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Abstract
Aim: The aim of this article was to obtain measurements of the eyeballs/globes and lacrimal glands 
in normal subjects using cranial computed tomography (CT) scan. Understanding the normative 
approximations of these measurements could help in diagnosing and evaluating orbito-ocular pathologies. 
Materials and Methods: This retrospective study examined 220 globes/eyeballs and 220 lacrimal glands 
of 110 consecutive participants. The eyeball volume was calculated using both the ellipsoid and spherical 
formulas, whereas lacrimal gland volume was approximated using the ellipsoid formula only. Results: The 
mean age of the subjects was 51.18 ± 14.85 years and ranged from 22 to 85 years. The study population 
was 53.6% male (n = 59) and 46.3% female (n = 51). The mean volumes of all globes in this study were 
5.82 ± 0.77 and 5.98 ± 0.75 cm3 using the ellipsoid and spherical formulae, respectively. The mean volume 
of all lacrimal glands was 0.42 ± 0.14 cm3 using the ellipsoid formula. The mean globe volumes using 
the ellipsoid and spherical formulae (6.02 ± 0.84 and 6.02 ± 0.84 cm3) in males were significantly larger 
than the corresponding mean globe volumes in females (5.59 ± 0.62 and 5.80 ± 0.65 cm3) (P < 0.0001 
and P = 0.001, respectively). There was no significant difference between the lacrimal gland volumes of 
males (0.42 ± 0.14 cm3) and females (0.42 ± 0.14 cm3) (P = 0.84). Conclusion: Males have larger eyeball/
globe volumes than females. Eyeball and lacrimal gland volumes did not correlate significantly. Eyeball 
volume showed an inverse relationship with age. Age did not affect lacrimal gland volume.
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Introduction

The lacrimal gland is an eccrine gland that 
secretes tears and is located proximal to the 
superior and lateral rectus muscles.[1] The 
lacrimal gland is vital for ocular surface 
health, comfort, and maintenance of the optical 
quality of the cornea and by extension of the 
eye.[2] Globe and lacrimal gland measurements 
are important in the overall understanding of 
various pathologies in the orbit, particularly in 
the fields of ophthalmology and craniofacial 
surgery.[3,4] Various imaging modalities have 
been used in managing and monitoring various 
orbito-ocular pathologies. Magnetic resonance 
imaging (MRI) provides better soft tissue 
resolution, whereas computed tomography 
(CT) allows for better visualization of 
calcifications and bony changes.[1,5] Normative 
measurements of the globes and lacrimal 
glands of various ethnicities around the world 
have been documented.[6-12]

There is paucity of data on the globe and 
lacrimal gland CT measurements of Nigerians 

and other sub-Saharan Africans. There are few 
Nigerian studies that described globe volumes 
on cross-sectional imaging,[1,13-16] but only one 
on CT dimensions of the lacrimal gland. We 
could find no study in the English language 
literature that assessed the relationship 
between eyeball dimensions and lacrimal 
gland dimensions on CT. Therefore, the aim 
of this study was to evaluate the relationships 
between CT dimensions of the globes and 
lacrimal glands in a cosmopolitan Black 
African population.

Materials and Methods

This was a retrospective study of 110 
consecutive cranial computed tomography 
(CT) scans (220 globes; 220 lacrimal glands) 
acquired at a radiodiagnostic centre in Lagos, 
Nigeria. The study protocol conformed to the 
ethical guidelines of the 1964 Declaration of 
Helsinki and its latest revisions in 2013.

The electronic records of the patients were 
explored to extract their demographic 
characteristics, nationality, indications for 
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imaging, and other relevant medical information. Craniofacial 
CT scans of patients aged 18 years and above with non-orbito-
ocular indications for imaging were enrolled into the study. 
Scans were excluded if the patient was non-Nigerian, had 
poor image quality or had obvious structural variation(s), or 
abnormality in the anatomy of the globe such as aphakia or 
presence of an intraocular implant and other evident ocular, 
orbital, or lacrimal pathologies on CT. A  Siemens 16-slice 
Somatom AR.T CT scanner (Siemens Healthineers AG, 
Erlangen, Germany) was used. The cranial CT scans were 
performed in an axial plane from the skull base to the vertex, 
with a slice thickness of 2.5 mm.

The measurements were obtained directly on the computer 
control console of the CT scanner. We measured the 
anteroposterior (AP) and transverse (TS) diameters of the 
lacrimal glands on axial images [Figure 1], whereas the 
craniocaudal (CC) diameter was obtained on reformatted 
coronal images [Figure 2]. On the axial images, AP diameter 
of the lacrimal gland was measured from the most posterior 
edge of the gland to its most anterior edge. The TS diameter was 
measured perpendicular to the AP diameter, from the medial 
edge to the lateral edge of the gland at its widest location.[10] 
On the coronal images, the CC diameter was measured from 
the superior edge to the inferior edge of the lacrimal gland. 
The TS diameter of the lacrimal gland on coronal view was 
also determined in this image. All the measurements were 
obtained on any slice that demonstrated the maximal extent of 
the lacrimal gland.[10] The lacrimal gland volume was calculated 
using the ellipsoid formula as craniocaudal diameter (cm) × 
anteroposterior diameter (cm) × axial transverse diameter (cm) 
× 0.523 (mL). The lacrimal TS diameter on the coronal view 
was not included in the volume calculation, but was statistically 
compared to the axial TS diameter to determine any differences.

The globe measurements (inner margin to inner margin) were 
obtained from the axial scans taken at the level of the maximal 
thickness of the lens showing the optic nerve (mid-ocular axial 
section) [Figure 3]. The AP and TS diameters of the globes 

were measured on a mid-ocular axial section in which the axial 
size of the globes and lenses is maximal.[16] The AP diameter 
(axial length) of the globe was measured with the measuring 
calipers positioned at the level of the posterior (inner) corneal 
surface to the inner choroid interface. Images were magnified 
sufficiently enough to improve precision of placement of 
the digital measuring caliper without compromising image 
sharpness. The TS diameter (width) was the maximal distance 
from the nasal to the temporal ends of the globe. The ocular 
CC diameter was the maximum distance between the cranial 
and caudal ends of the globe on a reformatted mid-coronal 
image [Figure 4]. The TS diameter of the globe on coronal 
view was also determined in this image using an average of 
three measurements. The ocular TS diameter on the coronal 
view was not included in the volume calculation but was 
statistically compared with the axial TS diameter to determine 
any differences. One consultant radiologist performed all the 
CT measurements in the soft tissue window.

Statistical analysis

Descriptive statistics were utilized to describe the demographics 
of the sample populations. Paired sample t-test was used to 
compare related groups means, and unpaired t-test was used 

Figure  1: Axial CT of the lacrimal glands showing the anteroposterior 
diameters (lines A and C) and transverse diameters (lines B and D)

Figure  2: Coronal CT reformat of the lacrimal glands showing the 
craniocaudal diameters (lines M1 and M3) and coronal plane transverse 
diameters (lines M2 and M4)

Figure 3: Axial CT of the eyeballs/globes at the level of the lens showing 
the anteroposterior diameters (lines A and C) and transverse diameters 
(lines B and D) of the eyeballs
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to compare independent group means. One-way analysis of 
variance (ANOVA) with a Bonferroni post hoc test was used 
to analyse multiple groups. Pearson’s correlation was used to 
evaluate linear relationships between groups. Normality was 
always checked using the Shapiro–Wilk test; otherwise, the 
Mann–Whitney test and non-parametric methods were used 
to evaluate differences between groups. The globe volume was 
calculated using the two formulas:

The ellipsoid formula[16] (cm3) is: 

Craniocaudal diameter (cm Anteroposterior diameter cm

A

) ( )×
× xxial transverse diameter cm( ) . .×0 523

The spherical formula[14] (cm3) is 
 4

3
3πr

,

where 

r=
+( )anteroposterior diameter axial transverse diameter
4

Lacrimal gland volume approximations were calculated using 
the following formula: Ellipsoid volume  =  Craniocaudal 
diameter (cm) ×  Anteroposterior axial diameter (cm) ×  
Transverse axial diameter (cm) ×  0.523.[16]

Differences in volumes and linear dimensions between groups 
were considered statistically significant at a P-value of less than 
0.05. The data were analysed using GraphPad Prism version 
8.0 (GraphPad Software Inc., San Diego, CA, USA).

Results

The mean age of the enrolled subjects was 51.18 ± 14.85 years 
and ranged from 22 to 85 years. The study population consisted 
of 53.64% male (n = 59, mean age 50.34 ± 15.07 years) and 
46.36% female (n = 51, mean age 52.16 ± 14.69 years).

Both ellipsoid and spherical volume approximations were made 
for globes, whereas only ellipsoid volume was applied to the 
lacrimal glands. The mean ellipsoid volume of globes in this 
study was 5.82 ± 0.77 cm3, while the mean spherical volume 
was 5.98 ± 0.75 cm3. There was a significant difference between 
the ellipsoid volume and spherical volume approximations for 
globes (P < 0.0001). For all patients, mean right globe ellipsoid 

volume was 5.86 ± 0.82 cm3 and mean left globe volume was 
5.79 ± 0.73 cm3; no significant difference existed between the 
left and right globes (P = 0.46). For the spherical formula, the 
mean right globe volume was 5.99 ± 0.73 cm3 and left globe 
volume was 5.97 ± 0.78  cm3, with no significant difference 
(P = 0.87).

The mean globe ellipsoid volume for males (6.02 ± 0.84 cm3) 
was significantly larger than the mean globe ellipsoid volume 
for females (5.59 ± 0.62  cm3) (P  <  0.0001). Likewise, the 
mean globe spherical volume for males (6.13 ± 0.80 cm3) was 
significantly larger than the mean globe spherical volume for 
females (5.80 ± 0.65 cm3) (P = 0.0012). These relationships 
are both depicted in Table 1. The average male globe ellipsoid 
volume was 7.69% larger than the volume of the average female 
globe, whereas the male globe was 5.69% larger using the 
sphere approximation.

The volumes of the left and right globes were compared 
within sexes. For both the ellipsoid and spherical globe 
approximations, there was no significant difference between 
the left and right globes for both males and females, as depicted 
in Table 1.

The mean ellipsoid volume of all lacrimal glands in this study 
was 0.42 ± 0.14 cm3. For all subjects, the mean volume of right 
lacrimal glands was 0.43 ± 0.14 cm3 and of left lacrimal glands 
was 0.41 ± 0.14 cm3 with no significant difference in volume 
(P = 0.33). There was no significant difference between the 
lacrimal gland volumes of males (0.42 ± 0.14 cm3) and females 
(0.42 ± 0.14  cm3) (P  =  0.84). There was also no significant 
difference when comparing left and right lacrimal gland 
volumes for both males and females, as shown in Table 1.

Next, we evaluated the linear diameters: AP, CC, and TS for 
globes and the lacrimal glands’ AP and CC diameters. The mean 
male globe CC diameter (2.23 ± 0.18 cm) was significantly larger 
than that for females (2.16 ± 0.13 cm) (P = 0.0006). The mean 
male globe TS diameters (2.33 ± 0.13 cm) were significantly 
larger than those for females (2.27 ± 0.11 cm) (P = 0.0005). 
The mean male globe AP diameters (2.20 ± 0.10 cm) were not 
significantly different from those for females (2.18 ± 0.09 cm) 
(P = 0.084).

For the lacrimal gland linear parameters, mean male AP 
diameter (1.31 ± 0.16 cm) was not significantly different from 
the mean diameter for females (1.30 ± 0.16 cm) (P = 0.85). 
The mean male CC diameter (1.40 ± 0.17 cm) was also not 
significantly different from the mean female CC diameter 
(1.37 ± 0.19 cm) (P = 0.24). Our analysis showed no significant 
difference between male lacrimal gland mean TS axial 
diameter (0.43 ± 0.08  cm) and male lacrimal gland mean 
TS coronal diameter (0.43 ± 0.07 cm) (P = 0.80). However, 
there was a significant difference between female lacrimal 
gland mean TS axial diameters (0.44 ± 0.08 cm) and female 
lacrimal gland mean TS coronal diameters (0.41 ± 0.07 cm) 
(P = 0.0027). There was no significant difference found when 
all lacrimal gland mean TS axial diameters (0.43 ± 0.08 cm) 

Figure  4: Coronal CT reformat of the eyeballs/globes showing the 
craniocaudal diameters (lines M1 and M3) and coronal plane transverse 
diameters (lines M2 and M4) of the eyeballs
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were compared with all lacrimal gland mean TS coronal 
diameters (0.42 ± 0.07 cm).

We divided the cohort into age groups and mean globe/lacrimal 
gland volumes associated with each group in Table 2. One-
way ANOVA yielded significant differences among the age 
groups regarding globe volumes for both the ellipsoid and 
spherical approximations. There were no differences between 
age groups for lacrimal gland volumes. Table 3 compares the 
lacrimal gland dimensions in this study with those of some 
previous studies.

We evaluated the correlation of all globe volumes (ellipsoid/
spherical approximations). Globe ellipsoid volume 
approximation demonstrated a weak but significant negative 
correlation (r = −0.23, P = 0.01). However, when the spherical 
volume approximation was used, the correlation became non-
significant (r = −0.18, P = 0.06).

Lacrimal gland volumes and age were correlated and yielded 
Pearson’s correlation r = −0.01658, P = 0.8635; hence, there was 
no significant correlation between lacrimal gland volumes and 
age. There was no statistically significant correlation between 
globe volumes and lacrimal gland volumes in this study.

We correlated the globes’ AP, CC, TS diameters with age and 
lacrimal glands’ AP, CC diameters with age. Only the globes’ 
CC diameter showed a significant weak negative correlation 
with age (r = −0.21, P = 0.02).

Discussion

Globe volume is a crucial parameter in understanding the 
pathophysiology of many orbito-ocular diseases such as 
macrophthalmus, buphthalmus, and microphthalmus.[17] 
Quantifying the globe volume in a cohort of subjects with 
normal physiology can help in both medical and surgical 
management of orbito-ocular diseases.[16] Previous studies have 
used either the ellipsoid or spherical formula to calculate globe 
volume.[14,16] The mean spherical globe volume in our study 
(5.98 ± 0.75 cm3) is marginally larger than the spherical globe 
volume of 5.28 cm3 reported by Igbinedion and Ogbeide,[14] 
but smaller than the spherical globe volume of 6.75 cm3 of 
Ibinaiye et al.[16] It is noteworthy that while the former used 
CT scan, the latter study used MRI.

This study used both formulae to quantify globe volume to 
check how the two resulting volumes varied among male and 
female subjects. We found that the volume of male globes is 
significantly larger than the volume of female globes using 
both formulae. On average, the volume of male globes was 
larger than the volume of female globes by 7.69% and 5.69% 
using the ellipsoidal and spherical formulas, respectively. This 
appears consistent with a previous study that demonstrated that 
Iranian males had a larger globe volume than those of Iranian 
females.[3] However, there was no significant side-to-side 
difference between the right and left globe volumes in males 
and females using both formulae. Similar studies measuring 
globe volume of Nigerian eyes reported a larger volume of 
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male eyes compared with female eyes, although the difference 
was not statistically significant.[14,16] Male CC diameter being 
significantly longer than female CC diameter is another 
possible explanation for the larger globe volume found in males 
as any increased diameter of a three-dimensional structure will 
lead to increased volume. Male globe volumes being larger than 
female globe volumes could be due to males having a bigger 
body habitus than females, and this leads to male organs being 
bigger than the corresponding female organs.[18,19]

As the relationships of globe volume in inter-sex and intra-
sex groups remain consistent using either the ellipsoid or 
spherical formula, this could mean that the two formulae are 
interchangeable when used to approximate globe volume. It 
is also noteworthy that while both formulas showed consistent 
relationships with age and gender, the spherical formula 
approximated a volume significantly larger than the ellipsoid 
volume. Igbinedion and Ogbeide[14] preferred the spherical 
formula because they believed that it reduced the likely margin 
of error associated with the ellipsoid formula. It is also known 
that the globe is not a perfect sphere. As there is a paucity of 
literature comparing these two formulas in the same study, 
further studies using globe models of known volumes will 
help to determine which of the two formulas approximates 
globe volume better.

Interestingly, Pearson’s linear regression analysis comparing 
globe volume with age showed a weak negative, albeit 
significant, correlation. Igbinedion and Ogbeide[14] and Hahn 
and Chu[20] both reported decline in globe volume from 50 and 
30 years, respectively. A possible explanation for this finding 
could be that the structural proteins in the globe lose their 

integrity with age, thus resulting in a mild reduction in globe 
volume over time.[20] Ageing, through multiple mechanisms, 
leads to enhanced degradation of extracellular matrix proteins 
such as elastin and collagen, thus resulting in decreased 
structural integrity of these proteins.[21] Furthermore, choroidal 
volume which includes vasculature, stroma, and connective 
tissue has been shown to decrease with age.[22] The cumulative 
physiological effects of ageing may contribute to the overall 
loss of globe size over time.

The CC diameter was longer in males compared with females 
and decreased with increasing age. The globe axial TS diameter 
was longer in males than in females. This finding is congruent 
with a study by Bulbul[7] who found statistically significant 
differences among males and females regarding globe axial 
length. While Bulbul[7] found a significant correlation between 
age and globe axial diameter, this study found no correlation 
between age and globe axial diameter. This difference could be 
due to the higher statistical power of our sample population. 
The globes’ AP diameter was not significantly correlated with 
age or gender.

Lacrimal gland volumes reported by prior studies have been 
generated using tracings and not mathematical formulas, which 
might provide a more exact approximation.[8,19] This is the 
first study, to the best of our knowledge, to quantify lacrimal 
gland volumes using the ellipsoid formula. Studies using the 
freehand pencil tracing method found a right lacrimal gland 
volume of 0.696 ± 0.261 cm3 and left lacrimal gland volume 
of 0.649 ± 0.231 cm3 in a Caucasian population in the USA 
and 0.617 ± 0.210 cm3 (right lacrimal) and 0.597 ± 0.197 cm3 
(left lacrimal) in Turkey.[7,9] These values are higher than the 

Table 2: Lacrimal gland and eyeball volume by age group
Age group (years) Number of subjects Eyeball ellipsoid 

volume (cm3)
Eyeball sphere 
volume (cm3)

Lacrimal gland 
volume (cm3)

20–29 20 5.53 5.62 0.44
30–39 20 6.38 6.30 0.39
40–49 20 5.95 6.11 0.42
50–59 20 5.92 6.24 0.42
60+ 30 5.53 5.64 0.42
P-value  0.0022 0.0007 0.90 

Table 3: Comparison of right and left lacrimal gland dimensions in different ethnicities
Index study Nawaz et al.[11] Bulbul[7] Danjem and Salaam[1] Lee et al.[23] Tamboli et al.[10]

Right lacrimal       
 AL (mm) 14.41 13.53 16.2 14.6 14.9 14.7
 AW (mm) 4.31 4.20 4.1 4.1 4.1 5.1
 CL (mm) 13.80 15.46 18.3 20.7 20.9 16.9
 CW (mm) 4.30 3.99 4.1 2.9 3.6 5.2
Left lacrimal       
 AL (mm) 13.90 13.35 16.0 14.5 14.7 14.5
 AW (mm) 4.30 4.05 4.0 4.1 4.3 4.8
 CL (mm) 13.80 15.26 18.3 20.8 20.7 16.9
 CW (mm) 4.20 3.86 4.1 3.0 3.8 5.2

AL: axial length (anteroposterior diameter on axial view), AW: axial width (transverse diameter on axial view), CL: coronal length 
(craniocaudal diameter on coronal view), CW: coronal width (transverse diameter on coronal view)



Idowu, et al.: CT volumetry of the globes and lacrimal glands

39Journal of the West African College of Surgeons | Volume 12 | Issue 1 | January‑March 2022

mean lacrimal gland volume (0.42 ± 0.14 cm3) of all subjects 
in this study using the ellipsoid formula. Unlike globe volume, 
sex had no correlation with lacrimal gland volume as our 
analysis showed that there is no difference between the lacrimal 
volumes of males and females. This finding is also supported 
by the results in a study describing the CT-measured lacrimal 
gland volumes using freehand pencil tracing in a Caucasian 
population in USA.[9] We also found that age had no correlation 
with lacrimal gland volume.

Studies among Caucasian and Korean populations using 
freehand pencil tracing have shown that an increase in age 
correlated with a decrease in lacrimal gland volume.[9,10,23] 
Obata et al.[24] speculated that the decreased lacrimal gland 
size with age is probably due to periductal fibrosis resulting 
from decreased tear outflow as people age. Our study did 
not agree with this finding in the other studies. We suspect 
that the discrepancy could be due to different methods used 
to approximate the lacrimal gland volumes. Comparing the 
approximation formula with the tracing method, there is 
a possibility that these two methods are interchangeable 
among males and females but yield different approximations 
between age groups. The statistical power of our cohort could 
have affected our finding on the relationship between age 
and lacrimal gland volume. Also, the lacrimal gland linear 
variables (AP and CC diameter) were not significant with 
age and gender, which also explain the similar pattern seen 
with lacrimal volume mentioned earlier. Regarding the two 
methods of lacrimal volume approximations, there need to 
be more studies that explore if the formula method is more 
accurate, considering that the formula method might eliminate 
the potential human error associated with the freehand pencil 
tracing method.

Although we found no statistically significant correlation 
between globe volume and lacrimal gland volume, we could 
not compare this observation to previous studies because the 
relationship between globe volume and lacrimal gland volume 
is currently understudied in the literature. Further exploration 
of this relationship would be needed to properly ascertain 
the relationship between globe volumes and lacrimal gland 
volumes. However, Tenzel et al.,[25] using MRI, reported that 
lacrimal gland volume (generated using OsiriX software) 
correlated with orbital volume, though the correlation 
coefficient was not stated.

The lacrimal gland TS axial diameter and lacrimal gland 
TS coronal diameter are the same measurements from two 
viewpoints (axial and coronal). When controlling for sex, there 
was no significant difference between the male lacrimal gland 
TS axial diameters and lacrimal gland TS coronal diameters, 
but there was a significant difference between these dimensions 
among female subjects. This difference disappears when all TS 
axial diameters were compared with all TS coronal diameters 
in this patient population. This lack of significant difference 
among all subjects in this cohort could mean that either axial 
TS diameter or coronal TS diameter would suffice for lacrimal 

gland volume calculations using the ellipsoid formula. Since 
this is probably the first study to explore the interchangeability 
of these two measurements in the ellipsoid formula, more 
studies with higher statistical power are needed to ascertain if 
both measurements are statistically similar.

Comparing our linear dimensions with other populations 
around the world, the reported lacrimal gland axial diameter in 
Caucasians (0.48 cm on the left and 0.51 cm on the right)[9] is 
higher than the axial diameter in this study (0.43 ± 0.082 cm), 
whereas the reported Korean (right = 0.41 cm, left = 0.43 cm)[23] 
and Pakistani (right = 0.42 cm, left = 0.41 cm)[11] axial diameters 
are similar to ours. The coronal diameter of the lacrimal gland 
in our study (0.42 ± 0.068 cm) was lower than that reported in a 
similar study of Caucasians (0.52 cm bilaterally)[9] but higher 
than that of Korean (right = 0.36 cm; left = 0.38 cm)[23] and 
Pakistani (right = 0.399 cm; left = 0.386 cm)[11] studies. These 
findings suggest that lacrimal gland axial and coronal diameters 
may be different among various ethnicities and geographical 
locations around the world.

Limitations

The limitations of this study include the following: first, prior 
clinical examination of the eyes (refractive errors causing 
posterior staphyloma can affect ocular dimensions) was 
impossible in a retrospective study. Secondly, the lacrimal 
gland has a density similar to the surrounding orbital structures 
which sometimes made it challenging to measure it on CT—
such images were excluded. Thirdly, a 16-slice CT scanner was 
used for this study; a much higher slice spiral scanner might 
perhaps provide more detail for better assessment.

Conclusion

This study generated normative data that can be a reference for 
ophthalmologists, craniofacial surgeons, and other physicians. 
There was no significant correlation between globe volume and 
lacrimal gland volume. Male globes were larger than female 
globes. While age correlated inversely with globe volume, there 
was no correlation between age and lacrimal gland volume.
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