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Background and aims: Mandibular fractures are the most common facial trauma
injuries, followed by zygomaticomaxillary complex (ZMC) fractures. The
aetiology of these fractures varies greatly between nations and even regions,
despite the fact that their occurrence is uniform across geographic boundaries. This
study compares the results of two-point versus three-point surgical treatments for
ZMC fractures.
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INTRODUCTION lateral orbital wall (at its inferior junction with the

zygomaticosphenoid suture at the sphenoid greater

The interactions between the zygoma and the face
account for three of the four elements of the
zygomaticomaxillary complex fracture, while the
orbital floor makes up the fourth. Previously known as
a tripod fracture or trimalar fracture, it is also known as
a quadripod fracture or quadramalar fracture. Its
specific locations include the zygomatic arch, the
orbital floor close to the infraorbital canal, the
separation of the maxilla and zygoma at the anterior
maxilla (near the zygomaticomaxillary suture), and the
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wing or its superior junction with the zygomatico-
frontal suture)*2.

Upon physical examination, the fracture manifests as a
wider face and a loss of cheek projection. Infraorbital
nerve damage typically results in loss of feeling in the
face and upper lip. Other indirect signs of the damage
include facial bruising, periorbital ecchymosis, soft
tissue gas, oedema, trismus, abnormal mastication,
diplopia, and ophthalmoplegia, 1.5 cm behind the
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zygomaticotemporal suture is where the zygomatic
arch typically breaks?2,

Conservative treatment is an option for fractures that
are not displaced or only slightly displaced. Internal
fixation and open reduction are only used in patients
that are substantially comminuted or angulated.
Restoring the face's natural appearance is the goal of
fixation. The location of the malar eminence and the
lowering of orbital volume by zygoma and sphenoid
realignment are specifically addressed. If the correction
is not made, the eye may sink inward due to rotational
malformation and an increase in orbit volume®. Surgery
involving  fracture reduction using miniplates,
microplates, and screws is necessary for displacement
fractures. For depressed zygomatic fractures, Gillie's
method is applied®. Tripod fractures typically have a
favourable outcome. Persistent facial asymmetry
following surgery may occasionally occur, necessi-
tating additional care®.

Only mandibular fractures are more prevalent than
zygomaticomaxillary complex (ZMC) fractures’.
Fractures of the zygomatic complex that are not or are
not sufficiently reduced may cause visible facial
asymmetry, which may cause issues in social
situations. As a result, it is essential to properly reduce
and heal these fractures inside. While the distribution
of fracture patterns appears to be comparable across
different trauma centers, the aetiology varies, primarily
due to national socioeconomic considerations. Road
traffic accidents, interpersonal aggression, falls, sports
injuries, and occupational injuries are a few typical
causes”®. This study compares the results of two-point
versus three-point surgical treatments for ZMC
fractures.

PATIENTS AND METHODS

Study design: This study examined the clinical records
of individuals who had been diagnosed with ZMC
fractures during a one-year period using a retrospective
observational methodology.

Patient population: This study comprised patients
with ZMC fractures who visited the Military Hospital's
Department of Oral and Maxillofacial Surgery in
Sana'a City, Yemen, between January 1 and November
31, 2025.

Ethical considerations: Every participant gave their
written or verbal consent. Under registration number
2024-49, dated December 5, 2024, the Ethics
Committee of the Military Hospital approved the study,
which was carried out in compliance with the
Declaration of Helsinki.

Inclusion criteria: First, the fracture must be in ZMC
and caused by trauma; second, the patient must have
received adequate follow-up (at least two follow-up
visits after surgery or an initial consultation for one
year); and the fracture must be confirmed by computed
tomography.

Exclusion criteria: The study excluded patients with
pathological fractures due to osteitis, radiation
necrosis, cysts, or tumours; it also excluded patients
with incomplete medical records and inadequate
follow-up.
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Clinical feature record: The writers reviewed medical
documents that were obtained by a medical secretary.
Patient charts were used to collect information on age,
gender, comorbidities, fracture cause, anatomical
location of the fracture, time from injury to
consultation/treatment, type of treatment (one point or
two points, with reconstruction plate with or without
IMF), antibiotic regimen, occlusal status at the last
visit, nerve impairment in relation to the inferior
alveolar nerve (IAN), and the occurrence and
management of any complications. Patients were
divided into treatment groups based on clinical
evaluation, which considered factors such fracture
kind, displacement, occlusal stability, patient
compliance, and functional impairment.

Statistical analysis

Typical descriptive statistics were used to sum the
results. Numerical variables are summarised using
mean values, whilst categorical data are displayed as
counts and percentages. Table 1 displays the
demographic information of the patients who were
enrolled.

RESULTS

Table 1 shows the distribution of patients by sex and
age who underwent different bone fixation techniques
to repair zygomatico-maxillary complex fracture. The
study included 24 patients, all male. The mean age of
the patients was 26.3 *+ 8.3 years, with a range of ages
from 2 to 45 years. Looking at the age groups, 4.2%
were under 21 years old, 50% were 21-25 years old,
29.2 % were 26-30 years old, and 16.7% were over 30
years old.

Table 1: Sex and age distribution of patients with
zygomaticomaxillary complex fracture.

Characters N (%)
Sex

Male 24 (100)
Female 0 (0.0)
Total 24 (100)
Age groups (years)

Less than 20 years 1(4.2)
21 -25 years 12 (50)
26-30 years 7(29.2)
More than 30 years 4 (16.7)
Mean 26.3 years
SD 8.3 years
Median 24 years
Mode 30 years
Range 2t0 45

Table 2: Distribution of fracture causes in patients
with zygomaticomaxillary complex fracture.

Characters N (%)

Assault 2 (8.3)

Explosion 1 (4.2)
Fall 0 (0)

Gunshot 4 (16.7)
Pathology 0 (0)

Road travel accident 17 (70.8)
(RTA)

Total 24 (100)
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Table 2 shows the distribution of fracture causes in
patients with zygomaticomaxillary complex fracture
who underwent different fixation techniques for
fracture repair. The most common cause of fractures
was road traffic accidents (70.8%), followed by
gunshot wounds (16.7%), explosions (4.2%), and
assault (8.3%). Table 3 shows the fracture type in
patients who with zygomaticomaxillary complex
fracture who underwent different fixation techniques
for fracture repair. Displaced fracture accounted for
66.7%, un-displaced for 16.7% and comminated
fractures for 16.7%.

Table 3: Fracture type in patients who with
zygomaticomaxillary complex fracture.

Characters N (%)
Displaced 16 (66.7)
Un-Displaced 4 (16.7)
Comminuted 4 (16.7)
Total 24 (100)

Table 4 shows the associated structures effected with
zygomaticomaxillary complex fracture in the study
patients. The percentages were IOR involvement IOR
involvement 95.8%, ectara ocular muscle entrapment
33.3%, Eyes-ball injury 12.5%, ION involvements
75% and Soft-tissue injury counted 75%.

Table 4: Associated structures effected with
zygomaticomaxillary complex fracture in the study

patients.
Characters N (%)
IOR involvement 23 (95.8)
Ectara ocular muscle entrapment 8 (33.3)
Eyes-ball injury 3 (12.5)
ION involvements 18 (75)
Soft-tissue injury 18 (75)
Total 24 (100)

Table 5 shows the type of fixation that applied to repair
of zygomaticomaxillary complex fractures. 50% of
patients had two points techniques, and 50% of them
with three points techniques, and 12.5% had associated
orbital reconstruction. Table 6 illustrates the
complications in patients who underwent various bone
fixation techniques to repair zygomaticomaxillary
complex fracture. The total number of complications in
the current study was 19 (79.2), with Peri orbital edema
being the most common (79.2%), followed by
Paresthesia or numbness of 10 nerve (75%), Visual
impairment  counting 29.3%, Muscle entrapment
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16.7%, lower eyelid deformity 54.5% , and Instability
of fixation counting 8.3%.

Table 5: Type of fixation that applied to repair of
zygomaticomaxillary complex fracture.

Techniques N (%)

Two points 12 (50)
Three points 12 (50)
Associated orbital reconstruction 3 (12.5)
Total 24 (100)

Table 6: Early post operative Complications among
patients subjected to different fixation types in
repair of zygomatico maxillary complex fracture.

Complications N (%)
Peri orbital edema 19 (79.2)
Wound dehiscence 0 (0.0)
Visual impairment 7 (29.2)
Muscle entrapment 4 (16.7)
Paresthesia or numbness of 10 nerve 18 (75)
latrogenic injury of eyeball 0 (0.0)
Lower eyelid deformity 13 (54.5)
Infections 0 (0.0)
Instability of fixation 2(8.3)
Total complications 19 (79.2)

Table 7 shows the early postoperative complications in
patients who underwent different types of fixation for
fracture repair of the zygomatic bone and maxilla.
When comparing the incidence of periorbital edema
with the two-point fixation technique versus the three-
point fixation technique, the rate was significantly
higher (100%) with the three-point fixation technique
compared to 58.3% with the two-point fixation
technique. The incidence of numbness or tingling in the
inferior oblique nerve was 100% with the three-point
technique, compared to 50% with the two-point
technique. Lower eyelid deformity was also more
common in patients undergoing the three-point
technique (83.3%) compared to 25% with the two-
point technique. Muscle contractures occurred in 25%
of patients with the three-point technique, compared to
8.3% with the two-point technique. These results
indicate the superiority of the two-point technique over
the three-point technique. Table 8 shows the
comparison of complications during follow-up periods
for patients who underwent fixation techniques in the
repair of a complex zygomatic bone and maxilla
fracture. Visual impairment occurred in 70.8% of the
patients after the surgery and decreased to 25% in the
six months of follow up.

Table 7: Early post operative complications among patients.

Associated orbital

Complications VGiE] VR EETE e Es reconstruction
N (%) N (%) N (%) N (%)
Peri orbital edema 19 (79.2) 7 (58.3) 12 (100) 3(100)
Wound dehiscence 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Visual impairment 7(29.2) 2 (16.7) 5 (41.7) 3(100)
Muscle entrapment 4(16.7) 1(8.3) 3(25) 1(33.3)
Paresthesia or numbness of 10 nerve 18 (75) 6 (50) 12 (100) 3(100)
latrogenic injury of eyeball 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Lower eyelid deformity 13 (54.5) 3(25) 10 (83.3) 3 (100)
Infections 0 (0.0 0(0.0) 0 (0.0) 0 (0.0
Instability of fixation 2 (8.3) 1(8.3) 1(8.3) 1(33.3)
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Table 8: Comparison of complications during follow-up periods.

Complications

Post-operative After 4 weeks After 2 months After 4 months After 6 months

N (%) N (%) N (%) N (%) N (%)
Peri orbital edema 19 (79.2) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)
Wound dehiscence 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)
Visual impairment 7 (29.2) 17 (70.8) 6 (25) 6 (25) 6 (25)
Muscle entrapment 4(16.7) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)
Paresthesia or numbness of 10 nerve 18 (75) 17 (70.8) 10 (41.7) 7(29.2) 8(33.3)
latrogenic injury of eyeball 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)
Lower eyelid deformity 13 (54.5) 14 (58.3) 13 (54.2) 11 (45.8) 11 (45.8)
Infections 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0
Instability of fixation 2(8.3) 1(4.3) 0(0.0) 0(0.0) 0(0.0)
Scar - 18 (75) 18 (75) - -
Residual facial asymmetry - 18 (75) 18 (75) 17 (70.8) 17 (70.8)
non-union - - 1(4.2) 1(4.2) 1(4.2)
Mal-union - - 1(4.2) 1(4.2) 1(4.2)
Persistent swelling - - 3 (12.5) 3 (12.5) 2 (8.3)

Paresthesia or numbness of 10 nerve occurred in 75%
of the patients after the surgery and decreased to 33.3%
in the six months of follow up. Lower eyelid deformity
persists six months after the procedure in 45.8% of
patients. Residual facial asymmetry was also observed
in 75% of patients four weeks after the procedure, and
persisted even after six months of follow-up in 70.8%
of patients. Table 9 compares postoperative and four-
month complications between two-point and three-
point fixation techniques in patients who underwent
fixation for complex fractures of the zygomatic bone
and maxilla. With the two-point technique, periorbital
edema occurred in 58.3% of patients postoperatively,
decreasing to 0.0% during the four-month follow-up
period, while this decreased from 100% to 0.0% with
the three-point technique. Visual impairment occurred
in 16.7% of patients postoperatively with the two-point
technique and persisted at the same rate (16.7%) during
the four-month follow-up period, while this decreased

from 41.7% to 33.30% with the three-point technique
after four months of follow-up. Inferior oblique nerve
palsy or numbness occurred in 50% of patients
postoperatively  with the two-point technique,
decreasing to 16.7% during the four-month follow-up
period. In contrast, this percentage decreased from
100% to 41.7% with the three-point technique after
four months of follow-up. With the two-point
technique, lower eyelid distortion occurred in 25% of
patients post-operatively, and this percentage decreased
to 8.3% during four months of follow-up. In contrast,
this percentage remained at 83.3% with the three-point
technique after four months of follow-up. With the
two-point technique, no residual facial asymmetry was
observed in any of the patients post-operatively, and
this percentage increased to 50% during four months of
follow-up. In contrast, this percentage increased from
0% to 91.7% with the three-point technique after four
months of follow-up.

Table 9: Comparison of postoperative and 4-month complications for the two-point and three-point techniques
for patients.

Post-operative

After 4 months Post-operative After 4 months

Complications 2 points 2 points 3 points 3 points
N (%) N (%) N (%) N (%)
Peri orbital edema 7 (58.3) 0 (0.0) 12 (100) 0 (0.0)
Wound dehiscence 0(0.0) 0 (0.0) 0(0.0) 0 (0.0)
Visual impairment 2 (16.7) 2 (16.7) 5(41.7) 4 (33.3)
Muscle entrapment 1(8.3) 0 (0.0) 3 (25) 0 (0.0)
Paresthesia or numbness of 10 nerve 6 (50) 2 (16.7) 12 (100) 5(41.7)
latrogenic injury of eyeball 0(0.0) 0 (0.0) 0(0.0) 0 (0.0)
Lower eyelid deformity 3(25) 1(8.3) 10 (83.3) 10 (83.3)
Infections 0(0.0) 0 (0.0) 0(0.0) 0 (0.0)
Instability of fixation 1(8.3) 1(8.3) 1(8.3) 0 (0.0)
Residual facial asymmetry 0(0.0) 6 (50) 0(0.0) 11 (91.7)
Persistent swelling 0(0.0) 2 (16.7) 0(0.0) 1(8.3)
Total 10 (83.3) 6 (50) 12 (100) 11 (91.7)
DISCUSSION sensory nerve recovery following injuries’>®, oral

The published document summarizes various studies
related to maxillofacial surgery and dental implants,
focusing on several topics: the effectiveness of dental
implants in the posterior maxilla®®, aesthetic outcomes
in unilateral cleft lip repair*, the prevalence of long
styloid processes'?, and comparisons of fixation
techniques for mandibular fractures®. It also discusses
treatment techniques for maxillofacial fractures®,
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reactive hyperplasia'’8, and bone grafting for fracture
repairs'®??, Notably, it mentions a pioneering study
comparing two-point and three-point surgical treat-
ments for zygomatic bone fractures in Yemen.

This illustrates the two methods our institution uses to
treat ZMC fractures. There have also been descriptions
of other algorithmic methods?*%5, The amount of
fixation needed for ZMC fractures has been extensively
researched; recommendations range from one to four
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points of fixation?*27-2%, Applying the least amount of
fixation required to stabilise the ZMC and enable bony
union should be the main objective. Consequently, one
or two plates at the lateral buttress and the ZF suture
may be sufficient for lower energy injuries without
comminution®28, An extra miniplate at the infraorbital
rim can provide three points of fixation if more
stability is needed.

This illustrates the two methods our institution uses to
treat ZMC fractures. There have also been descriptions
of other algorithmic methods®?’. The amount of
fixation needed for ZMC fractures has been extensively
researched; recommendations range from one to four
points of fixation?>?"30, Applying the least amount of
fixation required to stabilise the ZMC and enable bony
union should be the main objective. Consequently, one
or two plates at the lateral buttress and the ZF suture
may be sufficient for lower energy injuries without
comminution®28, An extra miniplate at the infraorbital
rim can provide three points of fixation if more
stability is needed. Patients may report palpability or
sensitivity to hardware in the thin skin covering the rim
of the lower eyelid?®.

Zygoma fractures are frequently caused by a variety of
factors, including assault, falls, and car accidents. In
reference to the intersection of the zygoma with the
frontal, maxillary, temporal, and sphenoid bones,
zygomaticomaxillary complex (ZMC) fractures have
also been referred to as tetrapod fractures=°.

According to Gutta et al.®%, the ratio of male to female
injuries was 7.4:1. There were 24 patients in the current
study, all of whom were men. This outcome can be
explained by the fact that men are more likely than
women to have ZMC fractures, mostly as a result of
lifestyle and behavioural variables because they engage
in high-risk activities. For both sexes, these activities
result in distinct primary causes of damage. Since
violence and personal assaults are a major cause of
ZMC fractures in men in many developed nations and
urban settings, they are also linked to men. According
to certain research, attacks account for about half of all
ZMC fractures in men, which is much more common
than in women®.,

Risk-taking behaviours are especially important since
young men, typically between the ages of 18 and 30,
are more likely to drive carelessly, abuse drugs and
alcohol, and participate in violent activities. Men are
more likely to work in vocations that put them at risk
for injury, such as outdoor activities, contact sports,
and industrial jobs. Last but not least, although they
affect both sexes, auto accidents are a major cause for
men and are often the result of dangerous driving
behaviours like speeding or not wearing seat belts and
helmets®**2, Studies have shown that patients with
ZMC fractures typically range in age from late twenties
to early thirties, with an average age of 29 to 31 years.
The patients in the current study ranged in age from 2
to 45 years, with a mean age of 26.3+8.3 years. People
between the ages of 16 and 40 often have the highest
prevalence because this is a crucial time in life when
they are more likely to experience trauma from things
like car accidents®,
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Road traffic accidents accounted for 70.8% of ZMC
fractures in the current survey, with gunshot wounds
coming in second at 16.7%, explosions at 4.2%, and
assault at 8.3%. In contrast, Blumer M et al.!, Wang
and Dillon®, and Gassner et al.®*, discovered that
violence was the main reason for ZMC fractures.
Furthermore, obtained results go counter to previous
studies by Zix et al.**, and Buchanan EP et al.*%, which
showed that the majority of injuries were caused by
auto accidents and sports injuries®.Over the past ten
years, the United States has seen a 22% rise in the
prevalence of assault and interpersonal violence®.
Violence in the community may have increased as a
result of the economic crisis, drug and alcohol abuse,
and a decline in social status. There have also been
reports of multiple mandibular fractures connected to
assault®,

In the patients under investigation, the zygomatico-
maxillary complex fracture affected the related
structures was really high. IOR involvement (95.8%),
Ectara ocular muscle entrapment (33.3%), eyes-ball
damage (12.5%), ION involvement (75%), and soft-
tissue injury (75%) were the percentages. This can be
explained by the fact that the displacement of the
zygomatic bone from its four articulations with the
facial skeleton is referred to as a “quadruped” or
“tripod” fracture of the zygomaticomaxillary complex
(ZMC). Fractures of the zygomaticomaxillary complex
damage many nearby bony, neurological, muscular,
and ocular systems because of its central placement in
the middle of the face and its function in producing the
orbital cavity?.

Open internal fixation, which usually entails stiff
fixation with tiny titanium plates and screws, is the
conventional therapy for zygomatic fractures with
displacement.  The degree of displacement,
fragmentation, and stability determine the number of
fixation sites (1, 2, 3, or 4), with three-point fixation
regarded as the best option in complex situations®®. Of
the patients in this study, 50% had two-point
procedures, 50% had three-point techniques, and
12.5% had orbital reconstruction. The gold standard,
three-point fixation, offers better stability, particularly
when there are comminated or displaced fractures. This
kind of fixation immobilises the zygomatic bone at
three important joints: the zygomaticobiliary brace
(typically fastened via an intraoral incision for vertical
stability), the infraorbital rim (which ensures lateral
orbital wall alignment), and the frontozygomatic suture
(which offers stability against rotation). The
frontozygomatic suture and the zygomaticobiliary
brace are frequently used in two-point fixation, which
is appropriate for non-comminuted or mildly displaced
fractures. When treating severely comminuted
fractures, four-point fixation may entail making a
coronal incision to fix the zygomatic arch with a
plate®.

The initial trauma, the surgical technique selected, or
incorrect fixation can all lead to complications when
using bone fixation procedures to repair complex
maxillary zygomatic bone fractures. Rigid internal
fixation has advanced, although problems are still
probable, ranging from modest sensory abnormalities
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to serious functional and aesthetic defects'?%. The most
common complication in the current study was peri
orbital oedema (79.2%), followed by paraesthesia or
numbness of the 10 nerve (75%), visual impairment
(29.3%), muscle entrapment (16.7%), lower eyelid
deformity (54.5%), and instability of fixation (8.3%).
The most frequent complication (found in 41-68% of
cases in the majority of earlier research) was sensory
and neuromotor deficits, including infraorbital nerve
palsy, which resulted in numbness in the cheek, upper
lip, and teeth. This is because the fracture passes close
to the infraorbital foramen, causing nerve injury or
stretching. Facial nerve palsy: A bilateral coronal or
temporal approach may result in either temporary or
permanent injury to the facial nerve®. Ocular and
orbital issues with double vision: These can last if the
orbital floor is not adequately rebuilt, but they are
frequently caused by muscular constriction, oedema, or
bruising during the initial injury®,

Double vision, hypoplasia, and orbital deformity:
Hypopigmentation of the eyeball is typically caused by
either failure to reconstruct the orbital floor, which
increases orbital volume, or insufficient stabilisation of
the zygomaticopsophageal joint (e.g., zygomaticopso-
phageal joint failure). Lower eyelid ectropion/
intropion: Excessive tears or lower eyelid malfunction
(ectropion, intropion) are frequent side effects of
surgical procedures (such as suborbital or sublash
incisions). Retroembolic haemorrhage is an uncommon
but significant complication (0.3% of cases) that can
result in irreversible blindness if left untreated after
lateral angle-and-groovectomy/lateral ligament release.
Present study did not report any cases of this condition.
Malunion and nonunion are examples of structural and
aesthetic issues: Malunion results from improper,
unstable, or insufficient fixing of bone fragments.
Incorrect fixation of the zygomatic arch causes facial
asymmetry and cheekbone flattening. Retrograde
displacement of the zygomatic arch, which compresses
the coronal process or the temporalis muscle, is
typically the source of jaw spasm, or restriction of
mouth opening. Lastly, there are surgical and technical
issues, such as infection. Although infections are
uncommon, they can happen, particularly in indi-
viduals with poor oral hygiene when using an intraoral
technique (Kaine incision). However, no cases were
found in present investigation. Persistent suborbital
numb-ness is typically the most frequent consequence
of zygomatic bone fractures, although malunion
brought on by insufficient fixation is the most frequent
complication necessitating retreatment?®:4%,

Limitation of the study

The limitations of the current study, which compares
two-point and three-point fixation for zygomatic
fractures, include variations in measured parameters
that hinder standardized comparisons, a small sample
size of only 24 cases, and inconsistent definitions of
fracture complexity. Other limitations include the
retrospective design, short follow-up periods, and the
failure to consider surgical experience or fracture
fragmentation in the final surgical outcome.
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CONCLUSIONS

Zygomatico-maxillary complex fractures are most
frequently caused by automobile accidents. The most
frequent consequences were high intraorbital rim
(IOR), ocular muscle entrapment, inferior orbital nerve
(ION) involvement, periorbital oedema, and ION
paraesthesia. Compared to the two-point technique, the
three-point fixation technique had a higher frequency
of problems, indicating that the two-point technique is
better. Although variations may result from the limited
sample size, brief follow-up duration, and patients'
comorbidities, the complication rates in this group are
similar with published studies.
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