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Abstract 

Background  Orbital wall fractures can result in changes to the bony orbital volume and soft tissue. Restoring 
the bony orbital and intraconal fat volumes is crucial to prevent posttraumatic enophthalmos and hypoglobus. We 
aimed to establish an evidence-based medical reference point for “mirroring” in orbital wall reconstruction, which 
incorporates three-dimensional (3D)-printing and navigation-assisted surgery, by comparing bilateral bony orbital 
volumes.

Methods  We retrospectively analyzed the data obtained from 100 Korean adults who did not have orbital wall 
fractures, categorized by age groups. The AVIEW Research software (Coreline Soft Inc., Seoul, South Korea) was used 
to generate 3D reformations of the bony orbital cavity, and bony orbital volumes were automatically calculated 
after selecting the region of interest on consecutive computed tomography slices.

Results  The mean left and right orbital volume of males in their 20 s was 24.67 ± 2.58 mL and 24.70 ± 2.59 mL, 
respectively, with no significant difference in size (p = 0.98) and Pearson’s correlation coefficient of 0.977 (p < 0.001). No 
significant differences were found in orbital volumes in other age groups without fractures or in patients with nasal 
bone fractures (p = 0.84, Pearson’s correlation coefficient 0.970, p < 0.001). The interclass correlation coefficients (2,1) 
for inter- and intrarater reliability were 0.97 (p < 0.001) and 0.99 (p < 0.001), respectively.

Conclusions  No significant differences were found in the bilateral bony orbital volumes among males of any age. 
Thus, the uninjured orbit can be used as a volumetric reference point for the contralateral injured orbit during orbital 
wall reconstruction.

Keywords  Orbit, Age groups, Reconstructive surgical procedure, Image processing, Computer-assisted, Orbital 
implants, Mirroring

Background
Orbital wall fractures can result in changes to the bony 
orbital volume and soft tissue. An increase in the orbital 
volume is strongly correlated with the degree of enoph-
thalmos [1, 2], whereas the intraconal fat volume is 
an important determinant of eyeball projection, the 
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reduction of which can result in complications, including 
posttraumatic enophthalmos and hypoglobus. As such, 
restoration of the bony orbital and intraconal fat volumes 
is important for preventing posttraumatic enophthalmos 
and hypoglobus. Several methods are available to recover 
the intraconal fat volume, including retrobulbar fat injec-
tion; however, these are associated with potential compli-
cations [3]. Therefore, bony orbital wall reconstruction 
is sometimes applied to prevent complications such as 
orbital wall fracture and orbital soft tissue herniation. For 
this procedure, manual, patient-specific, and autologous 
bone transplantation may be used.

During orbital wall reconstruction, thorough defect 
assessment and accurate restoration are indispensable to 
prevent complications, including enophthalmos, diplo-
pia, and cheek or nasal numbness [4]. Accordingly, surgi-
cal management using three dimensional (3D)-navigation 
can be a safe, precise, and efficacious method, resulting 
in good functional and aesthetic outcomes for orbital 
wall fractures [5]. Recent advances in 3D printing have 
allowed the production of patient-specific implants for 
orbital defects, facilitating improvements in reconstruc-
tive outcomes [6]. Moreover, “mirroring” is crucial for 
utilizing 3D-navigation and producing patient-specific 
implants through 3D printing. This practice is empiri-
cally based on establishing symmetry with the unaffected 
orbit to decide on the normal orbital volume [7]. Symme-
try of bony orbital volumes is gaining importance owing 
to the emergence of reconstruction procedures using 
3D-navigation or pre-molded patient-specific implants 
[6, 8–10]; however, previous studies reported conflicting 
results regarding the symmetry between bilateral orbital 
volumes. Lieger et  al. [11] observed that the difference 
between bony orbital volumes was small but significant. 
In contrast, Shyu et  al. [12] and Kim et  al. [13] showed 
that the discrepancy between bilateral orbital volumes 
was not significant. Therefore, this study aimed to pro-
vide a reference point for “mirroring” in orbital wall 
reconstruction through a review of ophthalmic symme-
try, stratified by age group and sex.

Methods
Study participants
We retrospectively analyzed the data collected from 100 
Korean adults between January and December 2022. In 
total, we included 10 males and 10 females in each age 
group (20 s, 30 s, 40 s, 50 s, and 60 s), who experienced 
facial injuries without orbital wall fractures. Further, 
this retrospective study led to the inclusion of patients 
diagnosed with nasal bone fractures. Accordingly, our 
investigation focused on determining the impact of 
nasal bone fractures on orbital volume among individu-
als who solely had nasal bone fractures or did not have 

any facial fractures. This study was approved by the 
appropriate institutional review board of Ajou Medical 
Center (AJOUIRB-DB-2023–018) and adhered to the 
Declaration of Helsinki on Medical Protocol and Eth-
ics. Data were collected through a patient chart review 
and included facial computed tomography (CT). CT was 
performed to evaluate facial injuries, specifically facial 
fractures, in patients who visited our hospital’s emer-
gency room, trauma center, and plastic surgery clinic. 
Patients who had no facial bone fracture and were treated 
for simple nasal bone fractures with intact orbital walls 
were included. Patients were excluded with intraocular 
tumors, thyroid diseases, congenital or acquired ophthal-
mic diseases, previous orbital or eyeball surgery, orbital 
wall fracture, and neighboring fracture such as zygoma-
ticomaxillary complex fracture, LeFort II/III fracture, and 
naso-orbito-ethmoidal fracture.

Measurements of bony orbital volume
CT images were acquired using a 16-section multidetec-
tor row CT scanner (SOMATOM Sensation 16, Siemens 
Medical Solutions, Erlangen, Germany) and 64-section 
multidetector CT scanner (Brilliance 64, Philips Medi-
cal Systems, Best, Netherlands). The imaging param-
eters were: voltage, 120  kV; current, 250  mA; matrix, 
300 × 2000; maximal scanning time, 10  s; and section 
thickness, 1 mm.

Corrected sagittal, coronal, and axial images were 
exported to the Digital Imaging and Communications in 
Medicine (DICOM) file format and viewed using a pic-
ture archiving and communication system (PiView STAR; 
INFINITT, Seoul, South Korea).

AVIEW Research software (Coreline Soft Inc., Seoul, 
South Korea) was used to generate 3D reformations 
of the bony orbital cavity. To define a region of inter-
est (ROI), landmarks were placed on the facial bone. 
These landmarks included the nasal process of the fron-
tal bone for the superomedial orbital rim, anterior lac-
rimal crest for the inferomedial orbital rim, frontal 
process of the zygoma for the lateral orbital rim, and 
superior/inferior orbital rim [12, 14]. The nasolacrimal 
duct and optic canal were excluded from the measure-
ments (Fig. 1). The bony orbital volumes were calculated 
after selecting the ROI on all the consecutive CT slices. 
Volume was obtained using the following formula: vol-
ume = (number of voxels) × (size of one voxel), where the 
size of one voxel = pixel spacing X (mm) × pixel spacing Y 
(mm) × slice interval (mm).

Reliability assessments of orbital volume data
Interclass correlation coefficients (ICCs) were calculated 
to assess the reliability of the orbital volume measure-
ment method. Rater 1 measured the orbital volume of all 
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100 patients (200 orbits) and re-measured 40 right orbital 
volumes 1  month later to determine the intrarater reli-
ability. To assess interrater reliability, Rater 2 measured 
the same 40 right orbital volumes and the resulting data 
were then compared with the data measured by Rater 
1. The total right orbital volume was measured in four 
males and four females aged 20–60 years, resulting in a 
total of 40 right orbital volumes. The basic assumptions 
of the ICC needed to meet the criteria of continuity and 
normality. The variables measured by all raters were con-
tinuous and normally distributed.

Statistical analysis
An unpaired t-test was applied to analyze the differences 
between the left and right orbital volumes based on age 
and sex. The Pearson’s correlation coefficient test was 
used to confirm the correlation between the bilateral 
orbital volumes for all patients. An interclass correlation 
coefficient test was used to define the inter- and intrarater 
reliability. Statistical significance was set at p < 0.05. All 
statistical analyses were performed using SPSS 29.0.1.0 
software (IBM Corporation, Armonk, New York, USA), 
and all graphs were generated using GraphPad Prism 

version 9.5.1 (733) for Windows (GraphPad Software, 
San Diego, California, USA).

Results
Comparison of left and right orbital volumes in males 
by age groups
The mean left and right orbital volume in males in their 
20  s were 24.67 ± 2.58  mL and 24.70 ± 2.59  mL, respec-
tively, with no significant difference (p = 0.98) and Pear-
son’s correlation coefficient of 0.977 (p < 0.001). Thus, the 
left and right orbital volumes had a strong positive corre-
lation. Similarly, no significant differences were observed 
in the orbital volumes of the remaining age groups 
(Tables 1 and 2).

Comparison of orbital volumes by sex
The mean left orbital volume in males was 
26.77 ± 2.65  mL, whereas that in females was 
23.93 ± 2.06  mL (p = 0.08; Pearson’s correlation coef-
ficient, 0.111 [p = 0.44]). The mean right orbital volume 
in males was 26.84 ± 2.71  mL, and that in females was 
24.15 ± 2.16  mL (p = 0.10; Pearson’s correlation coeffi-
cient, 0.076 [p = 0.60]). Finally, the mean bilateral orbital 
volume in males was 26.77 ± 2.64 mL, and that in females 

Fig. 1  Overview of three-dimensional (3D) reformation of the bony orbital cavity and orbital volume measurements
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was 24.04 ± 2.10 mL (p = 0.02; Pearson’s correlation coef-
ficient, 0.094 [p = 0.36]).

Comparison of left and right orbital volumes in patients 
with nasal bone fracture
Facial CT performed to evaluate facial injury revealed 
that 75 patients had nasal bone fractures, while the 
remaining 25 patients had no facial bone fractures. The 
mean left and right orbital volume of patients with nasal 
bone fracture were 25.68 ± 2.86 mL and 25.78 ± 2.93 mL, 
respectively. The difference between the left and right 
volumes was not statistically significant (p = 0.84), and 
the Pearson’s correlation coefficient was 0.970 (p < 0.001).

ICC for inter‑ and intrarater reliability
The variables measured by Raters 1, 2, and 1 (after 
1  month) were continuous and followed a normal dis-
tribution, thereby satisfying basic assumptions of the 
ICC. In interrater reliability evaluation between Raters 
1 and 2, the ICC (2,1) was 0.97 (p < 0.001); therefore, the 

consistency of volume measurements by Raters 1 and 2 
was 97%. Assessment of the intrarater reliability revealed 
that, for Rater 1, the ICC (2, 1) was 0.99 (p < 0.001), indi-
cating a 99% consistency in volume measurements by 
Rater 1 at different time point.

Discussion
Our study aimed to provide an evidence-based medi-
cal reference point for “mirroring” of orbital volumes in 
orbital wall reconstruction by comparing volumes of the 
left and right orbits based on sex and age group (20 s to 
60 s). According to Lieger et al., there was a statistically 
significant but quantitatively small difference in the bilat-
eral bony orbital volume. The largest asymmetry in their 
data set not found in our data set was for a patient who 
displayed a 10% difference in bony orbital volume. We 
think this distinction appears to have led to a somewhat 
different conclusion than what our study found.

Subsequently, this study showed sufficient reliability 
for volume measurements through intra- and interrater 
reliability measurements. Overall, we found no statisti-
cally significant differences in the average left and right 
orbital volumes in any age group, whereas correlation 
analysis showed a strong positive correlation between the 
left and right orbital volumes. This finding suggests that 
the orbital volume was consistent between the two sides, 
implying that the uninjured orbit can serve as a volumet-
ric reference for the injured orbit on the opposite side.

In patients with unilateral orbital wall fracture, there 
is a good chance that the defect size and displacement 
are minimal if there is no difference in the bilateral bony 
orbital volume. At this point, orbital reconstruction can 
be carried out by estimating the pre-fracture line of the 
affected orbit based on the intact orbit, provided that 
patients with severe congenital or acquired facial asym-
metry are excluded. In the case of bilateral orbital wall 

Table 1  Results of the independent-samples t-test for left and right bony orbital volumes by sex and age group

SD standard deviation

Age group (n = 10) Left (Mean ± SD) (mL) Right (Mean ± SD) (mL) p-value

20 s male 24.67 ± 2.58 24.70 ± 2.59 0.98

20 s female 22.16 ± 1.60 22.36 ± 1.78 0.80

30 s male 26.63 ± 2.14 26.66 ± 2.33 0.98

30 s female 23.74 ± 1.95 23.70 ± 1.98 0.96

40 s male 27.76 ± 1.74 27.84 ± 2.11 0.93

40 s female 25.79 ± 1.05 25.84 ± 1.11 0.92

50 s male 28.18 ± 2.46 28.39 ± 2.27 0.85

50 s female 24.50 ± 2.04 25.06 ± 2.01 0.54

60 s male 26.59 ± 3.12 26.60 ± 3.06 0.99

60 s female 23.46 ± 1.86 23.81 ± 2.21 0.71

All ages (N = 100) 25.35 ± 2.76 25.50 ± 2.79 0.71

Table 2  Results of the Pearson’s correlation coefficient test for 
left and right bony orbital volumes

Age group (n = 10) R value p-value

20 s male 0.977 < 0.001

20 s female 0.961 < 0.001

30 s male 0.957 < 0.001

30 s female 0.967 < 0.001

40 s male 0.968 < 0.001

40 s female 0.832 0.003

50 s male 0.983 < 0.001

50 s female 0.922 < 0.001

60 s male 0.922 < 0.001

60 s female 0.955 < 0.001

All ages (N = 100) 0.969 < 0.001
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fracture, a pre-fracture line can be expected by overlap-
ping the intact part of the opposite side if the fractured 
part is not the same.

CT evaluation was performed in patients who visited 
the hospital with facial injuries. Those with only nasal 
bone fractures or no facial fractures were selected for 
inclusion. As the zygomaticomaxillary complex accounts 
for a large portion of the orbital wall, fracture of this 
structure affects the bony orbital volume. However, the 
nasal bone does not occupy an anatomical portion of 
the orbital wall. We assumed that nasal bone fractures, 
as opposed to naso-orbito-ethmoidal fractures, would 
not cause a change in orbital volume; however, the limi-
tations of the retrospective study led to the inclusion of 
patients diagnosed with nasal bone fractures. To con-
firm this assumption, we examined whether nasal bone 
fractures affected orbital volume. Our findings revealed 
no difference in orbital volume between patients with 
and without nasal bone fractures. Thus, we confirmed 
that nasal bone fractures did not affect the bony orbital 
volume.

In this study, we identified a statistically significant 
difference in orbital volume between male and female 
patients; our results showed that the bony orbital volume 
was larger in males. Prior studies have revealed that the 
orbital tissue volume is larger in males than in females, 
and that orbital tissue volume increases as body mass 
index increases. Orbital tissue and bony orbital volumes 
are not necessarily correlated; however, on average, the 
body mass of males is larger than that of females [15, 16].

To enhance the accuracy of our evaluation, we assessed 
the intra- and interrater reliability of our method, which 
revealed an agreement rate of 97% and 99%, respectively. 
Therefore, the bony orbital volume and other measure-
ments used in this study were considered reliable.

The bony orbital volume changes with age owing to 
changes in the orbital soft tissue. Although this study 

did not focus on longitudinal changes, we found that the 
bony orbital volume initially increased with age, before 
reaching a peak and then decreased again. In males, the 
bony orbital volume increased up to the 50 s age group 
and then decreased in the 60  s age group, whereas in 
females, the bony orbital volume increased up to the 40 s 
age group and then decreased in the 50  s and 60  s age 
groups (Fig. 2). Thus, these results showed that the bony 
orbital volume is linked to patient age. Further research 
with more patient groups and a more specific longitudi-
nal design is needed to confirm these results [15–17].

The period of rapid orbital volume growth concludes 
for boys at approximately the age of 15 and for girls 
at approximately the age of 11  years [18]. Therefore, 
patients younger than 20 years were excluded, and only 
adult patients were included in this study.

Conclusions
The left and right bony orbital volumes in adult patients 
in their 20 s to 60 s had no differences. Thus, we suggest 
that the uninjured orbit can be used as a reliable volu-
metric reference point for orbital wall reconstruction of 
the opposite injured orbit. On average, the bony orbital 
volume was larger in males than in females, and showed a 
changing trend with age, with volumes peaking in males 
in their 50 s and females in their 40 s.
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