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Evaluation of the Differences in Parameters Obtained from 

the Computed Tomography Images of the Eyeball and the 

Structures in the Orbit by Age and Gender 
ABSTRACT 

Objective: The aim of this study is to show the variation of eyeball and orbital structures 

according to different age groups and gender.   

Method: The study was conducted on computerized tomography (CT) images of 4 age 

groups: 30-40, 41-50, 51-60, and over 61 years old. The parameters were, the angle 

between the optic nerve and axis of eyeball (A-Cr2AA), the length of the medial rectus 

muscle (MRML) and the length of the lateral rectus muscle (LRML) up to the Zinn ring, 

the thickness of the lens (LT), the length of the optic nerve from the Zinn ring (Cr2L), 

optic nerve thickness (Cr2T), distance between two eyeballs (BOD) and the others. 

Results: As a result of the study, in the comparison of males in four groups, significant 

difference was found between the groups in LT, Cr2L, A-Cr2AA, MRML parameters in 

the right eyeball and Cr2L and LRML parameters in the left eyeball (p<0.05). In the 

comparison of females in four groups, significant difference was found between the 

groups in BOD, LT, Cr2L, LRML, MRML in the right and left eyeball and Cr2T 

parameter in the left eyeball (p<0.05).   

Conclusion: As a result of the study, it was determined that age and gender differed in 

the determined parameters. 

Keywords: Bulbus Oculi, Orbit, Computed Tomography, Age and Gender Difference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Göz Küresi ve Orbitadaki Yapıların Bilgisayarlı Tomografi 

Görüntülerinden Elde Edilen Parametrelerdeki 

Farklılıkların Yaş ve Cinsiyete Göre Değerlendirilmesi 
ÖZET 

Amaç: Bu çalışmanın amacı göz küresi ve yörünge yapılarının farklı yaş gruplarına ve 

cinsiyete göre değişimini ortaya koymaktır. 

Yöntem: Çalışma 30-40, 41-50, 51-60, 61 yaş üzeri 4 yaş grubuna ait bilgisayarlı 

tomografi (BT) görüntüleri üzerinden gerçekleştirildi. Parametreler, optik sinir ile göz 

küresi ekseni arasındaki açı (A-Cr2AA), medial rektus kasının uzunluğu (MRML) ve 

lateral rektus kasının uzunluğu (LRML) Zinn halkasına kadar, lensin kalınlığı (LT), 

optik sinirin Zinn halkasından itibaren uzunluğu (Cr2L), optik sinir kalınlığı (Cr2T), iki 

göz küresi arasındaki mesafe (BOD) ve diğerleri idi. 

Bulgular: Çalışma sonucunda erkeklerde dört grup karşılaştırıldığında, sağ göz 

küresinde LT, Cr2L, A-Cr2AA, MRML parametreleri ile sol göz küresinde Cr2L ve 

LRML parametrelerinde gruplar arasında anlamlı fark bulundu (p< 0,05). Kadınlarda 

dört grup karşılaştırıldığında sağ ve sol göz küresinde BOD, LT, Cr2L, LRML, MRML 

ve sol göz küresinde Cr2T parametresinde gruplar arasında anlamlı fark bulundu 

(p<0,05). 

Sonuç: Araştırma sonucunda belirlenen parametrelerde yaş ve cinsiyetin farklılık 

gösterdiği belirlendi. 

Anahtar Kelimeler: Bulbus Oculi, Orbita, Bilgisayarlı Tomografi, Yaş ve Cinsiyet 

Farkı 
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INTRODUCTION                          

The orbit is a complex and important 

anatomical structure that contains the eyeball, 

lacrimal gland, adipose tissue, muscle tissue, 

vascular and nerve structures. It frequently becomes 

the subject of studies since it has the potential for 

many diseases due to its complex structure in the 

orbit (1). Ocular parameters have a significant of 

ophthalmology. For example, axial length (AL) (2, 

3) in cataract surgery and in the detection of some 

eye-related clinical pictures, the parameter of length 

of anterior chamber (ACL) before and during 

intraocular surgery (4, 5), lens thickness (LT) (6) in 

the evaluation of lens weight and volume are of 

great importance and knowing the anatomy of these 

parameters fully affects the diagnosis, treatment and 

surgical intervention process of the clinician 

seriously.  

The aim of the surgical intervention for 

diplopia is to restore the deteriorated parallelism of 

the eyes. Surgical treatment is provided by 

strengthening or relaxing the functions of the 

extraocular muscles. For this reason, it is important 

to know the radioanatomical structures of the rectus 

muscles (7). Although the length of vitreous body 

(VL) parameter is not used much in the clinic, it can 

provide clinically important information and 

important data for the literature since it is 

associated with AL (8). 

 It has been seen the optic nerve is 

frequently examined in literature in terms of being a 

cranial nerve that contains special somatic afferent 

fibres related to vision, has dense fibre count, 

complex crosses and has important 

neighbourhoods. A good knowledge of the anatomy 

is essential for the surgery of problems that arise in 

itself or in neighbouring structures (9-11). 

 Computed Tomography (CT) is based on 

dividing the projection of the object from different 

angles into cross-sectional images. Unlike other 

imaging methods, CT can also display soft tissue 

differences. Thanks to the developing technology, 

the fast and easy use of CT facilitates the 

examination of patients in emergency situations and 

the quick decision on surgical intervention (12-14).  

The relationship of eyeball and structures of 

the orbit with age has been a matter of interest for 

many years. As a result of different studies 

conducted, it was found that the anterior-posterior 

diameter, transverse diameter, height, LT, ACL, 

VL, AL parameters of the eyeball vary depending 

on age (14-16). 

The study was undertaken to demonstrate 

the changes in 13 parameters derived from CT 

imaging of structures in the eyeball and orbit in 

different age groups and gender 

 

MATERIALS AND METHODS     
Population Sample: The study was 

designed as 4 groups: 30-40 years old (Group 1), 

41-50 years old (Group 2), 51-60 years old (Group 

3) and 61 years and older (Group 4) with 20F, 20M 

in each group. Retrospective CT images of the 

individuals were used. Individuals who had 

pathologies such as orbital anomaly, uveitis, 

cataract, and trauma and those who had undergone 

surgical intervention were not included in the study.  

Multidetector CT Protocol: Images were 

acquired by a 16-row Toshiba multidetector CT 

(Aquilion 16; Otawara, Japan) in the Radiology 

Department of the hospital. We retrospectively 

screened the images that met our exclusion criteria 

for different conditions. 

Image Analysis: CT images in Digital 

Imaging and Communications in Medicine format 

were imported into Horos Medical Image Viewer 

(Version 3.0, USA). 3D Curved Multiplanar 

Reconstruction (3D-MPR) was then applied.  All 

images were orthogonalized by determining the line 

passing through the nasion and inion of the axial, 

sagittal and coronal images (Figure 1). 

 

 
Figure 1. Bringing to the orthogonal plane  

 

The measurement of the width of bulbus 

oculi (BOW), the length of the axis of eyeball (AL), 

the angle between the optic nerve and axis of 

eyeball (A-Cr2AA), the length of the medial rectus 

muscle (MRML) and the length of the lateral rectus 

(LRML) up to the Zinn ring, the length of the 
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anterior chambers of eyeball (ACL), the thickness 

of the lens (LT), the length of the lens (LL), the 

length of the vitreous body (VL), the length of the 

optic nerve from the Zinn ring (Cr2L), optic nerve 

thickness (Cr2T), distance between orbits (OD), 

distance between two bulbus oculi (BOD) were 

made by the same radiologist (Figure 2, 3).

 

 
Figure 2. Measurement of LL (1), VL (2), ACL (3), AL (4), BOW (5), BOD (6), OD (7), LRML (8), MRML 

(9), Cr2L (10) parameters 

 

 
Figure 3. Measurement of A- Cr2AA (11), Cr2T (12), LT (13) parameters 

 

Statistical Analysis: Median, minimum 

(min) and maximum (max) values of the data were 

used. Mann-Whitney U test was applied to all data 

obtained for gender comparison. The relationship 

between the groups was revealed by Kruskal-Wallis 

H test. Pairwise Comparison test was preferred as 

the post-hoc test of Kruskal-Wallis H test. IBM 

SPSS Statistics 22.0 program running on Windows- 

based computers was used in the analyses and  

p<0.05 was used as the significance level. 

RESULTS 
In the study, 13 parameters were evaluated 

from CT images of 160 people. Table 1 shows the 

descriptive statistics of the parameters of the right 

side, which were found to be significant as a result 

of the comparisons between the genders. No 

statistically significant difference was found 

between genders in parameters in group 3 (p>0.05). 
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Table 1. Comparison of the parameters found to be significant in the right eyeball by gender 

Parameters Group Gender Median Minimum Maximum 

Cr2T (mm) Group 1 
Female 3.79 3.10 5.63 

Male 4.65 3.27 6.53 

VL (mm) Group 1 
Female 14.72 13.42 16.68 

Male 15.67 14.07 18.59 

AL (mm) Group 2 
Female 23.99 21.10 27.03 

Male 25.15 22.54 27.10 

Cr2L (mm) Group 2 
Female 21.94 17.79 27.26 

Male 25.80 21.59 35.02 

Cr2T (mm) Group 2 
Female 4.13 3.08 6.28 

Male 4.54 3.78 7.71 

A- Cr2AA (˚) Group 2 
Female 168.60 155.64 176.48 

Male 173.86 164.09 177.81 

LRML (mm) Group 2 
Female 37.00 31.12 42.11 

Male 38.44 34.26 48.93 

MRML (mm) Group 2 
Female 30.66 27.02 33.20 

Male 33.45 28.38 43.08 

LT (mm) Group 4 
Female 3.73 2.19 5.31 

Male 3.29 2.53 4.34 

AL (mm) Group 4 
Female 24.23 21.29 25.35 

Male 24.89 22.58 26.79 

 

Table 2 includes the descriptive statistics of 

the parameters of the left side, which were found to 

be significant in terms of gender as a result of the 

comparisons between the genders. It was concluded 

that the parameters found to be significant were 

greater in males than females. 

 

Table 2. Comparison of the parameters found to be significant in the left eyeball by gender. 

Parameters Group Gender Median Minimum Maximum 

Cr2L (mm) Group 1 
Female 21.41 15.96 25.08 

Male 23.30 17.63 26.96 

Cr2T (mm) Group 1 
Female 3.73 3.16 5.45 

Male 4.77 2.70 5.99 

MRML (mm) Group 1 
Female 30.01 25.48 34.52 

Male 32.23 26.42 36.07 

ACL (mm) Group 2 
Female 3.69 2.42 4.87 

Male 4.34 2.74 5.37 

Cr2L (mm) Group 2 
Female 23.16 18.27 33.34 

Male 25.84 18.98 36.15 

Cr2T (mm) Group 2 
Female 4.07 3.31 5.42 

Male 4.88 3.29 6.30 

BOW (mm) Group 2 
Female 22.88 21.93 25.46 

Male 23.99 21.10 26.92 

LRML (mm) Group 2 
Female 34.69 30.80 43.08 

Male 37.73 28.86 43.72 

MRML (mm) Group 2 
Female 31.21 25.35 34.82 

Male 33.48 28.68 42.84 

Cr2L (mm) Group 3 
Female 23.09 17.62 29.05 

Male 25.45 20.15 29.29 

Cr2T (mm) Group 3 
Female 3.75 2.70 5.39 

Male 4.73 3.46 6.87 

MRML (mm) Group 4 
Female 33.31 29.10 40.31 

Male 31.17 28.74 42.31 

 

Table 3 includes the descriptive statistics of 

the parameters of the midline, which were found to 

be significant in terms of gender as a result of the 

comparisons between the genders. It was concluded 

that the parameters found to be significant were 

greater in males than females. 
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Table 3. Comparison of the parameters found to be significant in midline by gender 

Parameters Group Gender Median Minimum Maximum 

BOD (mm) Group 1 
Female 36.88 29.13 40.91 

Male 38.78 32.68 45.75 

OD (mm) Group 1 
Female 91.28 81.72 100.99 

Male 92.92 87.88 101.00 

BOD (mm) Group 2 
Female 36.44 29.68 41.32 

Male 39.58 35.04 47.15 

OD (mm) Group 2 
Female 90.07 83.17 95.08 

Male 95.61 88.04 99.43 

OD (mm) Group 3 
Female 89.74 84.52 95.04 

Male 93.17 85.12 99.57 

 

The parameters of male and female 

individuals in four groups were tested with the 

Kruskal-Wallis H test and the p values of the 

parameters that were found to be statistically 

significant were included (p<0.05), (Table 4, 5). Of 

the parameters in the midline, BOD parameter was 

found to be statistically significant in females, and 

it was statistically significantly higher in males than 

in females (p=0.04).  

 

 

Table 4. Comparison of right eyeball parameters of male and female individuals 

Parameters Gender p 

LT (mm) 
Female 0.00 

Male 0.01 

Cr2L (mm) 
Female 0.00 

Male 0.00 

A- Cr2AA (˚) 
Female 0.68 

Male 0.03 

LRML (mm) 
Female 0.00 

Male 0.06 

MRML (mm) 
Female 0.01 

Male 0.01 

 

Table 5. Comparison of left eyeball parameters of male and female individuals   

Parameters Gender P 

LT (mm) 
Female 0.02 

Male 0.06 

Cr2L (mm) 
Female 0.00 

Male 0.03 

Cr2T (mm) 
Female 0.05 

Male 0.98 

LRML (mm) 
Female 0.00 

Male 0.00 

MRML (mm) 
Female 0.00 

Male 0.07 

 

According to the Pairwise Comparison test, 

statistically significant difference was found 

between Group 1 and Group 2 in LT, Cr2L, A-

Cr2AA, MRML parameters and between Group 1 

and Group 4 in LT parameter (p<0.05). Statistically 

significant difference was found between Group 1 

and Group 2 and Group 1 and Group 4 in LRML 

parameter in the left eyeball (p<0.05), (Table 6).  

Table 6. Parameters found to be significant in male individuals in the comparison between groups  

Right Bulbus Oculi Groups p 

LT (mm) 

LT (mm) 

Cr2L (mm) 

A- Cr2AA (˚) 

MRML (mm) 

1 vs 2 0.01 

1 vs 4 0.04 

1 vs 2 0.00 

1 vs 2 0.02 

1 vs 2 0.00 

Left Bulbus Oculi Groups p 

LRML (mm) 

LRML (mm) 

1 vs 2 0.01 

1 vs 4 0.04 
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DISCUSSION 

This study was conducted to show the 

differences in the parameters obtained from the 

structures in the eyeball and orbit according to age 

and gender. As a result of the study, in the 

comparisons between genders, significant 

difference was found in BOD, OD, Cr2T, VL in 

right eyeball, Cr2T, Cr2L, MRML in left eyeball in 

Group 1; BOD, OD, AL, Cr2L, Cr2T, A-Cr2AA, 

LRML, MRML in right eyeball, ACL, Cr2L, Cr2T, 

LRML, MRML and BOW in left eyeball in Group 

2; OD, Cr2L, Cr2T in left eyeball in Group 3 and 

AL and LT in right eyeball in Group 4 (p<0.05). In 

the analysis conducted according to age groups, 

significant correlation was found between first and 

second groups of LT, Cr2L, A-Cr2AA, MRML 

parameters in the right eyeball, between the first 

and fourth groups of LT parameter, and between the 

first and second and first and fourth groups of 

LRML parameter in the left eyeball (p<0.05). 

Chan et al. found that the diameter of the 

optic nerve sheath complex in the right and left 

eyeball did not differ significantly between males 

and females (17). Shen et al. measured the diameter 

of the optic nerve-sheath complex from behind the 

eyeball using MRI and found as 5.4; while it was 

found as 4.2 mm in another measured from 7 mm 

behind the eyeball (18). In a study they conducted 

on male cadavers with ages between 3 and 69, 

Tunahan et al. measured Cr2L as 11 mm on the 

right and as 9.9 mm on the left and they concluded 

that the difference they found between right and left 

optical nerves was not statistically significant (19). 

Cr2T and Cr2L parameters were measured in this 

study and it was found that the median value of 

Cr2T parameter varied between 3 and 5 mm, while 

the median value of Cr2L parameter varied between 

21 and 26 mm. We think that this difference is due 

to the population, different methods used and the 

number of sample. Statistically significant 

difference was found between genders in both right 

and left eyeball of Group 1 and Group 2 (p<0.05). 

While no statistically significant difference was 

found between genders in the parameters measured 

in right eyeball in Group 3, statistically significant 

difference was found between genders as a result of 

measurements in the left eyeball (p<0.05). In values 

which were found to be statistically significant, 

Cr2L was found to be longer in males than in 

females, and Cr2T was found to be thicker in males 

than in females. When comparison was made in 

male individuals of the four groups in terms of age, 

Cr2L in right and left eyeball was found to have 

significant difference in Group 1, Group 2, Group 3 

and Group 4 (p<0.05). When comparison was made 

in male individuals of the four groups in terms of 

age, statistically significant difference was found in 

Cr2L in right and left eyeball in Group 1, Group 2, 

Group 3 and Group 4 (p=0.00 in both sides); in 

addition, statistically significant difference was 

found in Cr2T in left eyeball between Groups 

1,2,3,4 and groups and Cr2L and Cr2T values were 

found to increase with age (p=0.05). 

In CT studies on interzygomatic line 

length, it was found to be between 97 and 101.5 

mm in females and between 101 and 103.8 mm in 

males (20-22). In our study, length of 

interzygomatic line, which we determined as OD, 

was 91.28 mm in female and 92.92 mm in male in 

Group 1, 90.07 mm in female and 95.61 mm in 

male in Group 2, 89.74 mm in male and 93.17 mm 

in female in Group 3. These measurements showed 

that there was a statistically significant difference 

between genders and females were found to have 

more OD than males (p<0.05). OD parameter was 

also found to increase with age. The results found 

support the literature.  

Uygur et al. found that the anteroposterior 

diameter of the right eyeball, the transverse 

diameter of the right-left eyeball, and the height of 

the right-left eyeball decreased significantly with 

age (14). In our study, there was a significant 

gender difference in the BOW parameter in Group 

2 of only the left eyeball (p=0.04). We think that 

this difference is due to the number of samples. 

Tuncer et al. investigated age- and sex-

related changes in ocular biometric data from 

healthy eyes, and it was found that ACL decreased 

as age increased (15). In their study, Özdemir et al. 

found the ACL parameter to be statistically 

significant in terms of gender and higher in males 

(p<0.05) and reported that ACL and LT parameters 

in healthy eyes changed with advancing age, while 

VL and AL parameters did not change according to 

age. When each group was compared separately, no 

significant gender-related difference was found in 

age groups (16). In our study, statistically 

significant difference was found between genders in 

the AL parameter in the right eyeball in Group 2 

and in LT and AL parameters in Group 4. AL was 

found to be longer in males, while LT was found to 

be longer in females (p<0.05). As a result of 

measurement in male individuals in four groups, 

statistical significance was found in right eyeball, 

LT parameter, Group 1, 2, 3 and 4, while as a result 

of measurement in female individuals in four 

groups, statistical significance was found in LT 

parameter in right-left eyeball, in Group 1, 2, 3 and 

4 and LT parameter was found to increase in left 

eyeball in terms of age (p<0.05). These results 

found support the literature. 

Mean length of lateral rectus muscle has 

been reported to be 40 mm (23). Kocabıyık et al. 

measured it as 36.38 mm on average in right 

eyeball, as 37.01 on average in left eyeball. No 

statistically significant difference was found in 

another study conducted between right and left eyes 

(p≥0.05) (24). Our study measured the length of 

lateral rectus and medial rectus muscles from Zinn 

ring. The median values of LRML and MRML 

parameters were found to vary between 30 mm and 

38 mm. We think that this difference is due to the 
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population and sample size. In Group 1, the MRML 

parameter in the left eyeball was found to be longer 

in males than in females. In group 4, the MRML 

parameter in the left eyeball was found to be longer 

in females than in males. In group 2, LRML and 

MRML parameters in the right-left eyeball were 

found to be longer in males (p<0.05).  

CONCLUSION 

The limited number of images in the age 

groups included in the study is a limitation of this 

study. We believe that the age- and sex-related 

differences obtained in our study will contribute to 

the understanding of eye and orbital morphometry 

in basic and forensic sciences and in the surgical 

intervention at different ages in clinical sciences. 
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