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Optimal treatment of zygomatic fractures:
a single-center study results

Zigoma kiriklarinin en uygun tedavisi: Tek merkezli ¢calisma sonuglari
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ABSTRACT

Objectives: This study aims to investigate the epidemiological and operative characteristics of patients undergoing surgery for
zygomatic fractures.

Patients and Methods: Between May 2008 and October 2013, a total of 121 patients (98 males, 23 females; mean age 27 years;
range, 9 to 63 years) who were operated for zygomatic fractures in our clinic were retrospectively analyzed. Age and sex of the patients,
symptoms, fracture and incision sites, length of hospital stay, plate type, treatment options, and complications were recorded.

Results: Assault was the leading cause of trauma (39%), followed by traffic accidents (24%). The most common symptom or clinical
sign was the periorbital ecchymosis/hematoma. Conservative treatment was applied in 14 patients (12%). Surgery was performed with
a closed reduction in 17 patients (14%) and open reduction in 90 patients (74%). The most common fracture site was the infraorbital rim
in 76 patients (62.8%). A total of 48% patients had three-site, 35% had two-site and 12% had one-site of fixations. The major material
used for the orbital floor reconstruction was porous polyethylene in 43.7% patients.

Conclusion: Our study results show that surgery is required in the majority of the patients with zygomatic fractures. However, further
large studies are required to determine many parameters such as incision sites, plate locations, and the material to be used in orbital
floor reconstruction.
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oz
Amag: Bu calismada, zigoma kiriklari nedeniyle ameliyat edilen hastalarin epidemiyolojik ve cerrahi ézellikleri arastirildi.
Hastalar ve Yontemler: Mayis 2008 - Ekim 2013 tarihleri arasinda zigoma kiriklari nedeniyle klinigimizde ameliyat edilen toplam 121

hasta (98 erkek, 23 kadin; ort. yas 27 yil; dagilim 9-63 yil) retrospektif olarak incelendi. Hastalarin yasi ve cinsiyeti, semptomlar, kirik ve
insizyon alanlari, hastanede kalis siresi, plak tipi, tedavi se¢enekleri ve komplikasyonlari kaydedildi.

Bulgular: Travmanin baslica nedeni darp (%39) ve takiben trafik kazasi (%24) idi. En sik gériilen semptom veya klinik bulgu periorbital
ekimoz/hematom idi. On dért hastaya (%12) konservatif tedavi uygulandi. On yedi hasta (%14) kapali rediksiyon ve 90 hasta (%74) agik
rediksiyon ile ameliyat edildi. En sik kirik bélgesi, 76 hastada (%62.8) infraorbital rim idi. Hastalarin %48’inde l¢ bélgede, %35’inde
iki bélgede ve %12’sinde bir bdlgede fiksasyon yapildi. Hastalarin %43.7’sinde orbital taban rekonstriksiyonunda en sik kullanilan
malzeme, pordz polietilen idi.

Sonug: Galisma bulgularimiz, zigoma kiriklari olan hastalarin biyik cogunlugunda cerrahi gerektigini géstermektedir. Ancak; insizyon
yerleri, plak konumlar ve orbita taban rekonstriiksiyonunda kullaniimasi gereken materyal gibi birgok parametrenin belirlenmesi igin
genis serili galismalara ihtiyag vardir.

Anahtar Sézctikler: Komplikasyonlar; cerrahi; tedavi; zigoma kirig.
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Fractures of the zygomatic bone often cause
changes in facial appearance that may result in
aesthetic, functional and psychological problems.
Approaches to zygomatic fractures and outcomes
of management have improved over the last
two decades with better understanding of
fracture pathophysiology and developments in
biomechanics. Advances in diagnostic tools have
also enabled acquisition of more detailed and
specific information both for diagnosis and the
operative plan.

Numerous studies have investigated the
causes and frequencies of zygomatic fractures,
and found that they varied depending on the
sociocultural, economic and environmental
factors of the country in which the study
was performed.! The aim of the study was to
investigate the epidemiologic (age, gender, cause
of the fracture) and operative data of patients
operated on in our department and to compare
these with the relevant literature.

PATIENTS AND METHODS

This was a retrospective analysis of 121 patients
(98 males, 23 females; mean age 27 years; range
9 to 63 years) with zygomatic fractures who
presented to the maxillofacial surgery unit
between May 2008 and October 2013. Patients
with other associated facial fractures were also
included into the study. The data for age, sex,
etiologic cause, length of hospital stay, associated
fractures, incision sites, location of the fractures,
interval between the initial trauma and repair,
plate types and insertion sites, surgical technique
(open versus closed) were analyzed. In addition,
materials used in the reconstruction of the orbital
floor in patients with blow out fractures were also
evaluated. Results obtained were compared with
the current literature available. Controversial
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Figure 1. Age distribution of the patients.
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issues including best time of surgery following
trauma, incision and fixation sites plus the most
appropriate material to be used for orbital floor
reconstruction were explored and our findings
were synthesized with the current literature.
The study protocol was approved by the
Bagcilar Training and Research Hospital Ethics
Committee. A written informed consent was
obtained from each patient and the study was
conducted in accordance with the principles of
the Declaration of Helsinki.

RESULTS

Most of the patients (n=41; 33.8%) were in the
age group between 21 and 30 years (Figure 1).
The most common cause of trauma was assault
(39%), followed by traffic accidents (24%),
falls, and sports injuries (Figure 2). The most
common symptom or clinical sign was the
periorbital ecchymosis-hematoma followed by
subconjunctival hemorrhage (Table 1).

Surgery was performed with closed reduction
in 17 patients (14%), and open reduction in 90
patients (74%) (Figure 3). Analysis of incision
types in the latter group showed that the
subciliary incision was the most common (n=84,
93.3%), followed by the gingivobuccal (n=62,
68.8%) and lateral orbital incision (n=52, 57.7%)
(Figure 4).

In patients who underwent open reduction
and internal fixation, the most commonly used
plates were 4- or 6-hole straight miniplates, with
132 plates in total. Table 2 shows the types and
numbers of the plates.

The most frequently fractured area of the
zygomatic bone was the infraorbital rim,
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Figure 2. Etiology of zygomatic fractures.
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Table 1. Signs and symptoms on initial presentation

Symptom n %
Periorbital ecchymosis + hematoma 89 73.5
Subconjunctival hemorrhage 66 54.5
Blurred vision 46 38
Crepitation 26 214
Hypo/paresthesia 25 20.6
Diplopia 24 19.8
Enophtalmos 15 123
Malar flattening 12 99
Trismus 12 99
Epistaxis 12 99

fractured in 76 patients (62.8%), and the least was
the zygomaticomaxillary junction, fractured in
34 patients (28.0%) (Figure 5). Only 19 patients
(15.7%) had isolated fracture the zygomatic bone.
The maxillary bone was the most common to
have an associated fracture (Figure 6).

The infraorbital rim was the most common
site for insertion of the plates (n=70, 77.7%).
Other sites for plate insertion were the
zygomaticofrontal junction in 39 patients (43.3%),
zygomaticomaxillary junction in 25 patients
(27.7%), and the zygomatic arch in six patients
(6.6%) (Table 3). Forty-eight percent of patients
had three-sites, 35% had two-sites and 12% had
one-site of fixation (Figure 7).

Sixteen patients underwent reconstruction
of the orbital floor-with porous polyethylene
implants (Medpor, Stryker, Michigan, USA)
in seven patients, iliac crest bone grafts in
four, titanium mesh in four, and cartilage graft
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Figure 4. Incision sites.

harvested from the nasal septum in one patient
(Figure 8).

Analysis of the interval between initial
trauma and surgery revealed that most patients
were operated on between the fourth and sixth
days following injury (Figure 9). Patients stayed
in the hospital for 7.2 days on average (range:
2-19, Figure 10).

The patients were followed up for
complications including wound site infection,
loss of vision, infection and plate exposure.
The most common complication was permanent
dysfunction of the infraorbital nerve, seen in
294% and 31.1% of patients who underwent
closed and open reduction, respectively. Five
patients had clearly visible malar flattening, and
three had malocclusion. The complications are
listed in Table 4.

Table 2. Number and type of plates used for fixation

Plate type Number of patients
Mini  Micro Total
plate plate

n n n %

4-hole straight plate 47 10 57 431

6-hole straight plate 19 8 27 204

5-hole straight plate 7 0 7 53

8-hole straight plate 5 3 8 66

3-hole straight plate 6 0 6 45

2-hole straight plate 2 0 2 15

10-hole straight plate 1 0 1 07

4-hole L-shaped plate 14 0 14 106

4-hole T-shaped plate 0 5.3

5-hole T-shaped plate 0 2 15

5-hole Y-shaped plate 1 0 1 07

Total 111 21 132
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DISCUSSION

In addition to its role in forming the malar
prominence, the zygomatic bone also provides
transverse facial width and height. It also forms
the anterolateral wall of the orbit and plays
an important role in its anatomy. Another
significance of the zygoma is its role as a key
area in complex craniomaxillofacial trauma.
The fracture may present with various different
symptoms and signs due to its relationship with
neighboring structures.?
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Table 3. Fixation sites

Fixation sites n %

Infraorbital rim 70 777
Zygomaticofrontal 39 43.3
Zygomaticomaxillary 25 277
Zygomatic arch 6 6.6

Epidemiology of the fractures shows that they
are more common in males.®® The male to female
ratio in developed countries in 3-5:1, which
increases to 10-40:1 in developing countries.”! In
a study by Eski et al.®! performed in the same
country of the authors, the male to female ratio
was found to be 9:1. There were 98 males and
23 females in our patient group, and the male
to female ratio was 4.2:1. This ratio is similar
to the figures from developed countries. One
explanation for this result might be due to more
common exposure of males to assault and higher
proportion of male drivers in the country.

There are numerous causes of zygomatic
fractures. Interpersonal violence has been found
as the most common cause in various developed
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countries.””® Alcohol intake was proposed as
an influencing factor leading to assault in these
countries.’” In contrast, traffic accidents take
first place in developing countries.’!"! This might
be due to less use of seat belts, helmets or other
safety devices. In addition, more strict laws in
traffic and alcohol use might decrease the rate
of traffic accidents as an etiology of zygomatic
fractures.’”% In our study, the fractures were
mainly caused by assault in 47 patients (39%),
followed by traffic accidents in 29 (24%), and falls
in 27 (22%). These values actually correspond to
the values of developed countries although we
regard our country as a developing country. The
decreasing rate of accidents in etiology of zygoma
fractures might be due to stricter rules regarding
speed limits and alcohol use in our country.
This is particularly important because a study
performed at other centers of the same country

Table 4. Complications
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several years ago demonstrated traffic accidents
as the leading cause of zygoma fractures."!

The diagnosis of zygomatic fractures is
relatively easy, especially for physicians
working on maxillofacial surgery. It is one of
those fractures that can be diagnosed as the
patient enters the physical examination room.
The most common signs have been reported as
ecchymosis and malar depression in various
studies.'*151 In addition to these, decreased
or lost sensation in the cheek, upper lip and
gingiva, decreased mouth opening or trismus
due to impingement of the coronoid process
under the fracture have been reported in various
rates."51l Enophthalmos and hypoglobus may
be seen in displaced zygomatic fractures due
to displacement of the lateral canthal ligament.
Palpation of the injury site may show a step
deformity or crepitation. Diplopia may be seen
in patients with orbital floor fractures. The
most common sign in our patient group was
periorbital ecchymosis-hematoma (n=89, 73.5%)
followed by subconjunctival hemorrhage (n=66,
54.5%). Another sign is trismus that develops
generally in zygomatic arch fractures as a result
of compression of the coronoid process of the
mandible by the fractured zygomatic arch. The
presence of this sign may be an indication for
correction of the malposition.!"”!

The diagnosis of zygomatic fractures can
be made with physical examination and
radiologic studies. The most frequently used

Conservative (n=14)

Closed reduction (n=17)

Open reduction (n=90)  Total (n=121)

n % n % n % n %

Constant inferior orbital

nerve dysfunction 2 14.2 5 29.4 28 311 35 289
Diplopia 1 71 2 11.7 6 6.6 9 74
Hematoma 0 0 1 5.8 5 5.5 6 49
Eyelid retraction 0 0 0 0 6 6.6 6 49
Facial deformity 0 0 1 5.8 4 4.4 5 41
Dry eye 0 0 2 11.7 3 3.3 5 41
Malar flattening 1 71 1 5.8 3 3.3 5 41
Enophthalmos 0 0 0 0 4 44 4 33
Wound infection 0 0 0 0 3 3.3 3 24
Malocclusion 0 0 0 0 3 3.3 3 24
Plate exposition 0 0 0 0 3 3.3 3 24
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radiologic methods are plain X rays, (including
submentovertex, Waters, Caldwell, lateral views),
and computer tomography (CT). Although there
are different opinions on the type of imaging that
should be requested, in most of our patients we
obtained a maxillofacial CT, which is accepted as
the gold standard in preoperative evaluation.'®
In the last few years, we have been ordering post-
operative CT as well. However, we suppose the
cost-effectiveness of an additional CT scan and
extra radiation may be questionable.

Most authors agree on the necessity of open
reduction and fixation in serious fractures. On
the other hand, the management of less-serious
cases is controversial. Some surgeons prefer
a conservative approach. These authors have
claimed that better results could be obtained
with simple procedures, and that complications
could be reduced by avoiding extra incisions and
manipulations.’”! Authors who disagree with
these opinions argue that one cannot risk the poor
results in cases treated conservatively without
considering the stability of the repair.'™ There is
agreement on the need for open reduction and
fixation in fractures that are already displaced at
initial presentation or that have displaced during
the follow-up of conservative management.'"” The
main goals of treatment are restoration of facial
appearance, reconstruction of the periorbital
bony structures to protect the eye, correction of
diplopia, and re-establishment of the mandibular
movement. Although some authors prefer one-
or two-point fixation in the surgical treatment
of zygomatic fractures, others prefer three-
point fixation.”! The reason for the latter is the
possibility of masseteric forces displacing the
zygoma after fixation, especially in two-point
fixations. On the other hand, there are studies
that state the advantages of single point fixation
in the treatment of tripod fractures.??!! In our
study, 48% of the patients had a three-point
fixation, 35% had two-point fixation and 12%
had one-point fixation. In the early years of our
practice, we used to be strict about performing
three-point fixations. However, in last few years,
we think that two-point or even single point
fixations can be done in selected cases once the
stability of the zygomaticomaxillary buttress is
maintained.

In our study, the rate of open reduction and
fixation was found to be 74% (open reduction was

performed in 90 patients and closed reduction
in 17). The ratio of open versus closed reduction
ranges between 17:1 and 1:4 in the literature.?>!
Open reduction can be performed with plates
and screws, or wires. It is generally accepted
that plate and screws are superior to wires with
respect to stability.?*?! For example, Rohrich et
al.?¥ reported better malar and global symmetry
in patients who underwent fixation with rigid
miniplates compared to interosseous wires. There
was also less incidence of infraorbital nerve
injury and nonunion. Linn et al?®! observed
that bone grafts fixed rigidly had superior
preservation of position and volume. Also, bones
that underwent rigid fixation were shown to
heal by a direct primary process instead of a
fibroelastic process.””! Concerning postoperative
stability, we preferred rigid fixation whenever
possible. We did not encounter any problems
related to stability of the osteosynthesis during
the postoperative follow-up.

In patients who undergo open reduction,
numerous incisions for gaining access to the
fracture site have been previously described.
The incision of choice depends on the type
of the fracture. For example, in a patient who
has isolated depression in the malar arch, the
supraorbital approach described by Dingman and
Natvigi?! or Gillies®™ may be used. In unstable
fractures, the most commonly used incisions
are subciliary, lateral orbital and gingivobuccal
incisions.? Other incisions that can be used are
the transconjunctival incision described first
by Tessier® in 1973, which provides excellent
exposure to the orbital floor and inferior rim,
and bicoronal incisions that can be used in
high energy and unstable fractures. In order
to avoid complications including facial nerve
injury, alopecia, external scar, and orbital edema,
endoscope assisted techniques emerged recently.
There are numerous experimental and clinical
studies on this topic.® The most common incision
we used was the subciliary incision, where a
skin-muscle flap was raised as in most other
studies."*”) However transient or constant lower
lid retraction should be taken into account in
subciliary incision. We reported six cases (6.6%)
of lower lid retraction, which was quite similar to
ratios observed in various studies.%1432!

The fixation sites in the literature differ
between studies. In our series, the most common
site of fixation was the inferior orbital rim in
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70 patients (77.7%), followed by the lateral orbit in
39 patients (43.3%), zygomaticomaxillary buttress
in 25 patients (27.7%), and zygomatic arch in
six patients (6.6%). These figures are similar to
others in the literature.”?? The total number
of plates used was 132. Twenty-one of these
were microplates and were used on the inferior
orbital rim. Four straight-hole plates were used
in 57 patients (43.1%), and six-hole straight plates
were used in 27 patients (20.4%). These two plates
constituted the two most common types of plates
in our patients.

Orbital floor fractures may be problematic
both for patients and surgeons. Severe
complications may occur during or after the
operation. Various materials to reconstruct the
orbital floor have been previously described.
Silastic sheet, hydroxyapatite, titanium mesh,
and autologous bone or cartilage grafts are some
examples.*33%1 Advantages of silastic sheet over
autogenous bone grafts are shorter operative
times and absence of the need for a donor site.
The major advantage of titanium mesh is its
easy adaptability to the posterior aspect of the
orbital floor."”! He et al.”! used titanium mesh
in most of their patients, however they obtained
the best results in the group of patients in
whom titanium mesh was used together with
porous polyethylene implants. The same authors
state that porous polyethylene implants and
hydroxyapatite were preferred less commonly due
to their characteristic structures which caused
difficulties in shaping. In our series, 16 of the 25
orbital floor fractures required reconstruction.
The orbital floor was reconstructed with porous
polyethylene implants in seven patients (43.7%),
autogenous bone grafts in four (25.0%), titanium
meshes in four (25.0%), and cartilage graft in
one (6.2%). It can be concluded that exogenous
materials (porous polyethylene and titanium
mesh) constituted the majority of orbital floor
reconstructions. This might be mainly due to
prevention of donor site morbidity and less
operative time. However, rarely reported
complications such as infection, extrusion and
fistula formation together with financial issues
should be considered.”?"!

The timing of surgery is one of the parameters
that directly affect complications. Carr and
Mathog™ operated on 68% of their patients
between days 3 and 10 following trauma.
Calderoni et al. reported this interval as
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16.2 days in average. The elapsed time between
the trauma and surgery depends on many factors.
The severity of accompanying trauma, proximity
of the trauma area to the maxillofacial center and
surgeon preferences are major factors. There are
conflicting reports in the literature concerning
the optimal time for fracture fixation.”?? We
generally wait at least several days for the edema
to subside. However previously mentioned
factors may prolong the interval and delay the
surgery. In our study, 38 out of 107 patients were
operated on between days 4 and 6 (35.5%) similar
to the results obtained by Carr and Mathog.""!

Zygomatic fractures can result in numerous
secondary problems. Constant infraorbital nerve
dysfunction is one of the most common resulting
in anesthesia in the cheek, lower lid, gingiva, and
teeth. The rates of nerve disfunction encountered
during close follow-up are reported to range
between 20 and 94%.5¢ Diplopia in zygomatic
fractures may be caused by the mass effect
of hematoma, or injury to the muscles and
nerves. In a series of 2,067 patients reported
by Ellis et al. the rate of diplopia was 12%.
Barclay reported that 60% of the diplopia seen
in zygomatic fractures were transient.’” Another
important finding is enophthalmos, reported
to be between 3-4% by Zingg et al,® and
considered to result from displacement of soft
tissues from the orbit. It is expected to occur
especially in blow-out fractures and high energy
multiple fractures. Apart from the complications
listed above, infection, surgical wound problems,
scar formation, and problems related to the use
of plates and screws including exposure, might
be expected.”™ In our series of 121 patients,
nine (7.4%) had diplopia, five (4.1%) had facial
deformity, four (3.3%) had enophthalmos, and
35 (28.0%) had permanent infraorbital nerve
deficit. Complications developed in 40 patients,
and 80% of these were in the group that
underwent open reduction and fixation. The
overall complication rate was within the range of
previously reported studies.!*#

In conclusion, zygomatic fractures play an
important role among maxillofacial injuries
particularly in the male, and young population.
Assault and traffic accidents are still the two
major causes of zygomatic fractures. Every effort
(including education, preventive campaigns, and
better enforcement of the law together with strict
rules) should be made to prevent zygomatic
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fractures in this active population. During
therapy, the mechanism, anatomic location,
associated pathologies, treatment methods
and timing should be taken into consideration.
Provided that the indications are appropriate,
fractures can be managed either by conservative
means or surgically, using closed or open fixation.
The evaluation and analysis of the results, and
their comparison with other treatment methods
will certainly aid in the application of optimal
treatment.
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