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Abstract

Purpose: Investigating intraobserver and interobservers repeatability, 
reproducibility and limits of agreement of anterior corneal indices using three 
different topographers. 

Methods: Forty five participants were recruited, involved two examiners 
and two sessions. They were assessed in random order with EyeSys Vista, 
Medmont E-300 and manual keratometer. The corneal indices were horizontal 
keratometer, vertical keratometer, eccentricity and inferior superior index. 
Repeatability and reproducibility of corneal power measurements were assessed 
based on the intersession, intrasession, Intraclass Correlation Coefficient (ICC), 
Spearman’s correlations and agreement was evaluated by Bland Altman test 
(95% Limits Of Agreement, LoA).

Result: All devices showed high repeatability (p < 0.01) and reproducibility 
(ICC>0.75) of the corneal indices. Multivariate analysis of variance showed 
nonsignificant findings between visits and examiners (p > 0.05), while there 
was a significant difference between the devices among keratometric readings 
(p < 0.0001). The differences between the EyeSys, Medmont and manual 
keratometer were significant (p < 0.01). Moderate relationship was found 
between the keratometric readings with the three devices (r = 0.60, p < 0.0001). 
The 95% LoA for EyeSys and Medmont of the keratometric readings were 
larger than those for the Medmont and manual keratometer (±0.3 mm). The 
eccentricity and inferior superior index measurements were not significantly 
different between the EyeSys and Medmont (p > 0.01).

Conclusion: All devices exhibited excellent repeatability and reproducibility. 
The EyeSys is portable, repeatable, and reliable and have stable interobservers 
variability. Although EyeSys would not be used interchangeably with the other 
two devices due to lower agreement, corrected linear calculation was suggested 
to manage the differences between the EyeSys and the two devices.
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Introduction
The cornea provides two-thirds of the total optical power of 

the eye. Determining corneal curvature and other corneal indices 
in a reliable and accurate method is vital in clinical procedures 
and research setting. Measuring corneal curvature is essential in 
assessing contact lenses, keratoconus signs, calculating intraocular 
lens (IOL) and refractive surgery procedure [1-4]. Numerous devices 
are commercially available for the assessment of corneal parameters. 

Several studies have investigated the accuracy and reliability of those 
measurements obtained using different devices [5-10]. Studies to 
evaluate the interchangeability of measurements obtained from 
the different devices are essential to confirm if they can provide 
comparable data.

One of the oldest and traditional device to measure the corneal 
curvature is the manual keratometer which widely considered to be 
a gold standard device [11]. In the last decades several automated 
computerized topographershas been developed and investigated. 
Two of those are placido disk–based corneal topographers, Medmont 
E300 (Medmont Pty. Ltd., Victoria, Australia) and EyeSys Vista 
(EyeSys INC., Texas, USA)). The main aim of this study is to assess the 
accuracy, reliability and reproducibility between two examinersover 
two visits with those two devices as well as the manual keratometer. 

The desktop Medmont E-300 is a placido disk-based topography, 
has 32 placido rings, which utilize arc-step reconstruction algorithm 
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and incorporates a range finder [12,13]. It measures the distance from 
the corneal apex to the device camera and then automatically takes 
images. For each image captured a score out of 100 based on focus, 
movement and centering was given and the image scores >75 was 
considered of good quality. The Medmont measures the central 3 mm 
diameter field of the corneal radius of curvature in both the flat and 
steep meridians.

Silmilar to the Medmont E-300, the portable EyeSys Vista is a 
placido-based corneal topography that has 25 placido rings and its 
measurement can be taken within 3, 5 and 7mm diameter field of 
the corneal. The topography map then sent to the iTrace system with 
integrated software [5]. The EyeSys Vista advantageous features over 
the other similar devices are portability and freedom of use outside 
the conventional clinic or lab. In this study, the 3 mm diameter field 
readings were selected in order to match areas of measurement in the 
other two devices.

As the Medmont E-300 and the EyeSys Vista devices have the 
same optical principles behind them, therefore it is likely to have 
minimal differences when assessing corneal measurements. Prior 
study investigated the intrasession and intersession of those two 
devices among other 6 devices [5]. Although, a single examiner took 
all measurements in the two sessions, that procedure would not show 
variability of the devices between examiners.

The main aim of the present study is to prospectively determine 
the variability (between examiners), repeatability (intrasession) and 
reproducibility (intersession) of corneal indices using the 3devices 
mentioned earlier and to investigate differences in keratometric and 
corneal asphericity for each of the different devices in order to check 
the interchangeability between those devices in healthy eyes.

Materials and Methods
This study obtained an institutional ethical board approval. The 

aims of the study and any potential consequences were fully described 
for all participants, and self-informed written consent was collected. 
This study adhered to the tenets of the Helsinki Declaration at all 
stages.

The study is a cross sectional in design and recruited participants 
aged 18-45 years. The study aimed to comprehensively compare three 
instruments: the Vista system (Eye Sys Vision, Houston, TX, USA), 
the Medmont E-300(Medmont Pty. Ltd., Victoria, Australia) and the 
Bausch and Lomb manual keratometer (Bausch and Lomb, Quebec, 
Canada).

Sample Size
The sample size was calculated with a PS Power and Sample Size 

Calculation Software (version 3.1.6, Vanderbilt University, USA). The 
pooled Standard Deviation (SD) of the differences in corneal radius 
of curvature between several instruments was found in previous 
study to be approximately 0.10 diopters (D) [14]. The criteria entered 
was two-sided test of a level of significance (α) = 0.05 and a power of 
99%, a sample size of 21 pairs (42 participants) was suggested to be 
the required sample in order to detect a difference of 0.10 D between 
different instruments.

Procedure
The recruited participants were excluded if they have 1) distance 

Visual Acuity (VA) worse than 20/25 to avoid any miss-fixation, 
2) dryness based on the ocular surface disease index (OSDI) 
questionnaire (with a cut off of 13 as suggested by Schiffman et al.) 
[15], 3) contact lens wearers, 4) have any corneal opacities, corneal 
scars, cataracts, or any previous ocular surgery. 

The refraction assessment was conducted using the Nidek OPD-
Scan III (Nidek Technologies, Gamagori, Japan) in accordance with 
the manufacturer’s directions by means of the auto-tracking and 
auto-shot functions. Briefly, the participants were instructed to fixate 
on the image inside the device, which has an auto fogging feature to 
relax the accommodation. The device automatically takes for each 
eye three readings and the representative reading signposted by 
parentheses which was then selected [16]. 

Each participant was tested with the three devices in random 
order on two visits by two examiners. Both examiners were masked 
to each other’s record and both were trained and experienced in 
using the 3 topographers. The participant was tested at the same 
location, between 9:00 AM to 4:00 PM to minimize variations in the 
results. In each visit, the examiners collected the measurements with 
each instrument for all participants according to the manufacturers’ 
instructions.

The protocol of measuring the anterior corneal indices followed 
the same procedure of a previous study [5]. Briefly, each examiner 
asked each participants to blink completely just before each scan. 
Then asked to sit back after each measurement. The instrument 
was readjusted before each measurement. The measurements with 
the 3 topographers were in continual procedure, and without any 
significant time intervals. The repeated measurements were scheduled 
within one week at approximately the same time as the first visit, 
using the same protocol.

This study compared several corneal shape descriptors between 
the Medmont E300 and the vista system while the Keratometer focuses 
only on K-readings. For each instrument: horizontal and vertical 
K-reading (Kh and Kv), eccentricity (Ecc), eccentricity indicates the 
departure of the peripheral curvature of the cornea from the apical 
radius and refers to degree of asphericity (the average normal corneas 
would have an eccentricity of about 0.55); [17] Inferior Superior 
index (IS), which refers to inferior-superior dioptric asymmetry an 
indicative risk factor keratoconus[18].These descriptors are the key 
determinates of the corneal power, shape, and integrity [17,19,20].

Data Analysis
The data analysis was conducted using IBM SPSS Statistics (IBM 

Corp., Armonk, N.Y., USA). The data was not normally distributed 
(Kolmogorov-Smirnov  test, p<0.05), the median± Interqurtial 
Range (IQR) were used to report the data. The differences between 
examiners, devices and visits were considered statistically significance 
when the p value was <0.01, in order to consider the Bonferroni 
correction. 

It has been suggested that there is eventual correlation existing 
between right and left eyes of a single patient. [21,22] The relationship 
between the right and left eye measurements in the 3 instruments were 
investigated, and very strong and significant relationship was found 
(r > 0.80, p <0.05). Therefore, to follow previous studies procedures 
and to avoid any bias the outcome of right eye from each participant 
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with the 3 instruments was selected in the further analysis. 

Comparison within Instruments 
Intrasession repeatability was assessed with Intraclass 

Correlation Coefficient (ICC) and their respective 95% CI. The ICC 
measure the consistency for data sets of repeated measurements. 
According to previous suggestion the closer the ICC is to 1, the better 
the measurement consistency [5]. Specifically, the ICC score of >0.75 
indicates “excellent,” 0.40 to 0.75 “fair to good,” and <0.40 “poor” 
reliability [23]. Additionally, Wilcoxon signed rank test was used to 
investigate the difference within each examiners, while the Mann-
Whitney test was used to investigate the difference between the two 
examiners and topogrpahers.

Bland-Altman analysis  (95% Limits Of Agreement (LoA)) were 
also used to express the extent of agreement between test-retest 
outcomes [24]. In this test the difference of the paired intra and 
intersession measurements is plotted against the corresponding 
average. It has been recommended that 95% of the data points lies 
within the mean ± 1.96 SD of the differences for the intrasession 
and intersession measurements, which corresponds to the 95% 
confidence interval. A narrower 95% limit of agreement suggests 
better agreement between instruments and/or examiners. 

Inter-session reproducibility was investigated by exploring both 
the ICC for the repeated measurements obtained during the first 
and second visit. And the Bland-Altman analysis was conducted to 
determine the extent of agreement between measurements during the 
first and second visit.

Comparison between Instruments 
Multivariate Analysis Of Variance (MANOVA) was conducted 

while also taking into account the Bonferroni correction to show pairs 
that were significantly different (p < 0.01). Bland-Altman analysis 
was further applied to investigate the 95% LoA between instruments. 

Finally, the Spearman’s test was conducted to explore the relationship 
between the three topographers’ scores as well as the corrected linear 
calculation in order to suggest how to correct those findings to match 
each other perfectly. 

Result
This study recruited 45 participants, each one of them tested 

twice with two independent examiners. The participants’ age ranged 
from 22 to 45 years with a median of 21 ± 4.00 years. The spherical 
component was Plano ± 1.25 (ranges +2.00 to -7.00); while the 
spherical equivalent was Plano ± 1.00 (ranges 1.75 to -7.50). The 
astigmatism component was converted into vector representation, 
J0 (cylinder at 0-degree meridian) and J45 (cylinder at 45-degree 
meridian). The median of vector J0 was 00 ± 0.80 (ranged from -1.50 
to 1.00), and vector J45 was 00± 0.12 (ranged from -1.50 to 1.50).

The summary of the measured Kh, Kv, eccentricity and the IS are 
listed in (Table 1). In general, it was observed that the EyeSys Vista 
provided flatter K-readings than those observed with the other two 
devices (Table 1). Both the Medmont E300 and EyeSys Vista provided 
similar eccentricity readings and indicated that the participants had 
slightly higher score than the suggested average normal corneas. 
Although, both devices provided similar IS scores, the Vista device 
had a larger interquartile range than the Medmont E300 device.

Intrasession Repeatability
The ICC in the 3 devices were significantly excellent >0.75 to 

0.98 (Table 2). In the three devices, the mean difference between the 
examiners in the same visits for the K readings, eccentricities and IS 
were less than 0.1 (Table 3,4 & 5). The Mann-Whitney test showed 
that there are no significant difference between the two examiners 
during the first and second visit (Table 3,4 & 5). The LoA between 
examiners within first and second visit of the three devices were listed 
in Table 3, 4 and 5.

Variables Medmont E300 1st visit (2nd visit) EyeSys Vista 1st visit (2nd visit) Keratometry 1st visit (2nd visit)

Kh 1st examiner
7.88 ± 0.38 8.35 ± 0.52 7.91 ± 0.42

(7.88 ± 0.36) (8.32 ± 0.54) (7.90 ± 0.45)

Kh 2nd examiner
7.84 ± 0.36 8.28 ± 0.58 7.80 ± 0.35

(7.90 ± 0.40) (8.35 ± 0.61) (7.83 ± 0.34)

Kv 1st examiner
7.73 ± 0.35 8.12 ± 0.56 7.76 ± 0.37

(7.71 ± 0.35) (8.04 ± 0.54) (7.79 ± 0.39 )

Kv 2nd examiner
7.65 ± 0.33 8.10 ± 0.62 7.70 ± 0.38

(7.69 ± 0.34) (8.12 ± 0.70) (7.70 ± 0.39)

Ecc. 1st examiner
0.63 ± 0.18 0.59 ± 0.26

NA
(0.62 ± 0.17) (0.61 ± 0.32)

Ecc. 2nd examiner
0.65 ± 0.17 0.60 ± 0.33

=======
(0.64 ± 0.15) (0.62 ± 0.38)

IS 1st examiner
-0.16 ± 0.64 -0.22 ± 1.11

NA
(-0.10 ± 0.83) (-0.27 ± 1.68)

IS 2nd examiner
-0.17 ± 0.81 -0.30 ± 1.26

=======
(-0.19 ± 0.80) (-0.30 ± 1.34)

Table 1: Summary of the median± interqurtial range for corneal indices measured with the three different devices.

Kh, horizental keratometer; Kv, vertical ketratometery; Ecc, eccentricity; IS, inferior superior index; NA, not applicable
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Intersession Reproducibility
The Wilcoxon test showed that there are no significant difference 

within each examiner during the two visits (Table 3, 4 and 5). For 
each device comparison, the differences between both visits were 
lower than 0.2 mm (Table 3, 4 & 5). The intersession reproducibility 
showed a similarity to that of the intra-session repeatability finding, 

and the ICC was >0.80 to 0.94 (Table 2). The LoA between visits for 
each examiner of all devices were recorded in (Table 3, 4 & 5).

Comparing the Three Devices
The MANOVA test exhibited a non significant statistical findings 

between visits and examiners (p > 0.05), while there was a statistical 

Variables
Within 1st Examiner Within 2nd Examiner Between Examiners

Medmont  E300 ICC (95% CI)

Kh
ICC = 0.99, p < 0.0001 ICC = 0.91, p < 0.0001 ICC = 0.94, p < 0.0001

(0.99 – 0.99) (0.83 – 0.95) (0.90 – 0.96)

Kv
ICC = 0.98, p < 0.0001 ICC = 0.91, p < 0.0001 ICC = 0.95, p < 0.0001

(0.97 – 0.99) (0.84 – 0.95) (0.92 – 0.97)

Ecc.
ICC = 0.95, p < 0.0001 ICC = 0.90, p < 0.0001 ICC = 0.83, p < 0.0001

(0.90 – 0.97) (0.81 – 0.94) (0.75 – 0.89)

IS
ICC = 0.99, p < 0.0001 ICC = 0.91, p < 0.0001 ICC = 0.87, p < 0.0001

(0.93 – 0.98) (0.83 – 0.95) (0.80 – 0.91)

EyeSys Vista ICC (95% CI)

Kh
ICC = 0.84, p < 0.0001 ICC = 0.94, p < 0.0001 ICC = 0.85, p < 0.0001

(0.70 – 0.91) (0.90 – 0.96) (0.77 – 0.90)

Kv
ICC = 0.85, p < 0.0001 ICC = 0.96, p < 0.0001 ICC = 0.87, p < 0.0001

(0.73 – 0.92) (0.94 – 0.98) (0.80 – 0.92)

Ecc.
ICC = 0.73, p < 0.0001 ICC = 0.88, p < 0.0001 ICC = 0.82, p < 0.0001

(0.70 – 0.80) (0.79 – 0.93) (0.73 – 0.88)

IS
ICC = 0.83, p < 0.0001 ICC = 0.93, p < 0.0001 ICC = 0.80, p < 0.0001

(0.70 – 0.91) (0.87 – 0.96) (0.70 – 0.87)

Keratometry ICC (95% CI)

Kh
ICC = 0.98, p < 0.0001 ICC = 0.95, p < 0.0001 ICC = 0.92, p < 0.0001

(0.96 – 0.99) (0.92 – 0.97) (0.88 – 0.95)

Kv
ICC = 0.99, p < 0.0001 ICC = 0.98, p < 0.0001 ICC = 0.92, p < 0.0001

(0.98 – 0.99) (0.97 – 0.99) (0.88 – 0.95)

Table 2: The intrasession repeatability and intersession reproducibility for the first examiner, second examiner and between examiners with the three different devices.

Kh, horizental keratometer; Kv, Vertical ketratometery; Ecc, eccentricity; IS, inferior superior index; ICC, intraclass correlation coefficient, CI; confidence interval

Variable Mean difference Mm ± IQR Statistical test 95% LoA (Mm)

Kh: 1st examiner – 2nd examiner 0.023 ± 0.11 Z = -0.40, p = 0.692 -0.21 – 0.25

Kh: within 1st examiner 0.0002 ± 0.03 Z = -0.65, p = 0.511 -0.047 – 0.048

Kh: within 2nd examiner -0.005 ± 0.18 Z = -0.14, p = 0.891 -0.26 – 0.25

Kv: 1st examiner – 2nd examiner 0.019 ± 0.09 Z = -0.26, p = 0.792 -0.19 – 0.23

Kv: within 1st examiner 0.0086 ± 0.46 Z = -1.13, p = 0.201 -0.11 – 0.12

Kv: within 2nd examiner 0.0036 ± 0.17 Z = -1.15, p = 0.251 -0.40 – 0.42

Ecc: 1st examiner – 2nd examiner 0.033 ± 0.12 Z = -0.79, p = 0.432 -0.24 – 0.31

Ecc: within 1st examiner 0.006 ± 0.043 Z = -0.29, p = 0.771 -0.10 – 0.11

Ecc: within 2nd examiner -0.03 ± 0.22 Z = -0.89, p = 0.381 -0.57 – 0.52

IS: 1st examiner – 2nd examiner -0.08 ± 0.41 Z = -0.73, p = 0.472 -0.76 – 0.61

IS: within 1st examiner -0.03 ± 0.21 Z = -0.89, p = 0.381 -0.56 – 0.50

IS: within 2nd examiner 0.04 ± 0.24 Z = -0.91, p = 0.361 -0.54 – 0.63

Table 3: The Medmont E300 mean difference, limit of agreement and comparison statistical test of the corneal indices measured by the two examiners.

Kh, horizental keratometer; Kv, Vertical ketratometery; Ecc, eccentricity; IS, inferior superior index; Mm, millimeter, IQR, interqurtial range; LoA, limit of agreement; 
1Wilcoxon signed rank test, 2Mann-Whitney test, ** indicate statistical significant where p<0.01
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difference between the devices (p <0.0001). The paired comparison of 
the three devices are listed in (Table 6). The highest mean difference 
in Kh and Kv was 0.4 mm for all of them. The LoA between the 
Medmont and Keratometer were within 0.3mm. While it was broader 
LoA between the EyeSys vista and the other two devices, where it 

Variable Mean difference Mm ± IQR Statistical test 95% LoA (Mm)

Kh: 1st examiner – 2nd examiner 0.023 ± 0.11 Z = -0.40, p = 0.692 -0.21 – 0.25

Kh: within 1st examiner 0.0002 ± 0.03 Z = -0.65, p = 0.511 -0.047 – 0.048

Kh: within 2nd examiner -0.005 ± 0.18 Z = -0.14, p = 0.891 -0.26 – 0.25

Kv: 1st examiner – 2nd examiner 0.019 ± 0.09 Z = -0.26, p = 0.792 -0.19 – 0.23

Kv: within 1st examiner 0.0086 ± 0.46 Z = -1.13, p = 0.201 -0.11 – 0.12

Kv: within 2nd examiner 0.0036 ± 0.17 Z = -1.15, p = 0.251 -0.40 – 0.42

Ecc: 1st examiner – 2nd examiner 0.033 ± 0.12 Z = -0.79, p = 0.432 -0.24 – 0.31

Ecc: within 1st examiner 0.006 ± 0.043 Z = -0.29, p = 0.771 -0.10 – 0.11

Ecc: within 2nd examiner -0.03 ± 0.22 Z = -0.89, p = 0.381 -0.57 – 0.52

IS: 1st examiner – 2nd examiner -0.08 ± 0.41 Z = -0.73, p = 0.472 -0.76 – 0.61

IS: within 1st examiner -0.03 ± 0.21 Z = -0.89, p = 0.381 -0.56 – 0.50

IS: within 2nd examiner 0.04 ± 0.24 Z = -0.91, p = 0.361 -0.54 – 0.63

Table 4: The EyeSys Vista mean difference, limit of agreement and comparison statistical test of the corneal indices measured by the two examiners.

Kh, horizental keratometer; Kv, Vertical ketratometery; Ecc, eccentricity; IS, inferior superior index; Mm, millimeter, IQR, interqurtial range; LoA, limit of agreement; 
1Wilcoxon signed rank test, 2Mann-Whitney test, ** indicate statistical significant where p <0.01

Variable Mean difference Mm ± IQR Statistical test 95% LOA (Mm)

Kh: 1st examiner – 2nd examiner 0.07 ± 0.15 Z = -1.79, p = 0.082 -0.21 – 0.35

Kh: wirhin 1st examiner -0.003 ± 0.09 Z = -0.59, p = 0.601 -0.13 – 0.12

Kh: within 2nd examiner -0.018 ± 0.14 Z = -0.2, p = 0.881 -0.35 – 0.25

Kv: 1st examiner – 2nd examiner 0.08 ± 0.15 Z = -2.00, p = 0.042 -0.16 – 0.32

Kv: wirhin 1st examiner -0.013 ± 0.06 Z = -1.2, p = 0.201 -0.15 – 0.07

Kv: within 2nd examiner -0.012 ± 0.08 Z = -0.23, p = 0.821 -0.22 – 0.11

Table 5: The manual Keratometry mean difference, limit of agreement and comparison statistical test of the K-readings measured by the two examiners.

Kh, horizental keratometer; Kv, Vertical ketratometery; Mm, millimeter, IQR, interqurtial range; LoA, limit of agreement; 1Wilcoxon signed rank test, 2Mann-Whitney 
test, ** indicate statistical significant where p <0.01

Variable Mean difference Mm ± SD Statistical test2 95% LOA (Mm)

Kh: Medmont – EyeSys -0.48 ± 0.28 Z = -10.70, p < 0.0001** -1.00 – 0.10

Kh: Medmont – Keratometer -0.002 ± 0.09 Z = -0.3, p = 0.72 -0.28 – 0.28

Kh: EyeSys – Keratometer 0.48 ± 0.27 Z = -10.3, p <0.0001** -0.08 – 1.04

Kv: Medmont – EyeSys -0.47 ±0.28 Z = -11, p <0.0001** -1.1

Kv: Medmont – Keratometer -0.05 ± 0.10 Z = -1.69, p = 0.09 -0.32 – 0.22

Kv: EyeSys – Keratometer 0.43 ± 0.26 Z = -10, p <0.0001** -0.09 – 0.96

Ecc: Medmont – EyeSys 0.03 ± 0.22 Z = -2.2, p = 0.03 -0.40 – 0.48

IS: Medmont – EyeSys 0.18 ± 0.88 Z = -1.38, p = 0.17 -1.36 – 1.72

Table 6: Comparison of the three different devices in horizontal and vertical keratometers, eccentricity and inferior superior index.

Kh, horizental keratometer; Kv, Vertical ketratometery; Ecc, eccentricity; IS, inferior superior index; 2Mann-Whitney test, ** indicate statistical significant where p<0.01

Variable Spearman's test Corrected linear calculation

Kh: Medmont – EyeSys r = 0.60, p <0.0001** EyeSys= 1.73+0.84*Medmont

Kh: EyeSys – Keratometer r = 0.62, p <0.0001** EyeSys= 0.77+0.95*Keratometer

Kv: Medmont – EyeSys r = 0.64, p <0.0001** EyeSys = 0.68+0.97* Medmont

Kv: EyeSys – Keratometer r = 0.65, p <0.0001** EyeSys= 1.08+0.92* Keratometer

Table 7: The Spearman’s correlation coefficient test between the three devices in horizontal and vertical keratometers.

Kh, horizental keratometer; Kv, Vertical ketratometery; ** indicate statistical significant where p<0.01

reached 1 mm. The Mann-Whitney test showed there was statistically 
significant difference between the EyeSys vista and the Medmont and 
Keratometer in Kh and Kv readings (Table 6). The eccentricity and 
the IS scores were not significantly different between the Medmont 
and the EyeSys vista (Table 6).
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The Spearman’s test was carried out for each pair of devices 
(Table 7). The relationship between all three devices were statistically 
significant moderate relationship (r = 0.6, p < 0.0001). The corrected 
linear calculation of EyeSys vista readings to match the readings 
obtained from the Medmont and Keratometer in Kh and Kv were 
detailed in Table 7.

Discussion
Measuring corneal characteristics with accuracy in this period 

of time is crucial for refractive surgery, cataract procedure and toric 
IOL implant. In the present study, we assessed the variability in scores 
between examiners, visits and devices and interchangeability obtained 
from portable topographer, commercially available topographer and 
a gold standard device. This is to obtain precision, repeatability and 
reproducibility. To the best of our knowledge, no earlier study has 
investigated the portable EyeSys Vista and desktop Medmont E300 
with two examiners over two separate visits. Although the portable 
EyeSys Vista was commercially available several years ago which 
can be used outside conventional clinic and can be used for mass 
screening program, a very scarce studies were conducted to compare 
it with other desktop topographers. 

The Medmont E300 have been previously established to be an 
accurate and repeatable corneal topographer [5,12,13,25]. In the 
present study, the Medmont E300 showed excellent intrasession 
repeatability and intersession reproducibility in measuring K 
readings (ICC >0.83).Further, previous study suggested that the 
EyeSys Vista showed accuracy good repeatability and reproducibility 
[5,26,27]. This study findings also supported that conclusion with 
excellent repeatability and reproducibility in measuring K readings 
(ICC >0.75).Finally, the manual keratometer was precise, repeatable 
and reproducible (ICC >0.9).

Comparing the 3 devices, the means differences of the K-readings 
between the Medmont and the manual keratometer was < 0.01 mm. 
This result could suggest that a high degree of agreement among them. 
Whereas, the means differences of the K-readings of the EyeSys with 
the other 2 devices was < 0.50 mm, this suggest that the agreement 
between them is only fair and caution is recommended when using 
them interchangeably. The corrected linear calculation presented in 
this study shall be used to match the K- readings from the Medmont 
or the keratometer. However, the eccentricity and IS readings was 
in match with the Medmont which could indicate that the EyeSys 
is valuable tool for keratoconus screening and mass population 
screening programs due to its portability features. Previous studies 
concluded that the Medmont provides steeper corneal curvature than 
other devices [4,5,10]. Further, a prior study has also found that the 
EyeSys Vista provides flatter corneal curvature than other devices 
[5]. This is could explain the reason behind the moderate agreement 
between Medmont and EyeSys in the present study.

The 95% LoAs between the EyeSys and the other 2 devices were 
> 0.50 mm. clinically this does not permit these devices to be used 
interchangeably. These findings were in consistence with the result of 
previous studies. Differences were found previously between EyeSys 
and other devices including manual keratometer, Medmont, although 
they found a high correlation between the K-readings measurements 
[5,8,9]. They suggested that these 95%LoAs were marked to consider 
them interchangeable. The Medmont was also previously suggested 

that it cannot be used interchangeably with other placido-based 
topographers [5,13]. Prior studies have also conveyed comparable 
result when readings were taken from placido-based topographer and 
manual keratometer [6,7].

The study sample was representive of the targeted population and 
was higher than previous studies [4,5,7,27]. The present study has some 
limitations; it was limited to healthy young participants with normal 
corneas. Different variability may be found in older population, 
patient with corneal abnormalities or whom with history of refractive 
surgery. Future studies are required to assess the repeatability and 
reproducibility of corneal characteristics measurements obtained by 
different topographers in such patients.

Conclusion
The three devices provided a high repeatability, reproducibility 

and inter-observers reproducibility in measuring anterior corneal 
indices. The results obtained from them correlated well, although 
cautious is required when using measurements obtained by the 
EyeSys Vista and the Medmont interchangeably. The corrected linear 
calculation suggested in this study could be valuable tool to manage 
the differences between them. The eccentricity and IS measurements 
were not significantly different between the EyeSys Vista and the 
Medmont E300, which suggested that it can be used interchangeably.
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