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with complex facial fractures.
RESULTS: the commonest orbital injury in complex facial fractures
was periorbital hematoma. Right sided eye injuries (34.2 %) were
more common than left ones (31.5%). Extra-ocular intraconal
orbital complications (71%) were more common than ocular
complications (7%) in patients with complex facial fractures with
associated mandibular trauma. The risk of occurrence of ocular
injuries in complex facial fractures without mandibular fractures
(OR: 2.6, P-value: 0.38) was twice that in complex facial trauma with
mandibular fractures.
CONCLUSION: multidetector computed tomography and
multiplanar reformatted images were essential in evaluation of orbital
complications in complex facial trauma. Orbital and ocular injuries
were more common in multiple complex facial fractures than single
types.
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ABSTRACT
BACKGROUND: Complex facial fractures were usually associated
with orbital fractures. Multidetector computed tomography allows
rapid detection of post-traumatic orbital and ocular injuries.
AIM: to evaluate orbital and ocular injuries in complex facial
fractures using multidetector computed tomography.
METHODS: This study is a retrospective observational study where
38 male patients with complex facial fractures and orbital injuries
due to motor vehicle accident were referred to the Emergency Unit,
Radiodiagnosis department, Kasr Alainy Hospital, Cairo University.
Multidetector computed tomography of the face was performed to
all patients. Multidetector computed tomography and multiplanar
images were analyzed for patterns of complex facial fractures and
associated orbital and ocular injuries.
STATISTICS: Odds ratios and relative risk were calculated to
determine risk of occurrence of orbital and ocular injuries in patients

INTRODUCTION
Complex facial fractures comprise zygomatico-maxillary complex
fractures (ZMC), Le Fort fractures and naso-orbito-ethmoidal
fractures (NOE) which are considered as a subset of midfacial
fractures[1,2,3,4].
Road traffic accidents were the main mode of injury in complex
facial and orbital trauma[5,6,7]. Multiple complex facial fractures were
usually encountered in high accelerating vehicle trauma[8,9].
Orbital fractures were common association in complex facial
trauma[10,11]. Orbital complications were frequent sequel of complex
facial and orbital fractures[10,12,13].
Multidetector computed tomography (MDCT) allows rapid and
accurate early detection of post-traumatic orbital complications and
ocular injuries [14,15,16].
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Objective of the study
To evaluate the frequency of orbital and ocular injuries in complex
facial fractures using multidetector computed tomography.

(Declaration of Helsinki).
Complex facial fractures were furtherly classified as follows:
single complex facial fracture, multiple complex facial fractures, and
complex facial fractures with and without mandibular fractures.
MDCT and MPR images were evaluated for orbital injuries
that were classified into extra-ocular (periorbital and extra-ocular
intraconal orbital complications) and ocular injuries. Inferior rectus
muscle herniation was classified according to Gilbard et al into free
or hooked or entrapped muscles[17].

PATIENTS AND METHODS
Patients
This study is a retrospective observational cohort study where 38
male patients with complex facial fractures with orbital injuries due
to motor vehicle accidents (MVA) were referred to the Emergency
Unit of Kasr Alainy Hospital Cairo University during the period from
April 2015 to June 2020.

Statistics
Odds ratios (OR) and relative risk (RR) were calculated to determine
risk of occurrence of fatty herniation and ocular injuries in patients
with different patterns of complex facial fractures. Pearson Chisquare or Fisher’s exact test was used to assess the association
between categorical variables. A P-value ≤ 0.05 was considered
significant. Data were expressed as mean ± standard deviation (SD)
using the Statistical Package for Social Science version 16 (SPSS
Inc., Chicago, IL, USA).

Data Acquisition
Multidetector computed tomography of the face was performed
to all patients who were scanned from head vertex to chin in thinsectioned axial images (1.25 mm) using 16-row multi-slice computed
tomography (Somtam Emotion 16; Siemens Healthcare, Erlangen,
Germany).
Acquisition parameters were as follows: 16 × 0.6 mm collimation,
pitch 0.6, table feed 7.7 mm/s, tube current 325 mA, voltage 125 kV,
rotation time 1.00s/HE, field of view 220-290 mm, matrix 512 × 512
with total scan time 11 s.
Multiplanar reformatted (MPR) images of the face were acquired
from axial images. MDCT and MPR images were analyzed for
complex facial fractures and associated orbital injuries. Images were
assessed in bone window with window length (WL) 150, window
width (WW) 1500 and in soft tissue window WL 40 and WW 400.
All procedures followed were in accordance with the ethical
standards of Code of Ethics of the World Medical Association

RESULTS
38 male patients with mean age 32 ± 9.5 SD were enrolled in the
current study with complex facial fractures and orbital injuries due to
motor vehicle accidents.
In this study, periorbital hematoma and subcutaneous emphysema
(Figure 1) were noted nearly in all cases with complex facial fractures.
Right sided (34.2 %) orbital complications in complex facial fractures
were more common than the left side (31.5%) (Table 1).
Soft tissue herniation through fractured orbital floor was evaluated
in coronal sections. Four cases with complex facial fractures
sustained hooked inferior rectus muscle herniation (Table 1). The rest
of the cases were with free inferior rectus muscle.
Traumatic optic neuropathy was noted in one case with multiple

Table 1 Frequency of orbital injuries in complex facial fractures.
Orbital injuries

Bilateral Right sided Left sided
Extra-ocular periorbital injuries

Periorbital hematoma and edema

13

13

12

Subcutaneous emphysema

12

13

11

Table 2 Distribution of patterns of orbital wall fractures and ocular
injuries in complex facial fractures.
Ocular injuries
Orbital wall
Number (%)
(n=5)

Extra-ocular and intraconal orbital injuries
Fatty herniation
Inferior rectus muscle herniation

4

12

5

3

1

Retrobulbar hematoma
Enophthalmos

1
3

3

Traumatic Optic neuropathy
Ocular injuries: rupture globe, lens
subluxation and vitreous hemorrhage

1
3

2

Orbital floor only

4 (10.5 %)

Inferomedial wall only

4 (10.5 %)

Orbital floor, lateral wall

4 (10.5 %)

Inferomedial and lateral walls (3 walls)

18 (47.3 %)

3

Four orbital walls including orbital roof

8 (21%)

1

1

Table 3 Odds ratios for ocular injuries in complex facial fractures (n=5).
Facial Fractures

Total cases

Ocular injuries Present/
total (%)

Odds ratio (95%
Confidence Interval)

Relative risk

P-value*

Single complex fractures

8

1/8 (12.5%)

0.92(0.08,9.6)

0.93

0.7

Multiple complex facial fractures

30

4/30 (13.3%)

1.07(0.1,11.2)

1.06

0.7

Complex facial fractures without mandibular fractures

24

4/24 (16.6%)

2.6(0.26,25.9)

2.33

0.38

Complex facial fractures with mandibular fractures

14

1/14 (7%)

0.38(0.03,3.8)

0.42

0.38

*Fisher’s exact test is used.
Table 4 Odds ratios for fatty herniation in complex facial fractures (n=21).
Facial Fractures

Extra-ocular fatty
Odds ratio (95% Confidence
herniation Present/total (%) Interval)

Relative risk

P-value

Single complex fractures

2/8 (25 %)

0.19(0.03,1.12)

0.39

0.06*

Multiple complex facial fractures

19/30 (63.3 %)

5.18(0.88,30.2)

2.53

0.06*

Complex facial fractures without mandibular fractures

11/24 (45.8 %)

0.33(0.08,1.38)

1.55

0.12**

Complex facial fractures with mandibular fractures

10/14 (71.4 %)

2.95(0.72,12.1)

0.64

0.12**

*Fisher’s exact test is used; **Pearson Chi square test is used.
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complex facial fractures with combined Le Fort, NOE and ZMC
fractures and was due to indirect compression by retrobulbar
hematoma (Figure 2).
Ocular injuries were more common in multiple complex facial
fractures with combined three orbital wall fractures (Table 2, 3).
The risk of development of fatty herniation in multiple complex
facial fractures was higher than that in single complex facial fractures
(OR: 5.1, P-value: 0.06).
In the current study, the risk of occurrence of ocular injuries in
complex facial fractures without mandibular trauma was twice that in
complex facial fractures associated with mandibular trauma (OR: 2.6,
P-value:0.38) (Table 3). While the reverse was noted in extra-ocular
complications as in fatty herniation where the risk of occurrence
of fatty herniation in complex facial fractures associated with
mandibular trauma was twice that in complex facial fractures without
mandibular trauma (OR:2.95, P-value:0.12) (Table 4).
Extra-ocular intraconal orbital complications (71%) were more
common than ocular complications (7%) in patients with complex
facial fractures with mandibular trauma. There was no significant
association between fatty herniation and ocular injuries and patterns
of complex facial fractures (Table 3, 4).

Figure 1 Axial MDCT in a 22-year-old male patient with right Le Fort, ZMC and
NOE complex facial fractures. Right extraconal subcutaneous emphysema.

DISCUSSION
Many trauma studies concerned with perusing the epidemiology
of complex facial fractures attributed to MVA exhibited high male
prevalence due to socioeconomic factors as noted in the current study
[18,19,20]
.
In the present study, although insignificant association between
fatty herniation and ocular injuries and patterns of complex facial
fractures, however, the risk of development of fatty herniation and
ocular injuries were higher in multiple complex facial fractures than
that in single complex types. Also, risk of development of ocular
injuries in cases with complex facial fractures without mandibular
fractures was higher than that in complex facial fractures associated
with mandibular trauma. These results were in accordance with a
survey conducted by Zhou et al, who concluded that ocular trauma
was more likely to occur in patients with multiple midfacial fractures
without mandibular trauma followed by patients with combined
midfacial and mandibular fractures[21]. This could be attributed to
different direction of vector of the impaction forces.
The current study deduced that combined three orbital wall
fractures (combined inferomedial and lateral wall fractures) was
the commonest orbital fracture pattern to be associated with
ocular injuries in complex facial trauma. In discordance with the
current results, Noh et al conducted an analysis for ocular injuries
in simple and complex orbital fractures and reported that medial
and inferomedial orbital wall fractures sustained consecutively the
highest incidence for ocular injuries than other orbital fractures[22].
The commonest orbital complication in this study was periorbital
hematoma which was consistent with results obtained by Eslami et
al, who conducted an epidemiological study on ocular injuries in
maxillofacial fractures[23].
In discordance with Foroughia et al, post-traumatic orbital
complications were more common in unilateral cases (65.78%)
compared to bilateral (34.2%) cases[24]. In the current study, right
eye was more common to be injured than the left eye which was
in agreement with results reported by Eslami et al, Muralidhar and
Chowdary, Das and Gupta, Puri et al, and in disagreement with Mittal
et al, and Zhou et al who deduced reversed results[18,19,21,23,25,26].
In the present study, the incidence of ocular injuries and globe
rupture in complex facial fractures was 13% of cases which

Figure 2 Axial MDCT in a 23-year-old male patient with left Le Fort, ZMC
and NOE complex facial fractures. Soft tissue images revealed left preseptal
edema and left globe rupture with intraconal superolateral retrobulbar hematoma
compressing the left optic nerve.

coincides with results reported by Nagase et al, Al-Qurainy et al, and
Osguthorpe, who directed studies for evaluation of ocular injuries in
midfacial fractures including complex facial fractures[27,28,29].
In the current study, all cases with complex facial fractures
sustained orbital floor fractures. Orbital floor fractures were
associated with the highest incidence of orbital complications [30,31].
Enophthalmos and orbital emphysema were common association
with orbital floor fractures[1,10,13,32]. Fatty and muscle herniation best
evaluated in coronal images were due to herniation of orbital contents
through the fractured orbital floor[1,33].
Retrobulbar hematoma and traumatic optic neuropathy were rare
post-traumatic orbital complications in multiple complex facial
fractures as noted in the current study[26,34,35].
Despite retrospective nature of the research. However, this study
described different patterns of complex facial fractures and addressed
critical complications encountered with post-traumatic orbital
injuries.

CONCLUSION
Multidetector computed tomography and MPR images were essential
in evaluation of orbital complications in complex facial trauma.
Orbital and ocular injuries were more common in multiple complex
facial fractures than single types.
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