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SUMMARY
Introduction: Ocular volume measurement is essential for prompt diagnosis and management of
eye diseases such as microphthalmos, buphthalmos, macrophthalmos, orbital tumours and
refractive errors such as myopia and hypermetropia.
Aims and Objective: To measure ocular volume in a population of Nigerian adults with B-mode
ultrasonography and establish the range of normal ocular volumes in the population studied.
Materials and Method: Four hundred subjects were scanned in this study using Sonoace X8
Ultrasound Machine (Medison, South Korea). Each subject eyeball volume was measured by Bmode ultrasonography. The ocular volumes were correlated with sex, age, height, and weight and
body mass index. The data from the study was analyzed using statistical package for social
science software version 17 (SPSS Inc, Chicago).
Result: Of the 400 subjects evaluated, 56.3% were female. The mean age of the subjects was
36.67years ± 10.84, while that of the male and female subjects were 36.46years ± 11.32 and
36.93years ± 10.46 respectively. The right ocular volume (ROV) was slightly larger than the left
ocular volume (LOV) in both sexes [male: ROV=8.38cm3 ± 0.57, LOV=8.31cm3 ± 0.48; female:
ROV=8.31cm3 ± 0.58, LOV=8.21cm3 ± 0.56], although the differences between the ocular
volumes were not statistically significant in both genders [p>0.005]. Both eyeball increased in
volume till fourth decade of life; right ocular volume increased till thirty-two years of age while
left ocular volumes increased till forty-two years of age. Both ocular Volumes thereafter
decreased gradually as age increased. The ocular volume correlated positively with the age and
height, but negatively with the weight and body mass index in both genders.
Conclusion: The ocular volume correlated positively with the age and height; and negatively
with the weight and body mass index of the subjects. It was observed that males had slightly
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larger eyeballs in comparison to females, and that right eyeball volume was larger than the left
eyeball volume. The differences were not statistically significant.

CHAPTER ONE
INTRODUCTION
Ocular volume (OV) is an important orbitometric tool utilized in establishing diagnosis
of and evaluation of a number of very important public health ophthalmic conditions in both
children and adults1٫2. Some of such ophthalmic conditions that result in ocular volume changes
are congenital such as microphthalmia, buphthalmos or congenital glaucoma, and
macrophthalmia. Most of these disease entities are major causes of blindness in developing
countries like Nigeria and have been classified as a worldwide menace by World Health
Organisation (WHO).
There are about 45million blind people in the world and 80-90% of these are in the
developing countries3٫4. Congenital cataract is responsible for 43% of world-wide cases of
blindness and 42.6% of all ocular cases in Nigeria5. Congenital glaucoma has a global incidence
of 1 in 10,0006 and accounts for 22% of congenital ocular conditions in Nigeria while congenital
axial myopia affects about 1.6 billion people world-wide and accounts for 57.1% of visual
impairment in Nigerian1٫3٫7.
The eyeball volume is enlarged in axial myopia and macrophthalmia. It may reduce in
glaucoma and cataract. Microphthalmos may also be associated with developmental anomalies of
specific segments of the eye. It is therefore useful to know the volume of the eyeball in order to
make early diagnosis, monitor the progress of some ocular diseases and plan treatment or
surgical interventions.
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Ocular volume measurements may assist prevention or reduction of complications of
childhood eye disorders that cause change in ocular dimensions such as congenital glaucoma,
axial myopia and congenital cataract. Infantile cataract if untreated can result in development of
complications such as high pressure glaucoma and dense amblyopia. Early diagnosis enabled by

ocular biometry creates the opportunity for Ophthalmologists to plan surgical removal of
infantile cataract in time to avoid morbid sequel.
In addition, ocular biometry can assist in monitoring glaucoma and axial myopia. Early
detection of complications in these diseases and promptness of surgical intervention will improve
outcomes. Early diagnosis and prompt treatment of congenital glaucoma has been reported to be
associated with good prognosis in 80-90% of the infants.
The eyeball can be injured in trauma to the orbit or face. Ultrasonography of the eyeball
is important in follow-up of traumatic eye injury 8٫9. This is because ultrasound is able to assess
both intra and extra-ocular structures. It can also identify presence of retinal detachment, vitreous
hemorrhage, hyphema and change in ocular volume.
Studies have documented that ocular volume estimation varies with age and sex10٫11.
Still yet, other authors have reported variation of ocular volume with race12٫13, and
anthropometric parameters such as Height, Weight and Body Mass Index (BMI)14٫15.
There are however no constant values of ocular volume. The eyeball diameters and
volumes were also affected by the shape of the eye. Emmetropic eyes grow in a more constant
rate hence producing no change in ocular diameters and volume16. However, myopic eyes grow
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more in anteroposterior diameter than in transverse diameter with age; hence the transverse to
anteroposterior diameter ratio decreases with age or severity of myopia.
All modes of display of ultrasound are used in assessing the eye. Several authors had
used A-scan to estimate the depth of the eye chambers and dimensions of the different eye
structures 17٫18. B-mode ocular ultrasonography produces a cross-sectional display of the eyeball
19

hence it is ideal for the measurement of ocular volume. 3-D ultrasound has been used also to

measure ocular diameters and volume in-utero20. Computed Tomography (CT) 2٫21٫22

and Magnetic Resonance Imaging (MRI) 23 ٫24 are the latest radiological imaging devices used to
measure ocular volume.
B-mode uultrasonography was used in this study to measure ocular volume because it is cheap,
non-invasive, reliable and readily available. It can be used safely in pregnant women and
children because it is free of ionizing radiation.
The purpose of this study is to provide accurate measurement of the normal range of
ocular diameters and volume in adults and to correlate the values with age, sex, height, weight
and BMI as well as the shape of the eyeball. The values derived in this study can serve as
reference values for the diseased eyes in our population.
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JUSTIFICATION
Ocular volume (OV) is one of the orbitometric parameters utilized in establishing
diagnosis of certain congenital and acquired ocular diseases that are of public health importance
in children and adults such as congenital glaucoma and cataract, and acquired diseases like
trauma and infections. One major manifestation of these diseases is changing the size and shape
of the eyeball. Congenital glaucoma and cataract reduce the eyeball volume while congenital
myopia increases the volume of the eyeball. Trauma on the other hand tends to reduce the
volume of the eyeball especially when there is a tear of the sclera. In these eye diseases, accurate
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measurement of the diameters and volume of the eyes is important in early diagnosis, prompt
monitoring of treatment, and post-operative evaluation.
The eye growth pattern varies in different eye disorders. In macrophthalmos, all the three
ocular diameters and volume are increased1, whereas; in glaucoma the axial length decreases,
usually less than 23mm25. In axial myopia, the axial length of the eye increases more than the
width and height thereby decreasing the width to axial length ratio.
Ocular volume is an important tool in the management of trauma to the eye. Penetrating
eye injury when not properly managed can cause reduction in eye volume. Serial measurement
of ocular volume and sizes will lead to early detection of ophthalmic conditions pre-empting
early intervention that would be useful to prevent blindness and the attendant socio-economic
problems.
The significance of the changes in the ocular volume caused by these diseases can only
be determined by comparing with a reference value. There is paucity of literature on normal
ocular volume measurements on ultrasonography in Nigerians.

MRI provides an exquisite image of the eyeball, but the cost and availability precludes its
use in most surveys. CT uses ionising radiation, and this is deleterious to the eyeball, because of
the radiosensitive lens.
Ocular ultrasonography is a safe, non-ionising, accessible and affordable imaging
modality. B-mode ultrasonography produces clear reproducible cross-sectional images of the
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eye. Accurate measurement of the diameter of the eye is possible on the frozen image using
electronic calipers.
These reasons justify the need to establish an accurate reference standard for ocular
diameters and volume in Nigeria.
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AIMS AND OBJECTIVES.
General objective:
To determine the ocular volumes of both eyes, among a selected normal population of adults in
Osogbo South-Western Nigeria using B-mode ultrasonography.
Specific objectives:
1. To measure the diameters of the normal eyes.
2. To compare the ocular volumes in both eyes.
3. To correlate the ocular volume with the age, sex, height, weight and body mass index of
the study population.
4. To establish a range of normal ocular volumes in the study population.
5. To explore the relationship between the three ocular diameters obtained for the purpose
of assessing the ocular volume.
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NULL HYPOTHESIS
There is no difference in the longitudinal, anteroposterior [axial] and transverse diameters of the
normal eyes.
There is no difference in ocular volumes in males and females.
There is no difference in the volume of the right and left eyes in the same individual.
There is no correlation between ocular volume and the age, height, weight and body mass index
of subjects.
ALTERNATE HYPOTHESIS
There is difference in the longitudinal, anteroposterior [axial] and transverse diameters of the
normal eyes.
There is difference in ocular volumes in males and females.
There is difference in the volume of the right and left eyes in the same individual.
There is correlation between ocular volume and the age, height, weight and body mass index of
subjects
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CHAPTER TWO
ANATOMY OF THE ORBIT AND EYE
Embryology
The eyes begin to develop at about 22nd day (4th week) of intra-uterine life26.The neural
tube ectoderm (neuro-ectoderm) forms the retinal proper and its associated pigmented cell layer,
epithelial lining of the ciliary body and iris, optic nerves and the vitreous26. The mesoderm of the
head region produces the corneo-scleral, uveal tunics and extra-ocular muscles. The surface
ectoderm thickened and produces the lens placode and corneal epithelium. The lens placode later
differentiates into two distinct areas- lens vesicle that forms lens proper, and eye chambers. The
vessels supplying the eye are derived from mesenchymal tissue- hyaloids artery and vein26.
Gross Anatomy of the Eye
The gross anatomy of the eyeball is shown in figure 1. The eyeball is composed of three
layers27. The outermost layer consists of tough and fibrous white sclera posteriorly and the
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transparent cornea anteriorly. The junction of the sclera and the cornea is called the limbus. The
middle layer is a vascular layer known as the uveal tract. The uveal tract consists of choroid
posteriorly and the ciliary body and iris anteriorly. The ciliary body is a fibrous ring continuous
with both the choroid and iris, and gives rise to the ciliary muscle which alters the shape of the
lens, allowing accommodation. The innermost layer is the retina, which contains the rods and the
cones27. The retina ends anteriorly a short distance behind the ciliary body, and its anterior limit
is known as ora serrata. Around the optic disc and at the ora serrata, the retina is more firmly
adherent to the choriod. Posteriorly, nerve fibres converge to form the optic nerve at the optic
disc. The nerve pierces both the choroid and the retina as it passes posteriorly. The macula which
has the greatest concentration of cones and is responsible for central vision lies temporal to the
optic disc27.

The anterior eye segment comprises of anterior and posterior chamber. The anterior
chamber is between the cornea and iris, and the posterior chamber is between the iris and lens.
The two chambers are filled with fluid called aqueous humour and are continuous through the
aperture of the iris (pupil)27. The posterior segment is behind the lens and is filled with a
gelatinous fluid known as vitreous humour. The outer part of the vitreous is condensed to form
the so called hyaline membrane. The anterior part of the hyaline membrane is thickened and
receives attachments from the ciliary processes and gives rise to the suspensory ligament of the
lens. A potential space exists between the vitreous and the retina known as the sub-hyaloid
space. In pathologic condition, fluid or blood may accumulate in this space. The central artery of
the retina emerges from the disc and then divides into upper and lower branches; each of this in
turn divides into a nasal and temporal branches27.
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Each orbit receives arterial supply mainly via the three large terminal branches of the
ophthalmic artery, i.e. the lacrimal, nasociliary and frontal branches27. Smaller branches, mainly
the central artery of the retina (this also supplies the inner aspect of the optic nerve) and short
and long ciliary branches also give arterial supply to the orbit. Each orbit is drained by valve-less
veins in the orbit that follow arteries but demonstrate greater interconnections until they form the
superior ophthalmic vein, which drains through the superior orbital fissure into the cavernous
sinus, and the inferior ophthalmic vein, which drains through the inferior orbital fissure to the
cavernous sinus and the pterygoid plexus27.
ULTRASONOGRAPHIC ANATOMY OF THE EYE
The ultrasonographic anatomy of the eyeball is presented in figures 2 and 3. The eye is a
complex structure that is divided into the smaller anterior (about 1/6th) and the larger posterior
chambers (about 5/6th) by the lens and iris28. The anterior chamber of the eye is bounded
anteriorly by the echogenic cornea and posteriorly by the echogenic lens; and contains anechoic

aqueous humour. The posterior chamber is bounded by the lens anteriorly and the low amplitude
echogenic line of the sclera-choroid-retina and it contains anechoic vitreous humor. Both the
aqueous and vitreous humor is relatively homogenous and anechoic; sometimes, they produce
tiny low reflective echoes. The posterior capsule of the lens is the curvilinear echo seen posterior
to the pupil28.
The optic nerve is the low reflective linear shadow centrally located in the retro-ocular
space and it is bounded anteriorly by the optic disc28. The macula is located temporal to the optic
disc. The orbital fat forms a triangular heterogeneous structure at the periphery of the optic nerve
on both side; and multiple fibrous septa and ophthalmic vessels traverse the orbital fat lobules.
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The extra-ocular muscles appear as linear hypoechoic or echo-free structures in the periphery of
the orbital fat and bounded only by the bony orbit28
DOPPLER ULTRASONOGRAPHY OF THE EYE
The Ophthalmic artery and Central Retinal artery are interrogated with Doppler
Ultrasonography. The normal resistivity index of the ophthalmic artery is 0.34, and of the
Central Retina artery is 0.7129.
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Figure 1: This is the schematic diagram of the horizontal section through eye showing the
different anatomical parts. (From Cosgrove et al 2001.)
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Figure 2. B-mode Ultrasonographic image of the left eyeball in the longitudinal plane showing
the different anatomical parts. C is the cornea, AC is the anterior chamber, IR is the iris, L is the
lens, PC is posterior chamber, R is the retina and ON is the optic nerve.
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Figure 3. This is B-mode Ultrasonographic image of the right eye in the transverse plane
showing the different anatomical parts. C is the cornea, AC is the anterior chamber, L is the lens,
PC is the posterior chamber and R is the retina.
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Figure 4. Colour Doppler scan showing normal central retinal artery (red) and vein
(blue).
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LITERATURE REVIEW
Estimation of ocular volume (OV) plays an important role in establishing diagnosis
and management of a number of important public health ocular conditions. These ocular diseases
can be congenital such as macrophthalmos, glaucoma, axial myopia and microphthalmia1; or
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acquired such as traumatic eye injury. These ocular conditions if not treated promptly and
adequately may cause visual impairment5ˉ7 which can affect social life, economic power and
emotion of the sufferers. Visual impairment may complicate ocular diseases when there is delay
in diagnosis, poor treatment or wrong timing of surgical intervention and poor follow-up.
A recent study showed that 285 million people are visually impaired world-wide30, and of
this, 153 million (53.7%) resulted from uncorrected refractive errors. In Nigeria, Isawumi et al31
reported that the most common causes of visual impairment in descending order were cataract
(36.5%), glaucoma (20.1%), refractive error (19.3%), trauma (6.1%) and corneal opacity (6.1%).
Gender, age, diabetes mellitus (type 1), hypertension, body mass index, smoking and
education status are some of the determinants of morbidity and mortality associated with ocular
diseases. The degree of mortality is measured by mortality hazard ratio (MHR) for blindness and
related ocular diseases. In one study in Andhra Pradesh, Kharma et al32 observed a MHR of 1.9
for blindness, 1.4 for visual impairment, 1.8 for pure nuclear cataract, 1.5 for pure cortical
cataract, 1.96 for mixed cataract, 2.0 for history of cataract surgery and 1.58 for any type of
cataract.
The prevalence of various diseases affecting ocular volume varies with the geographical
location. Onchocerciasis predominates in Sub-Sahara Africa; while in Europe and Asia, agerelated retinopathy such as retinitis pigmentosa, childhood cataract, glaucoma, macula
degeneration, diabetes retinopathy and uncorrected refractive errors predominate33. In Nigeria,

allergic conjunctivitis, refractive errors, trauma, infective conjunctivitis, corneal lesions, and
cataract are the major childhood ocular disorders affecting ocular volume31٫34.
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The aforementioned ocular diseases affect the eyeballs by causing changes in the
diameters, volume, shape or intraocular pressure. Congenital macrophthalmos is a developmental
eyeball disorder in which the three eyeball diameters and ocular volume are increased while axial
myopia is a refractive error characterised by increased axial length alone. Oblate corneal (flat)
appearance is a disorder in the shape of the cornea in which the cornea is flattened centrally, and
can result in reduction of the axial length and longitudinal diameter of the eyeball thereby
causing reduction in the eyeball volume. Glaucoma is an eyeball disorder in which the
intraocular pressure increases and may cause visual loss.
Ocular volume is an ophthalmic parameter that defines the size of the anterior and
posterior eyeball segments. The anterior segment that comprises 1/6th of the eyeball volume is
the fluid-filled space in the anterior compartment of the eyeball between the corneal innermost
surface (endothelium) and lens. The vitreous chamber is an anatomical space in the posterior part
of the globe, extending between the lens anteriorly and retina posteriorly. It occupies about 5/6th
of the volume of the eyeball and it is filled by a gel-like material called vitreous humour that
maintains the shape of the eyeball.
The knowledge of ocular diameters and volume measurements may help in the early
detection and monitoring of some eye diseases. A case in point is in the management of
craniosynostosis. This is a developmental condition where one or more joints of the skull bones
fuse prematurely thereby changing the growth pattern and shape of the skull35. The ocular
volume is markedly reduced in craniosynostosis due to abnormal growth of the orbit. Monitoring
of ocular volume in this patient can help to predict the severity of craniosynostosis.
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Ultrasonic ocular volume estimation is important in management of traumatic eye
injury8٫9. Traumatic eye injury is the third most common traumatic organ injury world-wide8٫9.
Serial ocular volume measurements may assist in identifying reduction in eye volume sequel to
blunt eye injury. In addition, ocular ultrasonography can assess complications of eye injury such
as presence of retinal detachment, vitreous heamorrhage, hyphema, ruptured globe, lens
opacification and displacement. The most common complication noted in this environment is
vitreous hemorrhage and retinal detachment. Vitreous hemorrhage was about 50% in a study by
Bello and Adeoti8 in Osogbo, Nigeria. Local studies estimated retinal detachment to be between
22.2% and 47%8٫9.
Ultrasound provides real-time cross-sectional image in a cost-effective manner, even in the
presence of optically opaque intervening structures. The use of ultrasound for diagnostic imaging
of the eye originates with the work of Mundt and Hughes in 195636. They evaluated the bioeffects of US on rabbit’s eye invivo, and concluded that eye ultrasound is safe in human eye. In
1958, Baum and Greenwood worked on the reliability of ocular and orbital diagnosis with Bscan; and they observed that it is useful in the diagnosis of posterior chamber lesion37.
The technique for accurate measurement of eye length, anterior chamber depth and lens
thickness was defined in 1992 by Coleman38. He noted that A-scan is ideal for measuring the
anteroposterior (AP) diameter of the eye and pre-operative lens thickness in cataract prior to
extraction. B-mode ultrasonography is useful for evaluation of foreign body in the eye, ocular
tumours and ocular diameters37.
In one recent study, Ogbeide and Omoti measured the eyeball diameters and volume of
the eye on B-mode ultrasonography and concluded that B-mode ultrasound produces accurate
value of ocular diameters and volume1. A-mode ultrasonography, Ultrasound bio-microscopy
and Doppler ultrasonography have limited use in ocular volume estimation.
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Two basic B-scan probe orientations are used in ophthalmic US: vertical and transverse
orientations18٫19. In the vertical orientation, the image includes the lens and the optic nerve. In
the horizontal orientation, the probe is placed horizontally over the eyelid18٫19. Applanation
technique implies placing the probe directly on the cornea. This method is used in A-scan and
ultrasound bio-microscopy. Applanation method ensures greater accuracy in the measurement of
the axial length and anterior chamber diameter.
The value of ocular volume from most studies, even in similar populations varies
considerably. This is because ocular volume calculations were not based on single universally
acceptable formula. In one study1, ocular volume was measured from AP (axial) and Transverse
diameters of the eyeballs whereas in other studies2٫23, ocular volume was estimated from
anteroposterior, longitudinal and transverse diameters of the eyeballs. Some studies21٫23 suggest
that ocular volumes derived from measuring the three ocular diameters produce a more accurate
estimate of eyeball volume.
Computed Tomography and Magnetic Resonance Imaging produce good cross-sectional
imaging of the eyes21‾23. Accurate measurement of ocular diameters and volume can be made on
these imaging modalities. However; the high cost, relative scarcity, and MRI incompatibility
have limited the use of MRI in most developing countries, including Nigeria. The high cost and
radiation burden of CT are limitation to the use of CT in ocular volume measurement.
The eyeball diameter and hence volume changes as age advance16٫21ˉ25. Four phases of
eyeball growth have been identified. The first phase is characterised by an initial rapid growth
during infancy, and then gradual deceleration until about the fourth year of life. The second
phase is one of a slow but uniform period of growth until puberty, while the third phase which is
characterised by growth spurt occurs in the adolescents. The final phase of eyeball growth is one
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of gradual decrease in the rate of growth that occurs after adolescence until completion of
maturity.
In the prenatal life, the rate of eye growth increases with the gestational age. The greatest
increase in the size of the eyeball occurs in the third trimester. This was observed by Bojikian et
al20 and Tomasik et al39 in their studies, and the authors further emphasize that the change in
eyeball diameter with age is determined by the rate of growth of the eyeball. The eyeball
measures 0.7cm, 1.6cm, 1.9cm and 2.1cm in AP diameter at 13 weeks, 26weeks, 32weeks and
40weeks gestational age respectively20. The corresponding ocular volumes were 0.31cm3 (0.240.38 cm3), 0.86 cm3 (0.76-0.95 cm3), 2.29cm3 (2.21-2.37cm3) and 2.552 cm3 (2.23-2.87 cm3) at
17-18weeks, 25-26weeks, 33-34weeks and 39-40weeks respectively20. A major variation from
the above values could assist in identifying microphthalmos.
In the postnatal life, the eyeball grows rapidly in the first 24-months of life11. The
rapidity of ocular growth in this period implies that surgical correction for childhood cataract can
only be effected after 2years of age, and this is to allow for repair through normal physiological
process11. The eyes continue to grow rapidly in the first and second decades of life, and usually
reach the largest size between 13-20 years of age. Thereafter, there is a gradual reduction in the
growth rate up to 40-years of age. During this period, the eye is said to stabilize and the axial
length (anteroposterior diameter) of the eyes remains constant. This is responsible for stability of
myopia in adults at this age. There are instances in which the eye growth extends to about 4060years of age1٫2٫22. Ibinaiye40, Ogbeide and Omoti1, and Igbinedone2 in Nigeria however
observed a decline in the ocular volumes in both genders after 40years, 50years, and 60yrs of age
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respectively. Hahn et al21 and Lim et al22 reported decline in ocular volume after 30years and
after 60years of age respectively.

At birth, the longitudinal diameter of the eyeball is about 1.6-1.7cm, the anteroposterior
(AP) diameter is 1.8cm and transverse diameter is 1.83cm11٫41. At three years, the longitudinal
diameter is 2.25-2.3cm, the AP diameter is 2.3cm and transverse diameter is 2.37cm11. At
thirteen years of age, the eye may attain adult size. The adult eye is about 40-50% greater than a
child’s eyeball11. The dimensions of eyeball differ among adults by only 1mm or 2mm, but it is
remarkably consistent across different ethnicity. The longitudinal diameter is about 2.35cm
(2.30-2.4cm); the anteroposterior diameter is 2.34m (2.20-2.48cm) and transverse diameter of the
eyeball is 2.45cm (2.40-2.50cm)11. The average ocular volume in adults ranges from 6.62cm3 to
6.75cm12. Generally, transverse diameter of the eyeball is longer than either longitudinal or
anteroposterior diameter.

٫ ٫ ‾ ٫ ‾ ٫ ٫ . Most studies1٫2٫10 observed that longitudinal

1 2 11 16 21 24 42 52

diameter of the eyeball is longer than the anteroposterior diameter. Anteroposterior diameter of
the eyeball can be longer than the longitudinal diameter12٫42. Augusteyr et al43 however observed
that longitudinal and anteroposterior diameters of the eyeball were equal.
Axial length of the eyeball also varies with the age. Leighton et al 44 observed a
significant reduction in eyeball axial length with increasing age. He also reported that as age
advances, transverse corneal length and anterior chamber depth decrease while lens thickness
increases, and concluded that decrease in axial length and corneal length may contribute to
reduction of the anterior chamber depth in old age and increases the risk of angle closure
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glaucoma. However in contrast, Yin et al45 observed increase in axial length of the eye with
increasing age.
It has been observed that ocular biometric measurements vary with gender. Fanny et al12
observed that males have larger axial length (anteroposterior diameter) than females and reported
the mean axial length of the male and female eyes of 23.26mm ± 1.07 and 22.56mm ± 0.90
respectively.

The eyeball volume was also larger in Males than females. A similar observation was
made by local researchers in Nigeria; Ogbeide and Omoti1, Igbinedion et al2 and Ibinaiye et al40,
and among the caucassians46. The values of the right and left eyeball volume in the male and
female subjects reported by Ogbeide and Omoti1 were [male : right=5.53cm3 ± 0.25,
left=5.34cm3 ± 0.30 ; female : right=5.41cm3 ± 0.35, left=5.21cm3 ± 0.28], while same
parameters observed by Igbinedon2 in the male and female were [male : right=5.29cm3,
left=5.34cm3; female : right=5.26cm3, left=5.24cm3], and by Ibinaiye40 [male : right=6.86cm3,
left=6.97cm3 ; female : right=6.61cm3, left=6.52cm3]. The larger ocular volume in males than
females was attributed to human sexual dimorphism in which the male body habitus and
anthropometric parameters are generally larger than that of the females. Augusteyr et al43
however reported no gender variation in ocular biometry.
The eyeball grow at different rate with age although the difference in most cases is
statistically insignifiant (p>0.05). The right and left ocular volumes can increase1٫2٫01٫21٫20 or
decrease22 with advanced age, and this is postulated by Levin et al47 to result from asymmetric
growth of paired body tissues such as heart, eyeball, brain and viscera during embryogenesis.
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There are differences in the right and left eyeball size regardless of sex. Most studies
opined that the right eye is larger than the left in the same individual1٫2٫40. The value of the right
and left ocular volume reported by Igbinedon et al 2 regardless of sex was 5.22cm3 and 5.30cm3
respectively, while same parameters reported by Ibinaiye40 was 6.75cm3 ± 0.01 and 6.74cm3 ±
0.95 respectively. However, Bekerman42 reported that right ocular diameter can be slightly
smaller than the left, and the difference is usually not statistically significant (p=0.17).
Asymentric growth of paired organs is a major factor responsible for this; however, ocular
dominance, hand preference and shape of the face are other factors postulated to by Mansour et
al48 . Dominance of an eyeball causes increased intra-ocular pressure which results in reduction

in axial length and hence ocular volume48. A study has shown that handedness can also
determine the dominant eyeball, hence diameter and volume of the eyeball48.
Ocular biometric parameter varies considerably with the anthropometric factors such as
height, body weight and body mass index13‾16. The relationship between ocular volume and the
anthropometric factors among caucassians had been studied by different authors14‾16. In Africa,
there is paucity of data on the relationship between anthropometric factors and ocular volume.
Wong et al13 related the height of a person to the size of the eye and found that taller
persons were more likely to have longer globes, deeper anterior chambers, thinner lenses and
flatter cornea. A study in Iceland by Eysteinsson et al15 also showed that there was a significant
relationship between body height and axial length, vitreous chamber depth and radius of the
corneal curvature.
Furtherance to relationship between the axial length of the eye and height of the
individual, Selovic et al14 in a study in Croatia noted that transverse diameter (width) of the eye
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increased with age, weight and height. He concluded by showing that height demonstrates the
closest correlation to the growth and development in emmetropic eyes. He noted that in children
with similar height and weight, the ocular volume demonstrates a linear relationship with the
age, regardless of gender.
Ocular biometry is affected by race. Ocular diameters and volume are lower in Black
Africans than Caucassians

٫
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. Babalola et al50 showed that the eyeball dimensions for West

African emmetropic eyes were consistently lower than Caucassian values. Fanny et al12 in Ivory
Coast, further suggested that the difference in the ocular diameters and volumes in these two
races is most probably due to genetic and environmental factors.
Ocular biometric parameters vary with physiological factors such as pregnancy,
menstrual cycle and menopause51. The effects of pregnancy on the eye result from upsurge in

estrogen hormone in pregnancy. The estrogen upsurge also causes progression of pregnancy
related ocular pathology such as Diabetes Retinopathy.
The shape of the eyeball affects ocular biometric parameters. Astigmatism is a refractive
error of vision that affects the shape of the cornea surface. Myopia and hyperopia however affect
the size of the eyeball (precisely axial length). Chau et al24 in a MRI study of the different
shapes of the adult globe observed that there was no difference between eyeball anteroposterior
(axial length) and transverse diameters in emmetropia; however, in myopia, the anteroposterior
diameter of the globe is greater than the transverse diameter. Childhood myopia is more difficult
to treat because of the constant growth of the eye at this age. Myopes also have longer anterior
chamber diameter, vitreous chamber diameter and higher axial length (anteroposterior diameter)
to cornea radius ratio than non-myopes24. In severe myopia, the AP diameter of the eye is twice
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the height and width of the eye52٫53. Ocular biometry may therefore help to monitor myopia in
both children and adults.
Ocular volume estimation is also useful in the management of pathological diseases of
the eyeball such as Coats disease54
In conclusion, Ocular diameters and volume change with age. It is also affected by
anthropometric factors such as height, body weight and body mass index. Most studies also
conclude that gender is a major determinant of ocular volume. Ocular volume is also important
to monitor and make early diagnosis of ocular diseases. It is necessary to have local standard
values; which will serve as reference values to ocular volumes in diseased eyes.

CHAPTER THREE
MATERIALS AND METHODS.
STUDY DESIGN:
The study is a cross-sectional descriptive study done over duration of two and half years
between March 2012 and August 2014.
STUDY LOCATION:
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The study was done in the Radiology Department of Ladoke Akintola University
Teaching Hospital (Lautech) Osogbo, Osun-State, Nigeria over a period of two and half years
between March 2012 and August 2014.
Lautech is a tertiary health institution located in Olorunda local government area of
Osun-state, in the North-Western part of Osogbo. Osogbo is on latitude 7.45oN and longitude
4.33oE.
STUDY POPULATION AND RECRUITMENT:
The study population was made up of volunteers from among the staff and students of
Ladoke Akintola University Teaching Hospital (LAUTECH) Osogbo who were aged 18 to
50years as at the time of the study. Each subject had Fundoscopy and Visual acuity
examinations. The fundoscopy was done in the Ophthalmology department of the hospital by a
Consultant Ophthalmologist. Visual acuity test was however performed by the Researcher,
having been tutored by an Ophthalmologist prior to the study time.
INCLUSION CRITERIA:
The study was done on individuals between 18 and 50years of age and whose eyes have been
certified normal by an Ophthalmologist. Criteria includes:1. Visual acuity of 6/6 and 6/5
2. Intraocular pressure of 12-22mmHg.

3. Emmetropia
EXCLUSION CRITERIA:
1. Individuals with ophthalmic pathology like tumours or fractures affecting the
facial bones were excluded.
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2. Proptosis and refractive errors such as hypermetropia and myopia were excluded.
3. Individuals with previous history of ophthalmic surgery, subjects with orbital
cellulitis or past history of chronic glaucoma
4. Individuals with other systemic disorders such as toxic goitre, hypertension and
diabetes mellitus were also not included in the study.
5. Abnormal head shape from any cause.
SAMPLE SIZE DETERMINATION:
The sample size for the study was determined using the formula for estimating the minimum
sample size for descriptive studies when studying single proportion in entire population size.
𝑃𝑞 55

Sample size (N) = 𝑍 2 × 𝑑2
Where:

N = minimum sample size
Z= confidence interval at desired confidence level of 95%. This is 1.96

P= the true proportion or prevalence = 0.5
q = 1-P
d = precision which is usually set at 0.05 (adjusted with a margin of error of 5%).
N=1.962 x 0.5 x 0.5 = 384
0.052
In order to improve the precision and validity of the data the selected sample size of 400 adults
was used.
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METHODLOGY:
There were four hundred participants (800 eyes) in the study. The purpose, procedure
and benefit of the study were explained to the subjects. Informed consent was obtained
from each subject by filling of a consent form. A questionnaire was administered to and filled by
each participant to obtain information on demography. Each participant height and weight were
measured; and body mass index was calculated from the height and weight (appendix-1). Each
participant was sent to the ophthalmology department for Fundoscopy and Refractive error
examination which were conducted by the Ophthalmologist. Thereafter, a visual acuity
examination was also done for each patient by the researcher.
VISUAL ACUITY EXAMINATION
Each subject sat 6 meters away from the Snellen’s chart and was asked to close each of the
eyes one after the other with the palm. The left palm was used to close the left eye in order to
examine the right eye while the right palm was used to close the right eye in order to examine the
left eye. The subject was then asked to read the letters on the chart starting from the biggest to
the smallest and scored accordingly as follows: 6/60, 6/36, 6/24, 6/18, 6/12, 6/9, 6/6, 6/5. Visual
acuities of 6/6 and 6/5 were regarded as normal.
PROCEDURE FOR ULTRASOUND EXAMNATION OF THE EYE:
Each participant was scanned with Sonoace-X8 ultrasound machine (MEDISON Co.
LTD South Korea) using a 10 MHZ linear probe lying in the supine position on the examination
couch. The subject was directed to close the two eyes and coupling gel was applied over the lids
in-turn.
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Then a 10MHz transducer was placed on the eyelid, and scanning was done in both longitudinal
and transverse planes of the eye. The patients were encouraged to fix their gaze, and the images
of each eye were taken. Three readings were obtained for each diameter of the eye and the mean
of the values were derived for each eye measurements. The eye diameters were determined using
the following land-marks:


The longitudinal (vertical) diameter AB (black arrow) longitudinal plane of the eye
between the corneal line and the macula. This gives the longitudinal diameter of the
globe (Fig-5).



The maximum anteroposterior distance AB between the corneal line and the macula on
transverse plane of the globe gives the axial length of the globe (Fig-6).



The horizontal distance or width CD across the equator of the globe on transverse plane.
This gives the transverse diameter of the globe (Fig-6).
The mean values of the ocular diameters were used to compute the ocular volume. The
ocular volume was computed from the formula: Ocular volume= longitudinal x axial x
transverse diameters x 0.52.
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Figure 5: This is the B-mode Ultrasonographic measurement of the ocular diameter of the
left eyeball in the longitudinal plane.
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AB represents the maximum vertical distance between the corneal lines to the macula i.e.
longitudinal diameter of the eye.
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Figure 6: This is the B-mode Ultrasonographic measurement of the ocular diameters of
the right eyeball in the transverse plane.
AB is the maximum distance between the corneal line to the macula; and this represents axial or
anteroposterior diameter of the eyeball.
CD is the widest diameter of the globe along the equator; and this represents the
transverse diameter of the globe.
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LIMITATION
In this study, we evaluated normal eyes. The study was done in a small population of
Nigerians in the South-West geopolitical zone. The age range in this study was 18-50years,
therefore ocular diameters and volume in children and early adolescent life were not included in
the study.
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CHAPTER FOUR
RESULTS
Demographies
Two hundred and twenty-seven (56.8%) females and one hundred and seventy-three
(43.2%) males were examined, giving a female: male ratio of 1.3: 1; and most of the subjects
(27.5%) were in the 47-51years age group [table 1]. The subjects ranged from 18 to 50years of
age, and the mean age of all the subjects is 36.67 ± 10.84 years. The mean age for males is
36.46years ± 11.32 and for females is 36.93years ± 10.46; the difference is not statistically
significant (t=64.890, p=0.40) [table 2].
The mean height, weight and body mass index of all subjects is 1.61m ± 0.04, 65.68Kg ±
5.11 and 25.44Kg/m2 ± 1.47 respectively. The mean height for males and females is the same
(1.61m ± 0.04). The mean weight for males and females is 65.27Kg ± 5.48 and 65.84Kg ± 5.10
respectively. The mean BMI for males and females is 24.70 Kg/m2 ± 4.23 and 25.49 Kg/m2 ±
1.43 respectively. The differences in the mean heights and mean weights between females and
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males were not statistically significant (p>0.05), but the difference in the mean BMI between
females and males was statistically significant (t=-2.619, p=0.01) [table 2].

Table1: Age and sex distribution of study populations
Age group
Frequency (N)
(Years)

Males (%)

Females (%)

Total (%)

18-22

22 (5.5)

25 (6.2)

47 (11.8)

23-27

32 (8.0)

30 (7.5)

62 (15.5)

28-32

17 (4.2)

24 (6.0)

41 (10.2)

33-37

25 (6.2)

48 (12.0)

73 (18.2)
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38-42

6 (1.5)

12 (3.0)

18 (4.5)

43-47

22 (5.5)

27 (6.8)

49 (12.2)

47-51

49 (12.2)

61 (15.2)

110 (27.5)

Total

173 (43.25)

227 (56.75)

400 (100.0)

Table 2: Age and anthropometric parameters of the study population
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MALE

FEMALE

t-test

p-value

AGE (YRS)

36.46 ± 11.32

36.93 ± 10.46

64.890

0.40

HEIGHT (M)

1.61 ± 0.04

1.61 ± 0.04

-0.627

0.53

WEIGHT (Kg)

65.27 ± 5.48

65.84 ± 5.10

-1.084

0.28

BMI (Kg/m2)

24.70 ± 4.23

25.49 ± 1.43

-2.619

0.01
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Measurement of Ocular Volume
The mean, minimum and maximum values of the right ocular volume of the study
population was 8.34cm3 ± 0.06, 6.46cm3 ± 0.06 and 9.17cm3 ± 0.06 respectively. The mean,
minimum and maximum value of the left ocular of the study population was, 8.25cm3 ± 0.53
5.55cm3 ± 0.53 and 9.10cm3 ± 0.53 respectively.
Tables 3b and 3c illustrate the mean ocular volume in relation to gender. Table 3a
demonstrates that males have larger right and left eyeball volumes than females [males:
ROV=8.38cm3, LOV=8.31cm3; female: ROV=8.30cm3, LOV=8.21cm3]. Table 3b shows that
right and left ocular volume in the same person demonstrate significant correlation. The
differences between the right and left ocular volume in the same person are statistically
significant (p<0.005).
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Table 3a: Mean, Minimum and Maximum value of Ocular Volume of the right and left eyeballs.

Mean [Cm3]

Minimum

Maximum

[Cm3]

[Cm3]

Right Ocular Volume

8.34 ± 0.57

6.46 ± 0.57

9.17 ± 0.57

Left Ocular Volume

8.25 ± 0.53

5.55 ± 0.53

9.10 ± 0.53

Table 3b: Mean Ocular Volume of the right and left eyeballs based on Gender.

ROV [cm3]

Males

Females

8.38 ± 0.57

8.30

42

±

t-test

p-value

0.93

0.35

0.57
LOV [cm3]

8.31 ± 0.48

8.21

±

0.64

0.10

0.56

Table 3c: Student t-test and correlation of the Mean Ocular Volume of the right and left eyeballs
of both Genders.
Sex

Right Eye

Left Eye

t-test
p-value

Male

8.38cm3+ 0.57

8.31cm3 + 2.11
0.47

Female

Correlation

p-value
0.69

0.04

0.00

8.30cm3 + 0.57 8.21cm3 + 3.02

0.66

0.56

0.00

0.00

Table 4 shows the mean volumes of both eyeballs across all the age groups in the male
and female subjects. Males have larger ocular volume than females. The mean right ocular
volumes were larger than the left in both genders. The mean right ocular volumes were also
larger than the left in almost all the age groups studied except in the 28-32years age group in the
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males and 38-42years age group in the females. The mean right and left ocular volumes were
equal in the 23-27years age group in the male and 18-22years age group in the females. The
differences between the volumes of both right and left eyeballs in both genders were not
statistically significant (male: pright=0.510, pleft=0.251; female: pright=0.627, pleft=0.104).
The relationship is illustrated better with figures 3a and 3b which are graphical
representation of the ocular volume changes across all the age groups studied in the male and
female subjects respectively.
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Table 4: The mean volumes of both eyeballs across all the age groups in the male and female
subjects.

MALE

FEMALE

Age
(years)

ROV

LOV

ROV

LOV

18-22

8.42 ± 0.60

8.21 ±0.42

8.29 ± 0.69

8.29 ± 0.68

23-27

8.28 ± 0.53

8.28 ± 0.50

8.38 ± 0.55

8.25 ± 0.46

28-32

8.58 ± 0.47

8.60 ± 0.40

8.38 ± 0.61

8.17 ± 0.44

33-37

8.48 ± 0.65

8.31 ± 0.55

8.22 ± 0.59

8.08 ± 0.60

38-42

8.43 ± 0.52

8.40 ± 0.32

8.41 ± 0.49

8.51 ± 0.43

43-47

8.39± 0.39

8.32 ± 0.44

8.41 ± 0.56

8.38 ± 0.55

47-51

8.28 ± 0.59

8.26 ± 0.51

8.23 ± 0.54

8.14 ± 0.57

Total

8.38 ± 0.57

8.31 ± 0.48

8.30 ± 0.57

8.21 ± 0.56

F-value

0.881

1.319

0.729

1.783

p-value

0.510

0.251

0.627

0.104
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Table 5 illustrates mean ocular volume across the ages studied. Both eyeballs reduce in
volume as age increases. The largest volume of the right and left eyeball was 8.47cm 3 in both
sexes; however, the age of occurrence differs between the right and left eyeball. It was recorded
only in the 28-32years age group on the right; and bi-modal on the left, in the 28-32years and 4347years age groups. The smallest volume of the right eye was 8.25cm3, and this was recorded in
the 47-51years age group, while it was 8.16cm3 in the left eyeball and this was recorded in the
33-37years of age group. The differences between the values of the right and left ocular volumes
was only statistically significant in the 33-37years age group (p=0.000).
The above relationship is illustrated better with figure 1a and 1b. They demonstrated
gradual reduction in the eyeball size with age.
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Table 5: The mean ocular volumes of both eyeballs cross-tabulated with age grouping.

Ages (Years)

N

Right Ocular

Left Ocular

Volume

Volume

(cm3)

(cm3)

t-test

p-values

18-22

47

8.35 ± 0.64

8.25 ± 0.51

1.23

0.22

23-27

62

8.33 ± 0.55

8.27 ± 0.47

1.24

0.22

28-32

41

8.47 ± 0.56

8.35 ± 0.47

1.57

0.12

47

33-37

73

8.31 ± 0.62

8.16 ± 0.59

3.41

0.00

38-42

18

8.42 ± 0.48

8.47 ± 0.39

0.50

0.62

43-47

49

8.40 ± 0.52

8.35 ± 0.49

0.78

0.44

47-51

110

8.25 ± 0.48

8.19 ± 0.54

1.45

0.16

Total

400

8.34 ± 0.57

8.25 ± 0.53
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Male Ocular Volume Vs Age
8.7
8.6
8.5

Mean

8.4
8.3

8.2
8.1
8

Right ocular volume
Left ocular volume

1822yea
rs
8.42
8.21

2327yea
rs
8.28
8.28

2832yea
rs
8.58
8.6

3337yea
rs
8.48
8.31

3842yea
rs
8.43
8.4

4347yea
rs
8.39
8.32

Figure 1a: A Chart showing the values of the mean ocular volume of the right and left eyeballs as
it changes with age in male subjects.
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4751yea
rs
8.28
8.26

Female Ocular Volume Vs Age
8.5
8.45
8.4
8.35

Mean

8.3
8.25
8.2
8.15
8.1
8.05
8

1822years

2327years

2832years

3337years

3842yars

4347years

4751years

Right ocular volume

8.35

8.33

8.47

8.31

8.42

8.4

8.25

Left ocular volume

8.25

8.27

8.35

8.16

8.47

8.35

8.19
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Figure 1b: A Chart showing the values of the mean ocular volume of the right and left eyeballs
as it changes with age in female subjects.

Mean Ocular Diameter Measurement
The mean ocular diameter (MOD) of the right and left eyeballs of all the subjects is
demonstrated in Table 6. The right eyeball measures 2.48cm by 2.49cm by 2.60cm in
longitudinal by anteroposterior by transverse diameter respectively while the left eyeball
measures 2.48cm by 2.51cm by 2.56cm in longitudinal by anteroposterior by transverse diameter
respectively. The transverse ocular diameter is the longest diameter of the eyeball on both sides.
The differences between the transverse diameter and other two diameters of the eyeball in an
individual are statistically significant on both sides (p=0.000) [Table-7].
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The mean longitudinal diameter of the right and left eyeballs is equal. Both eyeballs
however differ in their anteroposterior and transverse diameters. The differences between the
right and left anteroposterior diameters, and right and left transverse diameters in the same
individual are statistically significant, p=0.000 [Table-6].

Table 6: Mean ocular diameters of the right and left eyeballs of all the subjects regardless of age
and gender.
DIAMETER

RIGHT EYEBALL

LEFT EYEBALL
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t-test

p-value

(CM ± SD)

(CM ± SD)

MLD

2.48cm ± 0.8

2.48cm ± 0.72

1.59

0.11

MAPD

2.49cm ± 0.8

2.51cm ± 0.79

-4.90

0.00

MTD

2.60cm ± 0.72

2.56cm ± 0.77

7.55

0.00
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Table 7: Student t-test of the differences between the transverse and longitudinal ocular
diameters, and between the transverse and anteroposterior ocular diameters of both eyeballs and
their significance.

OCULAR DIAMETERS

t-test

p-value

RTD Vs RLD

22.350

0.000

RTD Vs RAPD

26.787

0.000

LTD Vs LLD

17.660

0.000

LTD Vs LAPD

12.003

0.000
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Table 8 demonstrates the mean ocular diameters of the right and left eyeballs in the male
and female subjects. In males, the right eyeball measures 2.49cm by 2.49cm by 2.60cm in
longitudinal by anteroposterior by transverse diameter respectively while the left eyeball
measures 2.48cm by 2.51cm by 2.56cm in longitudinal by anteroposterior by transverse diameter
respectively. In the females, the right eyeball measures 2.48cm by 2.48cm by 2.60cm in
longitudinal by anteroposterior by transverse diameter respectively while the left eyeball
measures 2.47cm by 2.48cm by 2.56cm in longitudinal by anteroposterior by transverse diameter
respectively.
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The mean transverse ocular diameter is the longest diameter in both eyeballs and genders.
The longitudinal and anteroposterior ocular diameters of both eyeballs were longer in male eyes
than female eyes. The transverse ocular diameters of the individual eyeballs were equal in both
genders [Table 8].

Table 8: Mean ocular diameters for both eyeballs based on gender of the study population.
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SEX
RIGHT EYEBALL DIAMETERS (mm)

LEFT EYEBALL DIAMETERS (mm)

Longitudinal

Longitudinal

Anteroposteri

Transverse

or

Anteroposteri

Transverse

or

MALE

2.49 ± 0.08

2.49 ± 0.08

2.60 ± 0.07

2.48 ± 0.07

2.51 ± 0.08

2.56 ± 0.08

FEMALE

2.48 ± 0.08

2.48 ± 0.08

2.60 ± 0.07

2.47 ± 0.08

2.48 ± 0.08

2.56 ± 0.08

t-test

0.93

1.37

0.48

1.95

1.98

0.20

p-value

0.35

0.17

0.40

0.05

0.05

0.84
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Table 9 illustrates the mean ocular diameters for the right and left eyeball based on the
age groups . In the table, in addition to previous finding of transverse ocular diameter being the
longest diameter of both eyeballs; we observed that right transverse diameter is longer than the
left, and that both eye transverse diameters were longest at 38-42years age group. The
longitudinal and anteroposterior diameters of both eyes were longest in the 28-32years age
group. The differences between each of the three ocular diameters for a particular age group is
statistically insignificant (p>0.005).
The relationship is better illustrated with figure 2 which demonstrates changes in ocular
diameters of both eyeballs across all age groups graphically.
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Table 9: Mean ocular diameters for both eyeballs based on the age groups of the study
population.

AGES
(Years)

RIGHT EYE DIAMETERS (mm)

LEFT EYE DIAMETERS (mm)

Longitudinal

Anteroposterior

Transverse

Longitudinal

Anteroposterior

Transverse

18-22

2.49 ± 0.09

2.49 ± 0.08

2.61 ± 0.08

2.47 ± 0.09

2.50 ± 0.09

2.55 ± 0.06

23-27

2.48 ± 0.08

2.48 ± 0.07

2.59 ± 0.07

2.48 ± 0.08

2.50 ± 0.08

2.56 ± 0.07

28-32

2.50 ± 0.09

2.53 ± 0.09

2.61 ± 0.06

2.52 ± 0.06

2.54 ± 0.06

2.58 ± 0.06

33-37

2.50 ± 0.09

2.50 ± 0.08

2.61 ± 0.07

2.47 ± 0.07

2.51 ± 0.10

2.57 ± 0.08

38-42

2.47 ± 0.08

2.50 ± 0.08

2.62 ± 0.07

2.49 ± 0.06

2.52 ±0.10

2.58 ± 0.08

43-47

2.48 ± 0.08

2.50 ± 0.06

2.61 ±0.09

2.48 ± 0.07

2.51 ± 0.07

2.57 ± 0.08
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47-51

2.48 ± 0.07

2.47 ± 0.09

2.59 ± 0.07

2.48 ± 0.07

2.50 ± 0.08

2.56 ± 0.09

F-value

0.17

1.86

0.26

1.27

1.05

0.57

P-value

0.98

0.09

0.96

0.27

0.36

0.75
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Ocular Diameters Vs Age
2.65

2.6

2.5

Mean

2.55

2.45

2.4

2.35

18-22years

23-27years

28-32years

33-37years

38-42yars

43-47years

47-51years

RLD

2.49

2.48

2.5

2.5

2.47

2.48

2.48

RAPD

2.49

2.48

2.53

2.5

2.5
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Figure 2: Mean ocular diameter distribution in the entire study population regardless of gender.

Effects of Anthropometric values on Mean Ocular Volumes
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The effects of the anthropometric parameters on ocular volume are illustrated in Tables
10 and 11. Table 10 demonstrates the relationship between height and ocular volume. The
subjects were divided into groups A and B, with the median height [1.61m] set as the reference
point. Group A subjects were less or equal to 1.61m tall, while group B were above 1.61m tall.
The group B subjects had larger ocular volumes than group A [group B; 8.41cm3 right and
8.30cm3; group A; 8.26cm3 right, 8.21cm3 left). The result showed positive correlation between
height and ocular volume (p=0.004).
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Table 10: Effects of the Median Height of the subjects on Ocular Volume.

Ocular volume(cm3)

Height(M)

t- test

p-value

≤1.61

>1.61

(N=205, 51.3%)

(N=195, 48.7%)

Right

8.26±0.64

8.41±0.49

2.670

0.000

Left

8.21±0.62

8.30±0.41

1.799

0.001
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Table 11 demonstrates the effects of BMI on ocular volume. The subjects were divided
into three groups A, B and C using the WHO range of normal BMI, 18.5-24.99kg/m2
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as the

median corrected off value. Group A BMI is less than 18.5-24.9kg/m2 and were considered
under-weight. Group B subjects BMI is within the range 18.5-24.9kg/m2 (normal BMI) while
group C BMI is above 24.9kg/m2.
There was no underweight (BMI less than 18.5kg/m2) among our subjects. The mean
right and left eyeball volume in group B was 8.55cm3 ± 0.59SD and 8.24cm3 ± 0.54SD
respectively. The right and left ocular volume in group C was 8.37cm3 ± 0.54SD and 8.20cm3 ±
0.52SD respectively. The difference between the eyeball volumes of group B and C was
significant in both eyes (p<0.005). This showed that obese subjects have smaller ocular volume.
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Table 11: Effects of BMI of the subjects on Ocular Volume.

BMI(Kg/m2)

Ocular
volume(cm3)
Normal BMI

Overweight/Obese
2

(18.5-24.9Kg/m )

(BMI>24.9Kg/m2
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F

p-value

Right

8.55 ± 0.58

8.24 ± 0.54 SD

27.082

0.000

Left

8.37 ± 0.53

8.20 ± 0.52 SD

9.916

0.003
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We calculated the correlation between the ocular volume, and height, weight and body
mass index, with Pearson correlation Coefficient (Table 12). There was a positive correlation
between height and both ocular volumes, the correlation was however stronger on the right than
left [right C=0.152, P=0.002; left C=0.065, p=0.193], hence in this study, taller individuals have
larger eyeballs.
The weight correlated weakly and negatively with both ocular volume [right C=-0.106,
p=0.032; left C=-0.070, p=0.160]. Similarly, the BMI correlated weakly and negatively with the
both ocular volume [right C=-0.04, p=0.428; left C=-0.007, 0.893] (Table 12). Hence, in this
study, the heavier subjects have smaller eyes.
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Table 12: Pearson correlation of the anthropometric values with ocular volume of the study
population

Parameter

Ocular Volume

C

p-value

Height

Right ocular Volume

0.152

0.002

Left Ocular Volume

0.065

0.193

Right ocular Volume

-0.106

0.032

Left Ocular Volume

-0.070

0.160

Right ocular Volume

-0.040

0.428

Left Ocular Volume

-0.007

0.893

Weight

BMI
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CHAPTER FIVE
DISCUSSION
A total number of 400 subjects were recruited for the study; of this, 227 [56.75%] were
females. The age range of the subjects was 18 to 50years with mean age of 36.67years ± 10.84
and median age of 35.00years. The mean age for the males was 36.46years ± 11.32 and for
females was 36.93years ± 10.46. About 27.5% of the subjects were in the 47-51years age group,
followed by 18.2% in the 33-37years age group. The mean of the heights of the male and female
subjects in this study was the same, 1.61m. Females weighed slightly more than males (male:
65.27kg, female: 65.84kg).
In this study, the ocular volumes were sonographically measured using the three ocular
diameters: longitudinal diameter, anteroposterior diameter and transverse diameter. The mean
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ocular volume of all the subjects in this study was 8.34cm3 ± 0.57 and 8.25cm3 ± 0.53 on the
right and left side respectively, the difference between these two values was not statistically
significant [p>0.05]. The mean of the right and left ocular volume in males were 8.38cm3 ± 0.57
and 8.31cm3 ± 0.48 respectively, and in females were 8.30cm3 ± 0.57SD and 8.21cm3 ± 0.56SD
respectively. Males therefore have larger right and left ocular volumes than females; the
difference was not statistically significant [p>0.05].
The mean ocular volumes, 8.34cm3 on the right and 8.25cm3 on the left side (average
value of 8.29cm3), obtained in this study were smaller than sonographically measured ocular
volumes by Ogbeide and Omoti1 in their study in Benin-City, Nigeria (10.5cm3 on the right, and
10.39cm3 on the left). This may be because our study was conducted mainly on adult population
(age range 18-50years) whereas Ogbeide and Omoti1 included subjects at both extremes of age
(age range 3-92years).

The mean ocular volumes in this study, 8.34cm3 on the right and 8.25cm3 on the left side
(average value of 8.29cm3), were larger than CT determined mean ocular volumes by Igbinedion
et al2 in South-South Nigeria [right: 5.26 ± 17.81cm3 and left: 5.30 ± 17.71cm3 (average value of
5.28cm3)]; although usually CT estimated ocular volume is supposed to be larger. One of the
reasons for the lower ocular volume in Igbinedion and Ogbeide study may be because the
researchers included subjects at both extremes of life in their study; age range was 3-84years.
Also the study was a retrospective type, it is therefore possible that some of the eyes used for the
study may not be totally free of pathology.
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Similarly, the ocular volumes in our study [8.34cm3 on the right and 8.25cm3 on the left
side (average value of 8.29cm3)], were larger than those values obtained among caucassians by
Acer et al and draaf et al in their studies on CT imaging; their values were 5.018cm3 and
7.060cm3 respectively. The finding of larger ocular volume in our study compared to Caucasians
however contradicted earlier report by Fanny et al12 and Babalola et al50 who documented that
the eyeball dimensions for the West African black emmetropic eyes were consistently lower than
Caucasian values. The difference in the ocular volumes between the two races can be attributed
to racial and environmental factors.
Males have larger right and left ocular volumes than females in this study; although the
differences between the ocular volumes of both eyeballs in both genders were statistically
insignificant (p>0.05). This finding is in agreement with earlier observation made by Ogbeide et
al1, Igbinedion et al2, Chau et al24 and Ibinaiye et al40 who reported larger ocular volume in males
compared to females. The authors felt this is due to the larger male body habitus.

We observed that the right and left ocular volumes increased till the fourth decade of
life; 32years in the males and 42years in the female subjects before it starts to decline. The
increase in ocular volume can be explained by a concept which postulates continued growth of
the eyeball with age until the individual attains a maximum ocular growth usually at 20years of
age. The observation of increase in ocular volume with age had been reported earlier by Ogbeide
and Omoti1, and Igbinedion2 in Benin-City, and Ibinaiye et al40 in Zaria, Nigeria. Ogbeide and
71

Omoti1, and Ibinaiye40 noted extension of ocular volume growth to 40years as observed on the
left side in our study, but the ocular volume growth in Igbinedion2 study continued till 50years
before it started to reduce. We also observed a strong correlation between the age of the subjects
and the ocular volume.
There is asymmetric growth of the two eyeballs in this study, although the difference in
their sizes is statistically insignificant. The right ocular volume is slightly larger than the left by
0.09cm3. Similar to our observation, larger right ocular volume was previously reported by
Ogbeide et al1 in South-South Nigeria. Igbinedion et al2 however observed that left ocular
volume was larger than the right ocular volume. In these studies1٫2, the differences in the right
and left ocular volumes were also less than 1cm3 and this is not statistically significant. It is
possible that inter and intra-observer errors may be responsible for the slight differences.
Some authors1٫2٫10 had reported asymmetric growth of paired organ such as eyeball. The
difference (or percentage difference) in their growth rate, as shown by their sizes, however
shows statistical insignificance if it is less than 1%. Acer et al10 however reported that the
difference in the growth rate of the paired organ can only be statistically significant if the
percentage difference in their growth rate or sizes is above 3.6%.

Our study showed that ocular diameters differ in both genders as reported by some
authors1٫2٫10٫11. However, Augusteyn43 reported no gender differences in the ocular diameters.
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The eye continues to grow in all the three planes; longitudinal, anteroposterior and
transverse diameters with age. We observed in our study that longitudinal and anteroposterior
diameters of the right and left eye increase till 28-32years age group, while transverse ocular
diameter of both eyes increase till 38-42years age group regardless of gender. The extension of
eye growth in the transverse plane in older age may explain our observation of increased ocular
volume till 38-42years age group. A similar study conducted among adult Chinese in Singapore
by Wong et al13 showed that the anteroposterior diameter of the eyeball [axial length] increases
up to 50years of age before it starts to fall. Leighton et al44 however documented that
anteroposterior diameter [axial length] of the eyeball decreases with increase in age. The
discrepancy in these results of ocular diameter growth may be secondary to environmental and
genetic differences.
We observed that the mean transverse ocular diameter is the longest diameter of the
eyeball on both sides at any age as reported by other authors11٫12.
We also observed that the longitudinal and transverse diameters of the right eye of our
subjects were longer than those of the left eye in both genders. The right anteroposterior ocular
diameter was smaller than that of the left in the male, and was equal in the female. The longer
longitudinal and transverse diameters of the right eye than that of the left may be the reason why
right eyeballs were longer than the left eyeballs in both genders in our study. This may also
indicate that longitudinal and transverse diameters of the eye contribute more to ocular volume
measurement.
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The finding of right ocular diameter being longer than that of the left eye in our study
was documented by Ogbeide et al in Benin-city, Nigeria. This finding however disagrees with
report from a similar study done among caucassians. The reason for this difference may be due
to racial factor.
Height, Weight and Body Mass Index (BMI) of an individual are anthropometric factors that
may affect ocular volume of the individual. Their values are also affected by the gender of the
individual. In this study, male and female subjects have equal mean height of 1.61m. This shows
that gender has no relationship with the height of an individual. We observed that taller
individuals have larger ocular volumes (Ht >1.61m: ROV=8.41cm3, LOV=8.30cm3; Ht ≤ 1.61m:
ROV=8.26cm3, LOV=8.21cm3). This shows a strong correlation between ocular volume and
height; and emphasizes the important contribution of masculine hormone [testosterone] to ocular
growth. Similarly, Wong et al12 in Singapore and Eysteinsson et al15 in Iceland observed that
body height correlated to the size of the eye in adults and concluded that taller persons were
more likely to have longer eyeballs, deeper anterior eye chambers, thinner lenses and flatter
cornea. They concluded that adult height is independently related to ocular dimension.
BMI independently relates to the degree of obesity. In this study, female mean weight is
slightly more than males and they have larger BMI than males. We also observed that obese
subjects have smaller ocular volumes (BMI >24.9Kg/m2: 8.37cm3 right, 8.20cm3 left; BMI
<24.9Kg/m2: 8.55cm3 right, 8.24cm3 left). This shows a negative correlation between ocular
volume and body weight and BMI. This shows that oestrogen has little effect on longitudinal
body growth. Selovic et al14 in his study on Croatian school children reported a closer correlation
of ocular size to height and body weight.
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CONCLUSION
In this study, we have documented normal mean values of ocular diameters and volumes in adult
Nigerian. The normal right ocular volume in an adult should range between 6.46 cm3 and
9.17cm3 while the left ocular volume should range between 5.55cm3 and 9.10cm3. There is
however variation with age and sex; and deviation from these mean values in the appropriate
clinical setting should raise the suspicion of ocular pathologies. Consequently, the reference
range obtained from ultrasound measured ocular volume in this study can be used in our
environment.

75

RECOMMENDATIONS
Ocular volume is an important tool in the diagnosis and management of some ocular
conditions, and its values are affected by age and ethnicity. A multi-centre study involving all the
age groups and the six geopolitical zones in Nigeria is recommended in order to generate more
generally acceptable reference values among Nigerians.
The significant correlation of the body height, body weight and body mass index with
ocular volume in this study may support the inclusion of these anthropometric parameters in the
list of diagnostic variables and risk factors of some ocular diseases. This may be an area for
further research.
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APPENDIX I

STUDY DATA SHEET
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1. Serial number ------------------------------------------------2. Ultrasound number ------------------------------------------3. Age -------------------------------------------------------------4. Sex ------------------------------------------------------------5. Body weight (Kg)-------------------------------------------6. Body height (m)

----------------------------------------

7. Body mass index (BMI) (Kg/m2) ------------------------8. Clinical information -----------------------------------------

 History of inflammatory changes in the eyes
 History of refractive errors
 History of systemic illness (hypertension, Diabetes Mellitus, Toxic Goitre).
 History of previous ophthalmic surgery
 Contact lens or prosthesis – Yes or No

9. Ultrasound findings
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 Microphthalmos

YES []

NO []

 Macrophthamos

YES []

NO []

 Hyphaemia

YES []

NO []

 Vitreous haemorrhage

YES []

NO []

 Retinal detachment

YES []

NO []

 Foreign body

YES []

NO []

10. Measured ocular biometry



Right eye

 Axial length (Anteroposterior) [cm]
 Longitudinal (Vertical) diameter [cm]

 Transverse diameter[cm]

 Volume (LXAPXT) X 0.52 cm3
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Left eye

APPENDIX II

CONSENT FORM
WHAT IS THE STUDY ABOUT: The study is about the use of ultrasound to determine
eyeball volume among adults at the Ladoke Akintola University Teaching Hospital, Osogbo,
Osun-State, Nigeria which may serve as reference values among Nigerian adults.
WHAT IS EXPECTED OF YOU IF YOU AGREE TO PARTICIPATE: You will be
subjected to carrying out visual acuity test during which recommendations will be made if a
refractive error is noted. Then, your weight and height will be measured. If your visual acuity is
normal, then your eyes will be scanned using ultrasound and the measurements of your eyeball
will be taken.
CONFIDENTIALITY: All information gathered from you is strictly for research purpose to the
benefit of mankind. In addition, it shall remain confidential. On no account will your identity or
any information that will identify you appear in any of the document therefore and in the event
of publication.
PRIVACY: Your privacy will be guaranteed during the procedure.
VOLUNTARINESS: The agreement to participate in this study is voluntary and your decision
will not affect your care.
WITHDRAWAL: You are allowed to withdraw your decision at any stage of the study without
it affecting the quality and care you are entitled to.
BENEFIT OF PARTICIPATION: It will give you the benefit to know your visual acuity,
bodyweight, height, ocular volume or any other asymptomatic ocular pathology.
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RISK: The study will be carried out using ultrasound scanner which is generally safe and
unlikely to be hazardous to you; however about 30-minutes of your time will be required for the
examination.

I........................................................................................................................... hereby consent to
participate in the study titled SONOGRAPHIC DETERMINATION OF OCULAR VOLUME
AMONG ADULTS AT THE LADOKE AKINTOLA UNIVERSITY TEACHING HOSPITAL,
OSOGBO, OSUN-STATE, NIGERIA. I am aware of the nature of the study and its anticipated
benefit to humanity.
I give my consent voluntarily without any inducement or in anticipation of any financial benefit
or favour.

Signature of the participant

....................................

Signature of the witness

………………………

Date

…………………………...

88

