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Introduction

ABSTRACT

Background: Internal orbital reconstruction is a commonly performed procedure in man-
agement of zygomaticomaxillary complex (ZMC) fractures; however, it is not indicated in
all cases. In management of orbital trauma, surgeons should not only correct the apparent
defects, but also must reinstate the function of the orbit.

Purpose: This study aimed to assess the changes in the orbital volume following recon-
struction with alloplastic materials in patients with orbital trauma.

Materials and Method: This retrospective study evaluated all patients with unilateral
orbital fracture presenting to the Oral and Maxillofacial Surgery Department of Rajaie
Hospital (from 2013 to 2016, Shiraz, Iran) who underwent corrective surgery. The com-
puted tomography (CT) scans of patients were analyzed by Volumetry software to quanti-
fy the change in the orbital volume after surgical reconstruction of the orbital floor with
alloplastic materials compared with the sound contralateral orbit. Data were analyzed
using the Chi-square test and Student t-test (alpha=0.05).

Results: Significant differences were found in the volume of the traumatized orbit with
sound contralateral orbit and the orbital volume after corrective surgery (p Value< 0.05).
Corrective surgery was successful in all patients, and the orbital volume after treatment
had no significant difference with the volume of the sound contralateral orbit (p> 0.05).
Conclusion: Corrective surgery with alloplastic materials can successfully regain the
orbital volume in patients with orbital floor fracture, with no significant difference with
the volume of the sound contralateral orbit.
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The zygomaticomaxillary complex (ZMC) fractures

Orbital trauma is commonly found in trauma patients. It
is often associated with functional complications such as
diplopia, blurred vision, blindness, and inability to move
the globe, as well as appearance-related complications
such as enophthalmos, dystopia, and asymmetry. Several
materials such as allografts, autografts, and alloplastic
materials may be used for reconstruction of traumatized
orbital bony walls [1-2]. Because the orbit’s precise three-
dimensional contours are crucial for globe position and
soft-tissue support, reconstruction remains technically
demanding, and there is still no consensus on optimal
timing, surgical approach, or implant choice [3-5].

often include the orbital floor fracture. The size and
extent of the orbital floor fracture may vary from a
crack line to shattering of the entire orbital floor and
fracture of the medial and lateral walls. The majority of
the ZMC fractures do not cause herniation of the orbital
content into the sinus or enophthalmos, and such com-
plications occur in only a small percentage of orbital
trauma patients. It has been reported that 47% of pa-
tients with zygomatic fractures and two-thirds of those
with ZMC fractures have symptoms of orbital floor
complications [2, 6].

Some, but not all, surgeons believe that examination
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of the internal orbit should be routinely performed in-
traoperatively in surgical correction of ZMC fractures.
Computed tomography (CT) can be of great aid for this
purpose [6-7]. Some operating rooms are equipped with
a CT machine for intraoperative use. Thus, when the
preoperative CT scan cannot reveal the defects, in-
traoperative CT may be indicated after reduction of the
ZMC for assessment of the internal orbit. Accordingly,
the surgeon may decide about the need for reconstruc-
tion of orbital walls [8-9].

Previous studies have investigated the relationship
between orbital volume changes and postoperative
globe position, particularly enophthalmos, with volu-
metric assessment emerging as a key predictor of out-
comes [10]. A systematic review and meta-analysis by
Murray-Douglass et al. [11] reported a pooled correla-
tion coefficient of r=0.71 between increased bony or-
bital volume and post-traumatic enophthalmos, indicat-
ing that volumetric expansion accounts for approximate-
ly 50 % of the variance in globe displacement. Prospec-
tive longitudinal studies have demonstrated that postop-
erative orbital volume correction correlates with globe
malposition, with Snall et al. [12] reporting a 40% inci-
dence of globe malposition at six months despite satis-
factory volumetric restoration, highlighting the influ-
ence of fracture size and soft-tissue prolapse. However,
some retrospective analyses have questioned the long-
term predictive value of volume change alone for late
enophthalmos and diplopia, suggesting that fracture
location, soft-tissue atrophy, and orbital fat scarring also
play significant roles in postoperative outcomes [3].

Internal orbital reconstruction is a commonly per-
formed procedure in management of ZMC fractures;
however, it is not indicated in all cases [13-14]. In man-
agement of orbital trauma, surgeons should not only
correct the apparent defects, but also must reinstate the
function of the orbit. Considering all the above, this
study aimed to assess the changes in orbital volume
following reconstruction with alloplastic materials in
patients with orbital trauma.

Materials and Method

This retrospective study evaluated all patients with uni-
lateral orbital fracture presenting to the Oral and Maxil-
lofacial Surgery Department of Rajaie Hospital (from
2013 to 2016, Shiraz, Iran) who underwent corrective

surgery. The sample size was calculated according to
the results of previous studies [4] and using G-Power
version 3.1 software at the alpha level of 0.05; the pow-
er of the test was 80% and the effect size was 0.4. A
total of 73 patients who met the inclusion criteria were
enrolled in the study. The study protocol was approved
by the Ethics Committee of the Shiraz University of
Medical Sciences with the code of IR.SUMS.REC.
1395.51154, and all patients signed informed consent
forms prior to their surgical procedure and also prior to
study enrollment.

The inclusion criteria were unilateral orbital fracture
requiring corrective surgery and availability of preoper-
ative and postoperative CT scans of patients (retrieved
from the hospital archives). The exclusion criteria were
orbital reconstruction with materials other than allo-
plastic materials, fracture of more than one orbital wall,
patients with craniofacial deformities causing asym-
metry, and patients with blindness following trauma and
subsequent orbital enucleation. In our center, patients
typically undergo surgical intervention within 14 days
of the traumatic event. The timing of surgery depends
on clinical factors such as the severity of periorbital
edema and the need for other medical interventions by
related departments.

Before surgery, all patients underwent 3D CT scans
using the Emotion Somatom CT scanner (Siemens)
while positioned in a standardized supine posture. After
clinical diagnosis, all patients were examined by the
same ophthalmologist for corrected visual acuity, di-
plopia, enophthalmos, and hypoglobus, along with a
detailed medical history. The same CT scanner was
used for post-operative imaging, and the study was
based on the comparison of these pre- and post-
operative standardized CT images.

The transcaruncular approach and inferior subciliary
incision with lateral canthotomy were performed in all
patients under general anesthesia. Through the incisions,
minimal subperiosteal dissection was carried out up to
the bony rim of the orbital floor and medial wall frac-
ture. Intraorbital soft tissues that had herniated into the
paranasal sinuses were returned to the orbital cavity.
The length and width of the defect of the orbital floor
fracture were measured intraoperatively, and the first
titanium mesh plate was shaved and shaped referred to
the contralateral orbit. The amount of reconstruction
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Figure 1: Preoperative computed tomography (CT) views of the traumatized left orbit in the coronal plane

required was assessed based on the preoperative CT
scan and direct intraoperative evaluation of the defect.
The medial side of the titanium mesh plate was bent
with the angle being equal to that formed between the
orbital floor and the medial wall of the contralateral
orbit. The shaped titanium mesh plate, with an allograft
thickness of 0.55 mm, was implanted under the perios-
teum and overlaid the defect of the orbital floor fracture.
The shaped titanium mesh plate was implanted under
the periosteum and overlay the defect of the orbital floor
fracture. And the implant was fixed to the inferior or-
bital rim with two titanium screws, which was in the
symmetrical position to that of contralateral orbital
floor. A forced duction test was performed immediately,
and passive free eye movements were confirmed prior
to the closure of the surgical incision. The incision was
closed followed by a fixation of pressure bandage in the
operated orbit for 48 hours.

A 3D CT scan was performed in the first week after
surgery to evaluate the quality of the reconstruction and
the condition of the surrounding tissues to avoid any
complications. He was re-evaluated 1 month later after
binocular surgery. After the surgery, 3D CT scan photos
were taken from the patient and measurements were
made again, and the doctor checked the success of the
treatment. All the 3D CT scan images were acquired by
the CT scan machine (Emotion Somatom, Siemens,
German) and processed by Materialise Mimics (Materi-
alise NV©, Belgian). The volume of the orbits before
and after treatment was determined by cross-sectional
cutting techniques (Figures 1-2).

Pre- and post-operative CT Digital Imaging and Co-
mmunications in Medicine (DICOM) datasets were
imported into Materialise Mimics v24.0 (Materialise

NV, Leuven, Belgium) on Windows X64. Bony masks
were generated via global thresholding, region growing,
and manual mask editing (Edit Mask tool), with sup-
plementary use of Split Mask and Smart Fill for com-
plex regions. The final mask was converted to a 3D
surface mesh using the Marching Cubes algorithm. Cus-
tom Python scripts within the Mimics Scripting module
automated threshold and region-growing steps to en-
hance consistency. Orbital volumes were calculated by
summing mask voxel volumes, and volume changes
were determined by comparing pre- and post-operative
models [15].

The results were analyzed using the Chi-square test
and Student t-test in SPSS version 24 (SPSS Inc., IL,
USA). p< 0.05 was considered statistically significant.

Results

Of all participants, 7% were females and 93% were ma-
les. In patients with orbital trauma, orbital floor fracture
had the highest frequency (37.7%) followed by the max-
illary fracture (37.7%). Orbital wall fracture had the
lowest frequency (32.6%). The frequency of maxillary,

Figure 2: Postoperative computed tomography (CT) views of
the reconstructed left orbit in the coronal plane
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orbital floor, and orbital wall fracture was not signifi-
cantly different in male patients (p> 0.05). However, the
frequency of different orbital fracture types was differ-
ent in females, and the frequency of maxillary and or-
bital floor fractures in females was greater than those in
males, each accounting for 40% of fractures in females.
Also, 20% of females had orbital wall fractures. How-
ever, the difference in the frequency of different orbital
fractures was not significantly different between males
and females (p= 0.82).

The frequency of orbital fracture was 50% on the
right and 50% on the left side (p= 0.241). All females
had left orbital fractures, and a right orbital fracture was
not seen in any female patient. Also, 46.4% of males
had left orbital fractures and 53.6% had right orbital
fractures. The difference in this regard was not signifi-
cant (p=0.143).

The independent t-test showed a significant differ-
ence in the volume of the traumatized orbit with the
volume of the sound contralateral orbit and the trauma-
tized orbit after corrective surgery (Table 1, p= 0.005).
As shown, the volume of the traumatized orbit had an
average of 2.48 cm® difference from the sound orbit,
and 1.42cm?® difference from the surgically corrected
orbit. The mean volume of the sound and surgically
corrected orbit was 27.27 and 27.67cm®, respectively;
the independent t-test showed that the treatment was
successful in all cases, and the volume of the treated
orbit had no significant difference with the volume of
the sound orbit (p=0.38).

Discussion

Orbits are symmetrical bone structures whose specific
three-dimensional shape and size are critical in main-
taining the shape and position of the intraorbital soft
tissues, as well as maintaining the normal protrusion of
the eyeball [16]. Orbital reconstruction is always a chal-
lenge for surgeons due to anatomical complexity, small
size, and exceptional importance of the eye for human
life [17]. Despite the prevalence of post-traumatic orbit-
al injuries, there is still a lack of consensus in the litera-

ture as to the optimal management pathway for this co-
hort of patients. This divergence encompasses not only
the timing of surgery (i.e. how soon post-injury elective
orbital reconstruction should take place) but also the
operative approach and the implant type employed in
the reconstruction of the orbital architecture [18-19].

This study assessed the changes in the orbital vol-
ume following reconstruction with alloplastic materials
in patients with orbital trauma. The results showed no
significant differences in the volume of the traumatized
orbit with sound contralateral orbit and traumatized
orbit after corrective surgery. Corrective surgery was
successful in all patients and the orbital volume after
treatment showed no significant difference from the
volume of the sound contralateral orbit.

In our study, we used titanium mesh because it
showed better results than bone grafts for orbital recon-
struction according to Ellis and Tan [20], as it is mallea-
ble and adaptable to the shape of the defect, the most
biocompatible of all available material, connective tis-
sue can grow around and through the implant and pre-
vent its migration. Also, Goldberg et al. [21] and Kelly
et al. [22] showed that bone grafts were associated with
donor site morbidity, variable degree of resorption, pro-
longed total operating time, postoperative pain, and
scarring; they are usually rigid and cannot be bent to
match the concave—convex shape of the orbital floor and
provide less drainage from the orbit than with titanium.
Consistent with the results of our study, Chepurnyi et al.
[23] demonstrated results with 0.74+0.6cm® of mean
difference between damaged and intact orbit after sur-
gery. Beder et al. [4] showed that the mean difference
between the intact/damaged orbital volume was within
the range of 1.35+0.86cm? for pre-bent titanium mesh.
Zhang et al. [24], Zimmerer et al. [25] and Chepurnyi et
al. [23] demonstrated the mean difference between the
intact/damaged orbital volume for pre-bent titanium
mesh was within the range of 1.6+2.4 and 1.9+1.4cm°.

The fracture of the lower third of the face is more
common than that of the superior parts. However, the
fracture of the superior parts is often accompanied by

Table 1: Results of independent t-test for comparison of the volume of the traumatized orbit with the volume of the sound contrala-
teral orbit and the volume of the traumatized orbit after corrective surgery

Comparison Mean difference SD SE t df  pValue
Traumatized and corrected orbit -1.05967 1.91348 0.34935 -3.033 29 0.005
Corrected orbit and sound orbit -0.39433 2.42298 0.44237 0.891 29 0.38

SD: Standard deviation; SE: Standard Error; t: t statistic; df: degrees of freedom; p Value (p)
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more serious complications. Orbital fracture often oc-
curs due to motor vehicle accidents following direct
trauma to the orbit. In such cases, fracture causes inward
compression of the eyeball [26]. In orbital fracture, the
broken segment(s) may be displaced externally (blow
out) or internally (blow in). The blowout fracture of the
orbital floor is the most common type of orbital fracture,
which occurs through two mechanisms. The first mech-
anism is known as the hydraulic process, in which, the
impact of any hard object or fluids with a diameter larg-
er than that of the orbit increases the orbital pressure
and leads to the fracture of the thinnest part of the wall,
which is often the posterior-internal part of the inferior
wall. In the second mechanism, the impact force is di-
rectly transferred through the orbital borders, causing an
isolated fracture of the orbital floor. Orbital fracture is
often associated with impaired vision, diplopia, ptosis,
ectropion, canthus deformity, cranial involvement, ante-
rior cranial damage, paresthesia, and esthetic impair-
ments [26]. Correct diagnosis and prompt appropriate
treatment are highly important to minimize such com-
plications.

The present results showed a higher frequency of
orbital fracture in males than females (14:1) probably
due to their active presence in the community and great-
er involvement in sports activities [27]; this is consistent
with Ji et al.’s study [28] which was due to more physi-
cal activity of males. This ratio is variable in the litera-
ture ranging from 2:1 to 14:1 [5, 29]. Such a high differ-
ence in involvement of males and females in the present
study is attributed to the careless driving of males, not
wearing a helmet, and unsafe use of motor vehicles,
especially motorcycles and bikes [30]. In some other
countries like the United States, street fights are the
main cause of orbital fractures [31-32].

Although our calculated sample size of 73 patients
met the requirements for statistical power, the number
of female participants was low. This gender imbalance
reflects the lower incidence of high-risk activities (e.g.
motor vehicle accidents and fights) among women in
Iran- as well as legal restrictions on motorcycle riding
for women- and is therefore a true feature of our clinical
population rather than recruitment bias.

Future multi-center studies with a larger sample
size are required for a more comprehensive assess-
ment of the causes and management techniques of or-

bital fractures in Iran.

Conclusion

Corrective surgery with alloplastic materials can suc-
cessfully regain the orbital volume in cases with orbital
floor fracture with no significant difference with the
volume of the sound contralateral orbit.

Acknowledgements

The authors would like to thank Shiraz University of
Medical Sciences, Shiraz, Iran and also Center for De-
velopment of Clinical Research of Nemazee Hospital
and Dr. Nasrin Shokrpour for editorial assistance.
Funding

No funds, grants, or other support was received.
Support

None

Conflict of Interests
There is no conflict of interest to declare.

References

[1] Baumann A, Burggasser G, Gauss N, Ewers R. Orbital flo-
or reconstruction with an alloplastic resorbable polydioxa-
none sheet. Int J Oral Maxillofac Surg. 2002; 31: 367-373.

[2] Kraus M, Gatot A, Fliss DM. Repair of traumatic inferior
orbital wall defects with nasoseptal cartilage. J Oral Max-
illofac Surg. 2001; 59: 1397-1400.

[3] Schonegg D, Wagner M, Schumann P, Essig H, Seifert
B, Riicker M, Gander T. Correlation between increased
orbital volume and enophthalmos and diplopia in patients
with fractures of the orbital floor or the medial orbital
wall. J Craniomaxillofac Surg.; 46: 1544-1549.

[4] Beder Rafic R, Breshah Maram N, lIbrahim Marwa T.
Orbital Floor Reconstruction Using Prebent Titanium
Mesh or Polyetheretherketone Patient-Specific Implant:
Comparative Study. Tanta Dent J. 2022; 19: 146-152.

[5] Richard LH, Robertson B, Gamble WB, Manson PN.
Blunt trauma craniofacial injuries: a comprehensive anal-
ysis. J Craniomaxillofac Trauma. 2006; 2: 7-16.

[6] Spira M. Orbital floor fractures- should they be explored e-
arly? Commentary. Plast Reconstr Surg. 1979; 64: 400-401.

[7] Crewe TC. Significance of the orbital floor in zygomatic
injuries. Int J Oral Surg. 1978; 4: 235-239.

[8] Joseph JM, Glavas IP. Orbital fractures: a review. Clin
Ophthalmol. 2011; 5: 95-100.



This in press article needs final revision

Evaluation of Orbital Volume

Khaghaninejad M, et al

[9] Oppenheimer AJ, Monson LA, Buchman SR. Pediatric
orbital fractures. Craniomaxillofac Trauma Reconstr.
2013; 6: 9-20.

[10] Murray-Douglass A, Peters MC, Johnson NR, Harris R.
The Impact of Orbital VVolume on Post-traumatic Enoph-
thalmos: A Systematic Review and Meta-analysis. J Cra-
niofac Surg. 2023; 34: 1420-1426.

[11] Schlund M, Lutz JC, Sentucq C, Bouet B, Ferri J, Nicot
R. Prediction of Post-Traumatic Enophthalmos Based on
Orbital Volume Measurements: A Systematic Review. J
Oral Maxillofac Surg. 2020; 78: 2032-2041.

[12] Snéll J, Narjus-Sterba M, Toivari M, Wilkman T,
Thorén H. "Does Postoperative Orbital VVolume Predict
Postoperative Globe Malposition after Blow-out Fracture
Reconstruction? A 6-Month Clinical Follow-up Study.
Oral and maxillofacial surgery 23 (2019): 27-34.

[13] Deutschberger O, Kirshner H. Intraorbital Fractures. New
Concepts in Diagnosis and Surgical Indications. Ann
Ophthalmol. 1971; 3: 380-385.

[14] Bite U, Jackson IT, Forbes GS, Gehring DG. Orbital volu-
me measurements in enophthalmos using three-dimension-
al Ct imaging. Plast Reconstr Surg. 1985; 75: 502-508.

[15] Ilesan RR, Beyer M, Kunz C, Thieringer FM. Compari-
son of artificial intelligence-based applications for man-
dible segmentation: from established platforms to in-
house-developed software. Bioengineering.2023; 10: 604.

[16] Yu J, Zhang J, Chen S, Han Q, Yan H. Repair of Unilat-
eral Combined Orbital Floor and Medial Wall Fracture
Using Two Titanium Mesh Plates: A Modified Tech-
nique. Ann Transl Med. 2021; 9: 463.

[17] Patel N, Kim B, Zaid W. Use of Virtual Surgical Plan-
ning for Simultaneous Maxillofacial Osteotomies and
Custom Polyetheretherketone Implant in Secondary Or-
bito-Frontal Reconstruction: Importance of Restoring Or-
bital Volume. J Craniofac Surg. 2017; 28: 387-390.

[18] Jazayeri HE, Khavanin N, Yu JW, Lopez J, Ganjawalla
KP, Shamliyan T, et al. Does Early Repair of Orbital
Fractures Result in Superior Patient Outcomes? A Sys-
tematic Review and Meta-Analysis. J Oral Maxillofac
Surg. 2020; 78: 568-577.

[19] Senese O, Boutremans E, Gossiaux C, Loeb I, Dequanter
D. Retrospective analysis of 79 patients with orbital floor
fracture: outcomes and patient-reported satisfaction. Arch
Craniofac Surg. 2018; 19: 108-113.

[20] Ellis E, Tan Y. Assessment of internal orbital reconstruct-

tions for pure blowout fractures: cranial bone grafts ver-
sus titanium mesh. J Oral Maxillofac Surg. 2003; 61:
442-453.

[21] Goldberg RA, Garbutt M, Shorr N. Oculoplastic Uses of
Cranial Bone Grafts. Ophthalmic Surg. 199; 24: 190-196.

[22] Kelly CP, Cohen AJ, Yavuzer R, Jackson IT. Cranial
Bone Grafting for Orbital Reconstruction: Is It Still the
Best? J Craniofac Surg. 2005; 16: 181-185.

[23] Chepurnyi Y, Chernogorskyi D, Kopchak A, Petrenko O.
Clinical Efficacy of Peek Patient-Specific Implants in
Orbital Reconstruction. J Oral Biol Craniofac Res. 2020;
10: 49-53.

[24] Zhang Y, He Y, Zhang ZY, An JG. Evaluation of the
Application of Computer-Aided Shape-Adapted Fabri-
cated Titanium Mesh for Mirroring-Reconstructing Or-
bital Walls in Cases of Late Post-Traumatic Enophthal-
mos. J Oral Maxillofac Surg. 2010; 68: 2070-2075.

[25] Zimmerer RM, Ellis E, Aniceto GS, Schramm A, Wagner
ME, Grant MP, et al. A prospective multicenter study to
compare the precision of posttraumatic internal orbital rec-
onstruction with standard preformed and individualized or-
bital implants. J Craniomaxillofac Surg. 2016; 44: 1485-
1497.

[26] Lang W. Traumatic enophthalmos with retention of per-
fect acuity of vision. Trans Ophthalmol Soc UK. 1889; 9:
41-45.

[27] Elverland HH, Voss R. Facial Fractures. A Life Style
Disease among Young Men? Tidsskr Nor Laegeforen.
1997; 117: 3354-3358.

[28] Ji SY, Kim SS, Kim MH, Yang WS. Surgical Methods of
Zygomaticomaxillary Complex Fracture. Arch Craniofac
Surg. 2016; 17: 206-210.

[29] Abiose BO. The Incidence and Management of Middle
Third Facial Fractures at the University College Hospital,
Ibadan. East Afr Med J. 1991; 68: 164-173.

[30] Kotecha S, Ferro A, Harrison P, Fan K. Orbital Recon-
struction: A Systematic Review and Meta-Analysis Eval-
uating the Role of Patient-Specific Implants. Oral Maxil-
lofac Surg. 2023; 27: 213-226.

[31] Posnick JC, Wells M, Pron GE. Pediatric Facial Frac-
tures: Evolving Patterns of Treatment. J Oral Maxillofac
Surg. 1993; 51: 836-844.

[32] Marin MI, Tejero TR, Dominguez FM, Gutiérrez ME. Oc-
ular Injuries in Midfacial Fractures. Orbit. 1998; 17: 41-46.



