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Abstract
Background and Aim: Ocular biometry has been used to evaluate ocular parameters; however, several factors need to be 
considered. In humans, age and sex have been shown to affect ocular biometry. The main factor that affects feline ocular 
biometry is the head circumference. At present, several reports have revealed that canine ocular biometry differs among dog 
breeds.  However, there are no reports on normal ocular biometry in cats using computed tomography (CT). Therefore, this 
study aimed to explore feline ocular parameters between brachycephalic (B) and non-brachycephalic (NB) cats using CT 
and to evaluate the influence of age or sex of cats on ocular biometry.

Materials and Methods: Twenty-four normal cats were divided into two groups: B (n=12) and NB (n=12). Each group had 
an equal number of designated males and females. CT was performed under mechanical restraint without general anesthesia 
and intravenous contrast enhancement. Ocular biometry, dimensions of the internal structure, including attenuation numbers 
and extra-ocular structures, were evaluated and compared.

Results: B-cats had a significantly wider globe width (GW) than NB-cats (p<0.05). In addition, globe length (GL) and GW 
were significantly correlated with the age of the cats. Significant correlation between GL and age was observed in all cats 
(r=0.4867; p<0.05), NB-cats (r=0.8692; p<0.05), and B-cats (r=0.4367; p<0.05), whereas the correlation between GW and 
age was observed in B-cats only (r=0.7251; p<0.05). For extra-ocular structures, NB-cats had significantly greater orbital 
depth than B-cats (p<0.05), and orbital diameter was significantly correlated with age in all cats and B-cats (p<0.05).

Conclusion: CT can be used for ocular biometric evaluation in cats with different skull types. GW was wider in B-cats, 
whereas the orbital depth was greater in NB-cats. Moreover, GW, GL, and orbital diameter were affected by the age of the 
cats. This information will be useful for further ocular diagnosis and treatment, especially in prosthetic surgical procedures.
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Introduction

The eye is a vital sensory organ necessary for ani-
mals to have a good quality of life because it enables 
vision. The eye includes a spherical soft tissue structure, 
called the globe, and adjacent soft-tissue structures. In 
addition, the orbit, an incomplete bony fossa in carni-
vores, is an area embedded with ocular anatomical struc-
tures. Ocular diseases in dogs and cats can be divided 
into several types according to the affected anatomi-
cal areas. Most dogs and cats are affected by corneal 
disease [1,2]. However, ocular and periocular abnormal-
ities that cause structural changes have been frequently 
reported. In cats, several diseases cause blindness, one 
of which is retrobulbar neoplasia, which was reported 

to account for 4% of neoplasm in dogs and cats [3]. 
According to the location, the detection of retrobulbar 
abnormalities might be difficult. Most owners and vet-
erinarians frequently neglect or misdiagnose them. To 
evaluate the eye objectively, several imaging modalities 
have been applied: Ultrasonography (US) [4], computed 
tomography (CT) [5], and magnetic resonance imaging 
(MRI) [6]. The US is a radiation-free imaging modality 
that entails a lower cost than CT and MRI. However, 
assessment of an adjacent structural alteration induced 
ocular displacement on US is difficult, as observed for 
diseases of the orbit or retrobulbar masses. Recently, 
CT has become a novel diagnostic method in veteri-
nary medicine, increasingly being applied worldwide, 
especially in Thailand. CT can reveal multidirectional 
images of anatomical structures for ocular biometry. 
Moreover, CT is superior to US and MRI, as it reveals 
bony changes around the ocular area as well.

Although there is abundant information on 
mammalian eyes, various factors need to be con-
sidered before diagnosis. Age and sex can affect the 
human ocular dimensions [7]. In addition, in dogs, 
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body weight should be considered as a factor for 
determining ocular dimensions [8]. In contrast to 
dogs, the main factor that affects feline ocular biom-
etry ultrasonographically is head circumference [9]. 
At present, CT is one of the most sensitive diagnostic 
imaging modalities. CT provides useful morphologi-
cal and topographic data and is presently pronounced 
as a diagnostic imaging modality of choice for the 
head and neck areas. CT provides volumetric data of 
the eye, including the periocular and retrobulbar areas 
of the patient. However, several anatomical variations 
must be considered before the final diagnosis. 

Therefore, this study was aimed to preliminarily 
investigate the normal variation in ocular biometry on 
CT between non-brachycephalic (NB) and brachyce-
phalic (B) cats.
Materials and Methods
Ethical approval and informed consent

This cross-sectional study was approved by 
the Institutional Animal Care and Use Committee of 
Chulalongkorn University (CU-IACUC; 1831094).
Written consents were obtained from all cat owners. All 
cats in the current study were attended within the same 
day and were allowed to return home after the study.
Study location and period 

This study was designed as the prospective 
study performed on cats presenting to the Small 
Animal Hospital, Faculty of Veterinary Science, 
Chulalongkorn University from January to June 2019.
Animals and experimental design
Animals

Cats were divided into two groups, B cats and 
NB, comprising 12 in each group according to skull 
type, categorized by the criteria of the Cat Fanciers’ 
Association. An equal number of male (n=6) and 
female (n=6) cats were assigned to each group. 
Information such as the skull type, age, and sex of 
each cat was obtained and recorded. Cats that showed 
any signs of ophthalmic or orbital diseases, includ-
ing abnormalities related to the adjacent orbital area, 
were excluded from the study. Before the CT scan, 
all selected cats were ensured to be healthy through 
physical examination, neurological examination, and 
basic ophthalmic examinations, including intraocular 
pressure (IOP) and fluorescein staining test.

CT procedure
In this study, for the CT procedure, cats were 

non-sedated and mechanically restrained using a car-
ing box supported by rolled towels. The rolled towels 
helped minimize movement and provided a suitable 
and comfortable position for all cats. The number of 
rolled towels inserted into the box varied depending 
on the size of the individual cat.

Each cat was positioned in sternal recumbency 
with the direction of the head pointing to the CT gan-
try, while the skull was perpendicular to the isocenter 

of the CT scan planes. Non-contrast-enhanced CT 
images were acquired using a 64-slice helical CT 
unit (Optima CT660®, GE, Japan). The technical 
settings were 120 kVp and the automated mA. The 
effective slice thickness was 0.625 mm, the colli-
mator pitch 0.935 mm, and the matrix size 512×512 
(isotropic voxels). CT images served as Imaging and 
Communications in Medicine (DICOM) files and were 
processed by the image viewer using Osirix® software 
(Osirix®, Geneva, Switzerland) on a non-CT unit work 
station with a monitor matrix size of 2560×1440. 
Images were analyzed by soft-tissue window using 
350 Hounsfield units (HU) of the window width and 
40 HU of the window level.
Analytical procedure
Ocular biometric values

To measure the actual dimensions of the eye, 
multiplanar reconstruction was applied to obtain the 
proper axes of the globe in each direction. All param-
eters were then measured using an in-built digital cal-
iper. All ocular dimensions were recorded as follows: 
(1) Globe length (GL) measured on horizontal and 
sagittal planes from the maximal distance of the cor-
neal epithelium to the fundus, (2) globe width (GW) 
measured on horizontal and equatorial planes from the 
maximal distance of the medial to the lateral aspect 
of the globe fundus, (3) globe height (GH) measured 
on sagittal and equatorial planes from the maximal 
distance of the retina-choroid-sclera complex to the 
retina-choroid-sclera complex, (4) anterior chamber 
depth (ACD) measured on the sagittal and horizon-
tal planes from the maximal distance of the corneal 
endothelium to the anterior lens capsule, (5) lens 
thickness (LT) measured on the sagittal and horizontal 
planes from the maximal distance of the axial point 
of the anterior to the posterior lens capsule, (6) vitre-
ous chamber depth (VCD) measured on the sagittal 
and horizontal planes from the maximal distance of 
the axial point of the posterior lens capsule to the fun-
dus and on the sagittal oblique plane that showed the 
deepest retrobulbar region, (7) orbital depth measured 
from the maximal distance of the most anterior of the 
orbit and the posterior of orbit, (8) orbital diameter 
measured from the maximal distance of the medial 
orbital rim to the lateral orbital rim, and (9) retrobul-
bar depth (RD) measured from the maximal distance 
of the most posterior of the eye ball and the deepest of 
the retrobulbar region (Figure-1).

Intraocular CT attenuation numbers
The CT attenuation numbers were measured by 

drawing a region of interest (ROI) over the center of 
the anterior chamber, lens, and vitreous chamber with 
an area of 0.02 cm2 and reported as attenuation num-
bers (HU).
Statistical analysis

All data in this study were expressed as descriptive 
data. The GL, GW, GH, ACD, LT, and VCD measured 
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from two planes in each animal were averaged. Each 
ocular biometric value, such as GL, GW, GH, ACD, LT, 
and VCD, in all and each group of healthy cats were 
presented as means with standard deviation (including 
the minimal and maximal values). The differences in 
parameters between the groups were tested using an 
unpaired t-test. Relationships and associations between 
age and sex were assessed using linear regression anal-
ysis and Pearson’s coefficient test, respectively. All sta-
tistical analyses were considered significant if p<0.05.
Results
Clinical demographic data

The NB group included 12 domestic shorthair 
breed cats, whereas the B-cats included American 
shorthair (n=4), Persian (n=3), Scottish Fold and mix 
breed (n=2 each breed), and British shorthair (n=1) 
cats. All the female cats were neutered. Among the 
male cats, there were two intact cats and ten castrated 
cats. The gonadal status of the cats in each group, 
including age and body weight, is shown in Table-1.

Computed tomographic information of the eye 
Globe size

All measurements of globe size are presented 
in Table-2. No statistically significant difference was 
found for GL and GH between the left and right eyes, 
plane orientations, and skull types (Figure-2a and b). 
Although a significant difference was not found for 
GW between the left and right eyes and plane orien-
tations, the skull type had an effect on GW. The GW 
of B-cats was significantly wider than that of NB-cats 
(p<0.05; Figure-2c).

Table-1: Clinical demographic information of 
non-brachycephalic and brachycephalic cats. 

Clinical features Value

No. of patients 24
Brachycephalic 12
Non-brachycephalic 12

Age (months)
All cats
Median 36.00
Mean±SD 39.54±12.44
Range (20.00-60.00)

Non-brachycephalic
Median 42.00
Mean±SD 40.00±14.00
Range (20.00-60.00)

Brachycephalic
Median 36.00
Mean±SD 35.00±9.11
Range (24.00-48.00)

Gender
All cats

Female
Intact 2 
Spayed 10

Male
Intact 0 
Castrated 12

Non-brachycephalic
Female

Intact 1 
Spayed 5

Male
Intact 0 
Castrated 6

Brachycephalic
Female

Intact 1 
Spayed 5

Male
Intact 0 
Castrated 6

A significant correlation was found between GL 
and age of all cats (r=0.4867), (p<0.05) (Figure-3a), 
NB-cats (r=0.8692), (p<0.05) (Figure-3b), and B-cats 
(r=0.4367) (p<0.05) (Figure-3c). In addition, a signif-
icant correlation was found between GW and age in 
B-cats (r=0.7251) (p<0.05) (Figure-3d), but it was not 
detected in other groups. 

Internal structures of eye
All measurements of the internal structural 

parameters, including attenuation numbers (HU) of 
each structure, are reported in Table-2. The ACD, 
LT, and VCD did not show statistically significant 
difference between the left and right eyes, plane 
orientations, and skull types, including the attenua-
tion number. In addition, considering the age of the 
cats, no statistically significant correlation was found 
in any group.

External structures of eyes
All measurements of the orbital depth, orbital 

diameter, and RD are reported in Table-2. No statis-
tically significant differences were found for orbital 

Figure-1: Multiplanar reconstructed-computed 
tomographic images on each plane; dorsal plane (a), 
sagittal plane (b), axial plane (c), sagittal oblique to reveal 
the most depth of retrobulbar region (d) for measurement 
globe length (a and b), globe width (a and c), globe height 
(b and c), anterior chamber depth (a and b), lens thickness 
(a and b), vitreous chamber depth (a and b), orbital depth 
(d), orbital diameter (d), and retrobulbar depth (d).

b

dc

a
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depth, orbital diameter, and RD between the left and 
right eyes. However, a significant difference was 
found in the orbital depth between B- and NB-cats 
(p<0.05) (Figure-2d). NB-cats had a significantly 
deeper orbit than B-cats. Considering the age of the 
cats, a significant correlation was found for orbital 
diameter in all cats (r=0.4994), (p<0.05) (Figure-3e), 
and B-cats (r=0.5217) (p<0.05) (Figure-3f). The older 

cats in all cats and B-cats group had a significantly 
larger orbital diameter than younger cats.
Discussion

Ocular biometry is useful for ocular diagnosis, 
especially for congenital anomalies such as macro-
phthalmia, microphthalmia, and anophthalmia. To 
perform surgical correction in these cases or other 

Table-2: Ocular biometric data and Hounsfield unit (mean±SD; cm and HU) of globe size, internal structures, and 
external structures between right (ocular dextrus: OD) and left (ocular sinister: OS) eyes in non-brachycephalic and 
brachycephalic cats.

All cats Non-brachycephalic Brachycephalic

OD OS OD OS OD OS

Globe size
GL 2.03±0.04 2.03±0.05 2.02±0.03 2.02±0.04 2.04±0.05 2.02±0.04
GW 2.00±0.08 1.98±0.07 1.97±0.07 1.98±0.06  2.02±0.04*  1.99±0.08*
GH 2.02±0.05 2.02±0.05 2.04±0.08 2.01±0.06 2.02±0.05 2.02±0.05

Internal structures
ACD 0.37±0.03 0.37±0.04 0.36±0.03 0.36±0.04 0.37±0.04 0.37±0.04

ACD (HU) 12.48±3.72 11.87±3.23 12.55±4.24 12.19±3.37 12.40±3.30 12.40±3.30
LT 0.85±0.03 0.85±0.03 0.85±0.03 0.85±0.03 0.87±0.02 0.87±0.04

LT (HU) 154.9±7.54 152.4±11.31 154.7±7.85 152.2±12.67 155.01±7.56 152.5±10.48
VCD 0.76±0.04 0.74±0.04 0.76±0.04 0.75±0.03 0.76±0.04 0.74±0.04

VCD (HU) 15.40±4.11 14.92±3.52 15.44±4.01 15.04±3.41 15.36±4.93 14.51±3.76
External structures

Orbital depth 3.09±0.23 3.12±0.25 3.18±0.20 3.21±0.19 3.01±0.24*  3.03±0.26*
Orbital diameter 2.68±0.16 2.65±0.17 2.65±0.17 2.63±0.17 2.70±0.15 2.68±0.18
RD 1.77±0.19 1.78±0.19 1.78±0.15 1.84±0.22 1.63±0.10 1.58±0.12

Statistically difference of averaged eye parameters between non-brachycephalic and brachycephalic cat groups was made 
using Unpaired t-test, *p<0.05. GL=Globe length, GW=Globe width, GH=Globe height, ACD=Anterior chamber depth, 
LT=Lens thickness, VCD=Vitreous chamber depth, RD=Retrobulbar depth, HU=Hounsfield unit, OS=Oculus sinister, 
OD=Oculus dextrus

Figure-2: Globe size in each dimension; globe length (a), globe height (b), globe width (c) and orbital depth (d) between 
non-brachycephalic (NB) and brachycephalic (B) cats. Globe width of the B cats was significantly wider than that of the NB 
cats and orbital depth of the NB cats was significantly deeper than that of the B cats.
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acquired abnormalities, cosmetic prosthetic eyes are 
sometimes necessary. In addition, cosmetic prosthe-
sis replacement is important to prevent the collapse 
of orbital bony structures, which leads to facial defor-
mity [10]. In humans, complaints due to discomfort 
concurrent with poor fit-prosthetic eyes have been 
reported [11]. Other clinical signs that could be found 
concurrently with oversized ocular prosthesis are 
mucoid discharge, swollen lids, hyperemic palpebral 
conjunctiva, entropion on the upper and lower lid with 
madarosis at the nasal portion of the lower eyelid [11], 
and rare conjunctival squamous cell carcinoma [12]. 
In addition, further complications such as loose pros-
thesis could be the cause of giant papillary conjuncti-
vitis, blepharoconjunctivitis sicca [13], and granuloma 
formation in the eye [14]. To achieve an accurate pros-
thesis size for each individual patient, proper diagnos-
tic images to elucidate the precise globe dimension are 
important.

US is a non-invasive technique. It is a radia-
tion-free, safe, and quick technique that normally 
does not require sedation or anesthesia. Although 

US imaging is useful for detecting delicate ophthal-
mic lesions, such as cataract, retinal detachment, and 
asteroid hyalosis [15], a high-frequency transducer 
is required. Moreover, US cannot provide definitive 
information regarding bone invasion [15]. In addition 
to US, MRI is an excellent imaging modality for the 
eyes because it provides an excellent contrast image 
for soft tissues. Similar to US, MRI cannot elucidate 
information regarding bone alteration, including the 
orbital area, because of the lower number of hydro-
gen atoms in the bone for image production [15]. 
Furthermore, in animals, the MRI procedure requires 
a longer anesthetic duration, which could increase the 
anesthetic risk. In the last decade, CT has been consid-
ered the imaging technique of choice for the head and 
neck [15]. Because of the shorter acquisition time and 
volumetric image, CT has been applied to detect skull 
deformity, head trauma, and delineation of the tumor 
border in the head and neck region worldwide [15]. To 
evaluate the eye and adjacent structures on CT images, 
various factors such as skull type, age, sex, and body 
weight, which can affect normal eye parameters, 

Figure-3: The correlations between ocular structures and age; globe length and age in all cats (a), globe length and age 
in non-brachycephalic cats (b), globe length and age in brachycephalic cats (c), globe width and age in brachycephalic cats 
(d), orbital diameter and age in all cats (e), and orbital diameter and age in brachycephalic cats (f).
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should be considered [5,8]. However, the effects of 
these factors on CT images have never been reported 
in domestic cats. Therefore, this is the first report 
that utilized CT to compare normal ocular and orbital 
structures in the B and NB groups of cats.

In this study, all cats were mechanically 
restrained without sedation or general anesthesia. 
The advantages of this technique include reduced 
cost, client preference, and elimination of the risk 
of anesthesia, especially in B cats. Moreover, this 
technique may eliminate the effect of altered IOP on 
the eye parameters. The possibility of tranquilizers 
or anesthetic drugs affecting IOP has been reported. 
Dexmedetomidine, diazepam, and etomidate were 
reported to significantly reduce IOP [16,17], whereas 
ketamine could increase IOP [17]. Despite the fact that 
IOP and axial GL could fluctuate, the alteration of IOP 
did not affect GL during daytime in normal human 
eyes [18]. Although tranquilizers and anesthetic drugs 
can affect IOP directly through the action on the cen-
tral diencephalic control center through facilitation 
or inhibition of aqueous production and drainage 
and through relaxation or contraction of extraocular 
and orbicularis oculi muscles, information on ocular 
biometry, including the size of adjacent eye structures 
on CT images, both before and after induction with 
these regimens, has never been reported. Therefore, 
further prospective studies comparing the eye param-
eters before and after chemical restraint are required.

The ocular biometry of all cats, B-cats, and 
NB-cats showed a significantly positive correlation 
between GL and age. In this study, GL increased 
concurrently with increasing age until the cat was 
48 months old, before gradually decreasing GL dimen-
sion. This phenomenon is similar to that reported in 
humans [7]. Eye volume has been reported to have a 
significantly positive correlation with age until the age 
of 50 years before the gradual reduction of volume in 
some patients [7]. This reduction in the volume of the 
eye may be caused by the transformation of vitreous 
humor to a more fluid-like substance, with a subse-
quent decrease in IOP in senile patients. Therefore, the 
axial and sagittal lengths of the globe can be used to 
predict age in feline patients. However, for this, data 
accumulated from a large feline population is required.

In contrast to human reports [19], longer GL than 
GW was found in every group. This evidence might 
be caused by an interspecies difference in the skull of 
Homo sapiens and Felis catus. With regard to skull 
type, B-cats had a positive correlation between GW 
and age and had longer GW compared with NB-cats. 
However, ocular biometry observed by US revealed 
that sex, age, and body weight did not affect eye 
dimensions [20]. This discrepancy between studies 
may be due to different imaging modalities. CT can 
provide precise information using volumetric compu-
tational images.

In addition to the size of the globe, this study 
also provided information regarding the attenuation 

number of the anterior chamber, lens, and vitreous 
body of cats. The attenuation number did not differ for 
any factor. Therefore, the results of this study can be 
used as a reference value for prospective clinical diag-
nosis, for example, for cataract [21]. The 95% CIs of 
the pre-contrast, enhanced attenuation number of the 
anterior chamber, lens, and vitreous body were 10.90-
14.05, 151.70-158.10, and 13.66-17.14 HU, respec-
tively. These attenuation numbers revealed the same 
trends as those reported for canines [5]. Nevertheless, 
these results were obtained using a non-anesthetic and 
non-contrast-enhanced procedure. Therefore, the dif-
ferent attenuation numbers of intra-structural parame-
ters due to the effects of anesthetic drugs and contrast 
agents should be considered. Prospective studies com-
paring the attenuation numbers both before and after 
sedation and/or general anesthesia, including contrast 
administration, should be conducted.

This study was also the first to provide orbital 
and retrobulbar information, including RD, in nor-
mal felines. Most external structures, both orbit and 
retrobulbar, appeared to correlate with body weight 
but not with age. This is different from a report on 
humans, which stated that orbital depth was positively 
correlated with age [22]. This discrepancy might have 
been caused by the age of the population, as the pres-
ent study included only mature cats. The results from 
this study suggest that the greater the body weight of 
cats, the bigger the size of the skull, the longer the 
orbital depth, and RD. Information regarding orbital 
and retrobulbar sizes can be prospectively used as a 
preoperative prediction, especially in cats affected by 
vision-interfering retrobulbar mass. However, further 
studies with a large number of cats and varying dis-
eases and different sizes of retrobulbar masses that 
may affect vision should be conducted.

This study had few limitations. A limited number 
of normal felines were included in this study because 
of the ethical regulation regarding use of animals for 
scientific work. A study with a large number of cats, 
including various breeds, and a comparison of ocu-
lar abnormalities, such as glaucoma, cataract, or other 
disease-induced size alterations, could have provided 
more information. Since this study was designed as 
a non-anesthetic examination, motion artifacts from 
animal movement were also counted as a limitation, 
and the results of this study could be applied only in 
animals without sedation or general anesthesia.
Conclusion

The data regarding the globe, orbital, and retrob-
ulbar areas in cats differed according to the skull type 
and age. The GW and orbital depth were affected by 
different skull types. GW was significantly wider in B 
cats, whereas the orbital depth was significantly greater 
in NB cats. In addition, GL, GW, and orbital diameter 
were affected by age showing a positive correlation. 
This information can be applied for ocular diagnosis 
and treatment, especially prosthetic surgical procedures.
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