
 

 

 University of Groningen

Spontaneity Assessment in Dually Innervated Gracilis Smile Reanimation Surgery
Dusseldorp, Joseph R.; van Veen, Martinus M.; Guarin, Diego L.; Quatela, Olivia; Jowett,
Nate; Hadlock, Tessa A.
Published in:
JAMA facial plastic surgery

DOI:
10.1001/jamafacial.2019.1090

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Dusseldorp, J. R., van Veen, M. M., Guarin, D. L., Quatela, O., Jowett, N., & Hadlock, T. A. (2019).
Spontaneity Assessment in Dually Innervated Gracilis Smile Reanimation Surgery. JAMA facial plastic
surgery, 21(6), 551-557. https://doi.org/10.1001/jamafacial.2019.1090

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 29-04-2023

https://doi.org/10.1001/jamafacial.2019.1090
https://research.rug.nl/en/publications/402911a2-de1b-480d-a4bd-b2a7b60b2fbd
https://doi.org/10.1001/jamafacial.2019.1090


Spontaneity Assessment in Dually Innervated Gracilis Smile
Reanimation Surgery
Joseph R. Dusseldorp, FRACS; Martinus M. van Veen, MD; Diego L. Guarin, PhD;
Olivia Quatela, BS; Nate Jowett, MD; Tessa A. Hadlock, MD

IMPORTANCE Surgeons have sought to optimize outcomes of smile reanimation surgery by
combining inputs from nerve-to-masseter and cross-face nerve grafts. An objective
assessment tool could help surgeons evaluate outcomes to determine the optimal neural
sources for smile reanimation.

OBJECTIVE To evaluate the use of a novel video time-stamping method and standard
outcome measurement tools to assess outcomes of facial reanimation surgery using various
innervation strategies.

DESIGN, SETTING, AND PARTICIPANTS Cohort study assessing the outcomes of dually
innervated gracilis free muscle transfers vs single-source innervated gracilis transfer
performed at a tertiary care facial nerve center between 2007 and 2017 using a novel, video
time-stamping spontaneity assessment method. The statistical analyses were performed in
2018.

INTERVENTIONS Dually innervated gracilis free muscle transfers or single-source innervated
gracilis transfer.

MAIN OUTCOMES AND MEASURES Spontaneous smiling was assessed by clinicians and
quantified using blinded time-stamped video recordings of smiling elicited while viewing
humorous video clips.

RESULTS This retrospective cohort study included 25 patients (12 men and 13 women; median
[range] age, 38.4 [29.3-46.0] years) treated with dually innervated gracilis free functional
muscle graft for unilateral facial palsy between 2007 and 2017. Smile spontaneity assessment
was performed in 17 patients and was compared with assessment performed in 24 patients
treated with single-source innervated gracilis transfer (ie, nerve-to-masseter–driven or
cross-face nerve graft–driven gracilis [n = 13]) (demographic data not available for NTM and
CFNG cohorts). The use of time-stamped video assessment revealed that spontaneous
synchronous oral commissure movement in a median percentage of smiles was 33% in
patients with dually innervated gracilis (interquartile range [IQR], 0%-71%), 20% of smiles in
patients with nerve-to-masseter–driven gracilis (IQR, 0%-50%), and 75% of smiles in
patients with cross-face nerve graft–driven gracilis (IQR, 0%-100%). Clinicians graded smile
spontaneity in dually innervated cases as absent in 40% (n = 6 of 15), trace in 33% (n = 5 of
15) and present in 27% (n = 4 of 15). No association was demonstrated between
clinician-reported spontaneity and objectively measured synchronicity.

CONCLUSIONS AND RELEVANCE Dually innervated gracilis free muscle transfers may improve
smile spontaneity compared with masseteric nerve–driven transfers but not to the level of
cross-face nerve graft–driven gracilis transfers. Quantifying spontaneity is notoriously
difficult, and most authors rely on clinical assessment. Our results suggest that clinicians may
rate presence of spontaneity higher than objective measures, highlighting the importance of
standardized assessment techniques.

LEVEL OF EVIDENCE 4.
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Two neural sources are widely used to innervate the graci-
lis free functional muscle transfer (FFMT) in facial re-
animation: the ipsilateral nerve to masseter (NTM) or

branches of the contralateral facial nerve via a cross-face nerve
graft (CFNG). Both sources have distinct advantages and dis-
advantages. The NTM provides a robust source of motor axons
and reliable postoperative oral commissure excursion with vol-
untary smiling.1-4 However, conscious muscle activation is re-
quired to produce a smile, facial movements are present with
prandial activity, and low rates of spontaneity have been
reported.5,6 Cross-face nerve graft results in spontaneous
movement but can lead to less oral commissure excursion and
a higher chance of failure to achieve a meaningful smile on the
surgical side.1,3,7

In 2009, Watanabe et al8 suggested that combining vol-
untary motor input from neurotization of the masseter and
gracilis with spontaneous movement from the CFNG may im-
prove outcomes in smile reanimation. Several other groups
have since performed a wide variety of dual innervation
techniques.9-13 Good to excellent results have been reported,
although various outcome measures have been used and very
few studies have systematically assessed smile spontaneity.

The aim of this study was to develop an objective assess-
ment tool to quantify spontaneous smiling and use this tool
to analyze facial reanimation outcomes from various inner-
vation strategies.

Methods
Institutional review board approval from the Massachusetts
Eye and Ear Infirmary and patient written informed consent
were obtained for this retrospective cohort study. All patients
who underwent dually innervated gracilis FFMT for unilat-
eral facial palsy at our institution between 2007 and 2017 were
identified (n = 25). In addition, 24 patients treated with single-
source (NTM- or CFNG-driven) innervated gracilis from the
same time period were analyzed. Demographic data were re-
corded, including age, sex, the cause of facial palsy, fol-
low-up duration at time of spontaneity assessment, and pre-
operative facial nerve status (flaccid vs nonflaccid). Facial nerve
status was defined as long-standing flaccid facial palsy (FFP)
if there was no sign of activity in any facial muscle on the af-
fected side of the face for at least 18 months prior to reanima-
tion surgery. The remaining patients were classified as hav-
ing nonflaccid facial palsy (NFFP).14 Intraoperative neural
coaptation patterns were classified as either interfascicular
split, Y-shaped neurorrhaphy, or end-to-side neurorrhaphy
(Figure 1).

Standardized outcome measures were collected using a pa-
tient-reported facial palsy–specific quality-of-life question-
naire (Facial Clinimetric Evaluation [FaCE] scale),15 photo-
graphs and videos of the face in repose and in 7 standardized
facial expressions,16 clinician-graded electronic facial palsy se-
verity assessment (using the eFACE scale),17 and objective fa-
cial landmark detection and measurement with a machine-
learning model graphical user interface (Emotrics).18

Spontaneous smile was elicited using the Spontaneous Smile

Assay (SSA),19 a validated technique of obtaining video record-
ings of elicited spontaneous smiles from patients viewing hu-
morous video clips.

Two techniques were used to quantify spontaneous smil-
ing. First, a blinded assessor analyzed each SSA video clip in
which the upper face and the affected side of the lower face
were blacked out. The assessor watched the video and time-
stamped the filmstrip over the time period that a healthy side
commissure movement was clearly elicited (Figure 2). The
blackout was then reversed so that only the affected half of the
lower face was visible, and oral commissure movements were
time-stamped for a second time. The time-stamped videos
were compared in a binary fashion (spontaneous smile pre-
sent vs absent) and a mean of all smile moments was calcu-
lated, yielding an overall percentage of smiles within a SSA
video that had synchronous oral commissure movements
(Video 1 and Video 2). This method is similar to a recently pub-
lished study that used a slow-motion video analysis method;
however, blinding of the 2 sides of the face was not per-
formed in that study.20 Second, the medical record was re-
viewed to see how the clinician reported the presence or ab-
sence of spontaneous smile activity. Clinician-graded
spontaneity was categorized as either absent, trace, or pre-
sent. Correlation between synchronicity and clinician-
reported spontaneity was assessed. Synchronicity was com-
pared between dually innervated NTM-driven and CFNG-
driven gracilis FFMTs.

Statistical Analysis
Descriptive statistics were expressed as numbers and frequen-
cies and medians and interquartile ranges (IQRs). Differences
between preoperative and postoperative data were tested using
Wilcoxon signed rank tests. Correlation between synchronic-
ity and clinician-reported spontaneity was tested using Spear-
man rank correlation. A Kruskal-Wallis test was used to ana-
lyze differences in oral commissure excursion on the affected
side of the face for 3 neurorrhaphy techniques used in dual in-
nervation. Mann-Whitney U tests were used to test differ-
ences in synchronicity and follow-up time between dually in-
nervated and NTM-driven or CFNG-driven gracilis FFMT. An
alpha of .05 was selected, and all statistical tests were per-
formed using SPSS version 25 (IBM).

Key Points
Question Can a video time-stamping method be used to measure
spontaneity of smile after dually innervated gracilis smile
reanimation surgery?

Findings In this cohort study of 25 patients treated with dually
innervated gracilis free muscle transfers vs 24 patients treated
with masseteric nerve–driven transfers (n = 11) or cross-face nerve
graft–driven gracilis (n = 13), a spontaneous smile was present in a
median of 33% of smiles, which was more than was present in
masseteric nerve–driven transfers (20%) but less than in
cross-face nerve graft–driven smile reanimation surgery (75%).

Meaning Dual innervation may improve synchronicity compared
with masseteric nerve transfer but not to the level of cross-face
nerve graft–driven gracilis free muscle transfer.
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Results

Demographics
Dually innervated gracilis FFMT for unilateral facial palsy was
performed in 37 patients between 2007 and 2017 (29 patients
between 2016 and 2017, and 8 between 2007 and 2015). Eight
patients had insufficient follow-up of less than 6 months at time
of spontaneity assessment and 4 patients were lost to follow-
up; thus, 25 patients (12 men and 13 women; median [range]
age, 38.4 [29.3-46.0] years) in the dual innervation group and
24 patients (demographic data not available for NTM and CFNG
cohorts) in the single-source innervation group were in-
cluded in the final analysis. Median postoperative follow-up
was 0.8 (IQR, 0.6-1.4) years (Table 1). Most patients (15 [60%]
of 25) presented with facial palsy after tumor or trauma. Sev-
enteen (68%) of 25 patients had FFP and 8 (32%) had NFFP.
An interfascicular split neurorrhaphy technique was used to

perform dual innervation in 15 (60%) patients, Y-shaped neu-
rorrhaphy was used in 6 (24%), and the end-to-side tech-
nique was used in 4 (16%) (Figure 1).

Outcome Measures
Preoperative and postoperative FaCE scale scores were avail-
able for 15 (60%) of 25 patients, and patient-reported quality-
of-life scores rose from a preoperative median of 38 points (IQR,
35-53) to a postoperative median of 51 points (IQR, 38-70)
(P = .004). Significant increases were found in static, dy-
namic, and total eFACE scores (Table 2). Excursion of the af-
fected corner of the mouth with smile improved significantly
from a preoperative median (IQR) of −1.2 mm (−2.6 to 2.4) to
a postoperative median of 5.8 mm (IQR, 2.4-6.4) (P < .001). Ad-
ditionally, symmetry of the mouth in repose and with smile
improved significantly (Table 2). No difference in postopera-
tive oral commissure excursion was found between the 3 dif-
ferent dual innervation neurorrhaphy techniques.

Figure 1. Neurorrhaphy Techniques

Gracilis muscleGracilis muscleGracilis muscle

Nerve to
gracilis

Nerve to
gracilis

Nerve to
gracilis

Nerve to
masseter
(end to end)

Cross-face graft
(end to side)

Cross-face graft
(end to end)

Cross-face graft
(end to end)

Nerve to
masseter
(end to end)

Nerve to
masseter
(end to end)

Interfascicular split neurorrhaphyA Y-shaped neurorrhaphyB End-to-side neurorrhaphyC
A, In the interfascicular split
neurorrhaphy technique, an
interfascicular dissection is
performed in the nerve to the gracilis
to create separate sites for
end-to-end neural coaptations to the
cross-face nerve graft (CFNG) and
nerve to masseter (NTM). B, In the
Y-shaped neurorrhaphy technique,
both the CFNG and the NTM are
combined into a single neural
coaptation. C, In the end-to-side
neurorrhaphy technique, the NTM is
coapted end to end to the nerve to
gracilis. The CFNG is then coapted
end to side to an epineurial window
in the nerve to gracilis (made without
axotomy) close to the hilum of the
neurovascular pedicle.

Figure 2. Manual Time-Stamping Technique

Lower face, unaffected sideA Lower face, affected sideB

A, A blinded assessor analyzed the spontaneous smile assay (SSA) video clip in
which the upper face and the affected side of the lower face were blacked out.
The assessor time-stamped the filmstrip over the time period that a healthy side
commissure movement was clearly elicited (yellow bars). B, The blackout was
then reversed so that only the affected half of the lower face was visible, and
oral commissure movements were time-stamped for a second time.

Time-stamps were labeled (movement present, green bars; movement absent,
red bars) and a mean was calculated, yielding an overall percentage of smiles
within the SSA video clip that demonstrated synchronous oral commissure
movements. Synchronicity in this case was 25% (1 of 4 smiles). See Video 1 and
Video 2 for further demonstration of this technique.
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Spontaneity Assessment
The SSA was performed in 19 (76%) of 25 patients treated with
a dually innervated technique.19 Of these, 17 (89%) of 19 pa-
tients generated a spontaneous smile during the video that
could be analyzed. The median (IQR) percentage of synchro-
nous oral commissure movements in dually innervated pa-
tients was 33.0% (0%-71%). Median (IQR) synchronicity in FFP
was 16.5% (0%-64%) and NFFP was 60.0% (0%-100%), al-
though this difference was not statistically significant (P = .33,
Mann-Whitney U test). The SSA was performed in dual inner-
vation after a median (IQR) follow-up of 0.8 (0.7-1.1) years. Syn-
chronous movement was not correlated with the duration of
follow-up.

Clinician-assessed spontaneity was documented in 15
(88%) of 17 medical records of patients who were noted to
have smiled during the SSA. Of these, clinician-graded
spontaneity was rated as absent in 40.0% (n = 6 of 15), trace
in 33.3% (n = 5 of 15), and present in 26.7% (n = 4 of 15). No
significant correlation between synchronicity and clinician-
graded spontaneity was noted (correlation coefficient,
0.347; P = .20).

Comparison of CFNG, Dual Innervation, and NTM
Synchronous oral commissure excursion elicited with
humorous video clips occurred variably in patients treated
with CFNG-driven, dually innervated, and NTM-driven
gracilis FFMTs. The use of time-stamped video assessment
revealed that spontaneous synchronous oral commissure
movement occurred in a median percentage of 33% in
patients with dually innervated gracilis (interquartile range
[IQR], 0%-71%; n = 17 patients), 20% of smiles in patients
with NTM–driven gracilis (IQR, 0%-50%; n = 11 patients),
and 75% of smiles in patients with CFNG–driven gracilis
(IQR, 0%-100%; n = 13 patients) (Figure 3). No statistical dif-
ferences among groups were detected. Synchronous move-
ment analysis was performed for CFNG-driven, dually inner-
vated, and NTM-driven gracilis FFMTs at a median (IQR)
follow-up of 1.3 (1.0-2.0) years, 0.8 (0.7-1.0) years, and 1.4
(0.4-2.0) years, respectively. There was a significantly
shorter follow-up time for dually innervated cases than
CFNG-driven gracilis FFMTs. Synchronous movement was
more dichotomous for CFNG-driven gracilis FFMTs than
dually innervated and NTM-driven gracilis FFMTs, yielding
high levels of synchronicity when any movement was pre-
sent, and no synchronicity in cases of complete failure of
reanimation. A wider spread of synchronicity was present in
dually innervated or NTM-driven cases (Figure 3).

Discussion
Several studies using various dual innervation techniques have
been published since the concept was first described by
Watanabe et al8 in 2009, and some excellent results have
been reported.9-13 The most commonly reported outcome

Table 1. Characteristics, Follow-up Time, and Innervation Techniques
in Patients Treated With Dual Innervation

Characteristic No. of Patients n = 25

Sex

Female 13

Male 12

Median age (range), y 38.4 (29.3-46.0)

Affected side

Left 14

Right 11

Etiology

Acoustic neuroma resection 6

Iatrogenic injury/trauma 5

Benign tumor resection 4

Viral paralysis 4

Congenital 1

Other 5

Duration of paralysis, median (IQR), y 4.1 (2.4-12.9)

Flaccid facial palsy 17

Nonflaccid facial palsy 8

Follow-up time, median (IQR), y 0.8 (0.6-1.4)

Innervation technique

Interfascicular split 15

Y-shaped neurorrhaphy 6

End-to-side 4

Abbreviation: IQR, interquartile range.

Table 2. Patient-Reported Outcome Measure Improvements, Clinician-Graded Improvements,
and Objective Smile Measurements Following Dual Innervation

Outcome Measure

Median (IQR)

P ValuePreoperative Postoperative
FaCE scale total scoresa 38 (35 to 53) 51 (38 to 70) .01

eFace scoresb

Total 60 (57 to 66) 80 (73.3 to 83.8) <.001

Static 74 (60 to 82.5) 88 (84.3 to 92) <.001

Dynamic 35 (27 to 47.5) 65.5 (58.3 to 74) <.001

Smile measurements,c mm

Excursion healthy side 11.4 (8.6 to 12.8) 9.1 (5.6 to 11.7) .05

Excursion affected side −1.2 (−2.6 to 2.4) 5.8 (2.4 to 6.4) <.001

Symmetry repose 5.1 (−0.3 to 10.6) −0.6 (−4.3 to 2.7) .002

Symmetry smile 15.7 (10.7 to 21.7) 3.2 (−0.1 to 6.7) <.001

Abbreviations: FaCE, Facial
Clinimetric Evaluation scale; IQR,
interquartile range; mm, millimeters.
a Patient-reported outcome measure.
b Clinician-graded improvement.
c Emotrics facial recognition

software.
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assessment tool is the Terzis and Noah scale,20 which con-
sists of a clinician-graded assessment of aesthetic and func-
tional outcome that ranges from poor to excellent. Spontane-
ity of smile is not included in this grading system. In numerous
case series, spontaneous smile was reported to be present in
nearly all cases following dual innervation, as assessed by the
treating physicians.9-13 In 2015, Sforza et al13 systematically ana-
lyzed dually innervated gracilis FFMT using a humorous video
and motion tracking technology and found spontaneous smil-
ing to be present in 9 (70%) of 13 cases. No data were pre-
sented on the duration of palsy prior to surgery or the chance
of spontaneous recovery. Dual innervation was performed in
a single stage, and it was unclear whether any other nerve trans-
fer procedure (ie, direct CFNG) was simultaneously
performed.

Initially, we preferred to perform 2-stage CFNG, rou-
tinely assessing for the presence of a Tinel sign at the tip of the
CFNG before performing the second-stage gracilis FFMT. We
performed our first case of dually innervated gracilis FFMT for
smile reanimation in 2007. At that time, our indication for using
dual neural sources was to optimize axonal input when ques-
tionable axonal supply was suspected within the CFNG (eg, ow-
ing to weak evoked stimulation in the donor nerve branch, poor
Tinel sign, absence of a neuroma at the tip of the CFNG, or if
CFNG had been used elsewhere). In order to combine 2 neu-
ral inputs, we elected to perform an interfascicular split of the
anterior branch of the obturator nerve to gracilis so that 2 end-
to-end neurorrhaphies could be performed with the laterally
positioned NTM and the short CFNG located medially in the
upper lip (Figure 1A).

Later in our experience, we offered dual innervation to
older patients as a primary innervation strategy. Our goal was
to augment the reliability of a NTM-driven gracilis FFMT smile
with an element of the spontaneity generated from the use of
CFNG. We wanted to improve on the spontaneity generated
using the interfascicular split technique and decided to use a
longer CFNG in the first stage, extending the graft across the
face to 1 cm in front of the tragus, rather than banking it in the
upper lip, as is our preference when performing gracilis trans-
fer by using CFNG alone. This long CFNG was then coapted with
the NTM in a single, Y-shaped neural coaptation to the nerve
to gracilis (Figure 1B).

Our surgical technique has recently transitioned to per-
forming a true end-to-side neurorrhaphy (also known as
“supercharged” or “reverse end to side”) instead of a
Y-shaped neurorrhaphy based on outcomes experienced by
others (F. Biglioli, MD, personal communication, August 20,
2017). During this approach, the NTM is coapted end-to-end
to the nerve to gracilis. The CFNG is then coapted end-to-
side to an epineurial window in the nerve to gracilis—made
without axotomy—at the hilum of the neurovascular pedicle
(Figure 1C). We recommend that all patients receive postop-
erative physical therapy irrespective of the type of smile
reanimation technique used.

We sought to assess these dual innervation techniques
by using our routine panel of outcome assessment tools,
including patient-reported outcome measures, clinician-
graded scoring systems, and objective measurements (such

as oral commissure excursion) (Table 2). No significant dif-
ferences were found between innervation techniques in
terms of eFACE score improvements or oral commissure
excursion.

Moreover, because the real advantage of dual innerva-
tion over NTM-driven gracilis is the presence of smile spon-
taneity, we sought to develop a blinded, objective measure-
ment system to quantify the presence of synchronous smile.
Although time-consuming, manual time-stamping sur-
passed our ability to detect spontaneity from a clinical inter-
action with patients. Our own clinician gradings showed no cor-
relation with manual time-stamping in this group of dually
innervated patients. This finding highlights the difficulty of
quantifying spontaneous smile using a clinician-grading sys-
tem alone, and it implies that there may be inherent bias in cli-
nician assessments. Therefore, objective measurement meth-
ods of spontaneity are essential.

Synchronous oral commissure movements and sponta-
neous, emotional smiling are not synonymous. Synchro-
nous oral commissure movements are a measure of how
well the affected side smile is linked to the normal side via a
CFNG. Spontaneous, emotional smile is much more com-
plex, and although it is well recognized by humans, it can be
difficult to quantify for study purposes. Some groups have
used layperson assessment to quantify the ability of a smile
to convey emotion or communicate nonverbally. For the
purposes of this study, we were interested in the additional
use of the CFNG and have used synchronous oral commis-
sure movements as a proxy for spontaneous smiling. One
problem with this definition is that oral commissure move-
ments on the affected side may also occur with blink on
the healthy side, when a suboptimal donor facial nerve
branch has been used (Video 2). Although this synchronous
movement implies the presence of successful innervation
through the CFNG, it does not necessarily give information
as to the ability of the smile in conveying emotion or non-
verbal information. Other computer-learning techniques

Figure 3. Synchronicity in Nerve-to-Masseter (NTM)–Driven,
Dually Innervated, and Cross-Face Nerve Graft (CFNG)–Driven
Gracilis Free Functional Muscle Transfers
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quantifying the emotionality of smiling are currently being
developed for this purpose.21

We found that synchronous movements were present in
a median 33% of spontaneous smiles in our dual innervated
cases, with a wide range (0% to 100%), indicating variable
degrees of innervation by the CFNG or varying degrees of
NTM-driven spontaneity. Interestingly, we found synchro-
nous movement to be present in median 75% (IQR,
0%-100%) of the CFNG-driven cases. We believe that this
may be owing to lower axon counts crossing the face and a
weaker muscle response, especially when compared with
NTM-driven gracilis muscles. Synchronous oral commissure
movements were present in median 20% of smiles in NTM-
driven gracilis (IQR, 0%-50%).

Existing literature suggests that dual innervation is use-
ful for achieving both voluntary bite-driven smile and spon-
taneous cross-face-driven smile.9-13 Our experience is less con-
vincing; we have performed many recent cases using a true
end-to-side neurorrhaphy technique but these cases have not
yet had sufficient follow-up to be analyzed in this study. Over-
all, dual innervation performed at least as well as a typical graci-
lis by NTM alone. Cross-face nerve graft–driven gracilis trans-
fer continues to be the most reliable technique for recreating
a spontaneous smile, but may produce less oral commissure
excursion than NTM-driven gracilis and has an overall higher
failure rate.3,4,22

The scientific basis of dual innervation is not well
understood. Since Viterbo et al23 reintroduced the concept
of end-to-side neurorrhaphy in 199224 there has been sig-
nificant interest in optimizing reinnervation of a target
muscle using a reverse end-to-side25 (also known as “super-
charged” end-to-side26) technique. The clinical benefits of
early reinnervation of the hand intrinsic muscles by super-
charging end-to-side the deep motor branch of the ulnar
nerve with a distal anterior interosseus nerve transfer have
been reported.26,27 However, it is less clear whether this
clinical model in fact constitutes dual innervation because
regeneration of the ulnar nerve from the elbow to the hand
is unreliable, and the contributions of individual nerve
sources are difficult to determine clinically.26 An interesting
biological phenomenon to understand is what happens
when 2 fronts of regenerating axons come into contact
within a regenerating nerve, or when 1 axon arrives at the
neuromuscular junction and there is another axon present.
Does ephaptic conduction occur between regenerated axons
from different origins28 or does one population of axons
gain dominance by a process of synaptic elimination, as has
been demonstrated in developing neuromuscular junctions
in vivo by Turney and Lichtman29 and others?30 These
questions remain unanswered.

In the largest previously reported case series of dually in-
nervated gracilis FFMT, CFNG and gracilis FFMT were per-
formed in a single-stage procedure using a true end-to-side in-
nervation technique.13 The authors assert that preserving the
gracilis motor end plates by the NTM extends the window of
muscle receptivity for the time it takes for the CFNG to regen-
erate across the face. Whether it is possible for axons to arrive
at the neuromuscular junction several months after another

front of regenerating axons and either displace existing axons
or create new neuromuscular junctions has not yet been in-
vestigated in animal models. Further animal studies and rig-
orous analysis of clinical data may improve our understand-
ing of this biological process.

A significant proportion of healthy patients are known to
co-contract the masseter muscle with smiling.30 Lenz et al20

found that patients with preoperative co-contraction of the zy-
gomaticus and masseter muscles who underwent NTM-
driven smile reanimation often developed a synchronous smile
postoperatively. Theoretically, this finding could mean that
some of the spontaneous movement in dual innervation comes
from NTM input rather than CFNG input. Conversely, we re-
cently studied patient-reported smile perception in NTM-
driven smile reanimation surgery and found that self-
reported spontaneous smile rates and NTM-driven smile use
were low (<50%).31

Limitations
The present study was designed to demonstrate the utility
of an objective approach to quantify spontaneous smiling;
however, we did not have sufficient power to be able to
make definitive conclusions on ideal neural sources in facial
reanimation. Other limitations of this study include its ret-
rospective nature, predominantly short-term follow-up (0.8
years for dual innervation vs 1.4 years for CFNG), variation
in the indication for dual innervation, various neurorrhaphy
techniques used, and the inclusion of patients with FFP and
NFFP. It is possible that the combination of patients with
FFP and NFFP makes data interpretation more difficult
because the remaining ipsilateral facial nerve function may
be mistaken for CFNG-driven movement. However, in the
current era, early intervention is becoming more common,
and patients with long-standing, unoperated, FFP are rare.
Objective assessment tools are required to be able to deter-
mine subtle differences in these complex patients. In the
future, surface electromyography measurements and local
anesthetic injections in the region of the CFNG may also
prove useful to assess the presence or absence of a neural
connection between the CFNG and the gracilis muscle,
although we have not yet used these techniques.

Conclusions
We developed a blinded, objective assessment of synchro-
nous smile and found that synchronous oral commissure
movement was present in approximately one-third of the
patient cohort in the present study of dually innervated
facial reanimations. Additional studies of dually innervated
cases with long-term follow-up and larger sample sizes are
required to verify any additional utility of the dual innerva-
tion technique over the NTM-driven gracilis technique.
Time-stamping is a simple and effective method of quanti-
fying synchronicity of oral commissure movement and may
help to determine the effectiveness of dual innervation at
creating spontaneity, the most elusive attribute of the reani-
mated smile.
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