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Abstract

Introduction: Fractures of the zygomatic bone can present with complicated aesthetic and neurological pathology.
Specifically, management of isolated zygomatic fracture has been sparsely discussed in the literature, and most studies are
based upon older techniques. Here, we compare the results of 2 critical operative techniques as well as review the
available literature in the setting of isolated zygomatic fractures.

Methods: A retrospective chart review was performed at our institution from 2010 to 2018 examining for patients who
had sustained an isolated zygomatic fracture confirmed by computed tomography scan. Patients were excluded if they
sustained additional maxillofacial fractures. Demographical information, symptoms on presentation, fracture management
modality, and postoperative course were all collected and examined.

Results: A total of 218 patients were identified for inclusion. The average age of this cohort was 45.5 + 18 years, with
77.5% being male. Assault (55%) was most the frequent cause of injury with accidents being the least common (17.9%).
Most patients (78.8%) underwent nonoperative management. Patients who underwent operation more often presented
with zygomatic deformity (97.7% vs 18.4%), paresthesia (29.5% vs 2.9%), and trismus (29.5% vs 6.9%) when compared to
their nonoperatively managed counterparts. In all, 44 operatively managed patients underwent open reduction with or
without eternal fixation (Gillies Approach vs Keen Approach). There were no significant differences in the presence of
zygomatic deformity, paresthesia, and trismus between the 2 operative techniques.

Conclusions: Isolated zygomatic arch fractures can present with discerning symptoms. Unfortunately, the literature
on appropriate management is not well described. We find external fixation to provide reestablishment of both form
and function with minimal required exposure, although the outcomes may be similar without the use of external
fixation.
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There are different surgical approaches that vary in
exposure, reduction methods, whether to perform fixation,
and the type of fixation used. The 2 most common
approaches are the Gillies temporal approach and the Keen
intraoral approach. After achieving successful reduction,
the zygomatic arch fracture may need fixation.'

Surprisingly, clinical outcomes based on these different
techniques have not been well studied.' Additionally, there
is an insufficiency in data on external fixation of isolated
zygomatic arch fractures. Furthermore, previous larger stud-
ies on isolated zygomatic arch fractures are outdated,*® and
an update is warranted. The purpose of this study is to por-
tray our institutional experience and procedural outcomes in
the management of isolated zygomatic arch fractures.

Methods
Study Design and Statistical Analysis

After institutional review board approval, a retrospective
chart review of patients who sustained isolated zygomatic
arch fractures from 2010 to 2018 was conducted at our insti-
tution, a level 1, tertiary care center. Patients were identified
using international classification of diseases (ICD)-9/10 and
common procedural technology (CPT) codes. Inclusion cri-
teria included patients 18 years of age or older who sustained
an isolated zygomatic arch fracture confirmed by computed
tomography (CT) scan. Exclusion criteria included patients
under the age of 18, patients who sustained additional max-
illofacial fractures including zygomaticomaxillary complex
fractures, and patients who were found to have a chronic
fracture. Information abstracted from medical records
included patient age, gender, race, method of injury, physical
examination findings, CT results, fracture management
modality, and postoperative course. Specifically, pre- and
postmanagement malar deformity, paresthesia, and trismus
were noted. For patients undergoing operative repair,
method of repair was documented, and the managing con-
sultation specialty was determined.

Descriptive statistics were used to capture demographi-
cal and clinical characteristics. Categorical variables were
compared using chi-square testing and Fisher exact test,
wherever appropriate. Continuous variables were com-
pared with independent samples ¢ tests. Multiple regression
was utilized to conduct multivariate analysis where appli-
cable. Statistical significance was set at p < .05. Statistical
analyses were performed using IBM SPSS version 25
(IBM, Armonk, New York).

Surgical Approach

Our otolaryngology—head and neck surgery department uti-
lizes a specific technique in the surgical management of
isolated zygomatic arch fractures. Although this approach
has been well described in the literature, we have conducted
it in a unique fashion utilizing different instrumentation and

Figure |. Uterine dilator used for open reduction of isolated
zygomatic arch fracture. An arrow is pointing to a medium-sized
dilator, which is recommended by the senior author S.Z. (Photo
courtesy: www.medisave.co.uk).

materials. First, the bony step-off is palpated, and the frac-
ture line is marked with an “X” externally on the skin. After
injection of local anesthetic, fracture repair begins with a
Gillies approach by creating a 1-centimeter incision in the
temporal hairline. Once through the skin and subcutaneous
tissues, the temporoparietal and deep temporalis fascia are
encountered and subsequently incised. A curved, Kelly
hemostat is then implemented to facilitate a dissection plane
superficial to the temporalis muscle inferomedially toward
the zygomatic arch. Dissection is carried medial, or deep, to
the zygomatic bone, and a uterine dilator is then introduced
within the plane created by the Kelly hemostat. We recom-
mend using a medium-sized dilator (Figure 1). Outward
force is introduced under the zygomatic bone in order to
elevate the fragment and reduce the fractured segment(s),
with careful attention not to apply pressure posteriorly to
prevent a skull fracture. Following confirmation of improved
contour of the malar eminence by external palpation, exter-
nal fixation is initiated. Two sutures are placed around the
zygomatic bone using a 1-0 polypropylene (Prolene®, John-
son & Johnson, New Brunswick, NJ) suture with a curved,
tapered needle in order to avoid facial nerve injury. Once the
2 loops of suture are placed, an aluminum orthopedic splint
with foam (Figure 2) is contoured to the contralateral,
unaffected zygomatic bone and secured in place using the
above-placed sutures. The splint should be placed (lateral-to-
medial) from the pretragal area to the infraorbital region
halfway between the lateral canthus and the nasal sidewall
(Figure 3). It is important to trim the metal aspect of the
splint and leave the foam longer to prevent skin irritation
and subsequent pressure necrosis. The splint remains in
place for 3 weeks to allow for proper healing.
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Figure 2. Aluminum orthopedic splint with foam used for
external fixation (Photo courtesy: www.medisave.co.uk).

Figure 3. Correct positioning of the external fixation splint
secured in place with two |-0 polypropylene sutures.

Case Example

A 21-year-old African American male who sustained a
right-sided, isolated zygomatic arch fracture as a result of
an automobile versus pedestrian accident. On physical
examination, he had a clear step-off deformity palpated
over the right malar eminence, trismus with interincisor
distance of 1.5 fingerbreadths, and paresthesia in the V2
distribution. The right zygomatic arch was noted to be
severely comminuted and displaced on CT maxillofacial
scan prior to repair (Figure 4A). Following open reduction
external fixation as described earlier, a repeat maxillofacial
CT scan was performed, which showed proper reduction of
the right zygomatic arch (red arrow) prior to removal of the
external fixation splint in proper position 3 weeks later
(Figure 4B). At follow-up, the patient had marked improve-
ment in malar contour appreciated on oblique (Figure 5A)
and frontal (Figure 5B) views. The patient had minimal
skin changes overlying the splinted area, and there was
complete resolution of his paresthesia and trismus.

Results

Two hundred eighteen (N = 218) patients met the inclusion
parameters for this study. The average age of this cohort
was 45.5 + 18 years, with 77.5% being male. The majority

of these patients were African American (63.4%), while
Asian was the least commonly captured race (5.5%). Injury
mechanisms included assault, accidents, and falls. Of these,
assault (55%) was most the frequent, with accidents being
the least common (17.9%). Management course also var-
ied, with only 20.2% of patients undergoing operative treat-
ment, and the remaining (78.8%) undergoing nonoperative
management (Table 1).

We aimed to identify preoperative characteristics that
were more likely to be associated with operative or non-
operative management. Forty-four (n = 44) patients
received operative treatment compared to 174 who were
managed nonoperatively. The mean age between the
groups were similar (43.3 years, operative vs 46.1 years,
nonoperative) as well as the sex distribution (77% vs 79.5%
males). Race distribution was also similar across operative
and nonoperative groups. Further, the mechanism of injury
was not found to be associated with any particular treat-
ment course (Table 2).

Patients in the operative cohort, when compared to their
nonoperative counterparts, were more likely to clinically
present with zygomatic deformity (97.7% vs 18.4%), par-
esthesia (29.5% vs 2.9%), and trismus (29.5% vs 6.9%),
respectively. On multivariate analysis, zygomatic defor-
mity, paresthesia, and trismus were all independently asso-
ciated with an operative course of treatment (p < .001 for
all). Finally, all management teams utilized a nonoperative
approach more frequently than operative, with
otolaryngology-led management having the greatest nono-
perative rates (86% vs 14%, respectively) and oral and
maxillofacial surgery-led (OMFS) having the least
(63.6% vs 36.4%; Table 2).

Patients undergoing operative management were com-
pared based upon the utilization of external fixation. Of the
44 operatively managed patients, 20 underwent external
fixation with a splint, whereas 24 did not. Patient demo-
graphics, including age, sex, and race, did not significantly
differ between those who did and did not undergo external
fixation. Injury mechanism was also similar, with or with-
out an external fixation. Furthermore, there were no signif-
icant differences in the presence of zygomatic deformity,
paresthesia, and trismus. Management team, however, was
found to have significant associations. Otolaryngology had
greater rates of splint usage (100% vs 0%, p < .001). Con-
versely, OMFS and plastic and reconstructive surgery
(PRS) were found to have no significant external splint
usage (both 0%; p < .001 for OMFS and .005 for PRS).
Postoperative symptoms, including deformity, paresthesia,
and trismus, all occurred at similar rates between the
groups (Table 3).

Discussion

The zygomatic arch is a bony arch formed by the zygoma
and the zygomatic process of the temporal bone. Medially,
the zygoma articulates with the maxilla, where the
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Figure 4. Preoperative (A) and postoperative (B) appearance of the right zygomatic arch on computed tomography scans (white
arrow—right zygomatic arch fracture prior to treatment; red arrow—right zygomatic arch status-post open reduction external
fixation; and blue arrow—external splint in place overlying the right zygoma).

Figure 5. Postoperative oblique (A) and frontal (B) views of a
patient with improved zygomatic contour after open reduction
external fixation with minimal overlying skin changes.

zygomaticomaxillary complex contributes to the contour of
the cheek. The masseter muscle attaches directly to the
zygomatic arch, and the temporalis muscle runs under the
arch to reach the coronoid process of the mandible, both of
which contribute to jaw movement.” The prominence of the
zygoma causes the zygoma to be susceptible to traumatic
injury and accounts for its frequency in injury.’

The zygomaticomaxillary region is the third most com-
monly fractured area in the face. The majority of zygomatic
arch fractures occur in men 30 to 40 years of age, as a result
of traffic accidents.” However, other studies have reported
assault to be the most common mechanism."* Zygomatic
arch fractures occur in isolation in 5% of all patients with

Table I. Patient Characteristics and Management Course.

N =218 n (%)/mean + SD
Age (years) 455 + 18
Sex

Male 169 (77.5)

Female 49 (22.5)
Race

African American 139 (63.8)

Caucasian 43 (19.7)

Hispanic 24 (11)

Asian 12 (5.5)
Injury mechanism

Assault 120 (55)

Fall 59 (27.1)

Accident 39 (17.9)
Treatment

Nonoperative 174 (78.8)

Operative 44 (20.2)

OR via Gillies approach 20 (45.5)

w/splint external fixation
OR via Keen approach 24 (54.5)

wi/o splint external fixation

Abbreviations: OR, open reduction; w/, with; w/o, without.

facial fractures and in 10% of patients with any zygomati-
comaxillary complex fracture.” Zygomatic arch fractures
often occur as part of a tripod fracture of the zygoma and
Le Fort Ill-type maxillary fractures.®

Zygomatic arch fractures may produce a visible depres-
sion of the malar eminence leading to cosmetic asymmetry,
enophthalmos, dystopia as well as trismus if the arch
impinges upon the coronoid process.>’ If the zygomatic
arch fracture is not properly treated, serious functional con-
sequences including impaired mouth opening, temporo-
mandibular joint ankylosis, and facial nerve palsy may
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Table 2. Patient Characteristics in Operative Versus
Nonoperative Management.

Operative, n  Nonoperative,n P
(%)/mean + SD (%)/mean + SD Value

Age 433 + 154 46.1 + 186 .353
Sex

Sex (male) 35 (79.5) 134 (77) .766
Race

African American 27 (61.4) 112 (64.4) 711

Caucasian 11 (25) 32 (184) 325

Hispanic 3 (6.8) 21 (12.1) .320

Asian 3 (6.8) 9(52) 712
Injury mechanism

Assault 24 (54.5) 96 (55.2) .940

Accident 10 (22.7) 29 (16.6) .349

Fall 10 (22.7) 49 (28.2) 469
Preoperative

symptoms

Deformity 43 (97.7) 32 (18.4) <.001

Paresthesia 13 (29.5) 5(2.9) <.001

Trismus 13 (29.5) 12 (6.9) <.001
Management team

Otolaryngology 20 (14) 123 (86) N/A

OMFS 16 (36.4) 28 (63.6) N/A

PRS 8 (25.8) 23 (74.2) N/A

Note: Bold values signifies p < .05.
Abbreviations: N/A, not available; OMFS; oral and maxillofacial surgery;
PRS; plastic and reconstructive surgery.

Table 3. Patient Characteristics and Outcomes With and
Without External Splint Fixation.

With External Without External
Splint Fixation, n  Splint Fixation, n p
(%)/mean + SD  (%)/mean + SD  Value

Age 442 + 154 425 + 157 714

Sex (male) 17 (85) 18 (75) 413
Race

African American 13 (65) 14 (59.3) 651

Caucasian 5 (25) 6 (25) 1.00

Hispanic I (5) 2 (8.3) 1.00

Asian I (5) 2 (8.3) 1.00
Injury mechanism

Assault 10 (50) 14 (59.3) .58

Accident 6 (30) 4 (16.7) 472

Fall 4 (20) 6 (25) 734
Preoperative symptoms

Deformity 19 (95) 24 (100) .268

Paresthesia 7 (35) 6 (25) 469

Trismus 16 (80) 15 (62.5) 205
Management team

Otolaryngology 20 (100) 0 (0) <.001

OMFS 0 (0) 16 (100) <.001

PRS 0 (0) 8 (100) .005
Postoperative

symptoms

Deformity 3 (I5) 3 (12.5) 1.00

Paresthesia 0 (0) 2 (8.3) 493

Trismus 0 (0) 0 (0) 1.00

Note: Bold values signifies p < .05.
Abbreviations: OMFS, oral and maxillofacial surgery; PRS, plastic and
reconstructive surgery.

occur.! Although contour restoration can be performed
with bone grafting, the use of implants can correct mild-
to-moderate deformities safely, with minimal morbidity.
Others have also employed fat grafting or reosteotomy with
plate fixation.'

Zygomatic fractures that are asymptomatic and with no
or minimal displacement are often treated with observation.
However, fractures with displacement or with functional or
cosmetic impairments, including diplopia, extraocular
muscle entrapment, malocclusion, and/or trismus, often
require surgical intervention.'® In our series, patients
undergoing surgical repair frequently had cosmetic defor-
mity, paresthesia in the V2 distribution, and/or trismus.
These findings markedly improved after surgical interven-
tion regardless of approach and surgical team.

Different techniques have been described to reduce
zygomatic arch fractures. Of these, the Gillies approach
is used most often. The Gillies approach involves a tem-
poral hairline incision, placing an elevator superficial to the
surface of the temporalis muscle under the deep temporal
fascia and sliding the elevator under the arch to lift it into
reduction.” The Gillies approach is often favored because it
is easy to perform, results in no obvious scar, and involves a
low possibility of facial nerve damage or direct trauma to
the globe.” The Keen approach has also been described; it is
an older technique that involves an intraoral approach to
the zygomatic arch.'' In one study surveying members of
the American Society of Plastic Surgeons and the Amer-
ican Society of Maxillofacial Surgeons, the preferred
method of repair was via the Gillies approach (40%), fol-
lowed by the Keen approach (33%), coronal incision
(18%), and direct overlying incision (1%). Sixty-eight per-
cent of respondents did not use any means of fixation fol-
lowing reduction. Of the 27% of surgeons who performed
fixation, 12% used plate fixation, 12% used external splint-
ing, and 3% used Kirschner-wire fixation.'

For the most part, surgical repair results in favorable out-
comes.* Patient-reported functional, aesthetic, and overall
satisfaction after zygomatic arch repair has been reported
to be 87% to 96%." Bezuhly et al demonstrated that a Gillies
approach combined with percutaneous Kirschner wire fixa-
tion provides restoration of facial contour that is not signif-
icantly different from that of open reduction and internal
fixation, with less soft-tissue morbidity. Therefore, this tech-
nique should be considered in isolated zygomatic fractures.
In this series, only 1 patient noticed slight malar asymmetry.
Two patients reported slightly decreased but insignificant
infraorbital sensation following surgery/injury.* However,
in another series, 37% of patients had contour irregularities
following treatment.' In our series, patients were success-
fully managed by the Gillies approach with external fixation
and showed improvements in zygomatic deformity, par-
esthesias, and trismus. However, this improvement was not
significantly different from that from the Keen approach
without external fixation employed by our PRS and OMFS
colleagues.
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After reduction of the zygomatic arch, more than 90% of
the fractures are stable enough to not require fixation mea-
sure. This is in part due to the splinting effect provided by the
masseter muscle and the temporalis fascia.'> However, sta-
bilization of the fracture by means of fixation is sometimes
required. Various methods of internal and external fixation
methods have been described in the literature. The internal
fixation and stabilization methods are often more invasive
and include direct wiring with a Kirschner wire, stabilization
with a Foley catheter, Penrose drain or silicone nasogastric
tube, and mini-plate fixation.**'° Various methods of exter-
nal fixation have also been documented in the literature. The
majority of these methods include some form of external
stabilizing material, via an orthopedic aluminum finger
splint,'*'* steel eye shield,' aquasplint,® acrylic bow,"
polyurethane foam,'? or plastic endotracheal tubing.'®

In 1980, Zaworski was the first to introduce external
fixation using an aluminum orthopedic splint.'*> Shortly
after, Ash and Mercuri further described this technique
using a tapered needle with an attached steel wire suture
which is passed transcutaneously around the fractured
segment. Fixation is then obtained by ligation of the wire
toa 1 x 5-cm? orthopedic finger splint that rests above the
stable malar eminence anteriorly and above the stable por-
tion of the zygomatic arch posteriorly. The splint was left in
place for 3 weeks.'*

Goldsmith and Fry also described an external fixation
technique using an aluminum finger splint.’ In this tech-
nique, two 2-0 nylon sutures are passed through the skin
around the fracture zygomatic arch with a large, heavy
curved needle. A finger is placed intraorally to facilitate
accurate direction of the needle under the arch. The alumi-
num finger splint is then cut and molded to conform to the
zygomatic arch, from just anterior to the tragus to the zygo-
maticomaxillary suture line. V-shaped notches are then cut
in the splint to prevent slippage of the suture. The suture is
then tied over the splint to achieve external fixation. The
splint is kept in place for 1 to 2 weeks.

In our series, we have employed a similar but modified
technique. Although it did not produce superior results, we
feel it provides additional stabilization of the fracture site.
External fixation with the orthopedic splint has shown to
have several advantages including (a) that stabilization can
be achieved without an added extraoral incision; (b) it pro-
vides rigidity without excessive bulk; (c) it is readily avail-
able material that is easily modified to a length that will
enable it to rest over stable proximal and distal bone; (c) it
can be easily contoured to follow the curvature of the lat-
eral aspect of the patient’s face; (d) it has a cushion that,
when applied to the skin surface, will reduce the possibility
of postoperative necrosis; and(e) it will allow for adequate
visualization of the skin so that infection or necrosis can be
recognized.'*

Guven described an external fixation technique using an
acrylic bow."® In this technique, first a plaster model is
prepared from the contralateral zygomatic arch to ensure

symmetric reduction. A self-curing acrylic bow is then con-
structed on the model. Wires are then passed around the
zygomatic arch and placed on retention sites twisted around
the bow. Vaseline gauze is placed between the skin and the
acrylic bow to prevent skin necrosis, and the bow is removed
3 weeks later.

Kim et al described a contouring technique using an
aquasplint after fracture reduction. Suture points are marked,
and 3-0 polydioxanone sutures are placed under the fractured
zygomatic arch with a round-tip needle to avoid facial nerve
injury. The sutures are then tied to the aquasplint, and the
splint is removed after 2 weeks. In this series, external
fixation was shown to significantly improve the cosmetic
and functional result compared to no fixation.®

Rodriguez-Vegas described an external fixation tech-
nique using a polyurethane foam dressing. In this technique,
one or two 0-1 monofilament nonabsorbable sutures are
passed around the fractured zygomatic arch with a 40-mm
round-tip needle. A low-adherent dressing made from poly-
urethane is then applied between the punctured sites along
the arch. A 1-to 1.5-cm-wide wet plaster cast is then placed
over the foam dressing, and the sutures are tied down over
the plaster and secured fixed once the plaster has dried. The
device is kept in place for 1 to 2 weeks.'?

Hindin et al described an external fixation technique
using a steel eye shield. In this technique, number 7 cardiac
steel wires are passed through the skin around each of the
zygomatic arch fracture segments with a large needle. The
wires were then passed through a steel eye shield and
secured down. The shield was removed 2 to 3 weeks later.
In this series, external fixation was shown to significantly
improve postoperative interincisor opening distance and
malar symmetry compared to other techniques. External
fixation was also found to have the highest patient and
physician-rated aesthetic score.’

Jones described a technique using an endotracheal
tube. In this technique, 2 stainless steel wires on large
curved needles were passed under the zygomatic arch and
secured over a short piece of 8.0 plastic endotracheal tub-
ing. This was subsequently removed 2 weeks later with a
favorable result.'®

There are possible complications related to external
fixation of zygomatic arch fractures. External splints can
cause facial nerve palsy by pressure or injury associated
with passing a large curved needle and suture around the
arch.® A false aneurysm of the facial artery can also occur
from passing the needle.'® For those reasons, rounded-tip
needles may be preferred. Suture abscess and hematoma
have also been reported as complications of external fixa-
tion." Skin necrosis due to excessive pressure and infection
are also theoretical complications.'*'>

Conclusion

The diagnosis and management of isolated zygomatic arch
fractures has been reported infrequently in the literature.
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External fixation is a facile technique that, when employed
in the appropriate clinical context, provides reestablish-
ment of both form and function with minimal required
exposure. We provide an update of external fixation tech-
niques to assist providers when encountering such
pathology.
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