clinical
report as a temporary “babysitter” procedure [31]. In
our SETS case, reinnervation occurred by terminal axo-
nal masseteric sprouting. Although many laboratory in-
vestigations have been performed, the in-depth mecha-
nism of SETS is not completely understood [13, 18-20].
This fact together with the fear of signal interference,
resulting in asynchronous target muscle contraction, has
led to minimal implementation of this technique into
clinical practice. The benefit of SETS in enhanced re-
covery from an incomplete nerve injury has been dem-
onstrated by the Mackinnon group in rats [10]. This
group also published the first larger successful clinical
series with anterior interosseous SETS to the ulnar
nerve for intrinsic musculature reinnervation [1, 8].
The most recently published large laboratory study
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trigeminal activity — voluntary biting with orbicularis oculi synkinesis,
b — facial nerve activity — voluntary eye closure with chewing muscle
relax with open mouth)

declares that reinnervation through the SETS transfer
is superior to reinnervation via the original nerve. It
advocates against the use antagonistic donors in order
to minimize the risk of inferior recovery [26].

The masseteric nerve satisfies this statement, with a de-
scribed high recovery rate of spontaneous smile as high as
56% [15]. Our clinical and electrophysiological results corre-
late with this conclusion.

The main issue with neurotization of mimic muscles
via the masseteric nerve is identical to all other
nerves—dissociation of movement and spontaneity. The
patient is first instructed to bite in order to activate his
mimic muscles. Later, a complete bite is usually not
necessary and patients are able to smile with an open
mouth [2, 3, 24]. Successful learning of smile dissocia-
tion and mastication is the result of cortical plasticity,
adaptation, and reorganization [2, 3, 9, 15, 23, 27]. In our
procedure, recovery of emotional movements is most likely
due to facial reinnervation itself.

The masseteric nerve was functionally preserved and can
still be used in the future for reinnervation of a muscle trans-
plant in the case of SETS failure.

Conclusion

The masseteric nerve supercharge bypass performed simulta-
neously with facial nerve repair is a potential option for resto-
ration of mid-term facial paralysis in patients with a
higher risk of isolated facial nerve reconstruction fail-
ure. However, viable facial musculature must be present.
The masseteric bypass prevents denervation and subse-
quent atrophy of the musculature due to rapid activation,
with minimal donor morbidity. The independent role of the
facial nerve in mimic muscle activation and its role for spon-
taneity recovery are preserved. Larger patient series are nec-
essary to verify the benefits of this technique.
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Comments

This article describes a surgical method of direct suture repair of a
completely transected facial nerve combined with a supercharge reverse
end to side repair in which the master branch of the trigeminal nerve is cut
and using a sural nerve interposition graft anastomosed into the side of the
facial nerve distal to the primary repair site. The clinical outcome given
the length of time from the original injury is quite good. The authors
convincingly demonstrate dual innervation of the facial muscles with
progressive normalization of voluntary control of the facial muscles
over time. It is another useful tool in the peripheral nerve surgeon’s tool
box.

Michel Kliot
CA, USA
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