
1874-3641/21 Send Orders for Reprints to reprints@benthamscience.net

13

DOI: 10.2174/1874364102115010013, 2021, 15, 13-20

The Open Ophthalmology Journal
Content list available at: https://openophthalmologyjournal.com

RESEARCH ARTICLE

Ethnic Differences of Corneal Parameters: A Cross-Sectional Study

Ali Alsaqr1,*, Raied Fagehi1, Ali Abu Sharha1, May Alkhudair1, Abrar Alshabrami1, Alhanouf Bin Muammar1, Sultan
Abdulwahed1 and Ali Alshehri1

1Department of Optometry, College of Applied Medical Sciences, King Saud University, Saudi Arabia

Abstract:

Purpose:

To investigate the ethnic differences of corneal parameters in Arabs and other ethnicities.

Methods:

This study recruited 250 Saudi Arabian participants, 18–45 years of age. The McMonnies questionnaire was used to exclude participants with dry
eye. The KR8800 auto refractometer (Topcon, Japan) was used to measure the refractive error. Oculus Keratograph 4 topography was used to
assess 16 corneal parameters, including the k-readings, horizontal visible iris diameter, mean eccentricity index, asphericity, corneal shape factor,
corneal flattening factor, sagittal height, sagittal curvature, and vertical palpebral aperture.

Results:

A statistically significant difference was found between male and female participants. Corneal parameters were compared to other ethnicities,
including Caucasians and Asians, and those of Mongoloid origin. The horizontal visible iris diameter was wider in Saudi Arabians than in Asians
but similar to Caucasians. The sagittal height was deeper and the corneal shape factor was higher than in the other ethnicities, and the eccentricity
index was lower than that in Caucasians and Asians of Mongoloid origin.

Conclusion:

Our data provided normative corneal parameters of Saudi Arabians that may be useful for ophthalmic clinicians and designers of contact lenses.
Furthermore, the parameters suggest that the corneal characteristics of Arabians are distinct from those of major ethnicities.
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1. INTRODUCTION

Light  passes  through  the  cornea,  whose  layers  direct  it
towards the pupil.1 The cornea is responsible for approximately
two-thirds of the eye’s refractive power, which results from its
shape and the marked difference between the cornea refractive
index (1.376) and air (1) [1].

Corneal shape and functionality can be determined using
several  corneal  parameters,  which  are  crucial  for  diagnostic,
therapeutic,  and  management  purposes.  These  parameters
include corneal diameter (CD), which is also termed horizontal
or  vertical  visible  iris  diameter  (HVID),  anterior  corneal
curvature  (ACC),  and  central  corneal  thickness  (CCT).  For
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example, the proper selection of corrective contact lens (CL)
parameters depends mainly on CD and ACC [2]. Furthermore,
a  cornea  that  is  too  curved  is  found  in  keratoconus,  and  a
cornea  that  is  too  flat  is  found  in  conditions  such  as  severe
refractive errors [3]. Such differences in topography may lead
to differences in CL fitting success rates [4 - 8]. The conicoid
shape is also of importance in determining CL design [9].

There are several factors that influence corneal parameters,
including  ethnicity  (social  groups  who  have  the  same  race),
age, sex, race, axial length, and refractive status of the eye, in
addition to certain anthropometric factors [10]. Scientists and
optometrists  practice  in  a  multi-ethnic  society,  which  could
raise  concern  if  a  lens  design  for  a  patient  from  a  certain
ethnicity is not compatible with another patient from a different
ethnicity. For example, anatomical differences have been noted
between Asian and Caucasian eyes. These differences include
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narrower palpebral fissure and epicanthal folds in Asian adults
[11].

People  differ  from  each  other  based  on  hereditary
differences,  genetic  differences,  and  differences  in  their
exposure  to  the  environment  [12].  Genetic  physical  features
characterize an ethnic group and are classified based on various
characteristics  such  as  facial  characteristics,  including  the
appearance  and  form  of  the  exterior  eye.  People  are  widely
classified into three major ethnic groups: Caucasoid, Negroid,
and Mongoloid [13].

The  Caucasoids  are  the  major  inhabitants  of  Europe  and
North  America.  In  general,  they  have  large  double  eyelids,
exposed tear troughs, and light eyes. Negroids are the principal
inhabitants of Africa. Their facial features involve large eyes
and dark irises with exposed tear troughs. Finally, Mongoloids
mainly  live  in  Asia.  Their  principal  facial  features  include
narrow eyes, usually with dark irises and epicanthic folds.

However,  large  and  highly  diverse  macro-ethnic  groups
such as Australoids, East Indians, North Africans, Brazilians,
and  Middle  Easterners  (Arabs)  are  sometimes  presumptively
grouped  as  Caucasoids  or  Mongoloids.  This  classification
might not be accurate. The term “Arab” originally referred to
the  inhabitants  of  the  northern  and  central  portions  of  the
Arabian  Peninsula.  The  Arabs  constitute  the  majority  ethnic
group in all Middle East countries.

There have been significant technological improvements in
measuring  ocular  parameters  and  a  subsequently  increased
interest  in  the  measurement  of  corneal  parameters  in  recent
years. Several studies have investigated ocular topography in
specific  ethnic  groups  [14  -  19]  and  several  have  drawn
comparisons between ethnicities [7, 20 - 24]. However, none
have focused on subjects with an Arabian background, and all
of  them  have  tended  to  use  simple  clinical  measurement
outcomes  (e.g.,  CCT  and  ACC)  using  simple  instruments.
Furthermore,  the  results  of  these  studies  have  not  been
consistent;  the  majority  have  suggested  steeper  corneas  in
Asians  compared  to  Caucasian  eyes  [6,  12,  23],  while  one
study  found  the  opposite  [8],  and  one  study  comparing
Japanese and Caucasians in the USA found no difference [2].
In addition, previous studies have reported smaller PA sizes in
Asians compared to Caucasians [2, 8, 18, 19, 23 - 26].

We investigated the corneal parameters of Saudi Arabians
(the  main  inhabitants  of  the  Arabic  peninsula  in  modern
history)  and  characterized  the  differences  in  corneal
topography between Saudi Arabians and various ethnic groups.
Understanding  these  differences  might  help  clinicians  assess
CL  performance  (e.g.,  fit  and  comfort)  and  might  also  help
optimize CL designs for specific ethnicities.

2. METHODS

Ethical  approval  was  obtained  from  the  Research  Ethics
Committee at “…”. All procedures followed the tenets of the
Declaration of Helsinki. The participants were recruited at two
locations  at  “…”.  Informed  consent  was  obtained  from  all
participants after the explanation of the aims of the study and
all procedures to be undertaken.

This was a prospective cross-sectional study. To facilitate
analyses and comparisons to other studies, all participants were
18–45  years  of  age  to  minimize  the  ocular  effects  of  aging,
such  as  sagging  lids  and  pingueculae.  The  participants  were
recruited  based  on  the  absence  of  any  history  of  corneal
disorders  and/or  lid  abnormalities,  had  not  previously
undergone ocular surgery, and did not wear CL during at least
the  previous  3  months.  The  participants  were  not  sex  or  age
specific,  and  were  randomly  selected  from  those  of  Saudi
Arabian  ethnicity.  All  corneal  images  were  of  the  right  eye;
this is to avoid any eventual correlation existing between the
right and left eyes of a single patient [27, 28].

All  participants  also  completed  the  McMonnies
questionnaire,  were  checked for  the  presence  of  dry  eye  and
palpebral fissure height measurements, measured for distance
visual acuity (VA) with their best correction (if any), checked
for  objective  refraction  using  an  auto-refractometer,  and
checked  for  corneal  topography  using  keratography.

2.1. Instrumentation

The  McMonnies  questionnaire  was  used  to  detect  the
presence or absence of dry eye. It  included 12 questions that
focus on risk factors for dry eye [29]. The reliability, validity,
and accuracy of  the  McMonnies  Index have been previously
investigated [30]. The dryness cutoff was set at >14.50.

The VA was measured using the Early Treatment Diabetic
Retinopathy Study (ETDRS) Acuity chart at a test distance of 4
m,  with  a  normal  level  of  light.  The  chart  was  a  non-
illuminated  ETDRS  with  Sloan  letters  (Precision  Vision,  La
Salle, IL, USA). The VA was measured monocularly with the
participant’s habitual corrections, if applicable. To detect the
spherical  power,  the  Auto-Refractometer  KR-8800  (Topcon,
Tokyo, Japan) was used, while the astigmatic power used the
Keratograph 4 (Oculus Optikgeräte, Wetzlar, Germany).

The  Keratograph  4  was  used  to  objectively  evaluate  the
ocular  surface,  involving  the  corneal  topography  based  on
Placido  ring  illumination  equipped  with  an  infrared
illumination  system  (880  nm)  with  22  rings  that  evaluated
22,000 points on the anterior corneal surface. Keratograph 4 is
a non-contact and noninvasive device, which does not require a
topical  anesthetic,  and  provides  a  rapid  and  easy  clinical
method that results in a variety of non-contact corneal imaging
information,  CL  fitting,  and  pupil  reaction  assessment  tools
that  are repeatable and valuable [31,  32].  The Keratograph 4
provides several outcomes such as tear film quality based on
noninvasive keratograph tear film breakup time, quantity (tear
meniscus),  pre-  and  postoperative  measurements,  and  the
amount of corneal irregularities using Fourier analyses as well
as keratoconus detection. We used the refractive and corneal
asphericity  maps  (Fig.  1).  The  approximate  time  taken  for
visualization of both maps was 1–2 min, which did not require
extensive training to operate the device.

The  participants  were  seated  comfortably  and  asked  to
focus on the central target, and to blink completely just before
each measurement to spread an optically smooth tear film over
the cornea.
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Fig. (1). A) The Keratograph 4 overview of the refractive map of one of our participants, where Rh, Rv, and astigmatism were recorded. B) The
corneal asphericity map which shows the eccentricity, S.RadM and Q values at different locations.

2.2.  Assessment  of  Refractive  and  Q  Maps  Using  the
Keratograph 4

The corneal shape can be mathematically interpreted using

several parameters, which have previously been described [33,
34]. Some of the parameters used in this study are described in
detail in Table 1.

Table 1. The corneal parameters as collected from the Oculus Keratograph 4.

Variable Definition
(PA) The distance between the upper and lower lid (mm) while normally opening the eyes.

(HVID) Horizontal limbus-to-limbus distance.
(Rh) Simulated keratometry in the horizontal meridian in the 3.00 mm zone.
(Rv) Simulated keratometry in the vertical meridian in the 3.00 mm zone.

(Astig) The difference between the simulated keratometry in the horizontal and vertical meridians in the 3.00 mm zone.
(e) @ 30° (10
mm from the

center)

Measures the rate of corneal flattening (applanation) from the apex to the periphery along a specific axis. We measured the mean
eccentricity, horizontal eccentricity, and vertical eccentricity. Corneas that flattened at a greater rate from the center outward were
assigned high e-values, and those that flattened at a lesser rate have low e-values. Spherical corneas had low e-values compared to
keratoconic corneas, which had a much steeper apex and flattened at a greater rate toward the periphery. The eccentricity was also
an indicator of corneal sagittal height. Corneas with lower e-values had a greater sagittal height, while corneas with higher e-values

had a lower sagittal height.
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Variable Definition
(Q) @ 30° The rate of the corneal curvature variation from the center to the periphery.

(S.RadM) @
30°

The distance between the geometric center of the cornea and the intersection of a specified chord length, measured horizontally
(HSH) and vertically (VSH). This measurement was very helpful when fitting the lens on post-surgical or irregular corneas.

(CSF) A measure of corneal Q and a derivative of eccentricity. It was identified as e2. Shape factor differs from eccentricity; it is possible
to assign prolate corneas positive values and oblate corneas low positive or negative values. In a normal cornea, the steepest radius
is near the center, while the flattest curvature is toward the limbus. Patients with keratoconus had highly prolate corneas with high

shape factor values.
(HSH and

VSH)
The perpendicular distance from a given chord in the cross-section of the anterior eye to the corneal apex. The sagittal height was a

fundamental consideration in the fitting of scleral lenses. It was calculated using the following formula [35]:

P-value Corneal flattening factor, the P-value was calculated as P=1–e2, to determine the values of HSH and VSH.
**PA, Vertical palpebral aperture, HVID, Horizontal visible iris diameter, Rh, Horizontal radius, Ry, Vertical radius, Astig, Astigmatism, e, Eccentricity, Q, Asphericity
coefficient, S.RadM, Corneal sagittal curvature, CSF, Corneal shape factor, HSH and VSH, horizontal and vertical sagittal height.

3. RESULTS

3.1. Data Analyses

Starting with 254 eligible participants, only 4 participants
were  excluded  because  of  CL  wear,  ptosis,  or  refractive
surgery, leaving a total of 250 participants (80 males and 170
females). The data were not normally distributed; therefore, the
median and interquartile range (M and IQR, respectively) are
used to report the data.

3.2. Characteristics of the Participants

This  study  included  young  adult  and  middle-aged
participants,  18–45 years  old,  with  M and IQR of  23.31  and
4.93, respectively. The VA of all participants was better than
6/9  with  or  without  correction,  the  spherical  refractive  error
ranged from +3.00 D to -3.00 D (Median ±IQR, -0.75 D ± 1.7
D).  Of  the  participants,  27%  were  emmetropic,  30%  were

myopic with > -0.50 to -1.50 D, 30% were myopic with > -1.50
to -3.00 D and 13% were hyperopic with > 0.50 D to 3 D. The
astigmatism ranged from 0 to -3.00 DC, with only 10% of the
participants  had astigmatism > 1.00 DC.  Of  the  participants,
55% have with the rule astigmatism, 20% have against the rule
astigmatism and 25% have oblique astigmatism.

3.3. Corneal Parameters

The in-depth corneal parameters are described in Table 2.
Briefly,  the  PA  ranged  from  8  mm  up  to  14  mm,  while  the
HVID was relatively large, starting from 10.80 to 13.60 mm.
The Rh and the Rv were similar to each other: 7.25–9.10 mm
(37.00 D to 46.50 D) and 7.10–8.79 mm (38.25 D to 47.50 D),
respectively.  Maximum  astigmatism  noted  was  3.00  DC,
although  the  majority  of  the  participants  had  minimal
astigmatism, with 70% of the participants having astigmatism
of ≤1.00 DC.

Table 2. A summary of the corneal parameters as a function of gender and overall scores.

Corneal Parameter Male Female Overall Gender Difference
Mean (SD)

Range
Mean (SD)

Range
Mean (SD)

Range
Mann-Whitney test, p value

No. subjects (eyes) 80 (80) 170 (170) 250 (250) --
Age (Years) 24.12 (3.99)

18 - 38
22.50 (5.9)

19 - 45
23.31 (4.93)

18 - 45
z=-0.28, p=0.78

PA, mm 11.60 (0.56)
10.20 13.20

11.1 (1.21)
8-14

11.25 (1.1)
8 - 14

z=-4.44, p< 0.001*

HVID, mm 12.11 (.41)
11.00 -13.00

11.94 (0.41)
10.80 – 13.60

11.99 (0.41)
10.80 – 13.60

z= -2.77, p = 0.006*

Pupil Size, mm 3.65 (0.60)
2.00-5.00

3.5 (.61)
2.20 – 5.70

3.57 (0.61)
2 – 5

z=-2.13, p= 0.033*

Rh, mm 8.00 (0.31)
7.25 – 9.10

7.92 (0.28)
7.26 – 8.85

7.94 (0.29)
7.25 – 9.10

z=-2.1, p = 0.037*

Rv, mm 7.84 (0.29)
7.12 – 8.65

7.75 (0.29)
7.08 – 8.79

7.77 (0.29)
7.10 – 8.79

z=-2.21, p = 0.027*

Astig, Cylindrical Diopter 0.90 (0.55)
0.10 – 2.45

0.92 (0.58)
0.10 – 3.00

0.91 (0.57)
0.01 – 3.00

z=-0.04, p = 0.97

Overall Mean (e) index 0.51 (0.15)
-0.50 – 0.75

0.57 (0.11)
0.14 – -0.95

0.55 (0.13)
-0.50 - -0.95

z=-4.1, p < 0.001*

Horizontal (e) index 0.51 (0.15)
-0.49 – 0.74

0.58 (0.10)
0.30 – 0.93

0.56 (0.12)
-0.49 – 0.93

z=-3.89, p <0.0001*

SH =
𝑟 − √𝑟 2 −𝑝(

𝑑
2
) 2

𝑃
 

(Table 1) contd.....
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Corneal Parameter Male Female Overall Gender Difference
Vertical (e) index 0.50 (0.17)

-0.51 – 0.76
0.57 (0.14)
-0.03 – 0.98

0.56 (0.16)
-0.51 – 0.98

z=-3.52, p <0.0001*

Asphericity (Q) -0.29 (0.12)
-0.61 – -0.09

-0.36 (0.13)
-0.92 - -0.04

-0.33 (0.13)
-0.92 – -0.09

z=-2.32, p = 0.024*

CSF 0.28 (0.10)
0.08 – 0.56

0.34 (0.13)
0.02 – 0.90

0.32 (0.12)
0.02 – 0.90

z=-3.90, p <0.0001*

Horizontal, CSF 0.29 (0.10)
0.12 – 0.55

0.34 (0.12)
0.09 – 0.86

0.33 (0.12)
0.09 – 0.86

z=-3.86, p <0.0001*

Vertical, CSF 0.28 (0.11)
0 – 0.57

0.35 (0.15)
0 – 0.95

0.33 (0.14)
0 – 0.95

z=-3.44, p = 0.001*

P 0.71 (0.10)
0.44 – 0.92

0.66 (0.13)
0.10 – 0.98

0.68 (0.12)
0.10 – 0.98

z=-3.47, p = 0.001*

HSH, mm 2.59 (0.18)
2.1 – 3.1

2.53 (0.21)
2.01 – 3.30

2.55 (0.21)
2.01 – 3.30

z=-2.39, p = 0.017*

VSH, mm 2.66 (0.19)
2.12 – 3.16

2.60 (0.22)
1.99 – 3.33

2.62 (0.22)
1.99 – 3.33

z=-2.62, p = 0.009*

S.RadM 8.14 (0.31)
7.40 – 9.53

8.16 (0.34)
7.38 – 9.35

8.15 (0.33)
7.38 – 9.35

z=-0.51, p = 0.61

* indicates the statistical difference between the two genders, PA, palpebral aperture; HVID, horizontal visible iris diameter; Rh, horizontal radius; Rv, vertical radius;
Astig, astigmatism; (e), numerical eccentricity mean value of 30°; (Q), asphericity value of 30°; CSF, corneal shape factor; P, corneal flattening factor; HSH, horizontal
sagittal height; VSH, vertical sagittal height; S.RadM, sagittal curvature value of 30°.

Table 2 shows the median applanation rate (or eccentricity
index, e); the horizontal and vertical at 30° were approximately
0.55.  The  corneal  (Q)  at  30°  was  -0.33.  The  corneal  shape
factors varied between 0.02 and 0.90, which indicated that all
participants  had  prolate  corneas.  The  horizontal  and  vertical
sagittal heights ranged from 2.01 to 3.30 and 1.99 to 3.33 mm,
respectively. The corneal sagittal curvature was 7.38–9.35 mm.
Corneal  parameters  statistically  significantly  differed  by  sex
(Table 2).

3.4. The Ethnicity Factor

The parameters were compared to the results of previous
studies  that  investigated  other  ethnicities  (Table  3).  The
average  PA  in  our  population  was  larger  than  that  found  in

previous  studies  (Table  3),  but  similar  to  a  group  with  an
African background [36]. The average corneal curvatures (Rh
and Vh) were similar to previous studies (Table 1 and Table 3
in  a  previous  study  [7]).  The  average  HVID was  wider  than
that  in  Asians  but  similar  to  Caucasians  (Table  3  and  a
previous  study  [37]).  The  calculated  HSH  and  VSH  were
deeper than those of other ethnicities, which explains the strong
relationship  between  sagittal  height  and  HVID (r=  0.74,  p  ˂
0.0001).  The median CSFs were higher (i.e.,  greater  Q) than
reported in some previous studies for other ethnicities (Table
3).  The  eccentricity  index  was  lower  than  that  in  a  previous
study  (Caucasian  and  Mongoloid),  which  indicates  a  slower
flattening rate.12 The Q was similar to that previously found in
the Chinese population [19].

Table 3. Comparison of corneal parameters noted in this study with their matching parameters in other ethnicities.

Study Current study Hickson-Curran et al.4 Loran et al.12

Race/ ethnicity Saudi Arabs White Chinese Japanese Caucasian Mongoloid

Variable
Median (IQR) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Range Range Range Range Range Range

AGE (Years)
23.31 (4.93) 31.9 (7.4) 28.0 (5.5) 33.4 (4.8)

18-35 18-35
18 - 45 18-45 18-45 24-44

No. subjects (eyes) 250 (250) 255 (510) 299 (598) 121 (242) 100 (NR) 100 (NR)

PA
11.25 (1.1) 10.58 (1.43) 9.71 (1.28) 10.31 (1.30)

NR NR
Aug-14 6.56-14.60 6.06-13.40 7.90-13.10

HVID, mm
11.99 (0.41) 11.75 (0.50) 11.26 (0.43) 11.10 (0.41)

NR NR
10.80 -13.60 10.58-13.08 9.98-12.57 10.04-12.31

Rh, mm
7.94 (0.29) 7.79 (0.27) 7.86 (0.23) 7.92 (0.23) 7.88 (0.29) 7.79 (0.29)
7.25 – 9.10 6.92-8.60 7.18-8.49 7.30-8.60 NR NR

Rv, mm
7.77 (0.29) 7.65 (0.28) 7.67 (0.25) 7.71 (0.26) 7.75 (0.19) 7.63 (0.22)
7.10 – 8.79 6.44-8.44 7.01-8.41 6.99-8.39 NR NR

HSH, mm
2.55 (0.21) 1.74 (0.08) 1.65 (0.07) 1.71 (0.07)

NR NR
2.01 – 3.30 1.39-2.02 1.37-1.89 1.48-1.91

VSH, mm
2.62 (0.22) 1.80 (0.09) 1.68 (0.08) 1.78 (0.08)

NR NR
1.99 – 3.33 1.45-2.08 1.37-1.95 1.55-2.0

(Table 2) contd.....
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Study Current study Hickson-Curran et al.4 Loran et al.12

HCSF
0.33 (0.12) 0.40 (0.20) 0.41 (0.19) 0.43 (0.17)

0.20 (0.03) 0.12 (0.08)
0.09 – 0.86 -1.9 0.02 - 0.97 -1.73

VCSF
0.33 (0.14) 0.24 (0.16) 0.34 (0.16) 0.20 (0.13)

NR NR
0 – 0.95 -1.74 0.00 - 0.81 0.00 - 1.00

Eccentricity Index
0.55 (0.13)

-- -- -- 0.8 0.88
0.45

*NR, not recorded

4. DISCUSSION

Several studies have investigated corneal parameters, but
they  have  focused  merely  on  corneal  power,  diameter,  or
thickness  [20,  38  -  43];  very  few  studies  have  investigated
corneal parameters in more depth [10].

Ocular  topography  measurements  are  usually  associated
with  CL  practice,  and  thus  we  evaluated  different  ocular
topography  variables.  Several  normative  corneal  parameters
were  measured.  To  be  representative  of  normal  corneas,  all
participants  recruited  had  a  good  VA  and  had  only  mild
astigmatism.  There  were  more  female  participants  than male
participants, so this was a limitation of the study. The reason
may have been that females were more willing to volunteer, as
we  did  not  reimburse  them  for  their  time.  The  association
between  participant  gender  and  corneal  parameters  was
significant,  consistent  with  previous  findings  [2,  7].
Furthermore, previous studies that investigated ethnicities and
corneal  characteristics  varied  widely  in  terms  of  the
participants’ refractive error. In details, Loran et al. included
myopic  participants  with  <  4  D  [12],  Matsuda  et  al.  did  not
report  the refractive status of their  study participants [2] and
Hickson-Curran  et  al.  included  participants  with  wider
refractive  errors  than  the  current  study  where  the  refractive
error ranged from -26 D to + 7 D [7]. Therefore, it was very
challenging to compare the outcome of this study in terms of
the refractive status with respect  to previous studies and this
could  be  another  limitation  in  this  study  as  well  as  previous
studies.

Numerous  studies  have  reported  a  correlation  between
corneal SH and soft lens centration, with increasing corneal SH
at 30° (10 mm) being associated with greater CL decentration.
Accordingly,  the  change  in  the  lens  base  curve  should  be
considered when designing the best centration. Therefore, it is
important  for  the  soft  CL  fitter/designer  to  have  the  whole
corneal profile for a specific ethnicity. Lindsay et al. reviewed
previous studies and reported that  the mean Q values ranged
from  -0.03  to  -0.33  [33].  The  mean  Q  values  in  our  study
ranged from -0.92 to -0.09. It has been suggested that ethnicity
has an impact on corneal Q [44]. This difference might also be
due  to  differences  in  refractive  errors  between  studies.
Furthermore,  this  may  indicate  that  participants  have  more
variation  in  the  spherical  aberration  (lower  and  higher
aberrations)  than  previously  thought  [45].

Corneal parameters may significantly differ by ethnicity,
and  this  factor  should  be  considered  when  fitting  CLs  [46].
Many  studies  have  characterized  corneal  parameters  in
different  ethnic  groups,  such  as  Chinese,  Caucasian,  and
Japanese populations, although no such studies have included
participants with a Saudi Arabian background. Understanding

ethnic variation in corneal parameters and the relationship with
CL fitting may lead to the development of different CL designs
that are more directed to different ethnic populations. Hence,
this  study  explored  the  differences  in  corneal  topography
parameters  between Saudi  Arabians and other  ethnic groups.
Our  results  provide  comparative  data  on  additional  ocular
variables  and  indicate  differences  in  ocular  topographies
between  Saudi  Arabians  and  other  ethnicities.

Saudi Arabians were similar to other ethnicities in corneal
curvature  but  different  in  the  other  parameters  (e.g.,  PA  of
Asians) and similar to other ethnicities in the same parameters
(e.g.,  PA  of  Africans).  Specifically,  PA  was  wider  in  Saudi
Arabians than in Caucasian, Chinese, and Japanese participants
(Table 3). This may partially explain the higher prevalence of
dry eye in Saudi Arabians, especially in addition to the hot dry
weather  [47].  Saudi  Arabians  tended  to  have  a  larger  HVID
compared to Caucasian, Chinese, and Japanese eyes, which is
an  important  factor  to  consider  when  choosing  a  CL.
Furthermore, there were significant differences in overall CSH
between  Saudi  Arabians  and  the  other  ethnicities.  Patients
suffering from keratoconus have a high prolate corneal shape.
We  found  that  Saudi  Arabians  have  prolate  corneas,  which
might explain the increased incidence of keratoconus cases in
Saudi  Arabia  [48  -  50].  These  corneal  discrepancies  suggest
that Saudi Arabians should not be classified under one of the
main  ethnicities  (Caucasian,  Asian,  or  African),  but  should
have their own corneal characteristic classification. However,
because  we  did  not  have  the  raw  data  from  the  previous
studies, we were not able to accurately compare the results.

CONCLUSION

In conclusion, this study provides a normative portfolio of
corneal parameters of Saudi Arabians, which could be used by
ophthalmic clinicians for the design of soft CLs. Our data also
provided  evidence  that  Saudi  Arabians  have  distinct  corneal
characteristics  that  are  different  from  the  major  ethnicities.
Future studies shall implant the normative portfolio reported in
this  study  to  build  a  corneal  model  suitable  for  contact  lens
design and fitting in the Arab population.
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