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Abstract

Introduction: Many orbito-ocular and systemic disorders 
have proptosis and enophthalmos as their hallmark symp-
toms. As visual compromise is a severe consequence if they 
are not recognized and treated early, the requirement for 
an imaging parameter that will aid in its early diagnosis is 
important. This study was carried out to measure the nor-
mal ocular globe position in relation to inter zygomatic line 
among Nepalese population. 

Methodology: This prospective study was performed in 
the Department of Radiology and Imaging, Tribhuvan Uni-
versity Teaching Hospital. Data were collected over the pe-
riod of January to April 2021 with total of 300 normal ocular 
globes of 150 patients who underwent MRI scan of brain 
and PNS. The age and gender of the patients were noted. 
The measurement was done at the level of lens (mid-globe 
section) on T2- weighted axial image. 

Results: The normal position of the posterior margin of 
the right globe was 5.68 ± 1.31 mm from inter zygomatic 
line (ranged 2.7-8.7 mm) while that of the left globe was 
5.78 ±1.24 mm (ranged 3.0-8.9 mm). The distance between 
the anterior margin and inter zygomatic line of the right 
ocular globe was 16.95±1.48mm (ranged 14.2-20.5mm) and 
that of left was 16.86±1.38mm (ranged 14.2-20.3mm). The 
position of the globes showed no statistically significant dif-
ferences among gender groups in our study and the position 
of the right globe within the orbit was significantly different 
from that of the left orbit.

Conclusion: The position of the globes showed higher 
values in males than in female. But, there was no significant 
difference between male and female patients. However, a 
statistically significant difference in globe position was ob-
served between right and left orbits. The distance between 
the posterior margin of the globe and the inter zygomatic 
line was found to be lower among the Nepalese population 
compared with Caucasians, Koreans, Nigerian and Canadian.
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Introduction

The interzygomatic line (IZL), a line connecting the anterior 
edge of the zygomas, is used to objectively measure the po-
sition of the ocular globe within the orbit [1,2]. On axial MRI 
images, the position of the globe within the orbit could be pre-
cisely identified by measuring the perpendicular distance of the 
anterior and posterior margins of the globe to the IZL at the lev-
el of the lens [2]. The establishment of a crucial nomogram will 
aid in the early detection of proptosis and enophthalmos. Pro-
ptosis is the abnormal protrusion of the eyeball(s) or anterior 
displacement of one or both globes within the bony orbit [1,2]. 
Any increase in orbital contents that occurs from the side or 
the back will push the eye forward since the orbit has inflexible 
bony components and only the anterior aperture can expand1. 
It is a crucial symptom that denotes the presence of an orbital 
space-occupying lesion and can be caused by a variety of ill-
nesses, such as infections, inflammations, tumors, injuries, me-
tastases, endocrine lesions, vascular diseases, and extra-orbital 
lesions [1]. Whatever the underlying cause, proptosis can im-
pair eye health and vision. Exposure Punctate keratopathy can 
occur in a proptotic eye that is not sufficiently shielded by the 
lids [3]. Such disruption of the finely orchestrated homeostatic 
mechanism to protect the eye will result in corneal compromise, 
epithelial death, ulceration and possible corneal perforation in 
severe cases [3]. Therefore, it is crucial to detect proptosis early 
in order to avoid any detrimental effects. Now, Enopthalmos 
is defined as a posterior displacement of the globe within the 
orbit [1,2]. Trauma, chronic maxillary atelectasis (silent sinus 
syndrome), neoplasms, vascular issues, scleroderma, and fat 
atrophy, especially in the elderly, are some causes of it [4,5,6]. 
If not identified and treated at an early stage, visual impairment 
may also occur. The documented values in literature are find-
ings among the Europeans, Koreans, Nigerians. As there may 
be a racial variations, there is a need for research to establish a 
nomogram which will stand as a baseline for Nepalese subjects.

Materials and Methods

This was a quantitative cross-sectional study conducted at 
the Department of Radiology and Imaging, Tribhuvan University 
Teaching Hospital (TUTH) for the period of four months from 
January to April 2021. All the Patients referred for MRI scan of 
Brain/ PNS between the ages of 18 years and above but with-
out clinical or radiological evidence of Proptosis were included 
in the study. Patients with endocrine diseases which affect the 
orbit, particularly thyroid ophthalmopathy, patients with asym-
metric scans, scans with artifacts for any reason (e.g.eye im-
plants, eye motion, etc.) that may cause errors in orbital mea-
surements and patients with ferromagnetic prosthesis were 
excluded from the study. MRI Scan was performed on 1.5T MRI 
scanner (Siemens Magnetom Amira). For the measurement of 
the normal globe position, T2-weighted axial images of brain at 
the level of lens (mid-globe section) is used. The IZL is drawn 
between the most anterior part of Zygomatic bone with elec-
tronic caliper and length is measured. It is used as a reference 
line. Distance between the Anterior margin of the globe & IZL is 
measured by drawing the perpendicular line from IZL to the cor-
neal apex. Distance between the posterior margin of the globe 
& IZL is measured by drawing the perpendicular line from IZL to 
the posterior border. (Figure1).

Statistical analysis was carried out with the help of SPSS ver-
sion 20 (IBM, Version:   20.0, Window OS) and Microsoft Excel 
2013 (64 bit OS). The quantitative value of IZL, RAM, RPM, LAM 
and LPM is analyzed using Shapiro-Wilk test for normal distri-

bution. For normally distributed data, Paired samples t-test, In-
dependent samples t-test and Karl Pearson’s Correlation Coeffi-
cient were used for statistical analysis and for data not normally 
distributed, Mann Whitney U test and Spearman Correlation 
Coefficient were used for analysis. A 95% confidence interval 
was taken and p-value less than 0.05 (p<0.05) was taken as sta-
tistically significant. 

Figure 1: Measurement of ocular globe position on T2 weighted 
axial image of brain.

Result

A total of 150 patients were enrolled in the study. As per gen-
der wise distribution, 81 (54.0%) patients comprised of female 
and 69 (46.0%) patients were male. The mean age of the pa-
tients was 41.65±17.46 years with the minimum age being 18 
years and the maximum age being 85 years. The mean value of 
IZL, RAM, RPM, LAM and LPM was found to be 97.74±3.74 mm, 
16.95±1.48 mm, 5.68±1.31 mm, 16.86±1.38 mm, 5.78±1.24 
mm respectively (Table1).

Table 1: Mean values, standard deviation and range of all the 
measurements in the study.

Parameter Mean ± SD Range (Minimum Maximum)

IZL 97.74 ± 3.74 mm 88.2-106.9 mm

RAM 16.95±1.48 mm 14.2-20.5 mm

RPM 5.68±1.31 mm 2.7-8.7 mm

LAM 16.86±1.38 mm 14.2-20.3 mm

LPM 5.78±1.24 mm 3.0-8.9 mm

There were statistically significant differences found be-
tween data for the right and left orbits for all the measure-
ments. (p<0.05). All the measurements showed higher values 
in males than in female (Table 2). Statistically, there was no 
significant differences between male and female patients in all 
measurements (p>0.05) with the notable exception in the IZL 
which showed the statistically significant differences between 
males and females (p<0.05). There was statistical significant 
correlation between age and right and left orbital parameters. 
(p<0.05). 
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Table 2: Gender-wise stratification of mean values and standard 
deviation of all the measurements in the study.

Parameters
Mean ± SD

Mean Difference p-value
Male(n=69) Female(n=81)

AGE 42.91 ± 18.42 40.57 ± 16.63 2.34

IZL(mm) 98.82 ± 3.81 96.82 ± 3.44 2.00 0.001

RAM(mm) 17.14 ± 1.52 16.79 ± 1.43 0.35 0.130

RPM(mm) 5.71 ± 1.38 5.65 ± 1.26 0.06 0.782

LAM(mm) 16.99 ± 1.37 16.74 ± 1.39 0.25 0.192

LPM(mm) 5.88 ± 1.28 5.69 ± 1.22 0.19 0.347

Discussion

Proptosis and enopthalmos are symptoms of numerous orbi-
to-ocular and systemic illnesses, and assessment of their etiolo-
gy with CT and MRI may be necessary The necessity for an imag-
ing parameter that will facilitate its early detection is necessary 
since visual compromise is a serious consequence if they are 
not identified and treated promptly. CT, MRI and USG are the 
key diagnostic tools and the imaging modalities of choice for 
ocular examination of eye, peri-orbital and bony tissues. Ultra-
sound offers a quick, cheap, non-invasive image of the eye with-
out the need of sedation or anesthesia;  however, multiplanar 
capability is not possible. Although the CT offers rapid image ac-
quisition and appears to be currently more widely available, CT 
exposes the patient to the ionizing radiation which may limits 
its routine utilization. In comparison, MRI offers very good con-
trast resolution of the soft tissues without exposing the patients 
to ionizing radiation and has multiplanar imaging capability. Al-
though MRI is less available and needs longer image acquisition 
time as compared to CT, MRI is considered as the key imaging 
modalities of choice for the soft tissue demonstration. 

The mean length of the IZL, which is a reflection of the size 
of the face was 97.74±3.74 mm for the entire research partici-
pants. It was, however found to be significantly higher in males 
than in females. The mean value in males was 98.82±3.81 mm 
while that of female participants was 96.82±3.44 mm. This ob-
servation is in tandem with the larger head size usually found 
in male16 and it concurs with the finding of other authors. IZL 
length was significantly higher among male participants [7]. IZL 
length was significantly higher among male participants [8, 9, 
14]. Performed a similar study using MRI scan and found IZL 
was higher in males than in females [13]. Performed using CT 
scan in 2019 in India and found IZL was higher in males than in 
females[15].

Our study revealed a significant difference in the position of 
the right and left ocular globes within the orbits. The similar 
findings but this finding is not consonance with the outcome 
of similar studies done by other authors in other parts of the 
world [7,8,9,14]. Ozgen and Aydingoz [8] did not find any signifi-
cant statistical difference between data for the right and left or-
bits. There was also no significant difference in parameters for 
right and left orbits in the studies The discordance observed in 
the outcome of this study and earlier research works enumer-
ated above may be due to differences in technique and possibil-
ity of asymmetrical extraocular muscles contraction that could 
occur during the scan and the parameters that normally results 
in prolonged scan time as against MRI systems used by earlier 
authors. Furthermore, some of the authors used CT for their 
studies [9,10,17]. Image acquisition is faster with CT and asym-

metrical extraocular muscles contraction may not occur with 
this modality. 

In our study, the posterior margin of the right ocular globe 
was 5.68±1.31 mm (ranged 2.7-8.7mm) behind the IZL while 
the left was 5.78±1.24 mm (ranged 3.0-8.9mm) from the IZL. 
Aiyekomogbon et al. [7] found that the posterior margin of the 
right ocular globe was 6.34 ± 0.99 mm (ranged 5.4-7.3 mm) be-
hind the IZL while the left was 6.56 ± 0.93 mm (ranged 5.6-7.5 
mm) from the IZL in Nigerian Population. Ozgen and Aydingoz 
[8]  determined the normal position of the ocular globes with 
the aid of MRI in Turkey and discovered that the normal posi-
tion of the posterior margin of the globe was 8.9 mm behind 
the IZL (ranged 5-12.7 mm). Ozgen and Ariyurek [14]  used CT 
for similar study in Turkey and found a mean value of 9.4 mm 
(ranged 5.9-12.8 mm) as the distance between the IZL and pos-
terior margin of the globes. Carried out similar study among Ko-
reans and found normal position of the ocular globe to be 11.2 
mm(ranged 6.4–15.3 mm) behind the IZL [9]. A similar study in 
Canada revealed that 95% of the cases had the posterior mar-
gins of their globes lying 6.5 mm or more behind the IZL [11]. 
The normal position of the posterior pole from IZL was 7.9 mm 
and 7.8 mm for left and right sides, respectively among the In-
dian subjects using CT scan [15]. 

In our study, the distance between the anterior margin and 
IZL of the right ocular globe was 16.95±1.48mm (ranged 14.2-
20.5mm) and that of left was 16.86±1.38mm (ranged 14.2-
20.3mm). he the distance between the right anterior margin 
and IZL was 17.01 ± 1.56 mm while that of left anterior margin 
was 16.72 ± 1.43 mm in Nigerian populations [7]. The distance 
between the anterior margin of globe and IZL to be 16.5±2.2 
mm in men and that of women to be 15.3±2.1 mm among the 
Northeast German adult population [10].

The differences that existed between the findings regarding 
the position of the ocular globes in the present study among 
Nepalese and findings among Nigerian, Turkish Koreans and 
others Populations as stated above might be due to racial varia-
tion and environmental influence. Benjamin and Borish18 pub-
lished an epidemiological study concerning ethnic differences, 
which suggested a general pattern of the highest prevalence of 
myopia in Asian, intermediate in Caucasian, and lowest in Afri-
can-American. There is a paucity of data regarding this in Nepal, 
making comparison difficult.

In our study, the statistically significant differences in all right 
and left orbital parameters were found among the studied ages. 
These findings do not concur with that of where no statistical-
ly significant differences in orbital measurements were found 
among the studied age groups [7, 9]. The position of the globes 
showed no statistically significant differences among gender 
groups in our study which is similar to findings among other au-
thors [8,9,11,12,14,17] where the gender differences were not 
statistically significant. 

Conclusion 

The position of the globes showed higher values in males 
than in female. There was no significant difference between 
male and female patients in orbital measurements. However, 
a statistically significant difference in globe position was ob-
served between right and left orbits. The distance between the 
posterior margin of the globe and the IZL was found to be lower 
among the Nepalese population compared with Caucasians, 
Koreans, Nigerian and Canadian. This further affirms that race 
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and environmental influence have significant effects on the po-
sition of the ocular globes. The results obtained from this study 
may help ophthalmologists, radiologists, and other clinicians to 
objectively evaluate patients with proptosis, enophthalmos or 
other changes in orbital morphology.

References

1.  Sabharwal K, Chouhan AL, Jain S. CT evaluation of proptosis. In-
dian Journal of Radiology and Imaging. 2006; 16:  683-8

2.  Munshi I. The Investigation of Proptosis-Clinical Medicine. Oph-
thalmology, University of the Witwatersrand. 2000.

3.  Michael M, Adam JC. Exophthalmos- Overview, Differential Di-
agnosis, Treatment and Follow Up 2020. Available from:   http:  
//www.eMedicine. medscape.com

4.  Hamedani M, Pournaras JA, Goldblum D. Diagnosis and man-
agement of enophthalmos. Survey of ophthalmology. 2007; 
52(5):  457-73.

5.  Roach HD, Shuttleworth GN, Powell N. A case of unilateral en-
ophthalmos. British journal of radiology. 2003; 76(908):  577-8.

6.  Athanasiov PA, Prabhakaran VC, Selva D. Non-traumatic enoph-
thalmos:   a review. Acta ophthalmologica. 2008; 86(4):  356-64.

7.  Aiyekomogbon JO, Chom ND, Hamidu AU, Rafindadi AL, Ibinaiye 
PO, Igashi JB. Normative measurements of the ocular globe posi-
tion in relation to interzygomatic line, using magnetic resonance 
imaging  among adults in Zaria, Nigeria. West African Journal of 
Radiology. 2016; 23(2):  118.

8.  Özgen A, Aydingöz Ü. Normative measurements of orbital struc-
tures using MRI. Journal of computer assisted tomography. 
2000; 24(3):  493-6.

9.  Lee JS, Lim DW, Lee SH, Oum BS, Kim HJ, Lee HJ. Normative mea-
surements of Korean orbital structures revealed by computer-
ized tomography. Acta ophthalmologica Scandinavica. 2001; 
79(2):  197-200.

10.  Schmidt P, Kempin R, Langner S, Beule A, Kindler S, Koppe T, Völ-
zke H, Ittermann T, Jürgens C, Tost F. Association of anthropo-
metric markers with globe position:   A population-based MRI 
study. Plos one. 2019; 14(2):  e0211817.

11.  Nugent RA, Belkin RI, Neigel JM, Rootman J, Robertson WD, Spi-
nelli J, Graeb DA. Graves orbitopathy:   correlation of CT and 
clinical findings. Radiology. 1990; 177(3):  675-82.

12.  Kirsch E, Hammer B. Graves’ orbitopathy: current imaging pro-
cedures. Swiss medical weekly. 2009; 139(4344).

13.  Mohapatra M, Sahoo RK, Sahoo SR. Magnetic Resonance Imag-
ing Evaluation of Normal Ocular Anterior-Posterior Diameter 
and Interzygomatic Length in Healthy Adult and Pediatric East-
ern Indian Population:   A Retrospective Study. Indian Journal 
of Public Health Research & Development. 2019 Nov 1; 10(11); 
499-503

14.  Ozgen A, Ariyurek M. Normative measurements of orbital struc-
tures using CT. AJR. American journal of roentgenology. 1998 
Apr; 170(4): 1093-6.

15.  Gupta V, Prabhakar A, Yadav M, Khandelwal N. Computed to-
mography imaging-based normative orbital measurement in In-
dian population. Indian journal of ophthalmology. 2019; 67(5):  
659.

16.  Hudson HL, Levin L, Feldon S. Graves’ Exophthalmos Unrelated 
to Extraocular Muscle Enlargement. Superior Rectus Muscle In-
flammation May Induce Venous Obstruction. Journal of Neuro-
Ophthalmology. 1992 Jun 1; 12(2):  130.

17.  Detorakis ET, Drakonaki EE, Papadaki E, Tsilimbaris MK, Pallikaris 
IG. Evaluation of globe position within the orbit:   clinical and im-
aging correlations. British Journal of Ophthalmology. 2010 Jan 1; 
94(1): 135-6.

18.  Benjamin WJ, Borish IM. Borish’s Refraction. Philadelphia:   WB. 
Saunders. 1998; 30-46.


