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Abstract Background The temporalis muscle flap transfer with fascia lata augmentation (FLA)
is a promising method for smile reconstruction after facial palsy. International
literature lacks a detailed anatomical analysis of the temporalis muscle (TPM)
combined with fascia lata (FL) augmentation. This study aims to describe the muscle’s
properties and calculate the length of FL needed to perform the temporalis muscle flap
transfer with FLA.
Methods Twenty nonembalmed male (m) and female (f) hemifacial cadavers were
dissected to investigate the temporalis muscle’s anatomy.
Results The calculated minimum length of FL needed is 7.03cm (f) and 5.99cm (m).
The length of the harvested tendon is 3.16cm/�1.32cm (f) and 3.18/�0.73cm (m).
The length of the anterior part of the temporalis muscle (aTPM) is 4.16/� 0.80cm (f)
and 5.30/�0.85cm (m). The length of the posterior part (pTPM) is 5.24/� 1.51cm (f)
and 6.62/�1.03cm (m). The length from the most anterior to the most posterior point
(aTPMpTPM) is 8.60/�0.98cm (f) and 10.18/�0.79cm (m). The length from the most
cranial point to the distal tendon (cTPMdT) is 7.90/�0.43cm (f) and 9.79/�1.11cm
(m).
Conclusions This study gives basic information about the temporalis muscle and its
anatomy to support existing and future surgical procedures in their performance. The
recommendedminimum length of FL to perform a temporalis muscle transfer with FLA
is 7.03cm for female and 5.99cm for male, and minimum width of 3 cm. We
recommend harvesting some extra centimeters to allow adjusting afterward.
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Introduction

Patients who suffer from facial palsy live under distracting
conditions caused by their uncomfortable appearance and
the lack of acceptance by society. The individuals between 15
to 45 years show the highest increase of incidence.1 Most
patients recover completely and spontaneously from facial
palsy without any treatment, but generally, those patients
only suffer from mild symptoms. In other cases, different
pathways are established.

Beside the conservative treatment with corticosteroids,2

there are several surgical methods of treatment available.
Ranging from the cross-facial nerve graft to the “Babysitter-
Procedure” introduced by Terzis, or a muscle transfer proce-
dure, there are various possibilities to adjust the patient
needs.3–5

Currently, the lengthening temporalis myoplasty (LTM),
inspired by Gillies6 and McLaughlin,7 is a well-established
operative method for the dynamic reconstruction of the lip
function. This operative procedure was first described in
1997 by Daniel Labbé and has since been developed and
modified multiple times.8

In 2002, Balaji reinvented the fascia lata augmentation
(FLA), inspired by Labbé and McLaughlin.9,10 The FLA con-
tains the exploration of the temporalis muscle using a very
similar method to the LTM by Labbé, but instead of the total
lengthening of the temporalis muscle, the author uses a
harvested part of FL to bridge the gap between the tendinous
part of the explored temporalis muscle and the points of
insertion in the area of the labial commissure or the upper
lip.11 Overall, the procedure showed a predictable outcome
with satisfying symmetry after 3 months.9 In 2018, Jose et al
modified this technique by not elevating the muscle
completely, but transferring an orthodromic temporalis ten-
don with the extension of the FL. The coronoidectomy was
performed and an 8�3 cm strip of FL was used in the
description by Jose et al.12 It also shows similarity to the
orthodromic transfer of the temporalis muscle by Viterbo
et al. Here, the authors used a 14�2.5 cm strip of FL to bridge
the gap between the temporalis tendon and the oral com-
missure, the upper and the lower lip. Here, no coronoidec-
tomy was performed.13,14

In some point of view, the FLA can be referred to themini-
temporalis muscle transfer by Terzis and Olivares, where the
muscleflap is lengthenedwith a strip of deep temporal fascia
and periosteum. It was then described as a surgical proce-
dure to upgrade both the aesthetic and motoric outcome
after free muscle transfer.15

Modifications to reduce the operative steps and time are
common, but it seems that the LTM enables the best out-
come. A possible disadvantage of the procedures can be the
inadequate length of the muscle, which can lead to too much
tension. This results in motoric dysfunction slowed rehabili-
tation and displeasing aesthetical appearance. These factors
decrease the potential outcome of the procedures. A recom-
mendation for the necessary length of the muscle does not
exist and the only evident information is the maximum
length of muscle lengthening after LTM, which is described

with 4.35 cm.16 Since the temporalis muscle is limited to its
original anatomical length, modifications aim to lengthen
the muscle to reach the oral commissure, but not to create
too much tension, was needed. From all the modifications,
the FLA seems to be the only possible method for reaching
the same level of “muscle lengthening,” because of the
variable length of the harvested FL strip.9,11

The international literature does not include a recom-
mendation for the needed length of harvested FL or a
comprehensive description of the TPM, although it is crucial
to improve the surgical outcome of this procedure. This study
aims to improve the existing procedure using FLA and other
procedures where the distance can be bridged by autologous
augmentation.

Materials and Methods

This anatomical study investigates theminimum length of FL
needed to perform a FLA in the dynamic lip-reconstruction of
the paralyzed face. The basic anatomical information of the
TPMand its relation to different landmarkswas assessed for a
better understanding of the surgical procedures.

Twenty nonembalmed hemifacial cadavers (12 male/8
female) were included in the study. Dissections took place
at the Center of Anatomy and Cell Biology of the Medical
University of Vienna. The average age was 83 with a range
from 64 to 96. Since the temporalis muscle is augmented
during the FLA, the dissection was performed without coro-
noidectomy to remain the original anatomy.

After dissection, the following measurements were
performed:

The distance between the medial inner margin of the
zygomatic arch to the modiolus (mZAM); the distance be-
tween the lateral inner margin of the zygomatic arch to the
modiolus (lZAM); the length of the harvested tendon (hT);
the length of the anterior part of the TPM to the zygomatic
arch (aTPM); the length of the posterior part of the TPM to
the zygomatic arch (pTPM); the distance between the ante-
rior and the posterior part of the TPM (aTPMpTPM); the
distance between the most cranial point of origin of the TPM
and the most distal point of the tendinous part of the TPM
(cTPMdT); the length of the zygomatic arch; the distance
between the tragus and the lateral orbital margin. The
minimum length of FL is calculated using the mZAM, the
lZAM and the hT. Since the tendinous part of the TPM begins
when the muscle goes under the zygomatic arch, the length
of the hT is subtracted from the mZAM and the lZAM to
calculate the minimum fascia lata for the medial side (mcFL)
and the minimum fascia lata for the lateral side (lcFL). The
longer length is then used for the recommended length of FL.
The parameters relevant to calculate the length of the FL, as
well as the basic anatomical parameters of the TPM are
shown in ►Figs. 1 and 2. All statistical analysis of the data
was performed with Statistical Package for the Social Scien-
ces (SPSS-Statistics Version 25). Normality was tested by
using the Shapiro–Wilk test performed by SPSS. The normal
distribution in total, female andmale, as well as left and right
was given in all samples, except in total cTPMdT. However,
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each gender among themselves in cTPMdT shows normal
distribution.

Results

The mean mZAM for female and male is 9.73 cm and 9.17 cm
with a standard deviation of 0.72 and 1.07 cm, respectively.
The mean lZAM for female and male is 10.19 and 8.96 cm
with a standard deviation of 0.86 and 1.18 cm, respectively.
The results of mZAM and lZAM are shown in ►Figs. 3 and 4.
There is a significant differencebetween the female andmale
in lZAMdeterminable calculated by using the independent t-
test (p<0.05).

Themean hT for female andmale is 3.16 and 3.18 cmwith
a standard deviation of 1.32 and 0.73 cm, respectively.

For both genders, the mcFL and the lcFL were calculated
using the mZAM, the lZAM, and the hT. The mean mcFL is
6.22�1.24 cm and for lcFL 6.28�1.29 cm in total. Separated
by gender, the female andmale group show amean length of
6.56 and 5.99 cm with a standard deviation of 1.44 and
1.08 cm for mcFL, respectively. For the mean lcFl, the female
and male group show a length of 7.03 and 5.78 cm with a
standard deviation of 1.27 and 1.09 cm, respectively. The
longer length is used for the recommendation (►Figs. 5

and 6). According to the results measured, the mean FL for
female and male is 7.03 and 5.99 cm with a standard devia-
tion of 1.27 and 1.08 cm

The results of the other parameters are presented
in ►Fig. 7 and ►Table 1. No significant difference between
the left and the right hemiface was given after statistical

Fig. 1 Important parameters of measurement for the temporalis muscle. (Yellow) Medial inner margin of the zygomatic arch (ZA) to the
modiolus. (Orange) Lateral inner margin of the Zygomatic Arch to the modiolus. (A) Length of the anterior part of the temporalis muscle (TPM) to
the ZA. (B) Length of the posterior part of the TPM to the ZA. (C) Distance between the most cranial point of origin of the TPM and themost distal
point of harvested tendinous part of the TPM. (D) Distance between the anterior and the posterior part of the TPM. Highest point of origin. (E)
Length of the Zygomatic Arch. (F) Length of the harvested tendon.

Fig. 2 Description of the abbreviation.
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analysis of the parameters, except for the cTPMdT (p<0.05).
The mean cTPMdT for the left side is 8.49 cmwith a standard
deviation of 0.95 cm, whereas the right side is 9.58 cmwith a
standard deviation of 1.42 cm. The right side is 1.09 cm
longer than the left side (►Fig. 8).

Discussion

For the dynamic reconstruction of the lip function, the FLA is
a surgical method to reach the same level of “muscle length-
ening” as the original method of LTM, since the length of the
harvested FL strip is variable. Our results have shown differ-
ent average lengths of FL when separated by gender, which is
7.03 cm for female and 5.99 cm for male.

Without further analysis of the data, the length of the
calculated FL already showed a difference in the length of FL
needed in traditional procedures. Comparedwith Jose et al,12

who proposed a FL strip of 8�3 cm, or Viterbo, who even
recommended the use of a FL strip of 14�2.5 cm,13,14 our
recommendation for the length is much shorter. Bénateau
et al describe a TPM tendonwith awidth of 4 to 6 cm,17which
also differs from the FL strip described in a publication of Jose
et al.12 The moderate outcome with motoric dysfunctions
and aesthetical deformation may result from an oversized FL

strip. The calculation of the length of FL needed for the FLA
has also led to an interesting analysis of the anatomical
parameters. They could explain the different lengths of FL
between the genders.

First, although the difference of mZAM between the
genders is not significant in this study, it still shows that
the female group’s mZAM is average 0.56 cm longer than
mZAM of the male group. The absence of significance can be
the result of a rather short length of this parameter in
general. The lZAM shows a significant difference of 1.23 cm
(p<0.05). Considering these results, the female group po-
tentially needs a longer FL than the male group.

Second, the hT itself can be a few millimeters longer after
total coronoidectomy. Bénateau et al described a width of 4
to 6 cm after detaching the tendon from the coronoid pro-
cess.17 Jose et al used a FL stripwith awidth of 3 cm,12which
was more comparable with our experiences, since we ad-
justed the width of the FL to the width of the muscle’s
tendon. When harvesting a wider strip, the width should
be adjusted to the tendon’s width to avoid any unpleasant
dysfunction for the patient. The tendon is an essential
parameter for the FLA, as well as every other procedure. It
describes the surface that can be used to suture the FL onto
the TPM tendon. Since there is no significant difference

Fig. 3 Medial inner margin of the zygomatic arch to the modiolus
(mZAM) mean mZAM for female and male is 9.73 and 9.17 cm with a
standard deviation of 0.72 and 1.07 cm. The median is 9.7 cm for
female and 8.6 cm for male.

Fig. 4 Lateral inner margin of the zygomatic arch to the modiolus
(lZAM). Mean lZAM for female and male is 10.19 and 8.96 cm with a
standard deviation of 0.86 and 1.18 cm. The median is 10.3 cm for
female and 8.5 cm for male.

Fig. 5 Medial calculated fascia lata (mcFL) Mean mcFL for female and
male is 6.56 and 5.99 cm with a standard deviation of 1.44 and
1.08 cm. The median is 6.95 cm for female and 5.8 cm for male.

Fig. 6 Lateral calculated fascia lata (lcFL). Mean lcFl for female and
male is 7.03 and 5.78 cm with a standard deviation of 1.27 and
1.09 cm. The median is 7.05 cm for female and 5.8 cm for male.
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between the female and the male group, the harvested
tendon does not relatively affect the length of the FL.

The mcFL and the lcFL were calculated for both genders
using the mZAM, the lZAM, and the hT. The results for mcFL
and lcFL show very similar data. Both parameters show the
gap between the tendon of the TPM and the modiolus, mcFL
for the medial side, and lcFL for the lateral side. The greater
length of mcFL compared with lcFL may be caused by the
variability inside the male group. A significant difference of
mcFL between the genders does not exist; however, it is
given for lcFL (p<0.05). These results confirm thementioned
theory that the female group shows a bigger gap between the
tendon of the TPM and the modiolus on the medial side and
the lateral side. Therefore, a longer FL is needed for the
female group.

This data also shows the minimum of FL recommended
for the FLA. For female patients, a minimum of 7.03 cm FL
is needed, while for male patients, a minimum of 5.99 cm
FL should be harvested for the dynamic lip-reconstruc-

tion with FLA. From our point of view, a longer strip can
be harvested to have more variability to adjust the
tension.

Compared with the maximum length of muscle length-
ening after LTM, which is 4.35 cm,16 our recommendation is
longer, but this difference could be the result of the absence
of coronoidectomy,whichwould allow for a longer harvested
TPM tendon. But the harvested tendon, which has an average
length of 3.17 cm without coronoidectomy, is still long
enough to be sutured. There could also be a difference
between the quality of an elevated TPM and a TPM, which
has not been partially separated from its origin.

Separated in gender, there are significant differences
shown in ►Fig. 7.

The aTPM (p<0.05), pTPM (p<0.05), aTPMpTPM
(p<0.05), and cTPMdT (p<0.05) are significantly longer in
male specimens than in female specimens. This difference
may be the result of different head-anatomy, which affects
the length of mZAM and lZAM.

Fig. 7 Difference between the gender. aTPM, anterior part of the
temporalis muscle; aTPMpTPM, the most anterior to the most pos-
terior point of TPM; cTPMdT, most cranial point to the distal tendon;
hT, harvested tendon; pTPM, posterior part of TPM.

Table 1 Difference of the parameters in cm

Parameter Female (SD) Male (SD) p-Value

FL Facia lata 7.03 (1.27) 5.99 (1.08) 0.067

mZAM Medial inner margin of the zygomatic arch to the modiolus 9.73 (0.72) 9.17 (1.07) 0.214

lZAM Lateral inner margin
of the zygomatic arch to the modiolus

10.19 (0.86) 8.96 (1.18) 0.021

hT Harvested tendon 3.16 (1.32) 3.18 (0.73) 0.979

aTPM Anterior part of the TPM to the zygomatic arch 4.16 (0.80) 5.30 (0.85) 0.008

pTPM Posterior part of the TPM to the zygomatic arch 5.24 (1.51) 6.62 (1.03) 0.025

aTPMpTPM Anterior part to the posterior part of the TPM 8.60 (0.98) 10.18 (0.79) 0.001

Parameter Female (SD) Male (SD) p-Value

cTPMd Most cranial point of origin of the TPM to the most
distal point of the tendinous part
of the TPM

7.90 (0.43) 9.79 (1.11) 0.000

Zygomatic arch 4.86 (0.63) 3.99 (0.55) 0.32

Tragus and the lateral orbital margin 8.16 (0.47) 8.73 (0.58) 0.032

Abbreviation: SD, standard deviation.

Fig. 8 Difference between the sides (cTPMdT). Mean cTPMdT for the
left side is 8.49 cm with a standard deviation of 0.95 cm, whereas the
right side is 9.58 cm with a standard deviation of 1.42 cm. The median
is 8.25 cm for the left side and 10.15 cm for the right side.
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The aTPM is the muscle section that typically is not
dissected or moved in published operative methods9,18,19

except for the original procedure of LTM. Therefore, the
aTPM represents the attached point of the TPM and has not
much possibility to be lengthened. The use of a well-
measured FL strip could prevent too much tension on the
aTPM and therefore save the patient from a displeasing
outcome.

Because of the elevation, the pTPM is more relevant for
many published operative procedures, for example, for
the FLA by Balaji or the modified LTM by Labbé.9,18 In
the procedure described by Jose et al, the pTPM
remains attached and is therefore treated similarly to
the aTPM.12

The cTPMdT describes the maximum length of the TPM
after detaching its tendon from the coronoid process. Since
this study also considers supporting an operative procedure
without muscle elevation, the cTPMdT is a very important
parameter in estimating the length of FL that will be later
sutured onto the TPM tendon. The parameter cTPMdT also
contains the total tendinous part of the TPM.

Another point that should be considered is a significant
difference of cTPMdT between the left and the right side. The
mean cTPMdT for the left side is 8.49�0.95 cm, whereas the
right side is 9.58�1.42 cm. The right side is approximately
1.09 cm significantly longer than the left side (p<0.05). This
could be the result of personal preference of the side used for
mastication during the lifetime of the cadaver donors. How-
ever, there was no significant difference of the gap which
must be bridged between the sides and therefore does not
affect the length of the harvested FL.

Although the FLA can be referred to procedures like the
mini-temporalis muscle transfer, which provides satisfying
outcomes and has also been recently described as a single-
stage procedure in high-risk patients,20 the FLA can be more
variable, since the length FL can be easier adjusted to the
patient needs. The FLA also requires no segmental elevation
of the temporalis muscle itself. The FLA can also be referred
to the orthodromic temporalis muscle flap by Viterbo
et al.13,14 The authors describe the requirement of a
14�2.5 cm FL strip. However, according to the results of
the current study,we recommend a shorter FL strip to avoid a
possible lack of tension and therefore displeasing results.
Overall, the FLA is a good alternative with predictable and
reliable outcomes in the treatment of facial palsy.9

Limitations of anatomic studies are inevitable, clinical and
functional assessment of temporalis lengthening for surgical
therapy was addressed in multiple conferences and discus-
sions. The optimal method for facial reanimation procedure
is to assess the outcome of functional results. Intraopera-
tively, insertion of free neuromuscular transplant or tempo-
ralis muscle transfers need to be overcorrected to overcome
the complex tissue tension and gravity pull. If no over-
correction is performed, postoperatively it results in poor
functional outcomes after a couple ofmonths. Thefindings in
our study give surgeons a good guideline and reference
points for planning of the operation, and final clinical deci-
sion must be made intraoperatively.

Dynamic lip-reconstruction for the treatment of the para-
lyzed face consists of many important parameters a well-
prepared surgeon must consider. Otherwise, this may result
in moderate or poor outcomes for the patient. Although free
muscle transplantation is the gold standard, a temporalis
muscle transfer with FLA is a well-established alternative.
This study recommends a minimum length of FL of 7.03 cm
for female and 5.99 cm for male patients and a minimum
width of 3 cmwhen performing a temporalis muscle transfer
with FLA. A perioperative evaluation is still obligatory. It can
be easier to harvest some extra centimeters to allow adjust-
ing afterward and either to insert the temporalis on the
upper lip or in the modiolus.

This newly acquired information regarding the temporalis
muscle and the needed FL may help to further improve
existing operative procedures and to support new methods
in the surgical treatment of facial palsy.

This anatomic feasibility study has limitations:
First, an anatomic dissection is always different to a

measurement in real patients. However, since the results
are used by clinical physicians for the dynamic reconstruc-
tion of the paralyzed face, we used nonembalmed cadaver
donors for the dissection. Posthumous changing caused by
decay or freezing can only be minimized, but not completely
prevented. Second, individuals with facial palsy between 15
and 45 years show the highest increase in incidence. They are
also not limited by their original ethnicity. However, ana-
tomic studies are limited to the origin of the specimen.

Third, anatomic studies are limited to the sample size due to
resource reasons. For the current study, we were able to study
the surgical anatomy in 20 hemifacial cadavers. The statistic
power of sample sizewas recommended by statistic specialists.

Patient Consent
In this study, we investigated the surgical anatomy of
cadaver donors. The cadaver donors provided their con-
sent in their lifetime that their bodies may be used for
scientific purposes.
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