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ABSTRACT
BACKGROUND:  It is believed that accurate reconstruction of the correct anatomy of the orbital bony walls, restora-
tion of symmetry and volume are necessary for a favorable functional prognosis and elimination of an aesthetic defect. 
The main problem when estimating orbital volume is its complex anatomy. Scientists use various methods to determine 
orbital volume, and in reviews comparing various methods for calculating orbital volumes, there is no data on which orbital 
volumetric method is the most accurate, since each of them has both advantages and disadvantages.
AIM: The aim of this study is the analysis and the comparison of orbital volumes according to multispiral computed tomog-
raphy data of healthy patients without bone-traumatic changes of orbital walls.
MATERIALS AND METHODS: To measure the volume of orbits, 50 random patients were selected who were examined in 
the radiology department No. 2 of the University Clinical Hospital No. 1 of the Sechenov University from 2023 to 2024 and 
who underwent multispiral computed tomography of the facial skeleton for indications unrelated to orbital conditions. 
Computed tomography data from 25 women and 25 men of different ages (from 18 to 85 years old) were analyzed. 
A total of 8 groups were formed depending on gender and age: group 1 — women 18–25 years old, group 2 — men 
18–25 years old, group 3 — women 26–35 years old, group 4 — men 26–35 years old, group 5 — women 36–50 years old, 
group 6 — men 36–50 years old, group 7 — women 51 and older, group 8 — men 51 and older. Multispiral computed 
tomography of the facial skeleton was performed using the Aquilion One 640 CT scanner (Japan) with 0.5 slice thickness 
in bone and soft tissue windows, to be able to calculate orbital volumes at the workstation, all bone contours of the orbits 
were marked on each axial slice, starting from the upper wall to the bottom of the orbit with a representation of the orbital 
volumes in ml.
RESULTS: The difference in the volumes of the right and left orbits of 0.5 ml or more was detected in 5 women out of 
25 cases, among men the difference was present in 12 cases out of 25; a difference in volumes of more than 1 ml was 
noted in 1 woman and 2 men; a difference of more than 1.5 ml was not observed in any study group. The orbital asymmetry 
coefficient in women ranged from 0 ml to 1.21 ml, in men — from 0.08 ml to 1.19 ml, in women, the average volume of 
both orbits is less than in men. It was also detected that the volume of orbits increases with age, both in men and women. 
CONCLUSIONS: Considering that the majority of patients had differences in orbital volumes of up to 1.0 ml, we agree 
with studies that indicate the possibility of using a healthy contralateral orbit as a guideline when planning reconstructive 
surgery. However, for planning surgical treatment, it is recommended to use manual contouring, as this allows the most 
accurate reproducibility of the bone boundaries of the orbit, although it requires more time than semi- and automatic seg-
mentation. Also, the advantages of the used method for calculating the volumes of orbits in this study include reproducibility 
on any workstation from different manufacturers, since the method is carried out on a standard tomograph workstation and 
does not require any additional software.
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АННОТАЦИЯ
Актуальность. Считается, что точная реконструкция правильной анатомии костных стенок орбиты, восстановление 
симметрии и объёма необходимы для благоприятного функцио нального прогноза и устранения эстетического де-
фекта. Основная проблема при оценке объёма орбиты заключается в её сложной анатомии. Для определения объ-
ёмов орбит учёные используют различные методы, а в обзорах, сравнивающих различные методы расчёта объёмов 
орбит, нет данных о том, какой метод волюмометрии орбиты является наиболее точным, так как каждый из них 
имеет как преимущества, так и недостатки.
Цель — анализ и сравнение объёмов орбит по данным мультиспиральной компьютерной томографии у здоровых 
пациентов без костно-травматических повреждений стенок орбит.
Материалы и методы. Для измерения объёмов орбит произвольно были выбраны 50 пациентов, которые проходи-
ли обследование в отделении лучевой диагностики № 2 Университетской клинической больницы № 1 Сеченовского 
Университета с 2023 по 2024 г., и которым выполняли мультиспиральную компьютерную томографию лицевого ске-
лета по показаниям, не связанным с патологией орбиты. Были проанализированы данные компьютерной томогра-
фии 25 женщин и 25 мужчин разных возрастов (от 18 до 85 лет), из них было сформировано 8 групп в зависимости 
от пола и возраста: 1-я группа — женщины 18–25 лет, 2-я группа — мужчины 18–25 лет, 3-я группа — женщины 
26–35 лет, 4-я группа — мужчины 26–35 лет, 5-я группа — женщины 36–50 лет, 6-я группа — мужчины 36–50 лет, 
7-я группа — женщины 51 года и старше, 8-я группа — мужчины 51 года и старше. Мультиспиральную компью-
терную томографию лицевого скелета проводили на аппарате Aquilion One 640 (Япония), с толщиной среза 0,5 мл, 
в костном и мягкотканном режимах, для расчёта объёма на рабочей станции на каждом аксиальном срезе прово-
дили маркировку всех костных границ орбит, начиная с верхней стенки до уровня дна орбиты с представлением 
объёмов в миллилитрах. 
Результаты. Разница объёмов правой и левой орбиты 0,5 мл и более встретилась у 5 женщин из 25, среди мужчин 
разница была выявлена в 12 случаях из 25; разница объёмов более 1 мл была отмечена у 1 женщины и у 2 муж-
чин; более 1,5 мл не наблюдалась ни в одной из исследуемых групп. Коэффициент асимметрии орбит у женщин 
варьировал от 0 до 1,21 мл, у мужчин — от 0,08 до 1,19 мл, у женщин объём обеих орбит в среднем меньше, чем 
у мужчин. Выявлено, что объёмы орбит увеличиваются с возрастом как у мужчин, так и у женщин. 
Заключение. Учитывая, что большинство пациентов имели различия в разнице орбит до 1,0 мл, мы согласны с ис-
следованиями, которые указывают на возможность использования здоровой контралатеральной орбиты в качестве 
ориентира при планировании реконструктивной операции. Однако для планирования хирургического лечения реко-
мендуется пользоваться ручной маркировкой, так как это позволяет добиться наиболее точной воспроизводимости 
костных границ орбиты, хотя и требует большего количества времени, чем полу- и автоматическая сегментация. 
К преимуществам разработанной методики расчёта объёмов орбит в данном исследовании следует отнести воспро-
изводимость на любой рабочей станции различных производителей, так как метод проводится с использованием 
стандартных инструментов и не требует дополнительного программного обеспечения.

Ключевые слова: орбита; объём орбиты; мультиспиральная компьютерная томография; МСКТ; лучевая диагностика; 
костные стенки орбиты.
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BACKGROUND
The bony orbit is the most complex anatomical struc-

ture of the facial skeleton with significant functional im-
portance. The form and the volume of the orbit physiolog-
ically change with age and may increase or decrease in 
various pathological conditions [1, 2]. Traumatic lesions 
of the orbit lead to a significant change of the configura-
tion of its walls, and the rate of lesions depends on the 
localization of the injury. Bone-traumatic injuries in the 
area of the facial skeleton making up, according to data 
from multifunctional hospitals, one third of all multisys-
tem injuries in 36% of cases, are accompanied by injury 
of orbitals walls, and fractures of the mid-face (orbital, 
buccal zygomatic, and nasal regions) combine with or-
bital fractures in 80% of cases [3].

It is recognized that the exact reconstruction of the 
regular anatomy of the bony walls of the orbit, the res-
toration of the symmetry and the volume are necessary 
for favorable functional prognosis and for elimination of 
the esthetic defect [2, 4, 5]. According to data by many 
authors, under- or overestimation of the orbital volume 
in planning of reconstructive procedures may lead to 
enophthalmos or proptosis and, as a consequence of 
this, to diplopia, possible loss of sensitivity in the buc-
cal and nasal regions [6–8]. According to the results 
of various retrospective studies, the percentage of the 
secondary postoperative enophthalmos in patients oper-
ated for isolated injury of the orbital floor reaches 26.6% 
[9, 10].

K. Yab, et al. [11], as well as many other authors, 
based on the analysis of CT-images of patients with or-
bital fractures, established that for so long as the in-
crease of the orbital volume does not surpass 2 ml, the 
enophthalmos remains at the 1 mm level. Then the de-
gree of enophthalmos will increase proportionally to the 
increase of the orbital volume, but in an isolated orbital 
floor fracture will never surpass 4 mm [1, 12]. Thus, 
a reliable 3D analysis of orbital walls’ injuries and know-
ledge of volume are necessary for precise diagnosis and 
for the planning of surgical procedure in various inju-
ries [13].

Most often, when planning the reconstructive treat-
ment of the injured orbit, the healthy contralateral side 
and its individual bone configuration are used. At the 
same time, the surgeon has to know how symmetrical 
the bony walls of the orbit are and how they change ac-
cording to age and sex [14]. Some researchers came 
to a conclusion that the bony orbit and, consequently, 
its volume change with age [15–18].

The main problem in the estimation of the orbital 
volume is in its complex anatomy. The bony orbit is pyr-
amid-shaped, with multiple openings and local curves. 
The anterior border of the orbit is characterized by mul-
tiple bone protrusions, such as supraorbital groove and 

anterior lacrimal crest [19]. This feature also could be a 
source of differences in estimating the orbital volume in 
patients, because the anterior orbital aperture does not 
lie in a single plane [5, 20, 21].

To determine orbital volumes, scientists use various 
methods, including experimental cadaver models and im-
age analysis of real-life faces:
• Use of 1 mm glass balls on cadavers with their subse-

quent immersion into a graduated cylinder [22];
• Creation of silicon impressions on cadavers (the volume

of impressions is measured by water drive) [22];
• Analysis and estimation of data using the cone-beam

computerized tomography [23];
• Achievement of manual segmentation on the CT images

with subsequent 3D-modelling [1, 7, 17, 18, 24–26];
• Use of artificial intelligence and automatic/semi-auto-

matic segmentation on the CT-images with subsequent
use of 3D-software for volumetric orbitometry [2, 5, 20,
22, 23, 27, 28].
In reviews comparing various methods of orbital vol-

ume calculation, there are no data upon which method of 
orbital volumometry is the most accurate one, as each of 
them has both advantages and limitations [22, 29].

Aim — to analyze and to compare the orbital volumes 
according to the multi-slice spiral CT in healthy patients 
without bone-traumatic or bone-destructive changes.

MATERIALS AND METHODS
To measure orbital volumes, 50 patients were ran-

domly chosen, who underwent examination in the Diag-
nostic Radiology Department #2 of the University clinical 
hospital No.1 of the Sechenov University from January, 
2023, through February, 2024, and in whom the multi-
slice spiral CT of the facial skeleton conforming to the 
indications not related to orbital pathologic conditions. 
CT-data of 25 women and 25 men of various ages (from 
18 to 85 years), of Caucasian race, were analyzed.

Inclusion criteria: age of patients from 18 to 85 years; 
intact bony walls of the orbits without bone-traumatic or 
bone-destructive changes.

Exclusion criteria: patients with history of injuries, 
surgeries, oncologic diseases in the area of the orbit and 
paranasal sinuses; age of patients less than 18 years; 
thyroid diseases and presence of CT-signs of thyroid eye 
disease; axial refractive anomalies.

In the study, 8 groups were formed according to sex 
and age: 1st group — women 18–25 years, 2nd group — 
men 18–25 years, 3rd group — women 26–35 years, 
4th group — men 26–35 years, 5th group — women 36–
50 years, 6th group — men 36–50 years, 7th group — 
women 51 years and older, 8th group — men 51 years 
and older.

CT-examination of the facial skeleton was carried out 
using the Aquilion One 640 device according to standard 
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Patient Age, years Right orbit, ml Left orbit, ml Asymmetry index, ml

18–25 years, women

Patient 1 20 26.93 26.95 0.02

Patient 2 19 21.01 21.03 0.03

Patient 3 24 25.82 25.97 0.15

Patient 4 19 22.60 22.40 0.2

Patient 5 22 20.48 22.40 0.4

Patient 6 24 22.85 22.25 0.6

Patient 7 23 24.80 24.09 0.71

a b c
Fig. 1. MSCT. Image processing for orbital volume measurement: a — axial section, bone window mode, marking of the orbital bone 
contours; b — coronal reconstruction, bone window mode, marking of the orbital bone contours; c — 3D-reconstruction, volumes 
of the right and left orbits in mathematical units (ml)
Рис. 1. Мультиспиральная компьютерная томография. Обработка изображений для измерения объёмов орбиты: a — аксиаль-
ный срез, режим костного окна, маркировка костных границ обеих орбит; b — корональная реконструкция, режим костного 
окна, маркировка костных границ обеих орбит; c — 3D-реконструкция, объёмы правой и левой орбиты в математических 
единицах (мл)

Table 1. Calculation of orbital volume by groups, gender and age
Таблица 1. Расчеты объёмов орбит по группам, полу и возрасту

technique. The patient’s head was placed on the head 
support, fixed centrally, laser marks were used to deter-
mine tomography levels, images were obtained with slice 
thickness of no more than 0.5 mm, with reconstructions 
in bone and soft-tissue regimens. After the CT, on the 
obtained images, the bony borders of the orbits were de-
termined, by which the marking of orbital walls was per-
formed. The requisite condition for correct examination 
performance was the symmetry of bony borders of both 
orbits. To achieve this, it was necessary drawing a line 
across the total length of the orbit and a perpendicular 
line to the length to establish the outer limit of marking.

On each axial slice, a marking of all bony orbital 
borders was performed, starting from the upper wall to 
the level of the orbital floor, with presentation of orbital 
volumes in milliliters. For an accurate measurement, 
the bony borders were strictly followed, and anatomi-
cal variations of orbital structure of both orbits were 
taken into account (the method of orbital volume cal-
culation received earlier a Russian Federation patent 
“A method of efficacy estimation of a reconstructive sur-
gical procedure of the orbit” RU2638623 S1, 14.12.2017. 
Bull. No. 35) (Figure 1).

RESULTS
In the present study, a manual segmentation of 

CT-images was used with marking of orbital bony walls 
and comparison with the contralateral side. In spite of 
the fact that this method is considered to be the most 
time-consuming one, as automatic or semi-automatic 
segmentation are performed several-fold more rapidly, 
the accuracy of the bony boundaries manual marking is 
most valid [23].

As a result of carried out investigations, it was es-
tablished that the volume difference between the right 
and the left orbit 0.5 ml and more was encountered in 
5 women from 25 cases, among men, the difference was 
revealed in 12 cases from 25; the volume difference of 
more than 1 ml was found in 1 woman and in 2 men; the 
difference of more than 1.5 ml was found in none of the 
examined groups (Figures 2, 3).

The results of orbital volume calculations in groups, 
taking into account the sex and the age are presented 
in the Table 1. In the Table 2, the mean values of orbital 
volumes in every group are shown. The Figure 4 demon-
strates the numerical distribution of orbital volume values 
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Patient Age, years Right orbit, ml Left orbit, ml Asymmetry index, ml

18–25 years, men

Patient 8 20 29.45 29.55 0.1
Patient 9 25 24.58 24.85 0.27
Patient 10 24 23.87 23.44 0.43
Patient 11 18 28.69 29.78 1.09
Patient 12 22 29.61 28.51 1.1

26–35 years, women
Patient 13 33 25.17 25.15 0.02
Patient 14 26 23.92 23.99 0.07
Patient 15 28 24.71 24.80 0.09
Patient 16 32 23.73 23.50 0.23
Patient 17 31 23.26 23.00 0.26
Patient 18 29 25.15 25.45 0.3

26–35 years, men
Patient 19 27 26.41 26.33 0.08
Patient 20 27 28.25 28.12 0.13
Patient 21 32 26.37 26.20 0.17
Patient 22 27 25.53 26.15 0.62
Patient 23 29 33.73 34.41 0.68
Patient 24 28 27.54 28.25 0.71
Patient 25 33 33.56 34.75 1.19

36–50 years, women
Patient 26 45 22.73 22.68 0.05
Patient 27 44 26.72 26.65 0.07
Patient 28 39 27.63 27.74 0.11
Patient 29 38 25.09 24.70 0.39
Patient 30 48 25.69 24.48 1.21

36–50 years, men
Patient 31 48 25.36 25.47 0.11
Patient 32 37 27.75 27.64 0.11
Patient 33 38 27.72 27.50 0.22
Patient 34 42 30.38 29.97 0.41
Patient 35 46 25.02 24.31 0.71
Patient 36 36 31.36 30.55 0.81

51 years and older, women
Patient 37 71 24.33 24.33 0
Patient 38 64 23.24 23.15 0.09
Patient 39 69 29.21 29.32 0.11
Patient 40 55 28.32 28.03 0.29
Patient 41 64 24.80 24.35 0.45
Patient 42 80 25.57 26.37 0.8
Patient 43 52 26.05 25.23 0.82

51 years and older, men
Patient 44 54 29.32 29.17 0.15
Patient 45 77 30.70 31.09 0.39
Patient 46 60 26.65 27.13 0.48
Patient 47 56 28.92 28.38 0.54
Patient 48 84 28.40 27.51 0.89
Patient 49 66 27.93 27.01 0.92
Patient 50 51 29.46 30.41 0.95

Table 1 (continued) / Окончание таблицы 1
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Fig. 2. MSCT. Image processing for orbital volume measurement. The volume of the right orbit was 26.93 ml, the volume of the left 
orbit was 26.95 ml, the difference was 0.02 ml
Рис. 2. Мультиспиральная компьютерная томография. Обработка изображений для измерения объёмов орбиты. Объём правой орбиты 
26,93 мл, объём левой орбиты 26,95 мл, разница составила 0,02 мл 

Fig. 3. MSCT. Image processing for orbital volume measurement. The volume of the right orbit was 25.69 ml, the volume of the left 
orbit was 24.48 ml, the difference was 1.21 ml
Рис. 3. Мультиспиральная компьютерная томография. Обработка изображений для измерения объёмов орбиты. Объём правой орбиты 
25,69 мл, объём левой орбиты 24,48 мл, разница составила 1,21 мл

Table 2. Average values of orbital volume by groups
Таблица 2. Средние значения объёмов орбит по группам

Age group Sex Right orbit (mean, ml) Left orbit (mean, ml)

18–25 years F 23.50 ± 2.43* 23.25 ± 2.18

26–35 years F 24.32 ± 0.80 24.32 ± 0.97

36–50 years F 25.57 ± 1.86 25.25 ± 1.98

51+ years F 25.93 ± 2.15 25.84 ± 2.21

18–25 years M 27.24 ± 2.79 27.23 ± 2.90

26–35 years M 28.77 ± 3.44 29.17 ± 3.80

36–50 years M 29.73 ± 2.57 27.57 ± 2.44

51+ years M 28.77 ± 1.28 28.67 ± 1.26

*Mean square deviation based on unbiased variance estimation.
*Среднее квадратичное отклонение на основании несмещённой оценки дисперсии.

in the groups. It was revealed that in women the asym-
metry was encountered more rarely or did not surpass 
the 0.5 ml difference, and the volume of the right orbit 
predominated over that of the left orbit in 62% of cases 
(Figure 5).

As a result of our study, it was established that the or-
bital asymmetry index varied in women from 0 to 1.21 ml, 

in men — from 0.08 to 1.19 ml. The mean volume of the 
right orbit in women was 24.83 ml, in men — 28.63 ml, 
the mean volume of the left orbit in women was 24.67 ml, 
in men — 28.16 ml; in women the volume of both orbits 
in average is less, than in men (Figure 6). Thus, the or-
bital volume increases with age both in men and women 
(Figure 7).
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Fig. 4. Distribution of orbital volume values by groups
Рис. 4. Численное распределение значений объёмов орбит по 
группам

Fig. 6. The average volume of the right and left orbits in 
women and men
Рис. 6. Средний объём правой и левой орбит у женщин 
и мужчин

Fig. 7. The average volume of orbits in different age and gender 
groups
Рис. 7. Средний объём орбит в разных группах по возрасту 
и полу

Fig. 5. The incidence of asymmetry among men and 
women according to the results of the study
Рис. 5. Частота встречаемости асимметрии среди муж-
чин и женщин по результатам исследования
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DISCUSSION
In earlier studies, controversial results were high-

lighted concerning the symmetry between the orbital vol-
umes. For example, in the study by O. Lieger, et al. [30], 
no statistically significant difference between the orbital 
volumes was found, that is why the authors recommend 
“reflecting” the form and the volume of the volume of 
the orbit performing the reconstructions. The study by 
V.B.-H. Shyu, et al. [5] confirms, that the difference be-
tween the orbital volumes was not statistically signifi-
cant, however in that study, the calculations were per-
formed in an Asian population, and could have significant 
differences with Caucasian patients [7]. In our study, the 
difference between the orbital volumes of more than 0.5 
ml was more frequent in men (Table 1).

In the publications of N.I. Regensburg, et al. [30] and 
D. Amin, et al. [31] the dependences were investigated 

of orbital volumes from sex, age and nationality, as well 
as the ratio of the bony orbit volume, orbital fat, and vo-
lume of the extraocular muscles. It was shown that with 
age, the ratio of orbital fat to the total orbital volume in-
creases, and there is a small decrease of the extraocular 
muscles ratio to the orbital volume. P. Andrades, et al. 
[18] did not find any significant difference between the 
right and the left orbit (p = 0.73), and the most impor-
tant criteria in orbital volume evaluation, to the authors’ 
meaning, were age, height and width of the face, and 
intraorbital distance.

The results obtained in our study correlate with other 
works due to the established increase of orbital volumes 
with age both in men and women. In the investigation by 
J.E. Pessa, et al. [32], the problems of the facial skeleton 
remodelling were studied in patients, starting from the 
newborns and till 76 years. It was revealed that at young 
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age (15–24 years), the ratio of the maxillar height to 
that of the orbit is the highest, and during infancy (up to 
one year) and at the age from 53 to 76 years, this ratio 
changes due to smaller maxillar height in comparison 
to larger orbit. In the studies by D.M. Kahn, et al. [33] 
and Z. Li, et al. [34], there were also the manifestations 
of the orbital volume increase with age found, because 
of the bony tissue resorption, whereas the resorption of 
the supraorbital orbital rim was more pronounced than 
that of the infraorbital orbital rim through the aging 
process.

In the article by B. Chon, et al. [15], the CT results of 
patients with mean time interval 9.4 years were analyzed. 
The orbital volume at the second scanning exceeded the 
baseline volume at the first scanning by 0.91 ml. Howev-
er, the authors associate the volume increase to changes 
of the orbital soft tissues.

Ugradar, et al. [16] established that statistically sig-
nificant changes in orbital volumes were revealed in 
women; this could be explained by a decrease of bone 
tissue density after menopause [2], at the same time, 
no significant increase in orbital volumes in men was 
established.

CONCLUSIONS
In our study, it was revealed that in a healthy human 

the right and the left orbit are asymmetric: the differ-
ence in 0.5 ml have up to 5 women out of 25 and 12 men 
out of 25, the difference in 1.0 ml was established in 3 
cases out of 50. In our study, it was also found that or-
bital volumes change and increase with age both in men 
and women. Taking into consideration that most patients 
had the differences in orbital volumes up to 1.0 ml, we 
agree with studies, which point on the possibility to use 
the healthy contralateral orbit as the target when plan-
ning reconstructive surgery. However, to plan the surgi-
cal treatment, it is recommended to use manual marking 
as this allows the most accurate reproducibility of the 
bony orbital borders, in spite it demands more time, as 
semi- and automatic segmentation. To the advantages of 
elaborated in the present study orbital volume calculation 
the reproducibility on any workstation of various produc-
ing companies is to be counted, as this method is carried 

out on a standard workstation of a tomograph and does 
not demand any additional software. 
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