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SUMMARY

This study was aimed at conducting ophthalmic sonographic examination of Nigerian indigenous
dogs to provide baseline information on some major ocular parameters. Healthy eyes of eighty
(80) indigenous dogs were used for the study. The dogs were adequately restrained physically
and the structure of the ocular globe was evaluated at a depth of 4-6 cm. For each dog, baseline
data were obtained for D1= corneal thickness, D2= anterior chamber depth, D3= lens thickness,
D4= vitreous chamber depth, and D5= the sagital axial length of the eye. Similarly, the baseline
data were obtained for Al= anterior chamber area, A2= lens area, A3= vitreous chamber area
and A4= globe area. Result revealed that the baseline ocular parameters of the Indigenous
Nigerian dogs’ (in puppy, adult and older dogs respectively) were D1: 1.2 £ 0.2 mm, 1.4 = 0.2
mm, 1.8 £ 0.2 mm; D3: 12.6 £ 0.6 mm, 13.6 £ 0.8 mm, 15.1 + 0.9 mm and D5: 39.1 + 1.4 mm,
42.5 + 1.5 mm, 43.2 + 2.1 mm. similarly, area biometry were obtained for Al; 30.8 +3.0 mm?,
34.5 + 3.6 mm® and 32.0 + 4.6 mm® and A2: 213.7 + 21.1 mm?, 250.3 + 23.6 mm?, 264.8 + 21.0
mm?Z. Analysis of variance (ANOVA) with turkey’s multiple comparison post-hoc test was used
to compare the level of significance among the test groups. Values of P < 0.05 were considered
significant at 95 % confidence. As such, it was deduced that these baseline ocular parameter
values varied in two patterns: corneal thickness (D1), lens thickness and area (D3 and A2) and
axial length and area (D5 and A4) increased with age from puppy to the adult and the older dogs
in both sexes. However, the anterior chamber depth and area (D2 and A1) and vitreous depth and
area (D4 and A3) increased initially with age from puppy to the adult dogs and then decreased
slightly in the older dogs. The three (3) major ocular segments- anterior chamber, lens capsule
and vitreous chamber was demonstrated in this study to represent approximately 2%, 17% and
76% respectively of the entire ocular globe area. The ciliary body and muscles, suspensory
ligament and posterior chamber makes up the remainder 5%. This study has presented the
baseline sonographic values of some major parameters of Indiginous Nigerian dogs in Zaria, and
the values will be useful in the disgnosis ocular conditions that these may present.
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INTRODUCTION

Vision is an integral part of every sighted
animal’s life (Anon , 1997). The organ of
vision is the eye, and sight is a sense that is
precious to humans as well as many animals,
and hence, scientists have studied it more
than any other sense. A dog's visual
capabilities directly affect its ability to
engage in high performance, visually
orientated activities, such as guiding the
blind, police work, obedience training,
racing, and hunting (Miller and Murphy,
1995). The format and size of the canine
skull vary according to the breed and
individual conformation (Beserra et al.,
2009).

Different breeds of dogs have different eye
shapes and dimensions, and also have
different retina configurations (Anon, 1998).
Anatomically, the eye is composed mainly
of two segments - anterior and posterior eye
segments (Shaw, 2011). Three portions
make up the anterior eye segment. First is
the anterior chamber which is bounded by
cornea anteriorly and iris and anterior lens
surface posteriorly and filled with aqueous
humor. Second is the posterior chamber
which is bounded anteriorly by iris,
posteriorly by lens capsule and anterior
vitreous face; filled with aqueous humor;
and the third chamber is the vitreous, it is
attached at the pars plana, posterior lens
capsule and inner limiting membrane of
retina; almost  completely  acellular.
Separating the anterior and posterior
chambers is the iris and ciliary body,
whereas separating the posterior chambers
and the vitreous chamber is the lens. The
Posterior segment of the eye is composed of
retina and choroid (Miller and Evans, 2013).
The Uvea is composed of iris, ciliary body
(anterior uvea) and choroid (posterior uvea).
The Fundus is a part of the retina and all
associated structures that are visible with the
ophthalmoscope (Shaw, 2011).
Ultrasonography is useful for
ophthalmologic examination of animals
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because it is readily available, cost-effective,
safe, and noninvasive and can typically be
performed without sedation (Mettenleiter,
1995; Dietrich, 2007). The emergence of
ultrasonography as a diagnostic tool has
steadily increased ever since it was first used
in the field of ophthalmology by Mundt and
Hughes in 1956. Oksala and Lehtinen
reported in 1958 the sound velocities in the
various components of the eye. Baum and
Greenwood came up with two dimensional
immersion scan in 1958, which was
subsequently improved upon by Purnell
(1969), Coleman et al (1977) and Ossoinig
(1979). Contact B-scan was introduced by
Bronson and Fisher (1976), and it being
portable, became part of everyday use in
ophthalmology. There have been constant
improvements in both, the standardized A-
scan (Time amplitude scan) and B-scan
(Brightness mode, two dimensional scan).

The diagnostic  value of B-mode
ultrasonography is high for animals with
opacities of corneas, aqueous humor, lenses,
or vitreous humor or pronounced eyelid
swelling because direct observation of
intraocular structures is not possible for such
eyes and assessment of intraocular structures
is important for determination of diagnoses
and prognoses and for planning of
treatments (Penninck et al., 2001; Ramirez
and Tucker, 2004). Even for animals for
which direct observation of intraocular
structures is possible, ultrasonography may
be helpful for tumor identification,
performance  of  measurements, and
comparison of findings to those for the
contralateral eye (Gonzalez et al., 2001;
Wollanke and Gerhards, 2011). Structures
that cannot be observed by use of routine
ophthalmologic examination techniques,
such as ciliary bodies or retrobulbar spaces,
can be evaluated via ultrasonography
(Hoffmann et al., 2004). Of the two display
modes used during ocular ultrasonography
of animals, brightness mode (B-mode) is
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used more commonly than amplitude mode
(A-mode) (Ramirez and Tucker, 2004). A-
mode was recognized as more accurate than
B-mode in detecting small lesions of the
eye. (Ekesten 1994; Nyland and Mattoon,
1995).

The primary aim of this study is to provide
baseline data on B-mode ultrasonographic
examination of the normal eyes of
Indigenous Nigerian dogs of various ages
which may encourage veterinary
practitioners in Nigeria to include ocular
ultrasound as an integral part of
ophthalmologic examination.

MATERIALS AND METHODS
Equipments

A Medison S600 ultrasound machine
equiped with a 7.5MHz curvilinear probe
along with a Sony videographic thermal
printer was used. Other equipment used
included a Riester-ri-scope ophthalmoscope
(Otoscope-Ophthalmoscope, Type-C),
Tonometer (icare tonometer ONE®, TA02
model), clinical lab coat, disinfectants and
mouth gag. Consumables used in the study
included, thermal printing paper, aquasonic
gel, tissue paper, 10 ml syringes (with
21guage needles), cotton wool, disposable
gloves and mouth muzzle for dogs.

Source of Study Animals

A total of eighty dogs, 46 males and 34
females of different ages with clinically
healthy eyes were used for the study, and
they were divided into three (3) groups
depending on their age (puppy/young-adult
dogs as group 1, adult dogs as group 2 and
older/senior-years dogs as group 3). The
dogs that were presented belonged to people
that resided in Hayin Dogo, Samaru and
Sabon Gari areas ofaria, Kaduna state. The
clients’ (dog owners) consent was requested
for and approval obtained before such dogs
were included in the study.

Pre-ultrasound scanning consideration
All dogs that were selected for the study
underwent a pre-study ophthalmic general
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physical and clinical examination. This was
to obtain the biodata of each dog (which was
documented appropriately) and to ascertain
that each of the dogs selected for the study
had satisfied all the necessary clinical
criteria for a healthy eye (or sight).
Ophthalmoscopy and Tonometry were the
two advanced ophthalmic examinations that
were undertaken to further determine the
status of each of the dogs’ eyes.

Pre-scanning clinical physical examinations
and tonometry were carried out in the open
shade. = However, the  pre-scanning
ophthalmoscopy was conducted in the lobby
or any relatively dark section of the clients’
home. The scanning procedure was carried
out in the open shade as was tonometry. The
dogs were adequately restrained using
physical means (use of mouth muzzle in
intractable ones) and psychologically
subdued (by owners) all through the
ophthalmic  procedures of tonometry,
ophthalmoscopy and ocular ultrasonogrphy.
Regular ophthalmic examination included
direct ophthalmoscopy and tonometry. This

was  followed by  ultrasonographic
examination.
Ophthalmoscopy =~ was  carried out

systematically, using the Reister-ri-scope
ophthalmoscope, to view the ocular fundus,
mainly the retina, some parts of the sclera
and choroid as described by Maggs et al.,
2008. Restraint applied was with as minimal
stress as possible; we ensured minimal to no
restraint around the patient’s neck and no
pressure around the eye (Gellat, 2000).

Ultrasound Procedure/Technique

The dogs were positioned on sternal or
lateral recumbency (depending on the
convenience of examiner) and restrained
manually, and the eyelids were held open by
an assistant. The dog’s head was firmly but
lightly held, tilted and the eyelids were
spaced out. Ultrasound coupling gel was
applied to the cornea. Adequate contact
between the probe of the ultrasound and the
ocular surface was obtained with sterile
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ultrasound gel (as described by Whitcomb,
2002).

Using the direct corneal contact technique,
the transducer was placed directly on the
cornea after spreading the coupling gel.
Light pressure was applied on the eye during
the scan as excess pressure encouraged
blinking and a good contact between the
transducer and the cornea was maintained.
Both eyes were then examined. Light
pressure was applied. Each eye was
examined initially in longitudinal view
(horizontal section) with the ultrasound
beam running from the medial to the lateral
canthi, and then the head of the transducer
was rotated 90° to achieve the transverse
view (visualize the vertical section of the
eye), i.e parallel to the palpebral fissure and
perpendicular to it. By convention the
transducer position marker was placed
towards the nose when scanning parallel to
the palpebral fissure, and superior (dorsal)
when scanning perpendicular to the
palpebral fissure. The transducer was fanned
from one side to the other to completely
examine the globe as described by
Whitcomb, 2002 and Bentley, 2003.

The structures of the globe were evaluated
to a depth of 4-6 cm (Whitcomb, 2002).
Ocular ultrasononograms were evaluated in
respect to location of the intraocular
structures of interest (i.e., anterior/posterior
segment) and echo texture (isoechoic or
hypo/hyper-echoic). A total of eighty dogs
(160 eyes) were scanned. The structure of
interest that were imaged and measured
included the cornea (cornea thickness),
anterior chamber (depth and area), anterior
and posterior reflections of the lens capsule
(lens thickness and area), and vitreous
chamber (length and area). The globe was
measured in an anterior to posterior
direction at the point of maximal ocular
diameter, so also was the area of the globe.
The length dimensions were recorded in
millimeter while the area dimensions were
in millimeter square.

After ultrasound examination, excess
coupling gel was carefully wiped from the
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eyes using tissue paper. All images were
digitally recorded and the views analyzed
(Toni et al., 2013). All measurements were
determined using the in-built measurement
facility of the scanner and the measurements
taken were grouped. Measurements of axial
globe length D5 in millimeter (mm) and
globe area A4 in square millimeter (mm?)
were determined in the horizontal
(longitudinal) meridian.

Data was obtained as the mean of distances
from three ultrasonograms for each
measurement. Ultrasonograms were rejected
when distances measured are more than 5%
different from the others from the same eye,
S0 as to minimize technical errors from
machine and sonographer as suggested by
Toni et al. (2013). The data generated were
expressed as mean + SD (standard
deviation). Analysis of variance (ANOVA)
with turkey’s multiple comparison post-hoc
test (T-Test) using Graph Pad Prism®
version 5.0 for Windows® (Graph Pad
software, san Diego, California, USA) was
used to compare the level of significance
among the test groups. Values of P < 0.05
were considered significant at 95 %
confidence.

RESULTS

Pre-ultrasound ophthalmoscopic result of the
fundus of the study dogs’ eyes (right
compared with left) revealed uniformity in
size, shape, color and pigmentation of the
fundic components — mainly the retina
which was sighted through the red reflex,
anterior segment disc, optic vessels, and
lastly macula and fovea. This indicates that
dogs’ eyes were opthalmoscopically normal.
Tonometry also revealed that the 10P values
were within the normal range (12-21mmHg)
in all the study dogs examined.

The conductive ultrasonic gel used as a
standoff pad was effective and allowed
adequate scanning of the anterior segment of
the eye, as well as identification of its
structures in all eyes scanned as shown in
plate 1. The cornea was characterized by two
parallel hyperechoic lines (anterior and
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posterior corneal surface). The anterior
chamber, filled with agueous humor, was
identified as an anechoic area just posterior
to the cornea. It was possible to identify the
lens by identifying both anterior and
posterior capsules as parallel hyperechoic
lines. The nucleus of the lens was identified
as an anechoic area. The vitreous chamber,
filled with vitreous humor, was identified as
anechoic area. The posterior pole of the eye,
which includes the retina, the choroid and
the sclera, was identified. Measurement of
the intraocular parameters of interest was
obtained as thus, having identified each
boundary bordering the structures. The
baseline data values for corneal thickness
(D1), anterior chamber length (D2), lens
thickness (D3), vitreous chamber length
(D4) and axial globe length (D5) were
measured and recorded as shown in table 1.
So also was the anterior chamber area values
(Al), lens area values (A2), vitreous
chamber values (A3) and globe area values
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(A3) were measured and recorded for each
group of the puppy, adult and older-years
dogs that were studied (table 1).

The cornea thickness (D1), lens thickness
and area (D3 and A2) and ocular globe
length and area (D5 and A4) all increased
with age from groups 1 to 3, in both sexes.
However, the anterior chamber depth and
area (D2 and Al) and vitreous length and
area (D4 and A3) increased initially with
age from puppy to adults and then decreased
slightly in older dogs as illustrated in figures
laand 1b.

There was no significant change observed in
the mean and standard deviation (x SD) of
biometric readings among the right and left
eyes of dogs within the same group using
turkey’s multiple comparison post-hoc test
(P >0.05).

The three (3) major ocular segments-
anterior chamber, lens capsule and vitreous
chamber represent approximately 2%, 17%
and 76% respectively of the entire ocular

Table 1: Baseline ocular biometry in Indigenous Nigerian Dogs

OCULAR GROUP 1 GROUP 2 (Adult GROUP 3
BIOMETRY (Puppy/Young-adult  dogs) (Older/senior-years
dogs) dogs)
D1 1.2+0.2mm 1.4+ 0.2 mm 1.8+ 0.2 mm
Corneal Thickness
D2 2.3+0.2mm 25+0.3mm 2.5+0.4 mm
Anterior Chamber
Length
D3 12.6 £ 0.6 mm 13.6 £ 0.8 mm 15.1+ 0.9 mm
Lens Thickness
D4 23.0+£1.0 mm 25.0+ 1.5 mm 23.9+1.4 mm
Vitreous Chamber
Length
D5 39.1+1.4 mm 425+ 1.5mm 43.2 £ 2.1 mm
Axial Globe Length
Al 30.8 3.0 mm* 34.5 + 3.6 mm* 32.0 + 4.6 mm?
Anterior Chamber
Area
A2 213.7 +21.1 mm? 250.3 + 23.6 mm? 264.8 + 21.0 mm?
Lens area
A3 931.0 + 78.2 mm? 1183.9 +323.0mm*  1119.6 + 57.8 mm?
Vitreous Chamber
Area
Ad 1336.9 + 82.2 mm® 1455.6 + 57.7 mm? 1477.9 + 84.7 mm?
Globe Area
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globe area as demonstrated in figure 2 .
The remainder 5% is comprised of ciliary
body and muscle, suspensory ligament
and posterior chamber as shown in figure
2.

DISCUSSION

Biometry of the globe has been
undertaken with A-mode ultrasonography
where it is used to determine axial length
prior to intraocular lens implantation
(Gaiddon et al., 1992) or for research
purposes (Ekesten, 1994). In this study,
B-mode ultrasonography was used to
determine values for ocular parameters of
dogs in the study area. Published research
has shown A-mode and B-mode
ultrasonography to give axial
measurements that were not statistically
significantly different and thus implies
that B-mode ultrasonography can be as
accurate as A-mode biometry (Osuobeni
and Hamidzada, 1999; Williams, 2004).
Biometry results for the one hundred and
sixty (160) eyes of indigenous dogs, in
which serial measurements were taken in
this study, suggest that inaccuracy did not
appear to be a problem.

Pre-ultrasound  ophthalmology  and
tonometry were feasible in all dogs by
mild manual and psychological restraint.
Ophthalmic ultrasound was achieved by
mainly manual restraint, placing dogs on
sternal recumbency and manual opening
of the eyelids, which was as described by
Martins et al., 2010. Thus, sedation and
general anesthesia, proposed by earlier
researchers such as Schiffer et al., 1982
and Hager et al., 1987, did not appear
necessary in  this  circumstance.
Therefore,

anesthetic risks and additional costs were
eliminated. All dogs were tolerant to
ultrasound examination of the eye and no
iatrogenic injury on the corneal surface was
observed; this is in agreement with the
findings of Martins et al. in 2010 and Toni
et al. in 2010.

7 n fHEAS
Plate I:
a normal Indigenous Ni

Plate
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Transcorneal B-mode ultrasonography from
gerian dog’s eye

ESEEFRET

II: Sonogram of ocular biometry of a
clinically normal Indigenous Nigerian dog’s eye

Key C: cornea; L1: anterior capsule, L2: posterior
capsule, and R: retina.

Note the axial globe length (D5: 45mm, distance
between C1 and R), corneal thickness (D1:2mm,
distance between C1 and C2), the anterior chamber
depth (D2: 2mm, distance between C2 and L1), lens
thickness (D3: 16mm, distance between L1 and L2),
and posterior chamber depth (D4: 25mm, distance
between L2 and R)

The use of the conductive gel acting as a
standoff pad (Cottrill et al., 1989), allowed
adequate visualization of the cornea and
anterior chamber, which was important for
the obtaining reliable images and
measurements. It also provided adequate
contact of the transducer with the surface of
the cornea, with minimal pressure on the
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eye, which resulted in less discomfort for the
study animals, as stipulated by McMullen
and Gilger, 2006; Wilkie et al., 2006 and
Toni et al., 2010.

In the present study, there were no
statistically significant differences observed
when comparing the mean values obtained
for intraocular  biometric  parameters
between the right and left eyes of dogs in the
same group (T — Test, with P > 0.05). This

HEDINON
=2 (LSRR (TR
)

1.0,
| NE: ST

Plate Ill: Sonogram of an Indigenous
Nigerian dog’s eye depicting area
measurement of the vitreous chamber
(A3:1603mm?)

Key Al: Anterior chamber area, A2: Lens
area,

A3: Vitreous chamber area (1603mm?)
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implied that the ocular parameters of the
right and left eyes of a dog with healthy eyes
were the same, confirming the same findings
carried out in Samoyed dogs (Ekesten,
1994) and other species (Osuobeni and
Hamidzada, 1999;

Paunksniené and Babrauskiené, 1996;
Paunksniené et al., 1997; Ramsey et al.,
1999), including humans (Lim et al., 1992).
Therefore, measurements of the normal eye
can provide reliable parameters for
determination of the size of eye prosthesis in
cases of malformation or enucleation of the
eye. This is similar with the reports by other
authors (Williams, 2004; Tuntivanich et al.,
2007). However, the biometric values
obtained for lens thickness, vitreous length
and area, axial length and globe area were
significant within and between the puppy,
adult and older groups of dogs (P < 0.05).
The finding revealed that these intraocular
parameters increased significantly from
puppy to adult and old age. Similar findings
were documented by earlier researchers that
revealed that the ocular variables were
influenced by age (Paunksnis et al., 2001) or
weight and size (Sampaio et al., 2002 and
Toni et al., 2013). This feature is important
considering the use of dogs as experimental
models for the study of myopia in humans
(Black et al., 2008; Williams et al., 2011),

3500
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35 2500
=—4=D1
30 i
-#02 {0
75 A3
p—" D3 1500
0 =f=A2
i D4
=4=Al
15 i 1000
10
: 500
Lo = I ! :
G1 G2 G3 Gl G2 G3
Figure 1la: Variability of Intra-ocular Figure 1b: Variability of Intra-ocular

parameters according to age group in the
study dogs (length in mm)

parameters according to age group in the study
dogs (area in mm?)
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which remains a significant and highly
prevalent worldwide problem (Toni et al.,
2013).

Paunknis and his study teams reported in
2001 that canine corneal thickness biometric
values measured by different researchers
may not exactly be the same. The values
found in the present study for corneal
thickness measured by B- mode ocular
ultrasound biometry in Nigerian indigenous
dogs were similar to those found in the
study reported by Paunksnis et al., in 2001.
According to Ekesten in 1994, the corneal
thickness increased throughout the dog’s
life; initially it grows rapidly, but later it
grows more slowly. This was illustrated in
the present study too.

This study demonstrated and confirmed
findings by Ekesten and Torrang in 1995
that axial length, increases with age. Axial
length is typically regarded as the primary
determinant of refractive error. The
correlation with refractive error is larger for
axial length than for any other component of
the eye (Multti et al., 2007; Fontes et al.,
2011). It was also observed that lens
thickness increased with age from puppy to
adult and older aged dogs, a feature that was
noted in previous reports by Williams in
2004 in dogs and by Hoffer in 1993, in the
human subjects. It was also demonstrated
that the anterior chamber depth and area,
and vitreous length and area all increased
initially with age from puppy to adult, but
then decrease in older dogs. These changes
could be due to the fact that increasing in
lens thickness with age reduces the
chambers of the eyes with which it borders
with, i.e anterior chamber and vitreous
chamber.

The findings of the present study also
revealed that the vitreous chamber was the
largest area within the eye globe. Next to it
was the lens area and the smallest was the
anterior chamber area.

Based on the findings arrived at in the
present study it was possible to conclude
that B-mode ophthalmic ultrasound was an
effective method for the determination of the
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HAl HA2 MA3 Hothers

Figure 2: Percentage Area occupied by
ocular chambers

Key: Al: anterior chamber area [J] A2:
lens capsule area [ AS3: vitreous chamber
area [ A4: others

Note: others represent area occupied by
ocular structures other than the anterior
chamber, lens and vitreous chamber, such as
ciliary body and muscle, suspensory ligament
and posterior chamber.

anatomical guide necessary to demonstrate
the use of ocular sonograph in diagnosis of
ocular conditions by determine baseline
information on the ultrasonographic
examination of the eyes of the dogs. Also,
with an appropriate understanding of the
indications for ocular ultrasonography and
proper examination technique, one can
gather a vast amount of information easily
and quickly with ocular ultrasonography,
which may not be possible with clinical
examination alone in order to arrive at an
acceptable diagnostic protocol and proffer
management guide as well as prognosis for
ocular conditions.

The intraocular parameters of length and
area in the Indigenous Nigerian dogs’ eyes
are slightly lower than those of Exotic
breeds and remarkably lower than those of
the Dolicephalic exotic breeds.
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