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INTRODUCTION
Several pathological ophthalmic conditions like refractive error and 
glaucoma, cause ocular diseases and are dependent on ocular 
dimensions. A mismatch between the optical power and the AL 
of an eye causes the refractive error. Myopia may result from an 
eye being either too long or its optical components too powerful, 
leading to images of distant objects in front of the retina. On the 
contrary, hyperopia may result from an eye being either too short 
or its optical components not powerful enough, leading to images 
behind the retina. The abnormalities of ocular length, specifically 
of the vitreous chamber are the causes of most refractive errors. 
Myopia carries an increased risk of a number of sight-threatening 
ocular pathologies, including retinal detachment, choroidal neo 
vascularisation, cataracts, and glaucoma [1-5].

Extra elongation of the vitreous chamber in most myopia may 
be expected to have adverse effects for the structures making 
up the wall of the vitreous chamber, including the retina and 
choroid. These structural changes, as a product of excessive 
growth and stretching, would offer the increased risk of ocular 
pathology. Reports of a thinner nerve fiber layer and choroid in 
myopes are consistent with excessive stretch in these eyes [6-8]. 
In myopic eyes, the AL becomes longer than the normal length, 
and the sclera becomes thinner, especially at the posterior pole, 
and hence the retina may be stretched at the posterior pole in 
myopic eyes [9].

The ACD measurement should be taken carefully before refractive 
procedures that employ phakic or pseudo phakic Intraocular 
Lenses (IOL). Several factors like IOL power, AL, Postoperative 
Effective Lens Position (ELP), and corneal curvature define 
postoperative refraction [10-12]. This study was done to take 
empirical information about ocular parameters in relation to the 
refractive errors especially between emmertropia and mild and 
moderate categories of myopia.

MATERIALS AND METHODS
The research followed the tenets of the Declaration of Helsinki and 
the project protocol was approved by Research Ethics Committee 
of King Saud University by this code-CAMS 024-37/38. Subjects 
using e-mail announcements were recruited from the student 
population of the King Saud University and the data collection was 
done in five months from January 2017 to May 2017 in Optometry 
clinics of College of Applied Medical Science, KSU.

Inclusion criteria: This study was done in the female section, so 
only female subjects were recruited. A total of hundred and four 
eyes of the healthy subjects were recruited age between 19-
26 years (mean±SD: 20.05±1.24 years) and refractive errors.

Exclusion criteria: Participants with any history of the eye disease 
that could affect retinal or choroidal thickness, ocular pathology 
disease, glaucoma, corneal or lens opacities and prior ocular surgery 
or ocular trauma.
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ABSTRACT
Introduction: The increasing prevalence of myopia has become 
a major public health impact due to its potentially blinding ocular 
complications. This study was done to evaluate the choroidal 
and retinal thickness, depth of the anterior chamber and the 
curvature of the cornea using 3D Optical Coherence Topography 
(OCT) and Optical Coherence Biometry instrument (Zeiss 
IOLMaster 700) among Saudi female adults with emmetropia, 
low and moderate myopia.

Aim: To evaluate the choroidal thickness, foveal retinal 
thickness, depth of anterior chamber, Axial Length (AL) and 
curvature of the cornea between myopic and emmetropic 
individuals. 

Materials and Methods: This cross-sectional study was done 
in the female section of Department of Optometry, College of 
Applied Medical Science, King Saud University (KSU), Riyadh, 
in Saudi Arabia. Hundred and four eyes of healthy females 
between the ages of 19-26 years who fulfilled the inclusion 
criteria were selected. There was no gender preference; only 
female subjects were included because this study was done 
in the female college. The subjects were categorised into 
emmetropic groups (Spherical Equivalent (SE) ≤ -0.25 D), mild 
myopic groups (SE between -0.50 to -3.00 D) and moderate 

myopic groups (SE between -3.00 to -6.00 D). The foveal retinal 
and subfoveal choroidal thickness was measured using 3D 
OCT, however AL, Anterior Chamber Depth (ACD) and corneal 
radius were measured using IOL master. 

Results: The foveal retinal thickness of moderate myopia 
(205.55±15.35 μm) was found the same as in emmetropia 
(204.12±15.44 μm) and mild group (204.64±14.29 μm) with 
p>0.05. The significant difference was not found in the subfoveal 
choroidal thickness between these three groups. The mean AL 
of moderate myopia (25.03±0.75 mm) was significantly higher 
than mild myopia (23.99±0.74 mm) and emmetropia group 
(23.15±0.98 mm). There was highly significant difference in the 
ACD between the emmetropic and myopic groups. However, 
no significant difference was observed in the mean of corneal 
radius (K-reading) among the three groups (p>0.05). The corneal 
radius in total myopic eyes had a weak negative correlation with 
the AL.

Conclusion: This study demonstrated that the foveal retinal 
and subfoveal choroidal thickness did not differ significantly 
in emmetropic and myopic groups. Also, positive correlation 
was noted between the ACD and AL. Pearson’s correlation 
coefficient (r) in ACD and AL for emmetropic group was found 
0.28 and 0.48 for the moderate myopic group.
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There was highly significant difference in the ACD between the 
emmetropia (3.21±3.21 mm) and moderate myopia (3.28±4.13 mm) 
groups. However, no significant difference was observed in the 
mean of corneal curvature (K-reading) among the three groups 
(p>0.05). The mean of foveal retinal thickness, subfoveal choroidal 
thickness, AL, ACD and K-reading are summarised in [Table/Fig-2]. 
In moderate myopic eyes, the ACD was significant and positively 
correlated with the AL and the values are given in [Table/Fig-3]. The 
Pearson’s correlation coefficient (r) was calculated by Pearson’s 
sample correlation test. The correlation between ACD versus AL is 
shown in [Table/Fig-4] and correlation coefficient for the graph was 
found 0.40. 

These 104 eyes were categorised into three groups based on the 
refractive errors, with 26 classified as emmetropic group (SE ≤ -0.25 D), 
56 classified as low myopic group (SE between -0.50 to -3.00 D), 
and 22 classified as moderate myopic group (SE between -3.00 to 
-6.00 D) [13].

Visante™ Optical coherence tomography (ZEISS Visante OCT 
Model 1000, Carl Zeiss Meditec, Dublin, California, USA) was used 
to measure foveal retinal and subfoveal choroidal thickness because 
it includes infrared measurement light with major advantages of 
speed of image acquisition, noncontact, high resolution, and ease 
of operation. The AL, ACD and corneal radius were measured 
by IOL master Optical Coherence Biometry instrument (Zeiss 
IOLMaster 700). Combining performance with simplicity, the IOL 
Master quickly and accurately measures biometric parameters in 
a single location without ever touching the cornea. At the push 
of a button, AL, corneal curvature, White-to-White and ACD 
are quickly and precisely measured. Refraction for each eye 
was recorded with an automatic refractometer. All devices were 
calibrated according to manufacturer recommendations prior to 
undertaking the measurements. Measurements were performed 
by two independent and experienced optometrists, and the mean 
value was taken for the analysis. Pictures were excluded, if the 
discrepancy between the two optometrists was more than 10%. 
Visante™ OCT is designed for anterior segment imaging with the 
caliper measurement tool provided in the built-in analysis software 
which acquires multiple A-scans and creates a two dimensional 
image from them. The machine with 1050-nm-wavelength light 
source has a scanning speed of 100,000 A-scans per second. The 
12-line radial scan pattern with a resolution of 1024×12 was used 
and an average of four overlapped consecutive scans gave each 
image, which covered an area of 12 mm×9 mm, centered on the 
fovea. The distance between the Bruch membrane and the choroid-
sclera interface was measured as the choroidal thickness. Retinal 
thickness was measured as the distance between the internal 
limiting membrane and the interface between photoreceptor outer 
segments and retinal pigment epithelium. An example of choroidal 
thickness measurement using 3D-OCT is given in [Table/Fig-1].

STATISTICAL ANALYSIS
The demographic data for all the subjects was analysed using 
Microsoft Excel 2013. Analysis of variance (ANOVA) has been used 
to find the significance of study parameters between three groups 
of subjects. The relation of ACD and K-reading with AL of the 
three groups and total myopia was analysed by Pearson’s sample 
correlation test (R). The p-value of less than 0.05 was considered 
statistically significant using Instat Graph Pad software version 
3.10.32. (Instat Graph Pad SOFTWARE inc.).

RESULTS
The mean foveal retinal thickness of moderate myopia was the same 
as in emmetropia and mild myopia group with p>0.05. There was no 
significant difference in the subfoveal choroidal thickness between 
the emmetropia (228.08±26.74 μm), mild myopia (223.70±18.25 μm) 
and moderate myopia group (228.09±17.59 μm). The mean of AL of 
moderate myopia (25.03±0.75 mm) was significantly higher than mild 
myopia (23.99±0.74 mm) and emmetropia group (23.16±0.98 mm). 

Parameters

Emmetropia 
group  
(n=26)

Mild myopia 
group  
(n=56)

Moderate 
myopia group 

(n=22) p-value

Foveal retinal 
thickness (μm)

204.12±15.44 204.64±14.29 205.55±15.35 0.946

Subfoveal 
choroidal 
thickness (μm)

228.08±26.74 223.70±18.25 228.09±17.59 0.584

AL (mm) 23.16±0.98 23.99±0.74 25.03±0.75 0.0001

ACD (mm) 3.21±3.21 3.10±4.03 3.28±4.13 0.0001

K-reading (D) 42.71±1.85 43.07±2.84 43.34±0.86 0.646

[Table/Fig-2]: Ocular Parameters (mean±standard deviation of foveal retinal 
 thickness, subfoveal choroidal thickness, ACD, AL, K-reading).
p-value of less than 0.05 was considered statistically significant using Instat Graph Pad software.
K-reading: Mean of corneal radius; AL: Axial length; ACD: Anterior chamber depth

axial length correlation 
with anterior chamber 
depth

Emmetropia 
group

Mild myopia 
group

Moderate 
 myopia  
group

r p-value r p-value r p-value

ACD 0.28 0.18 0.21 0.126 0.48 0.023

[Table/Fig-3]: Correlation between AL and ACD. For all analyses, statistical 
 significance was defined as p<0.05.
ACD: Anterior chamber depth

axial length 
correlation with 
corneal radius

Emmetropia 
group

Mild myopia 
group

Moderate myopia 
group

r p-value r p-value r p-value

K-reading -0.83 0.0001 -0.375 0.0047 -0.499 0.018

[Table/Fig-5]: Correlation between AL and K-reading. p-value <0.05 was considered 
statistically significant.
K-reading: Mean of corneal radius

Furthermore, the corneal radius in total myopic eyes had a 
significantly negative correlation with AL as shown in [Table/Fig-5]. 
The corneal radius decreased with increasing AL.

[Table/Fig-4]: Correlation between Anterior Chamber Depth (ACD) and Axial 
Length (AL) measured (r=0.40) with Intraocular Lenses (IOL) master (Zeiss IOL 
Master 700).

The [Table/Fig-6] shows significant negative correlation (r=0.34) 
between the two parameters, AL and corneal radius in myopes 
i.e., axial elongation of eyeball tends to flatten the cornea. 

[Table/Fig-1]: Choroidal thickness measurement using 3D-OCT.
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DISCUSSION
The present study showed that the foveal retinal thickness 
in moderate myopia was not significantly thinner than the 
emmetropia and mild myopia groups. This was similar to the 
study done by Samuel NE and Krishnagopal S which showed 
that the average foveal thickness was similar in low and moderate 
myopia groups but increased in high myopia group [14]. A study 
done by Lim MCC et al., reported that various degrees of myopia 
did not show a significant effect on macular retinal thickness 
[15]. In contrast Song AP et al., found that the average foveal 
thickness was increased with an increase in degree of myopia 
[16]. In the foveal area, the absence of vasculature may lead to 
foveal pit. The intraocular pressure and ocular growth induced 
retinal stretch has less impact on the deformity of this foveal 
pit [17]. 

Also, this study showed that there was no significant relationship 
in subfoveal choroidal thickness between emmetropia and 
myopia groups (p=0.58). Likewise, in a previous study done by 
Lee K et al., found that both refractive error and AL did not 
correlate with choroidal thickness at all locations [18]. During 
the process of scleral stretching, choroidal layer may be 
stretched along with the sclera towards a temporal direction, 
while the retinal layer is less stretched, may be because retinal 
tissues are basically nervous tissues and do not regenerate in 
general, but sclera and choroid are vascular and connective 
tissues that are more prone to proliferation. In a study done by 
Mary HO et al., found that the choroidal thickness decreases 
with severity of myopia [7]. This difference may be due to older 
age of the subjects than the subjects included in this present 
study and the difference in the race, also present study did 
not have subjects with high degree of myopia. On comparing 
the AL between the three different groups, the moderate 
myopia showed greater AL compared with the emmetropia 
and mild myopia. The statistical significance between the AL 
of the three groups display a significant p-value (p=0.0001). 
This indicates that the AL increases with increasing degree of 
myopia. This is similar to a study done by Lisa AO et al., which 
stated that there was a significant linear relationship between 
AL and the degree of myopia [19]. Also, the same study 
showed the more myopic eye has deeper anterior chamber, 
which matches with present result that revealed a significant 
relation between the degree of myopia and the depth of anterior 
chamber. In contrast, there is no direct relationship between 
ACD and different degrees of myopia, which is more correlated 
to AL elongation. This was confirmed with a study done by 
Wagdy FM which showed that no correlation between ACD 
and degree of myopia in adult population [20]. In this study a 
significant correlation was found between anterior chamber and 
AL in moderate and total myopic eyes. This was similar to the 

study done by O’Donnell C et al., which demonstrated anterior 
chamber correlation with AL [21]. 

Limitation(s)
This study was limited by poor resolution of some images taken 
with OCT for subjects with poor fixation ability and also it did 
not include high myopia group. The current study population 
was only females, at the younger age group (19 to 26 years) 
and biased towards the low and moderate myopia. The number 
of subjects was small and hyperopic subjects were also not 
included. For more generalisable results, future studies on the 
similar design need to be planned with large number of subjects 
including hyperopia.

CONCLUSION(S)
In this study, the foveal retinal thickness of myopic and emmetropic 
eyes did not differ significantly. There was no significant relation 
found between myopic and emmetropic group. Also, there was a 
weak positive correlation between ACD and AL in total myopic eye. 
Moreover, there was a weak negative correlation between corneal 
radius and AL in total myopic eye.
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