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Abstract

Background: In the preauricular region, the frontotemporal branch of the facial nerve is vulnerable to injury, which can
result in facial palsy and poor cosmesis after surgical interventions.

Objectives: The purpose of this study was to describe variations in the branching patterns of the frontotemporal branch
of the facial nerve and the relation between this branch and the surrounding anatomic landmarks. Based on our findings,
we propose a Danger Zone and Safe Zones for preauricular interventions to avoid frontal branch injury.

Methods: Twenty cadaveric half-heads, 10 freshly frozen and 10 embalmed, were dissected. The anatomy of the
auriculotemporal nerve, facial nerve, and variations of its branching pattern in the preauricular region were investigated.
Results: The mean [standard deviation] number of frontotemporal branches crossing the zygomatic arch was 2.05 [0.6].
Beginning from the X point at the apex of the intertragal notch, frontal branches ran over the zygomatic arch at a distance
extending from 10 to 31 mm anterior to the tragus, which can be defined as the Danger Zone for frontal branches. Safe
Zones A and B are triangular regions located behind and in front of the Danger Zone, respectively.

Conclusions: Mapping of these Safety and Danger Zones is a reliable and simple approach in preauricular interven-
tions to avoid frontal branch injury because the facial nerve typically has multiple frontal branches. This approach pro-
vides practical information for surgeons rather than estimating the trajectory of a single frontal branch from Pitanuy's
line.
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branching patterns and has motor branches innervating
the mimetic muscles of the face.! Functionally intact facial
nerve branches play a critical role in social interactions, as
well as in some physiologic mechanisms such as oral com-
petence and eye closure. Injury to those branches can re-
sult in facial palsy and poor cosmesis, causing detrimental
consequences, including significantly higher risk of de-
pression and lower quality-of-life scores.?

Inthe preauricularregion, the frontotemporal branch of
the facial nerve is vulnerable to injury during various sur-
gical interventions, such as facelift, temporomandibular
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Figure 1. Skin incision pattern (68-year-old female).

joint procedures, parotid surgery, and skin lesion biop-
sies, as well as in infectious processes and following
trauma.3® Injury can occur via transection, thermal injury,
or ligation, and may cause forehead paralysis and facial
asymmetry. Unilateral paralysis of the frontalis muscle re-
sults in an inability to raise the eyebrow, a flattened fore-
head, and eyebrow ptosis. According to various reports,
frontotemporal branch injury is seen in 1.5% to 32% of pa-
tients after preauricular interventions and can be perma-
nent or temporary, usually resolving within 6 months.”-'°

The temporofacial trunk of the facial nerve gives off
temporal, frontal, and sometimes zygomatic branches."
The temporal and frontal branches are not clearly de-
fined in the international nomenclature. We define the
temporal branch, which has limited function in humans,
as the branch innervating the auricular muscles, and the
frontal branch as the branch destined to the frontal region
innervating the frontalis, orbicularis oculi, and corrugator
supercilii. The frontotemporal branch is the common name
of the nerves of the temporal and frontal branches des-
tined to the frontotemporal region. Any injury to the frontal
branch leads to temporary or permanent functional and
aesthetic sequelae, which is why preserving this branch is
crucial in preauricular interventions.

The purpose of this study was to describe the variations
in the branching patterns of the frontotemporal branch
and its relation to the surrounding anatomic landmarks.
Based on our findings, we propose a Danger Zone and
Safe Zones for preauricular interventions to avoid frontal
branch injury.

Figure 2. Elevation of the skin and SMAS flaps (68-year-old
female). SMAS, superficial muscular aponeurotic system;
SCM, sternocleidomastoid muscle.

METHODS

The study was conducted according to the guiding prin-
ciples delineated in the Declaration of Helsinki. Twenty
cadaver half-heads, 10 freshly frozen and 10 embalmed,
were dissected with the aid of loupe magnification be-
tween September 2019 and December 2019. The first
author (A.K.) performed all dissections. To minimize dis-
tortion and nerve branch displacement, we made our
measurements before releasing the posterior attachments
of each nerve. First, we exposed the nerve branches under
the parotidomasseteric fascia. We then left some attach-
ments posterior to the nerves before taking measurements
without releasing them completely. After that, we released
the nerve branches and took photographs for demonstra-
tive purposes.

The anatomy of the auriculotemporal nerve (ATN), fa-
cial nerve, and variations of its branching pattern in the
preauricular region were investigated by making an in-
cision beginning from the upper temporal region to the
tragus and mandibular angle, making a curve towards
the mentum (Figure 1). The skin and the superficial mus-
cular aponeurotic system (SMAS) flaps were raised until
reaching the lateral canthus and the oral commissure and
reflected (Figure 2). The facial nerve was identified at the
stylomastoid foramen and its branches were dissected in
an anterograde fashion through the parotid gland under
the parotidomasseteric fascia (Figure 3). The ATN was
identified at the point where it turns around the mandibular
condylar neck, and then continues superiorly to innervate
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Figure 3. Facial nerve branches (64-year-old female).

Figure 4. The auriculotemporal nerve turns around

the mandibular condylar neck and continues superiorly
(68-year-old female). (A) Interconnections between the
ATN and facial nerve. (B, C) Terminal branches of the ATN
innervating the condyle, temporal region, parts of the
auricle, and preauricular skin. ATN, auriculotemporal nerve;
SCM, sternocleidomastoid muscle.
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Figure 5. Arrow indicates the vertical distance between the
point where the most anterior frontal branch crosses the
zygomatic arch and the closest zygomatic branch (46-year-
old male).

the temporal region, the condyle, parts of the auricle, and
the preauricular skin (Figure 4).

The fixed landmarks were the most anterior point of the
tragus (T point), the level of the zygomatic arch (midway
between the superior and inferior borders), the apex of the
intertragal notch (X point), and the lateral canthus (L point).
The distances between the T and L points, between the T
point and the ATN, and between the T point and the points
where the frontal branches cross the zygomatic arch were
measured. The number of temporal and frontal branches
crossing the zygomatic arch was recorded. The vertical
distance between the point where the most anterior frontal
branch crosses the zygomatic arch and the closest zygo-
matic branch was measured (Figure 5). Statistical analysis
was performed to analyze the T-L distance, sex, cadaver
type (freshly frozen or embalmed), and average frontal
branch distance to the T point to determine whether indi-
vidual dimensional variations, sex, and cadaver type relate
to the average frontal branch distance. Based on these
measurements and findings, preauricular Safe Zones were
defined for surgical intervention.

RESULTS

All subjects were white Caucasians, and their mean age
was 67 years (range, 46-78 years). Of the 20 half-heads
dissected (11 female, 9 male), the mean [standard devi-
ation] T-L distance was 76.8 [3.6] mm. The predissection
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Table 1. The Predissection Cadaver Data

Cadaver no. Type

Gender Age, years TL, mm

TL, tragus-lateral canthus distance; FF, fresh frozen; E, embalmed; SD, standard deviation.

anthropometric data are shown in Table 1. The mean
number of frontotemporal branches crossing the zygo-
matic arch was 2.05 [0.6]. Temporal branches were found
in 3 dissections and they innervated the auricular muscles
(Figure 6). These 3 temporal branches crossed the zygo-
matic arch 11, 11, and 12 mm anterior to the tragus.

The ATN was found to pass somewhere between 1 and
3 mm anterior to the tragus (mean, 1.75 [0.9] mm) (Figures 4
and 7). The mean distances between the most anterior and
posterior frontal branches and the T point were 23.6 [2.8]
and 18.4 [3.9] mm, respectively. The mean vertical distance
between the point where the most anterior frontal branch
crosses the zygomatic arch and the closest zygomatic
branch was 10.1[1.8] mm.

Additionally, the SMAS layer was very thin above the
zygomatic arch but the frontotemporal branches were

located under the parotidomasseteric fascia over the arch.
Above the arch, the frontotemporal branches coursed
superficially under the superficial temporal fascia (also
referred to as the temporoparietal fascia), which is the
temporal extension of the SMAS. In the preauricular re-
gion, there was an areolar plane between the SMAS and
parotidomasseteric fascia which facilitates the dissection
of the facial nerve branches.

The temporofacial trunk passed through the X point
at the apex of the intertragal notch, which was consistent
in all dissections (Figure 8). Beginning from the X point,
frontal branches traversed the zygomatic arch at 10 mm (B
point) to 31 mm (E point) (mean, 21.0 [2.8] mm) anterior to
the T point, creating an area that can be defined as the
Danger Zone for the frontal branches. A 90% risk of injury
is present in the triangular area between the X-C and X-D
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Figure 6. (A) Auricular muscle. (B) Temporal and frontal branches (70-year-old female).

Figure 7. The auriculotemporal nerve passes anterior to the
tragus (68-year-old female). ATN, auriculotemporal nerve.
Asterisk indicates the ATN coming behind the condylar neck.

lines. C and D points are located 14 and 26 mm in front
of the T point, respectively (Figure 9). Postdissection ana-
tomic data are shown in Table 2. There was no statistically
significant difference between the average frontal branch
distance and T-L distance, sex, or cadaver type (P > 0.05).
Safe Zone A can be defined as the triangular area between
the X-A and X-B lines in which no frontal branch can be
found. Safe Zone B is located between the X-E and X-F
lines. F (T-F = 34.6 mm) is the closest possible point where
the most superior zygomatic branch crosses the zygomatic
arch (considering the minimum vertical distance of 7 mm)
according to the most likely location of the most anterior
frontal branch (23.6 mm anterior to the T point).

DISCUSSION

Facial nerve injury can have devastating functional and
aesthetic effects on patients due to dysfunction of the
frontalis and/or orbicularis oculi muscles. Following
preauricular interventions, frontal branch injury, which
can be permanent, or temporary with full return to func-
tion within 6 months, can be seen in up to 32% of cases.?
There are several reasons why this branch is more suscep-
tible to injury than other branches of the facial nerve (zygo-
matic, buccal, marginal-mandibular, and cervical). First, the
frontotemporal branch is more superficially located, par-
ticularly over the zygomatic arch and has a lack of inter-
connections with other branches, leaving it at high risk
of isolated injury without being reinnervated.’*" Due to
those risks, many different surgical approaches have been
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Figure 8. (A) The temporofacial trunk passes through the X point (68-year-old female). (B) The X point at the apex of the
intertragal notch (46-year-old male). (C) The temporofacial trunk gives off frontotemporal and zygomatic branches after passing
through the X point (46-year-old male).

described. Politi et al" reported that the preauricular ap-
proach is the safest and the most common approach to the
preauricular region without jeopardizing the frontotemporal
branch. Additionally, there are several percutaneous entry
points to the temporomandibular joint for arthrocentesis
and arthroscopy as described by Westesson et al'®> and
Holmlund and Hellsing'® to avoid injury to branches of the
facial nerve.

Based on our findings, to avoid a potentially paralyzing
injury Safe Zones A and B and the Danger Zone should be
kept in mind when performing any preauricular interven-
tion. The ATN is at increased risk of injury in preauricular
interventions but rates of temporary ATN paresthesia,
which only causes mild clinical complaints in affected pa-
tients, have been reported to range from 13% to 14%."718
Placing preauricular incisions anterior to the tragus (<1 mm)
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Figure 9. Danger Zone and Safe Zones A and B. The blue
line represents the auriculotemporal nerve (68-year-old
female). T, the most anterior point of the tragus; A, the point
where the ATN crosses the zygomatic arch; B, the point
where the closest frontal branch crosses the zygomatic arch;
C, the beginning point of the 90% risk of injury zone over the
zygomatic arch; D, the ending point of the 90% risk of injury
zone over the zygomatic arch; E, the point where the most
anterior frontal branch crosses the zygomatic arch; F, the
closest possible point where the most superior zygomatic
branch crosses the zygomatic arch (considering the
minimum vertical distance of 7 mm) according to the most
likely location of the most anterior frontal branch (23.6 mm
anterior to the T point); X, the apex of the intertragal notch;
Danger Zone, the triangular region between the X-B and X-E
lines; Safe Zone A, the triangular region between the X-A
and X-B lines; Safe Zone B, the triangular region between
the X-E and X-F lines.

protects the ATN. Percutaneous entry points for tempo-
romandibular joint arthrocentesis or arthroscopy should
be planned according to the location of Safe Zones
A and B, which helps reduce postoperative complaints of
nerve injury.

Preauricular intricate anatomic planes and their relation
to the frontotemporal branches, and proximity of the frontal
branches to the skin, particularly over the zygomatic arch,
should be kept in mind in facelift and preauricular oncologic
surgerydissections. We noted thataverythin SMAS layerand
the parotidomasseteric fascia protect the frontotemporal
branches over the zygomatic arch, which is in accordance
with the findings reported by Trussler et al.™® We observed
that the frontotemporal branches have a defined anatomic
course in a uniform fascial plane. In the preauricular region,
the areolar plane between the parotidomasseteric fascia
and the SMAS layer makes dissection straightforward in

terms of locating the frontotemporal braches. However, as
the SMAS continues superiorly it becomes thinner, particu-
larly over and above the zygomatic arch, which is why the
frontal branches are prone to injury in this area. Knowledge
of the 3-dimensional anatomy of the preauricular anatomy
is of crucial importance in avoiding inadvertent injury to the
facial nerve branches.

The temporal branch is of minor clinical importance in hu-
mans and different from the frontal branches. It innervates
the auricular muscles, which when present are vestigial in
humans.2 Injury to this nerve does not lead to any func-
tional sequelae.

Understanding of the location of the X point, which
is located at the apex of the intertragal notch, is impor-
tant for estimating the potential risks of frontal branch
injury and accurate mapping of the frontal branch in
preauricular interventions. It is the point where the
temporofacial trunk passes through and subsequently
gives off its frontotemporal and zygomatic branches.
As there are typically 2 frontal branches crossing the
zygomatic arch, we advise making preoperative plans
according to the Danger Zone rather than Pitanguy’s
line, which states that the frontal branch is unique and
courses along a line 0.5 cm below the tragus to 1.5 cm
above the lateral side of the eyebrow.?' de Bonnecaze
et al?? and Farahvash et al?3 found an average of 2.5 and
2.47 frontotemporal branches over the zygomatic arch,
respectively, values that are similar to our result of 2.05.
Any distal interconnections between the frontal branches
may provide a compensatory mechanism should an in-
jury to another branch occur. However, surgeons must
respect each frontal branch as interconnections are not
present in most cases.??

Although many mapping techniques based on
Pitanguy’s line have been proposed in the literature,
there is no consensus on which surface landmarks can
reliably be used. The external auditory meatus, antihelix,
ear lobe, lateral canthus, and lateral orbital margin are
some examples of suggested landmarks.?*27 One study
showed that those landmarks demonstrate individual var-
iations and are not specific enough for accurate mapping
of the frontal branches. That study also reported that the
marking of Pitanguy’s line was inconsistent between sur-
geons and was not an accurate representation of the
distribution of the frontal branches, which is supported
by our findings.2* However, the tragus and zygomatic
arch are proven surface landmarks that are consistent
and used in many studies as a point of reference, which
is why we used the T point (the most anterior point of
the tragus) and zygomatic arch in our study.?83° We pro-
posed a consistent anatomic surface landmark (X point)
located at the apex of the intertragal notch, from which
the temporofacial trunk passes through and gives off
frontal branches. By taking the X point as a starting point
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Table 2. Postdissection Anatomic Data

No. of FT
branches®

Vertical distance between frontal
and zygomatic branches®, mm

Frontal branch T-ATN distance,® mm

distance,® mm

Cadaver no. Temporal branch

distance,> mm
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aThe distance between the anterior border of the tragus and the point where the frontal branch crosses the zygomatic arch. °The distance between the anterior
border of the tragus and the point where the temporal branch crosses the zygomatic arch. The number of the frontal and temporal (FT) branches crossing the zygo-
matic arch. 9The distance between the anterior border of the tragus and the auriculotemporal nerve. ¢The vertical distance between the point where the most anterior
frontal branch crosses the zygomatic arch and the closest zygomatic branch. SD, standard deviation.

and forming a Danger Zone and Safe Zones based on
measurements over the zygomatic arch in front of the T
point, injury to the frontal branches can easily be avoided
(Figure 9). Based on those clinically applicable and con-
sistent landmarks, this approach provides further prac-
tical information for surgeons to rely on, rather than them
having to estimate the trajectory of the frontal branches.

Sanderson et al¥' found that the mean distance be-
tween the apex of the tragus and the point where the frontal
branch crosses the inferior border of the zygomatic arch was
3.21[0.05] cm. Correia et al*? outlined the area at risk of in-
jury as the area between 2 diverging lines originating from
the earlobe, one going to the lateral end of the eyebrow and
the other to the highest forehead crease. De Bonnecaze

et al?? stated that there was an increased risk of injury (>85%)
in the area extending from 27.5 to 30.4 mm in front of the
tragus at the level of the superior border of the zygomatic
arch. In our study, we described the Danger Zone for frontal
branch injury as the triangular region between 2 diverging
lines starting from the X point (apex of the intertragal notch).
These lines go through the points 10 and 31 mm anterior to
the tragus (T point) at the level of the zygomatic arch (midway
between the superior and inferior borders) (Figure 9).

The limitations of this study include that all dissections
were performed on cadavers and all subjects were over
46 years old. The anatomic structures may be displaced
with increasing age and become distorted in cadavers.
Therefore, clinical implementation of the Safe Zones is
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necessary to support the claims made here. In light of our
findings, we propose that mapping of the Danger and Safe
Zones is a safe and simple approach in preoperative pla-
nning of preauricular interventions.

CONCLUSIONS

The facial nerve is an intricate structure with various
branching patterns. Injury to those branches results in
facial palsy and poor cosmesis. In 1966, Pitanguy and
Ramus?' described the course of the frontal branch as a
single line running from 0.5 cm below the tragus to 1.5 cm
above the lateral eyebrow. In light of our findings, we pro-
pose that because the facial nerve typically has multiple
frontal branches, mapping of triangular Safe and Danger
Zones offers areliable and simple approach to avoid frontal
branch injury when performing preauricular interventions.
Further studies should be conducted in live patients to fur-
ther support our findings in an intraoperative setting.
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