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Abstract
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Background Zygomatic complex fractures are prevalent among maxillofacial bone injuries due to the prominence
of the zygomatic arch, which can significantly impact facial aesthetics and the ability to open the mouth. Although
non-surgical interventions are available for mild cases, severe fractures necessitate surgical intervention. The surgical
repair of zygomatic arch fractures poses a risk of injuring the temporal branch of the facial nerve (TBFN). This study
aimed to develop a modern modification to reduce the probability of common complications.

Method We conducted a retrospective study involving 163 patients at the Department of Oral & Maxillofacial

Surgery, West China Hospital of Stomatology, Sichuan University, spanning from March 2021 to June 2024. Our study
introduced a novel modification of the temporal hairline approach for the treatment of these fractures.

Results Among the patients who underwent the modified approach (n=38), there were no instances of TBFN
injuries. In contrast, the traditional approach (n=125) resulted in 17 cases of nerve-related complications.

Conclusion Our findings indicate that the modified temporal hairline approach offers distinct advantages in
minimizing the risk of TBFN injury with minimally noticeable scarring, while ensuring that the fracture is securely
repaired. This provides a new safe surgical approach option for the osteosynthesis of zygomatic arch fractures.

Keywords Zygomatic fractures, Maxillofacial injuries, Facial nerve injuries, Fracture fixation, internal, Minimal surgical

Introduction

The zygomatic arch (ZA), a slender, cylindrical, and
bridge-like structure, serves as the lateral buttress of
the face and is pivotal for determining facial width and
prominence, as well as for supporting the masticatory
load. Despite its importance, it is particularly susceptible
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to fractures due to facial trauma [1, 2]. ZA fractures can
lead to facial asymmetry, characterized by malar depres-
sion, and restricted jaw movement, potentially due to
impingement of the coronoid process of the mandible.
Non-surgical treatment and surgical treatment remain
controversial. However, surgical treatment is still the
preferred option in more complex cases [3]. For a non-
comminuted medially displaced ZA fracture (“M”
shaped fracture), reduction can be effectively achieved
through Gillies approach, Ginestet technique, or intra-
oral approach [4, 5]. However, in cases of severely dis-
placed arch fractures, comminuted fractures, or when
closed reduction fails to provide adequate stabilization,
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open reduction and rigid internal fixation may be neces-
sary, often accompanied by extensive dissection to ensure
optimal outcomes [6-9].

The (hemi-)coronal approach, while effective, is asso-
ciated with certain drawbacks, including a large surgical
incision, extended operative time, potential alopecia, par-
esthesia within the surgical field, and the risk of temporal
fossa depression, colloquially referred to as “skeletoniza-
tion” [10, 11]. Additionally, there is a risk of injury to the
temporal branch of the facial nerve (TBFN), which could
lead to temporary or permanent paralysis of the frontalis
muscle.

A local incision, made just above the fracture line, was
developed to reduce the size of the incision and the asso-
ciated complications of the coronal approach. However,
the risk of temporary or permanent facial nerve palsy,
a significant aesthetic and functional concern, persists.
Consequently, there is a need for a superior approach to
address zygomatic complex fractures.

Over the past 15 years, our center has adopted a tem-
poral hairline approach to mitigate the aesthetic draw-
backs of the local incision, with incision lengths typically
ranging from 3 to 5 cm and discreetly positioned along
the temporal hairline. Despite these improvements, the
challenge of facial nerve paralysis persists due to the
intricate and variable anatomy of the temporal branch of
the facial nerve and its tortuous path. In this retrospec-
tive study, we introduce a novel modification of the tem-
poral hairline approach, designed to provide an adequate
surgical field for plate fixation while minimizing the risk
of temporal branch of the facial nerve (TBEN) injury.

Materials and methods

Study design

This retrospective study was conducted on patients who
presented for treatment of ZA fracture at the Department
of Oral & Maxillofacial Surgery, West China Hospital of
Stomatology, Sichuan University, spanning a three-year
period from March 2021 to June 2024. All patients were
followed up for 12 weeks and were assessed at 1 week, 4
weeks, 8 weeks, and 12 weeks postoperatively. The study
was conducted in accordance with the ethical protocol
approved by the Ethics Committee of West China Col-
lege of Stomatology, Sichuan University.

The inclusion criteria were as follows: (1) clinical and
imaging diagnoses of zygomaticomaxillary complex or
ZA fractures; (2) ZA fracture requiring surgical fixation;
(3) no previous surgical treatment in maxillofacial region;
(4) consent to the surgical treatment; (5) received plate
fixation at ZA with a temporal hairline incision at the
study host institution; (6) a minimum of 12 weeks post-
operative follow-up.

The exclusion criteria were as follows: (1) patient lost
to follow-up; (2) incomplete medical records, lacking key
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information such as sequelae or performance of a modi-
fied surgical procedure; (3) other temporal region surger-
ies performed during the postoperative follow-up period.

Patients were categorized into two groups: Group
A, comprising individuals who received the modified
temporal hairline approach, and Group B, consisting of
those who underwent the traditional temporal hairline
approach.

Surgical steps
Modified temporal hairline approach
Step 1: Marking the Reference line.

Mark a line that begins 0.5 cm below the tragus and
extends to the most lateral end of the eyebrow (Figs. 1A
and 2A).

Step 2: Incision line design.

The incision line should be positioned at the anterior
edge of the temporal hairline, with a length of approxi-
mately 3-5 c¢cm, depending on the distance between the
hairline and the fracture line (Figs. 1A and 2A).

Step 3: Skin incision and undermining dissection.

Incise the skin and subcutaneous tissue to reach the
surface of the temporoparietal fascia. Then, dissect
towards the fracture line of the ZA, ensuring that the
dissection plane is at the surface of the temporopari-
etal fascia (Figs. 1B and 2B). The superficial temporal
artery, which lies on or within the temporoparietal fascia,
should be identified and either ligated or protected when
encountered.

Step 4: Fascia incision and bone exposure.

After the dissection passes below the reference line,
palpate the upper edge of the ZA. Then, sharply incise
the temporoparietal fascia and the superficial layer of the
deep temporal fascia to reach the bone surface (Figs. 2C
and 3). Reflect the periosteum to expose the fracture line
of the ZA. This approach provides a sufficient surgical
field for bone reduction and internal fixation.

Step 5: Closure.

Reapproximate the deep temporal fascia and temporo-
parietal fascia using slowly resorbing 4 - 0 sutures. Close
the skin incision in a two-layered fashion (Fig. 2D).

Traditional temporal hairline approach

The skin incision should be made as previously described.
Following this, the dissection should be carried out
bluntly, proceeding directly to the fracture line. It is
crucial to carefully identify the TBEN during this pro-
cess. Once located, the nerve should be gently retracted
superiorly and posteriorly to ensure its protection and to
facilitate access to the fracture site.

Complication evaluation
Complications studied included TBEN palsy, temporal
depression, hematoma and infection. TBEN palsy was
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Fig. 1 (A) Modified Pitanguy’s line indicated by red dotted line (Point A: 0.5 cm inferior to the tragus; Point B: most lateral end of the eyebrow); Incision
line indicated by red solid line. (B) The accessible area is demonstrated by a light green shade. Periosteal elevator showing the undermining dissection in

supra-temporoparoetal plane surpassed the reference line

identified by the loss of forehead creases, an inability to
frown, and complaints of impaired vision when attempt-
ing to look upward. If these symptoms subsided and
resolved during the follow-up period, the condition was
categorized as temporary facial nerve paralysis; other-
wise, it was considered to have resulted in permanent
sequelae.

Statistical analysis

Descriptive statistics were utilized to delineate the char-
acteristics of the data. For the analysis of categorical
variables, chi-square tests and Fisher’s exact tests were
employed, with statistical analyses conducted using SPSS
software (version 26.0; IBM Corp., Armonk, NY, USA).
P<0.05 was considered statistically significant.

Results

A total of 167 patients met the study’s inclusion criteria,
with 4 patients being excluded. The remaining 163 par-
ticipants were categorized into two groups: Group A,
consisting of 38 patients who underwent the modified
temporal hairline approach, and Group B, comprising
125 patients who received the traditional temporal hair-
line approach. The age of the patients ranged from 5 to
71 years old.

To facilitate statistical analysis, patients’ ages were
categorized into three subgroups: 0-14, 15-64, and
over 65 years old. Upon conducting the analysis, it was
found that the age group distribution between Group A
and Group B was not correlated with the choice of sur-
gical approach. This finding indicates that age is not a
significant factor influencing the selection of the sur-
gical method (P=0.211). Similarly, sex also showed

no significant association with the choice of surgical
approach (P=0.142) (Table 1).

All patients achieved facial symmetry postopera-
tively, and the reduction of ZA fractures was confirmed
through the use of cone-beam computed tomography. In
total, 16 cases experienced temporary TBEN palsy, while
the remaining patients exhibited clear forehead wrinkles,
suggesting no damage to the TBEN. All 16 cases (100%)
were in Group B, with none in Group A. This suggests
that the modified surgical approach significantly outper-
forms the traditional method in preventing TBEN injury,
which is statistically significant (P=0.024). There were
no instances of permanent TBEN injury in either group.
Furthermore, Group B recorded one case (100%) of tem-
poral depression. During the follow-up period, neither
group experienced any cases of hematoma or infection
(Table 2).

Discussion
ZA fracture is a common type of traumatic injury that
significantly impacts both facial appearance (due to the
loss of zygomatic projection) and the physical and mental
health of patients [12, 13]. Isolated ZA fractures account
for approximately 10% of all ZA fractures and predomi-
nantly affect young and middle-aged men [1]. The pri-
mary causes of these fractures include blunt trauma from
falls, sports injuries, and traffic accidents [14—16]. These
injuries can lead to nerve palsies, such as those involv-
ing the infraorbital nerve and the temporal branch of the
facial nerve (TBEN), as well as sequelae like facial asym-
metry and skeletonization [13].

Non-surgical treatments, such as the Ginestet tech-
nique and the Gillies approach, can achieve satisfactory
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Fig. 2 Intraoperative photos of the modified temporal hairline approach. (A) Incision line and reference lines. (B) Undermining dissection in supra-
temporoparoetal plane surpassed the reference line. (C) Plate fixation of zygomatic arch fracture. (D) Wound closure

reduction results in some cases of zygomatic arch frac-
tures while avoiding common complications like nerve
damage and scarring [4, 17, 18]. However, for commi-
nuted fractures, open surgical treatment remains the only
viable option. Despite the potential risk of nerve palsy,
surgical intervention offers accurate reduction and better
restoration of facial appearance.

The course and depth of the TBEN have long been
a mystery in the field of ZA surgeries, with numerous
studies conducted in an attempt to reach a consensus.
The golden key to locating the TBEN was introduced by
Pitanguy et al. [19] in 1966. The Pitanguy line is defined
as a line that starts 0.5 cm below the tragus and extends
towards a point 1.5 cm above the lateral end of the eye-
brow, connecting these two points. This line roughly
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Fig. 3 lllustration of the modified temporal hairline approach. Red solid line indicating the dissection plane; red dotted line indicating the projection of

the modified Pitanguy’s line

Table 1 Basic profiles of patients

Group A(N=38) GroupB(N=125) P-value®
Age 0-14 2 8 0211
15-64 32 113
65- 4 4
Sex Male 30 83 0.142
Female 8 42
2P-values from Chi-square test and Fisher’s exact test
Table 2 Complications
Group A Group B P-value®
(N=38) (N=125)
TBFN temporary palsy 0 16 0.024
TBFN permanent palsy 0 0 -
Temporal depression 0 1 -
Hematoma 0 0 -
Infection 0 0 -
Malunion and Non-union 0 0 -

2P-values from Chi-square test and Fisher’s exact test

indicates the path of the frontal branch of the facial
nerve across the face, making it a valuable reference in
surgeries involving the temporal and facial regions. The
superficial temporal artery (STA) was also mentioned as

a guide to trace the course of TBEN. Correia and Zani
[20] indicated that the TBEN is typically located beneath
the STA and within the areolar plane. They also identi-
fied a triangular danger zone bounded by lines extending
from the earlobe to the lateral end of the eyebrow and the
highest point of the forehead. This finding was corrobo-
rated by Zani, Fadul, Rocha, et al. in 2003, after examin-
ing 150 adult cadavers [21]. Ishikawa [22] after dissecting
30 facial halves, claimed that most branches of the facial
nerve are situated below the Pitanguy line and proposed
a danger area between a line connecting the bony lateral
canthus (LC) to the superior border of the zygomatic
arch and another line perpendicular to the first at the
LC. Gosain et al. [23] conducted a study to measure the
distance from the antihelix-tragal landmark to the points
where each ramus of the temporal branch of the facial
nerve (TBFN) crossed the lower and upper aspects of the
ZA. They concluded that though the anterior division of
TBEN generally correlated with the Pitanguy line, there
can be a variation of 10 to 20 mm anterior or posterior to
this line.

Based on the findings of prior anatomical studies, we
have chosen to utilize a modified Pitanguy line as a ref-
erence to assist in identifying the skin projection of the
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TBEN. Acknowledging the variability in the number
of rami of the TBEN, we have adjusted the line slightly
downward to minimize the risk of nerve injury during
surgical procedures.

As evidenced by parotidectomies [24] and confirmed
through anatomical studies [25-29], TBEFN crosses
over ZA in the plane beneath the temporoparietal fas-
cia. Thus, in the area above the reference, the dissection
should remain in the plane superficial to the temporo-
parietal fascia. And when surpassed the reference line,
it would be safe to proceed to deeper planes to access
ZA. In Group A, where the modified technique was
employed, there were no instances of TBEN injury. This
outcome is in stark contrast to the 16 cases of TBFN inju-
ries reported in Group B, which utilized the traditional
approach. The high incidence of temporary palsies of
the TBEN in Group B indicates that nerve stretching or
compression is a significant contributor to complications
associated with the conventional surgical approach.

Furthermore, the temporal hairline approach offers
surgeons adequate visual exposure of the fracture
area, which is sufficient for precise plate fixation. This
approach steers clear of the extensive dissection associ-
ated with the coronal approach, aligning with the con-
temporary preference for minimally invasive surgical
techniques.

An additional benefit of the modified approach is its
effectiveness in managing scar visibility. In our study,
incisions were made along the hairline, which were
effectively concealed by hair after recovery, resulting
in minimal to no visible facial scarring. This concealing
effect is particularly pronounced in female patients and
male patients with longer hair. This modified approach
is particularly advantageous for patients with a reced-
ing hairline or baldness, as it avoids the aesthetic limita-
tions associated with the coronal approach. We have also
observed that the temporal hairline is highly individual-
ized, varying from one patient to another. In some cases,
the distance between the hairline and the surgical area
may be greater than in others, which can increase the dif-
ficulty of surgical exposure.

Although the study has demonstrated encouraging
outcomes with the modified approach, it is important to
recognize that this method cannot wholly supplant the
coronal approach. In cases of old or comminuted ZA
fractures where extensive exposure is necessary for opti-
mal reduction and internal fixation, the coronal approach
remains the preferred option. Furthermore, it is essential
to undertake a multicenter clinical trial with a significant
sample size to confirm the safety and therapeutic efficacy
of the modified technique.
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Conclusion

In conclusion, the modified temporal hairline approach
offers several distinct advantages: it provides superior
protection for the temporal branch of the facial nerve,
ample visual exposure for precise surgical manipulation,
and results in minimally noticeable scarring. Therefore,
we advocate for this technique as a suitable and effective
option for the treatment of zygomatic arch fractures that
necessitate fixation.
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