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The aim of the present study was to analyze the consequences of partial free latissimus dorsi muscle flap
with nerve splitting technique (Partial LD transfer) for facial reanimation and compare outcomes ac-
cording to innervation method (singer versus dual innervation).

Patients with complete unilateral facial paralysis underwent either the single (ipsilateral masseteric
nerve only) or dual (ipsilateral masseteric nerve plus contralateral buccal branch of the facial nerve)
nerve innervation method for facial reanimation. An assessment was carried out to compare the out-
comes between the single and dual innervation.

Total of 21 patients were involved in this study. In the single innervation group, 7 out of 8 patients
developed a voluntary smile. However, none were able to achieve a spontaneous smile. On the other
hand, 9 out of 13 patients developed a voluntary smile and 3 out of 13 patients achieved a spontaneous
smile. The mean increases of smile excursion assessed by Emotrics software and Terzis grades showed no
significant differences between two groups.

Within the limitations of the study it seems that partial LD transfer approach utilizing the dual
innervation method has a positive effect on achieving a spontaneous smile and could be a valuable
option for facial reanimation.

© 2022 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Facial paralysis disrupts the innate connection betweenmimetic
muscles and emotions. This functional impairment poses a barrier
to social interaction and consequently decreases quality of life
(Nellis et al., 2017; Guntinas et al., 2007; Lassaletta et al., 2006). In
the last decade, free functional muscle transfer has been the gold
standard treatment approach for chronic facial paralysis. Until now,
numerous reconstruction options, including options involving two
mainstream donor muscles (gracilis muscle and latissimus dorsi
muscle), have been introduced (Dong et al., 2018; Bianchi et al.,
2016; Bae et al., 2006; Manktelow et al., 2006; Harii et al., 1998;
Cuccia et al., 2005; Biglioli et al., 2012a).
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As advances in the field of facial reanimation have been made
globally, recovering a spontaneous smile is one of the most
important goals for patients with facial paralysis. To restore a
spontaneous smile, physicians have used dual innervation methods
that combine the ipsilateral masseteric motor nerve and contra-
lateral normal facial nerve branch in a single free muscle flap
(Cardenas-Mejia et al., 2015; Biglioli et al., 2012b; Sforza et al., 2015;
Okazaki et al., 2015; Dusseldorp et al., 2019). However, controversies
still exist regarding whether the dual nerve innervation method is
superior to the method involving a single motor nerve (the
masseteric nerve or hypoglossal nerve) in terms of the outcomes of
smile restoration after reanimation surgery (Manktelow et al., 2006;
Lifchez et al., 2005).

Therefore, it was the aim of the study to compare outcomes
between the single and dual innervation methods.
Elsevier Ltd. All rights reserved.

tion using free partial latissimus dorsi muscle transfer: Single versus
://doi.org/10.1016/j.jcms.2022.09.001

mailto:prshchang@gmail.com
www.sciencedirect.com/science/journal/10105182
http://www.jcmfs.com
https://doi.org/10.1016/j.jcms.2022.09.001
https://doi.org/10.1016/j.jcms.2022.09.001


Fig. 1. Interfascicular nerve splitting method was performed to preserve the transverse
branch of the TDN. The schema from (Kwon et al., 2011).
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2. Patients and methods

The studywas approved by the Institutional Review Board of our
institution (IRB No. 1807-143-961) and was performed in accor-
dance with the Declaration of Helsinki. In the study, we examined
patients with unilateral facial paralysis who underwent a rean-
imation procedure using the partial LD transfer method between
March 2016 and February 2019. All patients who were diagnosed
with complete unilateral facial paralysis (House-Brackmann grade
6) underwent either the single (ipsilateral masseteric nerve only) or
dual (ipsilateral masseteric nerve plus contralateral buccal branch
of the facial nerve) nerve innervation method for facial rean-
imation. The indications for using the single innervation method
were failure to find an appropriate contralateral buccal branch of
the facial nerve and a desire for a less invasive procedure to avoid
injury to the normal hemiface. Patients with a follow-up period of
less than 12 months and those who underwent previous facial
reanimation surgery were excluded from data collection. A retro-
spective chart review for data, including age, sex, duration of pa-
ralysis, etiology, and postoperative outcomes was performed. All
patients underwent a rehabilitation protocol starting 1 month after
the surgery. The protocol beganwith the patient standing in front of
a mirror for 30 min per day and smiling with their teeth clenched
and then smiling without their teeth clenched.

2.1. Surgical technique

Patients were placed in a semi-lateral decubitus position with
the paralyzed side up. A modified Blair incision was made in the
temporal region bypassing the tragus and going under the earlobe.
The incision extended 6e8 cm into the cervical region along a skin
crease 3 cm caudal to the inferior mandibular border. An anterior
skin flap was elevated from the superficial muscular aponeurotic
system (SMAS) to access the lower two-thirds of the face. After
exposing the facial vessels, the masseteric nerve was identified
within the muscle by using the zygomatic arch and the tragus as
surgical landmarks. On the healthy side of the face, a linear incision
was made along the nasolabial fold. Dissection was performed for
exploration of the buccal branch of the facial nerve. The distance
between the zygomatic arch and the oral commissure was
measured to determine the size of the muscle flap to harvest.

A latissimus dorsi neurovascular muscle flap was simulta-
neously harvested from the ipsilateral back lesion using a two-team
approach. A zigzag incision was made from the axilla to the pos-
terior axillary line. After subcutaneous dissection, the anterior
border of the latissimus dorsi muscle was identified. Dissection
continued until the hilum and bifurcation points of the descending
branch and transverse branch of the thoracodorsal vessels and
nerves were reached. After marking the required muscle flap,
additional dissection along the distal end of the muscle segment
was performed to isolate the distal stump of the descending branch
of the thoracodorsal nerve (TDN). After separating the muscle flap,
the interfascicular nerve splitting method was performed under
loupe magnification, as discussed in a previous study (Fig. 1). The
flap pedicle was divided after twitching the muscles of both the
descending branch (proximal and distal) and transverse branch of
the TDN, and dominance was confirmed by a nerve stimulator
(Fig. 2 and Online Video 1).

Supplementary video related to this article can be found at doi:
10.1016/j.jcms.2022.09.001

The harvested neurovascular muscle flap was transferred into
the face pocket, and end-to-end vascular anastomosis was per-
formed between the thoracodorsal vessels and facial vessels. In the
dual innervation group, end-to-end neural anastomosis was carried
out between the distal portion of the descending branch of the TDN
2

and the ipsilateral masseteric nerve. Additional end-to-end neural
anastomosis was carried out between the proximal portion of the
descending branch of the TDN and the contralateral facial nerve
branch (Fig. 3). On the other hand, in the single innervation group,
end-to-end neural anastomosis was carried out between the
proximal portion of the descending branch of the TDN and the
ipsilateral masseteric nerve.

After flap placement in the facial pocket, each end of the muscle
was sutured to the modiolus and the periosteum of the zygomatic
arch. The skin flaps were closed, and drains were inserted.
2.2. Outcome measures

Each patient underwent preoperative and postoperative
photography, and an animation video was taken 12 months after
surgery. Smile outcomes were assessed using Hadlock's smile
measurement on the lip excursion scale with Emotrics software (Sir
Charles Bell Society) (Bray et al., 2010; Guarin et al., 2018) (Fig. 4). In
addition, an esthetic and functional grading system (Terzis and
Noah, 1997) (Table 1) was used for smile evaluation. The ques-
tionnaire was given to all patients to evaluate the types of smiles
(voluntary or spontaneous) and the timing of the first muscle
movement, and was administeredwhen they visited the outpatient
clinic at 3, 6, 9, and 12months after surgery. At the outpatient clinic,
two methods were used to quantify spontaneous smiling. First, the
patients were asked to smile with and without clenching their
teeth, and the video were recorded. Three blind clinicians who
specialized in plastic surgery evaluated the types of smiles
(voluntary vs. spontaneous). If all three investigators' assessment
results were not the same, the outcome was marked as “not
assessable” and patients were asked to visit again 1 month later.
Second, At 12 months after surgery, blinded assessor analyzed
Spontaneous Smile Assay (SSA). The SSA was performed after
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Fig. 2. Intraoperative photographic findings of nerve splitting method. (A) Preservation of transverse branch of TDN. (B) After interfascicular splitting (online Video 1.).

Fig. 3. The schema of novel dual innervation method utilizing TDN for facial reanimation.
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obtaining videos of spontaneous smiles from patients by watching
humorous video clips (Iacolucci et al., 2015; Dusseldorp et al., 2019).

For statistical analysis, a comparison between the single and
dual innervation methods for spontaneous smile recovery was
conducted using the Mann-Whitney U test. SPSS v26.0 (IBM Corp.,
Armonk, NY, USA) was used to analyze the results and perform all
statistical tests. Significance was set at a p-value <0.05.
3

3. Results

Of the 21 patients who underwent facial reanimation using
partial LD transfer, 8 underwent the single innervation method and
13 underwent the dual innervation method. The mean age of the
patients was 41.2 years (range: 20e56 years) in the single inner-
vation group and 41.5 years (range: 18e65 years) in the dual



Fig. 4. Patient example of lip excursion evaluation using Emotrics software.

Table 1
Esthetic and functional grading system used for smile (Terzis and Noah, 1997)

Grade Result Description

1 Poor Deformity, no contraction
2 Fair No symmetry, minimal contraction
3 Moderate Moderate symmetry and contraction
4 Good Symmetry, nearly full contraction
5 Excellent Symmetrical smile with teeth showing, full contraction
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innervation group. The distribution of sex was 4 men and 4 women
in the single innervation group and 6men and 7 women in the dual
innervation group. When comparing the duration of paralysis be-
tween the innervation groups, the single innervation group had a
lower duration before receiving reanimation surgery (8.1 years vs.
Table 2
Patients’ demographics of Split LD transfer with nerve splitting method.

Surgical technique Single innervation Dual innervation Total

Number of patients 8 13 21
Age
Mean 41.2 41.5 41.4
Range 20e56 18e65 18e65

Sex
Men 4 6 10
Women 4 7 11

Duration of paralysis, years
Mean 8.1 11.5 10.2
Range 2e20 2e37 2e37

Etiology of paralysis
Brain tumor 4 2 6
Parotid tumor 1 4 5
Trauma 1 3 4
Vestibular schwannoma e 3 3

Chronic otitis media e 2 2
Bell's palsy e 2 2
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11.5 years). The most common etiology was brain tumor in the
single innervation group and parotid tumor in the dual innervation
group (Table 2).

According to clinician-assessed spontaneity in the single
innervation group, 7 out of 8 patients developed a voluntary smile.
However, nonewere able to achieve a spontaneous smile (Fig. 5 and
Online Video 2). On the other hand, in the dual innervation group, 9
out of 13 patients developed a voluntary smile and 3 out of 13
patients achieved a spontaneous smile (Fig. 6 and Online Video 3).

Supplementary video related to this article can be found at doi:
10.1016/j.jcms.2022.09.001

The SSA was performed in 7 (88%) of 8 patients treated with
single innervation method. Of these, no patients generated a s
spontaneous during the video that could be analyzed. On the other
hand, SSA was performed in 10 (77%) of 13 patients treated with
dual innervation group. Of these, 3 of 10 patients (30%) generated a
spontaneous smile during the video. The median (IQR) percentage
of synchronous oral commissure movements in these patients was
38.1%.

When analyzing smile characteristics, the mean onset of a
voluntary smile was 5.1 months in the single innervation group and
3.7 months in the dual innervation group. A spontaneous smile
developed in 10.3 months after reanimation surgery only in the
dual innervation group. The mean differences in smile excursion on
the paralyzed side from the preoperative status were þ5.8 mm in
the single innervation group and þ6.0 mm in the dual innervation
group. Furthermore, the mean quantitative differences using Terzis
grades were þ2.5 in the single innervation group and þ2.8 in the
dual innervation group. However, both findings showed no statis-
tical significance (p ¼ 0.88 and 0.35, respectively) (Table 3).

4. Discussion

Improvement in quality of life is a global issue, and facial
reanimation surgery has shown promise in the field of plastic and
reconstructive surgery. Among various reconstruction options, free
neurovascular muscle transfer has been regarded as the gold
standard approach for chronic facial paralysis. In particular,
acquiring a spontaneous smile in advance of a voluntary smile is
still a topic of interest. To overcome a voluntary smile motored by
the ipsilateral masseteric nerve, physicians have performed various
dual innervation methods by combining an additional neural
source from the contralateral normal facial nerve branch in a single
free muscle flap.

Biglioli et al. (2012b) transposed a free gracilis muscle flap, in
which the obturator nerve was innervated with the masseteric
nerve (end-to-end) and the contralateral buccal branch of the facial
nerve (end-to-side), using an interpositional sural nerve graft. All 4
patients achieved a spontaneous smile within approximately 7.2
months after the surgery. However, by adding nerve coaptation for
the interpositional nerve graft, the recovery of function could be
delayed and become more uncertain. Moreover, donor site
morbidity could increase with the use of two sites (inner thigh and
lower leg).

Several previous studies have reported using the dual innerva-
tion method for facial reanimation. Cardenas-Mejia et al. (2015)
suggested a similar procedure as that mentioned by Biglioli et al.
(Biglioli et al., 2012), except they performed end-to-end obturator
nerve anastomosis with the masseteric nerve rather than using an
interpositional sural nerve graft by coapting the contralateral
buccal branch of the facial nerve in an end-to-end fashion. How-
ever, the concerns of utilizing additional interpositional graft
coaptation and donor site morbidity were not addressed.

Okazaki et al. (2015) utilized two segments of the latissimus
dorsi muscle flap containing both the transverse and descending
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Fig. 5. A 21-year-old patient presented with complete right-sided facial paralysis after extirpation of pilocytic astrocytoma. After denervation time of 15 years, she underwent
Partial LD transfer using single innervation method. (A) Preoperative photographic finding when smiling. (B) Intraoperative photographic finding after flap inset. (C) 1 year after
reanimation surgery when smiling.

Fig. 6. A 20-year-old patient presented with complete right-sided facial paralysis after pedestrian traffic accident. After denervation time of 13 years, he underwent Partial LD
transfer using dual innervation method. (A) Preoperative photographic finding when smiling. (B) Intraoperative photographic finding after flap inset. (C) 1 year after reanimation
surgery when smiling.

Table 3
Outcome of Split LD transfer with nerve splitting method.

Surgical technique Single innervation Dual innervation Value(p)

Number of voluntary smiles 7 9
Number of spontaneous smiles 0 3
No response after 1 year 1 1
Analysis of smile outcomes
Onset of voluntary smile, months 5.1 3.7
Onset of spontaneous smile, months None 10.3
Smile excursion differences (þ, mm) 5.8 6.0 0.88
Terzis grade differences (þ) 2.5 2.8 0.35
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branches of the TDN. Four patients who underwent this procedure
showed a spontaneous smile after an average of 8 months. The
authors suggested that the uncertainty of using double nerve
innervation could be solved by combining two previously estab-
lishedmethods. However, harvesting two separatemuscle flaps can
lead to longer operation times, and sacrificing the segment of the
transverse branch of the TDN can be problematic when considering
donor site functional morbidity.

Even though many surgeons have tried dual innervation
methods, including the surgeons in our study, the theory involving
5

one single muscle innervated by two separate motor nerves has still
not been demonstrated. Although objective evaluation to identify
which nerve is the main neurotizer could not be performed, we
could observe that the dual innervation method has a positive effect
on the generation of a spontaneous smile compared with the single
innervation method. This can be explained by the neural super-
charge concept, in which the masseteric nerve can augment neural
signaling and the cross-facial nerve branch can offer spontaneity.

To explain how a spontaneous smile can be achieved using a
single masseteric nerve as the motor source, which originates from
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the trigeminal nerve, the concept of cerebral adaptation should be
discussed. Cerebral adaptation can be defined as the ability of the
human brain to reorganize, adapt, and compensate for injury or
change in the environment. In terms of facial reanimation, this can
be explained by shifting control from the jaw muscle center to the
facial movement center in the brain cortex (Manktelow et al., 2006).

Hontanilla et al. and Manktelow et al. (Hontanilla and Cabello,
2016; Manktelow et al., 2006) applied the concept of cerebral
adaptation in facial reanimation. Manktelow et al. explained that if
the facial nerve is disrupted, cortical pathways between the sev-
enth and fifth nerve cortical centers can be activated. In simple
terms, rehabilitation allows for the trigeminal nerve to take control
of the dominant facial nerve. In this study, a spontaneous smile
could be achieved in more than 88% of patients who underwent
rehabilitation, even when the single innervation method using the
masseteric nerve was adopted.

The single innervation method was adopted in patients who
desired a less invasive procedure, with the expectation of a spon-
taneous smile by the theory of cerebral adaptation. However, we
could not observe a spontaneous smile until 1 year postoperatively
in the single innervation group. As all procedures were performed
by the senior author (H.Chang) and the same rehabilitation protocol
was carried out, patient factors, including compliance and indi-
vidual differences in brain plasticity, may have influenced the
outcomes. Other than patient factors, the patients were asked to
smile with and without clenching their teeth for smile analysis.
Additional assessments, such as recording of the patient when
watching a funny video, could be more objective to determine
whether the smile is spontaneous or not.

An interesting result was the earlier voluntary movement in the
dual innervation group. It could be explained by the shorter neural
pathway from the masseter motor nerve to the LDmuscle segment.
In the dual innervation method, the distal portion of the TDN,
which coapted to the masseter nerve, was always shorter than the
proximal portion of the TDN (6.7 cm vs. 11.3 cm), which was used in
the single innervation method. A further study analyzing how the
length of each TDN affects the onset of a voluntary/spontaneous
smile may be valuable.

The effectiveness of TDN splitting was identified in a previous
cadaver study performed in our department (Kwon et al., 2011). By
performing interfascicular splitting of 42 latissimus dorsi muscles
from 21 cadavers, preservation of remnant latissimus dorsi muscle
function was possible, and its validity was confirmed by histology.
With this novel nerve splitting method, a longer neurovascular
pedicle could be obtained without the need for cross-face inter-
positional nerve grafting. In addition, the amount of work per-
formed by the operator could be minimized, along with a decrease
in axonal loss. Another advantage is low donor site morbidity by
preserving the transverse branch of the TDN.

The dual innervation method utilizing the TDN can avoid atro-
phy of the transferred muscle by minimizing de-innervation time.
The masseteric nerve can be used in a “baby-sitter” procedure until
a spontaneous nerve source is obtained from the contralateral facial
nerve branch. Additionally, masseteric nerve input can induce a
voluntary smile, even if the neural source from the cross-facial
nerve does not provide enough stimuli for a spontaneous smile.
For instance, during unfavorable results, such as flap failure and
insufficient neural recovery, it is a dilemma for surgeons to deter-
mine if they should try another new free flap or convert to static
treatments, such as a tensor fascia latae or palmaris longus sling
(Park and Chang, 2019; Leckenby et al., 2014; Alexander et al., 2011).

The masseteric nerve was selected as a motor input, as it is one
of the most reliable motor nerve sources owing to its high axonal
load and potential for cerebral adaptation, which can lead to a
spontaneous smile (Cassoni et al., 2020; Klebuc and Michael, 2011).
6

Compared with the hypoglossal nerve, which is another option for
motor nerve input, the masseteric nerve shows faster onset of
movement, greater symmetry, and absence of donor site morbidity
(eg, injury related to tongue movement) (Hontanilla and Marre,
2012). The buccal branch (600e800 axons) of the facial nerve (the
region between the first and second branches of the masseter
nerve, which is approximately 2e3 cm from the origin of the nerve)
was used for coaptation in our study owing to its high axonal load
(Goh et al., 2016).

The study has several limitations that need to bementioned. The
conditions of the latissimus dorsi muscle, such as thickness and
strength, can vary among patients. In addition, it was not possible
to purely compare the two techniques, as the neural anastomosis
method differed between the two groups (dual innervation
method: proximal portion of the TDN to the contralateral buccal
branch; single innervation method: proximal portion of the TDN to
the ipsilateral masseteric nerve). However, the same recipient
nerve and vessels were selected for more precise comparison.
Furthermore, the follow-up period of 1 year could be regarded as
short considering the duration of neural input crossover from the
contralateral buccal branch of the facial nerve. A longer follow-up
period may help obtain more precise outcomes. Lastly, objective
evaluation to identify which nerve is the main neurotizer could not
be performed. Recently, brain activation patterns were measured
using effective protocols, such as functional magnetic resonance
imaging (MRI) comparing the blood oxygen level-dependent signal
during smiling and jaw clenching (Romeo et al., 2013; Buendia et al.,
2016). If cortical plasticity is accurately mapped in future studies,
functional MRI can be used as a valuable tool to understand the
consequences and effectiveness of various facial reanimation
procedures.

5. Conclusion

Within the limitations of the study it seems that partial LD
transfer approach utilizing the dual innervation method has a
positive effect on achieving a spontaneous smile and could be a
valuable option for facial reanimation.
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