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KEYWORDS Abstract Introduction: The nerve-to-masseter is one of the most frequently used neural
Facial paralysis; sources in smile reanimation surgery. Very little information has been reported on patient ex-
Facial paresis; perience with regard to reanimated smile usage and sequelae following transfer. The aim of
Patient-reported this study was to quantify patient perception of nerve-to-masseter use in smile reanimation
outcome; surgery.

Nerve to masseter Methods: An online questionnaire was developed based on the clinical expertise of our team,

patient interviews, and existing questionnaires of facial palsy-related quality of life and tem-
poromandibular joint dysfunction. All patients treated with nerve-to-masseter-driven smile re-
animation surgery, both nerve transfers and muscle transplantations, between 2007 and 2016
with a valid email address were invited to participate.

Results: Of 171 operated patients, 122 with a valid email address were invited to participate.
Seventy-one patients responded (63.4% female, mean age 51.1 years) after a median follow-up
of 3.8 years. A voluntary smile while biting down at least “most of the time” was reported by
83.1% of patients; 46.5% reported ability to smile on the affected side without bite. A “normal”
or “almost normal” spontaneous smile was reported in 23.9% of patients. A total of 18.3% of
patients self-reported masseter muscle atrophy, and 1.4-14.1% reported temporomandibular
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joint dysfunction. Forty-one patients (57.7%) reported prandial movement of the face at least
“most of the time,” with 9 patients (12.7%) considering this bothersome.

Conclusion: Patients report good voluntary smiling ability following nerve-to-masseter-driven
smile reanimation surgery, with low rates of sequelae.

© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-

sevier Ltd. All rights reserved.

Introduction

Ongoing debate exists regarding the optimal neural source
to drive smile reanimation in both the early setting (less
than 18-24 months)," when facial muscles are receptive
to reinnervation, and long-standing palsy, when they are
not. Recently, the most commonly used neural source to
augment facial function has become the nerve-to-masseter
(NTM) because of its high axonal density and favorable
anatomical location.?> Other neural sources include the
ipsilateral facial nerve stump through cable graft, cross-
facial nerve graft (CFNG), deep temporal nerve, hypoglossal
nerve, and accessory nerve.

In the acute setting, a masseteric-to-facial (V-to-VIl)
nerve transfer can be performed, whereby a branch of the
NTM is transposed to an ideal distal facial nerve branch that
supplies the zygomaticus and orbicularis oculi muscles or to
the main trunk of the facial nerve to reanimate the smile
and enable some voluntary eye closure.’8 In longstanding
facial palsy, free or regional muscle transfers are needed
to reanimate a smile. Cross-facial nerve grafting is consid-
ered as the more ideal neural source to reinnervate free
muscle transfers, as it provides spontaneity.’ However, in
recent years, the NTM has been shown to provide more reli-
able voluntary contraction of the transplanted muscle.* %"

While successful reanimation of voluntary smiling is
highly reliable after this procedure, opinions vary on the
ability of the NTM to produce a spontaneous or emotional
smile.'?" 8 Relatively few studies have assessed the patient
experience of NTM-driven smile reanimation,’ although
there have been many studies that report low morbidity fol-
lowing its use for smile reanimation.”?°-?2 Recognized limi-
tations of NTM are that it does not provide resting tone to
the face, and complete division of the nerve can lead to at-
rophy of the masseter muscle and a contour irregularity over
the mandibular angle.??"?* Prandial activation is inherent to
the use of the NTM in smile reanimation, although a recent
study found that this was rarely bothersome to patients."’
Varying physical therapy regimens have been suggested to
optimize training the “bite-smile” to achieve a smile that
is balanced with the contralateral healthy side. These exer-
cises could lead to temporomandibular joint (TMJ) pain due
to overuse.” The aim of this study was to understand the
patients’ perspective of the NTM-driven smile and to inves-
tigate the rates of possible accessory complaints.

Methods

Institutional review board approval was obtained before the
start of this cross-sectional study. All patients treated with
a V-to-VIl nerve transfer or gracilis functional free muscle

transfer (FFMT) innervated by the NTM between January
2007 and December 2016 at our center were invited to com-
plete an online questionnaire. Patient charts were reviewed
for patient characteristics, and the eFace score for “oral
commissure movement with smile.”

Questionnaire development and administration

A questionnaire was developed to assess patient experience
following NTM-driven smile reanimation surgery based on
the clinical expertise of our surgeons and physical thera-
pists. Relevant items from the “Facial Clinimetric Evalua-
tion (FaCE) scale” (facial palsy-related quality of life) and
the “Research Diagnostic Criteria for Temporomandibular
Disorders” were included in our survey. During a qualita-
tive stage of survey development, four surgeons, two physi-
cal therapists, and five patients were interviewed. This was
done to ensure direct input from patients into the content
of our study questionnaire. Four domains were identified
as being of critical importance: smile and symmetry, eat-
ing and social behavior, TMJ complaints, and physical ther-
apy exercises. The questionnaire comprised closed-ended
questions in both Likert scale and yes/no formats (Appendix
- Full questionnaire). The questionnaire was administered
through an online survey platform (REDCap, Vanderbilt Uni-
versity, Nashville, USA) to all patients for whom an email
address was valid.

Data analysis

Nominal data were presented as frequencies and percent-
ages. Ordinal data were presented as medians and in-
terquartile ranges. Interval data were presented as means
and standard deviations or medians and interquartile
ranges, depending on whether or not the data were nor-
mally distributed. Testing between groups was performed
using chi-squared tests and Mann-Whitney U tests. Correla-
tion coefficients were tested by Spearman correlation. Sta-
tistical analysis was performed in SPSS version 25 with an
alpha of 0.05.

Results

NTM-driven smile reanimation was performed in 171 pa-
tients between January 2007 and December 2016 (104 gra-
cilis FFMT and 67 V-to-VIl nerve transfers). A valid email ad-
dress was known for 122 patients, and two patients declined
to participate in the study. A total of 71 (58.2%) patients re-
sponded to our invitation to participate.
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Table 1 Patient characteristics (n=71).
Gender (n (%))
Male 26 (36.6)
Female 45 (63.4)
Side (n (%))
Left 33 (46.5)
Right 34 (47.9)
Bilateral 4 (5.6)
Etiology (n (%))
Acoustic neuroma 20 (28.2)
Bell’s palsy 9 (12.7)
Benign head and neck tumor 19 (26.8)
Malignant head and neck tumor 8 (11.3)
Otologic surgery 3 (4.2)
Trauma 4 (5.6)
Other 8 (11.3)
Age at the time of study, years (mean (SD))  51.1 (15.6)
Follow-up duration, years (median (IQR)) 3.8 (2.2; 5.0)
Type surgery (n (%))
Gracilis by V 42 (59.2)
V-to-VIl nerve transfer 29 (40.8)
Additional static midface procedure (n (%)) 29 (40.8)
Type of facial palsy (n (%))
Flaccid 47 (66.2)
Non-flaccid 24 (33.8)

Abbreviations: IQR: interquartile range, n: number, SD: standard
deviation, V: nerve-to-masseter, VII: facial nerve.

Of the 71 respondents, 42 (59.2%) underwent gracilis
FFMT (innervated by the NTM alone) and 29 (40.8%) under-
went V-to-VIl nerve transfer. Mean (SD) age at the time of
study was 51.1 (15.6) years. Median (IQR) follow-up was
3.8 (2.2; 5.0) years. Most patients presented with facial
palsy because of an acoustic neuroma (28.2%). In addi-
tion to smile reanimation surgery, static suspension with
fascia lata was performed in 29 (40.8%) patients. Forty-
seven patients (66.2%) had flaccid facial palsy, and the re-
maining patients had nonflaccid facial palsy (n=24, 33.8%)
(Table 1). The patients included in this study did not differ
from the rest of the operative cohort in gender (p=0.749)
or age (p=0.128). The time between operation and study
date was shorter for respondents than for nonrespondents
(p=0.011).

A majority of patients (n=59, 83.1%) described being
able to smile while biting down at least “most of the
time,” while fewer patients (n=33, 46.5%) were able to
smile without biting down (Figure 1). Seventeen patients
(23.9%) reported a “normal” or “almost normal” sponta-
neous smile (Figure 2). No statistically significant differ-
ence in self-reported ability to smile (voluntary with and
without biting down, and spontaneous) was found between
patients with flaccid and nonflaccid facial palsy (p=0.902,
p=0.450, and p=0.233, respectively). Self-reported smil-
ing abilities were not statistically significantly different for
patients with a follow-up shorter than 2 years than for pa-
tients with a follow-up longer than 2 years for all three
smile types (p=0.692, p=0.930, and p=0.668, respec-
tively). A weak and nonsignificant correlation was found

| 64.8%

All of the time
| 29.6%

| 18.3%
Most of the time
| 16.9%

 []42%
Some of the time-
[ ]8.5%

[ ]85%
A little of the time

| 16.5%
] 2.8%

None of the time
I 25.4%

0 10 20 30 40 50

Number of respondents

Figure 1 Bar charts of patient self-reported ability to smile
voluntary with biting down (blue) and without biting down
(gray) (missing: n=1 (1.4%) and n=3 (4.2%), respectively).

Normally 4 | 7.0%
Almost normally | 16.9%

Alittle- | 23.9%
Only if | concentrate | 25.4%
Not at all | 25.4%
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Figure 2 Patient self-reported spontaneity of smile (missing:
n=1 (1.4%)).

Allofthetime{  ]15.5%
Mostofthetime{ ]21.1%
Some of the time- | 28.2%
Almost never-:I 21.1%
Never{ | 11.3%

0 5 10 15 20 25

Number of respondents

Figure 3 Answers to the question: “How often do you use your
bite-smile?” (missing: n=2 (2.8%)).

between clinician-observed smiling ability and patient self-
reported voluntary smiling ability (Spearman correlation co-
efficient =0.175, p=0.235). Twenty-three patients (32.4%)
reported “never” or “almost never” using their bite-driven
smile (Figure 3), with 14 patients (19.8%) reporting the
need to bite down to smile as being “bothersome” or “very
bothersome”. In descending order of frequency, patients
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Table 2 Answers to the question “Have you noticed any loss of volume or asymmetry over your jaw on your affected side

compared to your healthy side?”.

All patients (n=71)

Gracilis by V (n=42)

V-to-VIl nerve transfer (n=29)

Yes (n (%?)) 13 (18.3)
No (n (%?)) 38 (53.5)
| am not sure (n (%?)) 18 (25.4)
Missing (n (%%)) 2 (2.8)

6 (14.3) 7 (24.1)
25 (59.5) 13 (44.8)
10 (23.8) 8 (27.6)
1(2.4) 1(3.4)

a Percentages are column percentages.
Abbreviations: n: number, V: nerve-to-masseter, Vll: facial nerve.

None of the time-:l 2.8%

Some of the time- | 18.3%
Most of the time | 22.5%

All of the time

A little of the time- 18.3%

| 35.2%

10 20 30

Number of respondents

o

Figure 4 Answers to the question: “When you eat, does the
affected side of your face move?” (missing: n=2 (2.8%)).

reported using their bite smile for “photos” (n= 34, 47.9%),
“meeting new people” (n=20, 28.2%), “interacting with ac-
quaintances” (n=16, 22.5%), and “interacting with close
family or friends” (n=14, 19.7%).

Sixty-five patients (91.6%) reported improved symmetry
of the face after surgery, and 63 patients (88.8%) reported
improved symmetry of their smile. Forty-three patients
(60.5%) scored their face as symmetric, and 30 patients
(42.3%) scored their smile as symmetric. No significant dif-
ference was seen between patients who were and who were
not treated with a concurrent static midface suspension
procedure (using a Bonferroni corrected p-value for four
tests (p=0.013)).

Thirteen patients (18.3%) perceived masseter muscle at-
rophy or facial contour asymmetry following NTM trans-
fer (Table 2). Although this difference was not statistically
significant (p=0.429), a larger proportion of the “V-to-
VII nerve transfer” patients reported self-perceived mas-
seter muscle atrophy or asymmetry than the the “gracilis
by V” patients (24.1% versus 14.3%, respectively) (Table 2).
More than half of respondents perceived cheek movement
while eating “all of the time” (n=25, 35.2%) or “most of
the time” (n=16, 22.5%) (Figure 4), with eight patients
(11.3%) reporting movements such as “bothersome”, and
one patient (1.4%) reporting “very bothersome.” Patients
generally reported few complaints regarding TMJ function
(Table 3). Fifteen patients (21.1%) reported preoperative
existence of problems with the TMJ or a preoperative di-
agnosis of TMJ disorder.

Fifty-five of the 71 respondents (77.5%) received tar-
geted facial nerve physical therapy. Thirty-five patients
(49.3%) reported adherence to the physical therapy treat-
ment plan. Twenty-seven patients (38.0%) stated that phys-

ical therapy was an important part of their treatment plan,
and 36 patients (50.7%) stated that physical therapy helped
them to understand how to use their “bite-driven smile”.

A full list of the answers to all questions in the question-
naire is given in the appendix.

Discussion

The NTM is growing in popularity as a first-line neural source
to reinnervate smile in facial palsy in our center. The aim of
this study was to better understand patients’ perspectives
regarding NTM-driven smile reanimation and to quantify po-
tential and reported side effects of its use.

We found that the vast majority of respondents were able
to smile voluntarily (83.1%) while biting down. A “normal”
or “almost normal” spontaneous smile was self-reported by
only 23.9% of patients in our study, which is in line with the
23% of spontaneous smile rates after NTM-driven smile re-
animation found by a recent systematic review.® The ability
to smile emotionally or spontaneously following NTM-driven
smile reanimation has been reported, and several explana-
tions may account for this.® The most commonly attributed
rationale is cortical plasticity, whereby new neuronal con-
nections are made in the brain allowing signals from the fa-
cial nerve nucleus to cause activation of the motor nucleus
of trigeminal nerve.'®"” This is believed to occur more fre-
quently in younger patients. Additionally, cortical plasticity
is reported to occur more frequently in bilateral facial palsy
patients.'® With only four patients with bilateral palsy in our
series, we were not able to test this hypothesis statistically.
Other groups describe improvements in spontaneity from in-
tensive neuromuscular retraining.'®?¢ Another more direct
explanation is that nearly 40% of normal subjects studied
co-contract masseter and zygomaticus major while smil-
ing.”3 Thus, the presence of spontaneity in some patients
may be due to this pre-existing co-contraction of the mas-
seter muscle with smiling, making them ideal candidates for
NTM-driven smile reanimation. '

While self-reported voluntary smiling ability is generally
good following NTM-driven smile reanimation, a relevant
proportion of patients (32.4%) report infrequent use of their
bite-smile. Simultaneously, patients report less use of the
bite smile when interacting with close friends or family than
taking photos or meeting new people. This difference may
indicate that the bite smile is seen as a good tool for non-
verbal communication, which is known to be a critically im-
portant for psychosocial functioning after facial palsy.?’ %’

Masseter muscle atrophy was self-reported in 18.3% of all
patients, although some patients (25.4%) reported not being
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Table 3 Answers to patient self-perceived complaints regarding the TMJ.

All of the time  Most of the time  Some of the time  Almost never  Never Missing
Pain/discomfort® (n (%?)) 1(1.4) 2 (2.8) 16 (22.5) 9 (12.7) 41 (57.7) 2 (2.8)
Clicking/locking® (n (%%)) 1(1.4) 2 (2.8) 12 (16.9) 16 (22.5) 39 (54.9) 1(1.4)
Difficulty chewing? (n (%)) 4 (5.6) 5 (7.0) 15 (21.1) 23 (32.4) 22 (31.0) 2 (2.8)
Difficulty opening® (n (%°)) 10 (14.1) 17 (23.9) 17 (23.9) 7 (9.9) 15 (21.1) 5 (7.0)

@ Percentages are row percentages.

b Do you experience pain or discomfort around the joint of the jaw in front of the ear?

¢ Do you experience clicking or locking of the lower jaw?
d Do you have difficulty chewing certain foods?

€ Do you have difficulty opening your mouth wide to eat certain foods (e.g., an apple or hamburger)?Abbreviations: n: number, TMJ:

temporomandibular joint.

sure whether masseter muscle atrophy was present. The au-
thors of a case series of seven patients treated with V-to-VII
nerve transfer report no postoperative problems with chew-
ing and only one case (14.3%) of facial contour asymmetry
due to masseter muscle atrophy.?? An important option in
preventing masseter muscle atrophy from happening is pre-
serving the anterior branch of the NTM during donor nerve
mobilization, which we have started to do more recently as
well.

Only 2.8% of respondents reported never having expe-
rienced movement of the oral commissure with prandial
activity. Postoperative prandial movement of the cheek was
reported by 97.2% of all patients, ranging from “a little of
the time” to “all of the time.” A small proportion of patients
reported this involuntary movement to be “bothersome”
(11.3%) or “very bothersome” (1.4%). In a study solely
focused on examining involuntary movement during masti-
cation in NTM-driven gracilis FFMT patients, the authors ac-
quired postoperative videos of 16 patients eating and evalu-
ated the pattern of mastication, observer-perceived cheek
movement, and social hindrance according to the patient.'
The authors observed prandial movement in all 16 patients,
but only 33% of the patients self-report being aware of pran-
dial movement. Similar to our study, prandial movement
was not considered bothersome by the majority of patients.

TMJ complaints are relatively common in the gen-
eral population, with prevalence rates of 6-12% being re-
ported.*° In our study, “pain or discomfort” and “clicking or
locking” of the TMJ were reported by a small proportion
of patients. Difficulty chewing and difficulty opening the
mouth, in particular, were reported more often (Table 3),
but 21.1% of patients also reported a pre-existing diagno-
sis of TMJ disorders or complaints. Given the high rate of
preoperative TMJ complaints, it seems unlikely that NTM-
driven smile reanimation techniques cause complaints of
the TMJ. This is further supported by a case series of 11
patients after V-to-VIl nerve transfer.?> The authors evalu-
ated the rehabilitation of the facial muscles after the proce-
dure with clinical examination of the masseter muscle and
TMJ, finding no symptoms or signs of TMJ dysfunction after
18 months. However, this is a clinician report, and symp-
toms such as patient self-perceived pain of the TMJ were
not evaluated.

Physical therapy is known to be of benefit in the rehabili-
tation of NTM-driven smile reanimation.>?2>2¢ Physical ther-
apy is important in not only helping patients initially using
their bite-driven smile but also teaching how to generate

a smile without active bite movement and how to avoid
cheek movement when eating. Patients generally share this
view, with relatively high proportions of patients stating
that physical therapy is important, helped them to under-
stand how to activate their smile, and a good self-reported
adherence to the physical therapy treatment plan. It is our
opinion that optimal smile reanimation requires a compre-
hensive team effort including the surgeon and physical ther-
apist.

This study has several limitations. All responses were ret-
rospective and thus subject to recall and responder bias,
although a response rate of approximately 60% is sufficient
to make some conclusions from the data presented. There
were also very few differences found between the respon-
der and nonresponder groups, thereby limiting the degree
of responder bias. All rates presented were self-reported
by patients through a questionnaire, and the use of closed-
ended questions may have limited the answer options for
some patients. Although the present study shows that rates
of accessory complaints among NTM-driven smile reanima-
tion patients are low, qualitative studies specifically ad-
dressing these individual areas could be useful in the future.
Additionally, we chose to utilize an online platform for ad-
ministering this questionnaire, ruling out patients without
an email address, which may represent a source of selec-
tion bias.

This study was not designed to predict which patients
would be more likely to have a successful outcome after
smile reanimation driven by the NTM versus other innerva-
tion strategies. Other studies such as discrete choice ex-
periments are needed to answer this important question.
Similarly, patients who underwent cross-facial nerve graft-
ing or dual-innervated reanimations were not surveyed, and
hence, it is not reasonable to make comparisons between
techniques using these data. Future studies should attempt
to objectively quantify rates of spontaneous smiling af-
ter various innervation strategies in addition to including
patient-reported data.

Conclusion

Patients report good voluntary smiling ability following
NTM-driven smile reanimation surgery, with low rates of se-
quelae. Patients report generally low rates of spontaneous
smiling, and one-third of patients report rarely using their
bite-driven smile. The present study supports the acclaimed
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low morbidity of NTM-driven smile reanimation surgery. Fur-
ther prospective studies are required to analyze the effect
of dual-innervation strategies and to be able to objectively
quantify spontaneous smiling.
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