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Despite the prevalence of zygomaticomaxillary complex (ZMC) fractures, there is no
consensus regarding the best approach to management. The aim of this study is to determine
differences in ZMC fracture treatment among various surgical specialties. A survey was
conducted regarding treatment of patients with different ZMC fractures that included a
minimally displaced fracture (Case 1), a displaced fracture without diplopia (Case 2), a
displaced fracture with diplopia (Case 3), and a complex comminuted fracture (Case 4). The
survey was distributed to members of plastic surgery, oral maxillofacial surgery, and
otolaryngology societies. The rates of surgical treatment, exploration of the orbital floor,
and plating three or more buttresses were analyzed among the specialties. A total of 173
surgeons participated (46 plastic and reconstructive surgeons, 25 oral and maxillofacial
surgeons, and 102 otolaryngologists). In Case 1, a significantly higher percentage of plastic
surgeons recommend an operation (p < 0.01) compared with other specialties. More than
90% of surgeons would perform an operation on Case 2. Plastic surgeons explored the orbital
floor (p < 0.01) and also fixated three or more buttresses more frequently (p < 0.01). More
than 93% of surgeons would operate on Case 3, with plastic surgeons having the greatest
proportion who fixed three or more buttresses (p < 0.01). In Case 4, there was no difference in
treatment patterns between specialties. Across the specialties, more fixation was placed by
surgeons with fewer years in practice (<10 years). Conclusion There is no consensus on
standard treatment of ZMC fractures, as made evident by the survey. Significant variability in
fracture type warrants an individualized approach to management. A thorough review on ZMC
fracture management is provided.

The prominence of the zygomaticomaxillary complex (ZMC)
convexity along the anterolateral portions of the face makes it
vulnerable to traumatic injury. While there is debate as to
what part of the facial skeleton is most commonly injured,
ZMC fractures comprise up to 40% of facial fractures.'?
Common etiologies include motor vehicle accidents, assault,
falls, and sports-related injuries.'> The complex three-di-
mensional aspect of the zygoma contributes both to facial
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aesthetics and function. It forms the malar eminence, provid-
ing cheek projection, and the lateral and inferior portions of
the orbit. Reestablishing preinjury form is the goal of all ZMC
fracture treatments, regardless of the approach utilized.

As surgical technique and technology have improved
through the past century, management opinions have
evolved.*” Standard treatment mostly involves internal fix-
ation with plates and screws, but there is much debate
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Fig. 1 Case 1.

regarding what qualifies as adequate fixation. Three-point
fixation for treatment of ZMC fractures is traditionally rec-
ommended; however, there are varying opinions on what is
truly necessary for adequate reconstruction.®8-1

Despite the prevalence of ZMC fractures, there is no
consensus in the literature concerning the best approach to
management and when repair is indicated. The aim of this
study is to survey surgeons among the specialties of plastic
and reconstructive surgery (PRS), oral and maxillofacial
surgery (OMFS), and otolaryngology (ENT) to look for practice
patterns and potential differences in approach to treatment of
ZMC fractures. We also provide an extensive literature review
on the treatment of these injuries.

Fig. 2 Case 2.
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Fig. 3 Case 3.

Methods

Study Design

After institutional review board approval, a survey was
constructed using REDCap (Research Electronic Data Capture)
through Washington University in St. Louis School of Medi-
cine. The survey consisted of questions regarding treatment
of four different ZMC fractures in skeletally mature patients.
The injury patterns included that of a minimally displaced
fracture (=Fig. 1), a displaced fracture without diplopia
(=~Fig. 2), a displaced fracture with diplopia (~Fig. 3), and a
highly comminuted fracture (~Fig. 4). The survey questions

Fig. 4 Case 4.
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1. Specialty: __ Plastics____ENT___ OMFS
2. Practice: Academic Non-academic

3. Years in Practice_

Farber et al.

4. Number of ZMC fractures repaired per year (personally) __ 0-10 __ 10-20__20-30

>30

5. Have you ever used resorbable hardware to fixate a ZMC fracture? __ Yes__ No

6. Case Questions (Cases 1, 2, 3, 4):
a. Is surgery indicated? Yes No

b. Explore the orbital floor in this case? Yes No
c. Preferential approach (exposure): Coronal Intraoral Upper Eyelid

Lower Eyelid ___ Other

d. If lower eyelid: Transconjunctival Subcilliary Subtarsal
e. If upper eyelid: Brow ___Extension of transconjunctival incision

Blepharoplasty incision ___ Other
__ZM ___Infraorbital rim Arch Other

f. Preferential points of fixation: ___ZF

£. Would you obtain postoperative imaging for this case? Yes No
i. If yes, would you obtain: __ X-Ray series __ (T

Fig. 5 Survey questions.

are detailed in =Fig. 5. The survey was then distributed to
members of various PRS, OMFS, and ENT societies including
the American Society of Maxillofacial Surgeons, the American
Association of Oral and Maxillofacial Surgeons, and the
American Academy of Facial Plastic and Reconstructive
Surgery. Responses were recorded by the REDCap system.
Data were collected regarding surgical specialty, practice
type, years in practice, multiple soft-tissue approaches (two
or more), points of fixation (three or more), and exploration
of the orbital floor. In addition, we included details regarding
upper and lower eyelid approaches and which buttresses
were fixated. A programming code run in MatLab version
R2012b (Natick, MA) was employed to calculate results of
Fisher exact tests to compare proportions between the surgi-

Table 1 Demographics of survey participants

cal specialties including post hoc testing of significant
results.'? All other statistical analyses were performed using
IBM SPSS version 22 (Armonk, NY). For all comparisons, a
p-value of less than 0.01 was considered statistically signifi-
cant. The Holm-Bonferroni adjustment for multiple testing
was then applied to each family of comparisons.

Results

A total of 173 surgeons participated in this survey (102 ENT,
25 OMFS, and 46 PRS). Practice type, years in practice, number
of ZMC fractures repaired in a year, and use of resorbable
hardware are shown in = Table 1. Experience using resorbable
hardware to fixate ZMC fractures is equivalent among all

ENT OMFS PRS p-Value
Participants 102 26 46
Academic 50 (49%) 17 (65%) 35 (76%) 0.006
Years in practice
1-10 50 (54%) 8 (32%) 19 (45%) 0.007
11-20 20 (22%) 4 (16%) 11 (26%)
21-30 21 (23%) 7 (28%) 8 (19%)
> 30 1(1%) 6 (24%) 4 (10%)
ZMC fractures repaired per year 0.004
1-10 67 (66%) 8 (31%) 18 (39%)
11-20 21 (21%) 11 (42%) 18 (39%)
21-30 6 (6%) 2 (8%) 2 (4%)
> 30 8 (8%) 5 (20%) 8 (17%)
Use of resorbable hardware 35 (34%) 10 (39%) 12 (26%) p = 0.539

Abbreviations: ENT, otolaryngologists; OMFS, oral and maxillofacial surgeons;

complex.

Craniomaxillofacial Trauma and Reconstruction

PRS, plastic and reconstructive surgeons; ZMC, zygomaticomaxillary
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specialties (p = 0.54). No difference in treatment was found
based on surgical volume (defined as less than or greater than
ten cases per year). OMFS respondents had the greatest
average years of experience compared with the other two
specialties (p = 0.007).

Case-Specific Variables

Case 1: Minimally Displaced Fracture

A higher proportion of plastic surgeons (p < 0.007) recom-
mended surgical repair (22 vs. 6% of ENT, 0% of OMEFS)
(=Table 2). Of those who would operate, a significantly higher
percentage of plastic surgeons would also explore the orbital
floor (p < 0.01). The decision to either utilize two or more
approaches or fixate three or more buttresses was equivalent
between the specialties (PRS and ENT). Both ENT and PRS
preferred the intraoral, lower eyelid, and upper eyelid approach
to this patient. Both ENT and PRS agreed that some combination
of zygomaticofrontal (ZF), zygomaticomaxillary (ZM), and
infraorbital rim fixation was indicated. Among the treating
surgeons, 50% of PRS and 17% of ENT would perform a postop-
erative computed tomographic (CT) scan (~Fig. 6).

Case 2: Displaced Fracture without Diplopia

More than 90% of surgeons would treat Case 2 (93% ENT, 96%
OMEFS, and 91% PRS; =Table 2). The most favored approach is

Table 2 Core ZMC treatment principles

Farber et al.

through an intraoral incision by all specialties (ENT 74%,
OMFS 77%, and PRS 84.5%); however, very few used this as
their only approach. The decision to obtain postoperative
imaging was favored by plastic (37%) and oral surgeons (65%).
Post hoc testing revealed that more PRS surgeons would
explore the orbital floor when compared against the other
two specialties (p < 0.001). In addition, post hoc testing
demonstrated that more PRS surgeons would fixate three
or more buttresses when compared against the other two
specialties (p < 0.009; ~Fig. 7).

Case 3: Displaced Fracture with Diplopia

For Case 3, 100% ENT, 100% OMFS, and 93.5% PRS would
pursue an operation (=Table 2). All the specialties strongly
favor multiple approaches with use of a lower eyelid
incision in combination with upper eyelid and intraoral
approaches. More than 90% of surgeons explored the orbital
floor, and postoperative imaging was preferred by most
plastic (53%) and oral (85%) surgeons. There were signifi-
cant differences between specialties regarding fixation
(p = 0.001); post hoc testing revealed that the PRS group
was more likely to use three or more fixation points than
the other specialties. There was also a (nonstatistically
significant) tendency of surgeons with less than 10 years
of experience to fixate three or more buttresses, regardless
of specialty (p = 0.021; ~Fig. 8).

Surgery indicated? ENT OMFS PRS p-Value
Total responses 102 (%) 26 (%) 46 (%)
Case 1 6 (5) 0 (0) 10 (21) 0.003
Case 2 95 (93) 25 (96) 42 (91) 0.419
Case 3 102 (100) 26 (100) 43 (93) 0.038
Case 4 101 (99) 26 (100) 45 (97) 0.658
Explore orbital floor
Case 1 N/A N/A N/A N/A
Case 2 37 (38) 8 (32) 31 (73) <0.001
Case 3 98 (96) 24 (92) 39 (90) 0.337
Case 4 100 (99) 26 (100) 44 (97) 0.656
Fixate three or more buttresses
Case 1 1(16) 0 (0) 5 (50) 0.307
Case 2 42 (44) 10 (40) 33 (78) <0.001
Case 3 58 (56) 14 (53) 37 (86) 0.001
Case 4 92 (91) 25 (96) 43 (95) 0.633
Utilize two or more approaches
Case 1 4 (66) 0 (0) 7 (70) 0.999
Case 2 79 (83) 19 (76) 39 (92) 0.132
Case 3 88 (86) 22 (84) 41 (95) 0.210
Case 4 95 (94) 24 (92) 44 (97) 0.570

Abbreviations: ENT, otolaryngologists; N/A, not available; OMFS, oral and maxillofacial surgeons; PRS, plastic and reconstructive surgeons; ZMC,

zygomaticomaxillary complex.
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Fig. 6 Treatment details for Case 1 (minimally displaced).

Case 4: Highly Comminuted Fracture

In case 4, 99% of survey respondents would recommend surgical
treatment. The proportion that would explore the orbital floor
and fixate three or more buttresses or utilize two or more
approaches was statistically equivalent among all three special-
ties (=~Table 2). Surgeons with less than 10 years of experience

were more likely to fixate three or more buttresses (p = 0.001).
In this more complex fracture pattern, 63% would use a coronal
incision (64% ENT, 58% OMEFS, and 63% PRS). Furthermore,
multiple fixation points were selected: ZF, ZM, infraorbital
rim, and arch. A majority of respondents from all three special-
ties would obtain postoperative imaging (~Fig. 9).

Case 2
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Fixation Imaging
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Fig. 7 Treatment details for Case 2 (displaced without diplopia).
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Case 3
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Fig. 8 Treatment details for Case 3 (displaced with diplopia).

Incision Selection for Upper and Lower Eyelid Approach

After combining the upper eyelid approach responses for all
four cases, PRS (71%) favored the lateral extension of the
upper blepharoplasty incision compared with ENT (55%) and
OMFS (32%; p < 0.01). For lower eyelid approaches, the
transconjunctival incision was most favored by ENT (81%)
compared with OMFS (67%) and PRS (60%). PRS (27%) selected
the subtarsal incision significantly more than ENT (5%) or

OMFS (15%; p < 0.01). There was no significant difference in
preference for the subciliary incision between the three
specialties (~Fig. 10).

Discussion

Currently, there is no consensus on ZMC fracture treatment
regarding indications for surgery and the technique used. Our

Case d
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Coronal Intraoral Upper Lid Lower Lid ZF Fixation

Incision  Incision  Incision  Incision

ZM

IOR Arch Post-op
Fixation Fixation Fixation Imaging

OENT BOMFS EPRS

Fig. 9 Treatment details for Case 4 (comminuted).
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ENT OMFS PRS ENT OMFS PRS

m Bleph m Brow

Fig. 10 Incision selection for upper and lower eyelid approach.

study demonstrates that there are significant variations
within and between specialties in the treatment of ZMC
fracture, confirming that management does not necessarily
follow a clear standard.

Most surgeons agree that conservative treatment of ZMC
fractures is appropriate in situations with no displacement of the
fracture segments. If this treatment option is chosen, patients
should be placed on a soft, non-chew diet for approximately 2 to
6 weeks, with close monitoring for displacement.'? If the ZMC
fracture is displaced and/or the patient has enophthalmos,
operative reduction and fixation is indicated. Surgical methods
of ZMC fracture fixation have evolved over the years, beginning
with wires for osteosynthesis.*> However, wire osteosynthesis is
not as effective as plating systems in maintaining reduction of
ZMC fractures.' Traditional teaching recommends three-point
fixation for ZMC fractures, based on biomechanical studies.'®
However, an algorithm proposed by Ellis and Kittidumkerng
recommends a step-wise process in the treatment of ZMC
fractures.® This philosophy is also reinforced by textbooks
used by surgical trainees.*'7~1°

Alternative approaches to ZMC fractures observe soft-tissue
preservation and advocate a “less-is-more” approach.'®%? Ellis
and Perez updated their original algorithm that advocates a
sequential approach to avoid unnecessary surgical procedures
that can potentially cause iatrogenic deformities.?' The goal is
to achieve skeletal fixation while minimizing soft-tissue mor-
bidity such as lower cheek descent and ectropion.®’ The
number of soft-tissue approaches and required buttresses to
fixate varies depending on the type of fracture and opinion of
the surgeon.??~2* Typically, the more comminuted high-ener-
gy ZM(C fractures require wider exposure and greater fixation.”
The results of our survey confirmed this.

Different areas of the facial skeleton involved in the ZMC
fracture are accessed using various approaches. The infraor-
bital rim and orbital floor are exposed through the lower
eyelid utilizing a subtarsal, transconjunctival, or subciliary
incision. The ZF suture is accessed using an upper blepharo-
plasty or lateral brow incision. Utilizing an intraoral approach
in the gingivolabial sulcus, the ZM buttress can be reached.
Some literature advocates using the intraoral approach to

m Transconj o Subciliary m Subtarsal

address the infraorbital rim, obviating the need for an eyelid
incision.?> The various soft-tissue approaches are not without
potential morbidity.?® A brow incision can lead to noticeable
scarring. Lower eyelid exposures can result in entropion or
ectropion.?’~%° In addition, inadequate resuspension during
closure results in ptosis of the malar region.>® The coronal
approach is used to treat severe ZMC fractures and provides
exposure to the zygomatic arch and lateral orbital rim.
Potential complications include facial nerve injury, temporal
fat pad injury, alopecia, and scalp necrosis.>"

The challenge in ZMC fracture treatment is to balance suitable
bone fixation against the potential sequelae of numerous soft-
tissue approaches. No oral maxillofacial surgeons elected to
operate on the minimally displaced fracture in Case 1. There
was a small percentage of ENT and plastic surgeons who elected
to do so and used a variety of soft-tissue approaches. An upper
blepharoplasty incision was the preferred technique to approach
the ZF suture among the responding surgeons. All three groups
used a transconjunctival incision as their favored approach
through the lower eyelid. If indicated, we prefer to access the
superolateral and infraorbital rim using incisions that are
concealed: upper eyelid incision and a transconjunctival
approach with lateral canthotomy and inferior cantholysis.
Treatment of ZMC fractures should be managed like a facial
aesthetic operation and thought should be given to assess if skin
incisions are necessary.

Fixation highly depends on fracture type and can include
immobilizing any combination of the following five sites: ZF
suture, inferior orbital rim, zygomaticosphenoid suture, ZM
buttress, and zygomatic arch. While it seems obvious that
stability increases with more points of fixation, this may not
be necessary for all fractures. There is disagreement as to which
of these four points provides the best stability when fixated is
seen throughout the literature. Ellis and Kittidumkerng demon-
strated that with proper reduction and stabilization of the
fracture, there were no differences in the presence of postre-
duction displacement related to the number of fixation plates
used.® Rohner et al advocate placing a plate on the ZS suture in
addition to two other points after their cadaveric biomechanical
studies revealed improved structural strength compared with

Craniomaxillofacial Trauma and Reconstruction  Vol. 9 No. 4/2016
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that of four-point fixation.>? Alternatively, one plate fixation on
the ZM buttress is increasing in popularity, if the other fracture
sites are reduced and stable.?'-33 Hwang also demonstrated good
results with one plate on the superolateral orbital rim through a
lateral brow incision in 14 patients.>* Single-plate fixation is
typically limited to noncomminuted ZMC fractures without
ocular symptoms. ZMC fracture treatment should be tailored
on a patient-by-patient basis. Every fracture is different, and
these variances warrant numerous combinations of approaches
and fixation methods. It appears that the surveyed population
would commonly employ approaches through the mouth and
eyelid for treatment of a ZMC fracture. The coronal approach was
favored when the fracture was complex, requiring fixation of the
zygomatic arch. It appears that the three-point fixation rule
holds true for the majority of responding plastic surgeons,
regardless of fracture severity. Both ENT and OMFS specialties
were less inclined to fixate as many points in less comminuted or
displaced fractures. The difference in opinion may be due to
specialty-specific literature and surgical training.

The objective of bone fixation in ZMC fractures is to
maintain reduction for both functional and aesthetic concerns.
Biomechanical studies have attempted to delineate forces
acting on the ZMC and how they could potentially affect
fixation techniques.>>37 While the masseter is the main
muscle causing ZMC displacement, there is debate on the
extent that it truly impacts postoperative outcome. Dal Santo
et al demonstrated a significant reduction in ipsilateral
masseteric force with a ZMC fracture that lasts 4 to 6 weeks.>
In addition, exposure using an intraoral approach elevates
masseteric attachments from the zygoma that may also influ-
ence muscle function. Postreduction asymmetry is reported in
the range of 10 to 13%.%3° This malar asymmetry is more likely
due to imprecise reduction than fracture instability.

The use of absorbable plates has been advocated for
fixation of ZMC fractures.*>*! Our study demonstrated that
some surgeons from all specialties have used bioresorbable
plates to treat ZMC fractures. Potential benefits include the
absence of long-term issues with plate palpability or infec-
tion; however, biomechanical studies have demonstrated
that they are not as strong as their titanium counterparts.3242

In fractures of the ZMC, the orbital floor is always involved;
however, it may not always be necessary to explore and
reconstruct. Opinion varies on when treatment is indicated,
and studies have developed criteria to address this question.
Traditional teaching states that fracture involving greater
than 50% of the orbital floor or defects measuring 1 to
2 cm? should be explored and repaired.**=#’ Tahernia et al
determined that a change in orbital volume of 20% results in a
perceptible deformity, and the 50% rule may be too conser-
vative.** They advise to explore and reconstruct the orbital
floor with 1 cm or more of inferolateral displacement of the
ZMC, as this results in an orbital volume change of 20%. Shape
and position of the inferior rectus muscle has been found to
be the most predictive indicator for enophthalmos.*® The
usual shape of this muscle is elliptical. Rounding of the
inferior rectus muscle and lying mainly within the maxillary
sinus on coronal CT view indicate an increase in orbital
volume, resulting in symptomatic enophthalmos.*®>® In

Craniomaxillofacial Trauma and Reconstruction  Vol. 9 No. 4/2016
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our survey, we found that most surgeons, regardless of
specialty, would explore the orbital floor in a displaced
fracture, with increasing rates of exploration seen if the
patient has symptomatic diplopia. Advocates of intra-
operative exploration describe that the floor defect may
appear small on preoperative imaging. However, after reduc-
tion of the ZMC fracture, the floor defect can be exacerbated.
Our belief is that the orbital floor defect is more likely to
decrease than increase after reduction of the ZMC fracture. To
ensure that no critical structures are entrapped upon reduc-
tion, forced duction testing can be performed.

Postoperative imaging is commonly acquired, as indicated by
our survey. We obtain a postoperative CT scan after orbital
fracture reconstruction to evaluate placement of the orbital
implant. Otherwise, we use an occipitomental (Waters) view
X-ray film to assess reduction after ZMC repair. Intraoperative
imaging is now becoming more prevalent in the treatment of
ZMC fractures. Proponents indicate that they are simple to
perform and help avoid secondary procedures by identifying
inadequate reduction before leaving the initial operation.”’ 3 In
addition to intraoperative imaging, intraoperative navigation
has been used successfully in complex orbital and ZMC fractures
where normal anatomy has been greatly disrupted or in bilateral
injuries where there is no “normal” side for comparison.>*->’

The main limitation of this study lies within the nature of
the survey itself, which by necessity limited surgeons in their
responses. The most commonly used approaches and fixation
points were addressed in the questionnaire. Some surgeons
may use approaches or techniques not addressed in our
survey. The survey also represents the opinions of a small
cohort of surgeons, and may in fact not be an accurate
representation of contemporary practice. Although the
number of respondents was quite low, there were enough
responses for subanalysis comparisons. In addition, we did
not address outcomes in this survey. We are unable to
determine which approach resulted in better treatment
outcomes.

Our practice is to only explore the orbit in patients with
diplopia or CT findings showing abnormal shape and position
of the inferior rectus, or if, after reduction, entrapment is
encountered. In the case of minimally displaced fractures, we
prefer a less invasive approach in which only necessary areas
are fixated. For example, a lower eyelid incision can be
avoided by using an intraoral incision for both infraorbital
rim and ZM fixation.

For multiple reasons, our survey indicates that there is no
consensus on the standard treatment of ZMC fractures among
PRS, ENT, and OMFS surgeons, which is contrary to a recent
study by Susarla et al.>® However, they excluded ENT from
their analysis. For some surgeons, managing ZMC fractures
can be confusing, as there are many options and opinions on
treatment. Significant variability in fracture type, fixation
method, and approach warrant a step-wise treatment plan.
Textbooks from each of the three specialties®'”~'° advocate
for three-point fixation, but also advocate for an individual-
ized approach to ZMC fractures. Plastic surgery CME articles
demonstrate similar thinking to that of the textbooks, in
which these fractures should be treated on an individual
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basis, with three-point fixation not always being neces-
sary.'>? Our preferred approach is to use the algorithm
established by Ellis and Perez.?! We use this sequential
approach to treat ZMC fractures, so soft-tissue disruption is
limited.
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