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Abstract 

In this paper, inter-instrument agreement among topographer, auto kerato-refractometer and manual 

keratometer are the main concerns.  The corneal steep, flat and average powers from the 61 right eyes of 61 healthy 

undergraduate students at Rangsit University were measured by three different instruments.  In statistical analysis, 

measurement concordance and correlation between pairs of instruments were analyzed by Bland-Altman analysis.  

Intraclass correlation coefficient and paired t-test analysis were also performed.  It was found that the three instruments 

showed indifferent mean corneal steep and flat and average powers at a significance level of 0.05.  Therefore, 

topographer, auto kerato-refractometer and manual keratometer can be practically interchangeable.  

 

Keywords: auto kerato-refractometer; Bland-Altman analysis; corneal curvature measurements; inter-instrument 

agreement; manual keratometer; topographer. 

 

1.  Introduction 

The measurement of corneal power is 

required for several procedures in ophthalmology 

and optometry such as calculating intraocular 

lens (IOL), refractive surgery, orthokeratology, 

contact lens fitting, and screening or assessing 

corneal disorders (Arce, Martiz, Alzamora, 

Schor, & Campos, 2007; Chen & Lam, 2009; 

Dehnavi et al., 2015; Weisenthal, 2016; Gutmark 

& Guyton, 2010; Grosvenor, 2002).  As a result, 

it is unquestionable that evaluating the measuring 

instruments for corneal power is clinically 

important.   Currently, popular instruments 

measuring the radius, curvature and refractive 

power of the cornea are manual keratometer, 

automated keratometer, topographer, and optical 

coherence tomography (Huang et al., 2015a; 

Huang et al., 2015b; Cantor, Rapuano, & Cioffi, 

2017-2018; Md Muziman Syah, Mutalib, 

Sharanjeet Kaur, & Khairidzan Khairidzan, 

2020).   

Comparative study of the corneal 

refractive power from four different instruments 

including Galilei dual scheimpflug analyzer 

(Ziemer, Port, Switzerland), Humphrey atlas 

corneal topographer (Carl Zeiss, Jena, Germany), 

IOL master (Carl Zeiss) and manual keratometer 

(Bausch & Lomb Inc, Rochester, New York, 

USA) found that all four types have high 

confidence values (Shirayama, Wang, Weikert, 

& Koch, 2009).  Considering the corneal 

refractive power measured by Manual 

Keratometry (Javal schiotz type haagstreit AG, 

Koeniz, Switzerland), Automated-Keratometry 

(IOL master, Carl Zeiss Meditec, Jena, 
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Germany), Topography (TMS4, Tomey, 

Erlangen, Germany), and Pentacam HR (Oculus, 

Wetzlar, Germany), results showed relatively 

high confidence values (Dehnavi et al., 2015).  

By investigating irregular corneal surface when 

comparing the refractive power of the cornea 

obtained from the Zeiss 10 SL/O Keratometer 

with TMS-1 video-keratoscope, it was found that 

the TMS-1 video-keratoscope and the Zeiss 10 

SL/O keratometer cannot be used as a 

replacement for measuring the refractive power 

of the cornea after corneal surgery (Karabatsas, 

Cook, Powell, & Sparrow, 1998).  The 

comparison between Galilei Dual-Scheimpflug 

analyzer and Topcon KR-8800 auto kerato-

refractometer has an acceptability, but the Kflat 

values are different (Wang, Dong, & Wu, 2014).   

 

2.  Objectives 

This study aims to assess the 

comparability of corneal powers obtained from 

the manual keratometer, auto kerato-

refractometer and topographer for corneal power 

measurements.  The overall presentation of this 

paper is organized as follows.  The research 

methodology including data collection, 

measuring instrument and statistical data analysis 

are described in section 3 Materials and methods.  

Next, relevant and statistical data analysis are 

illustrated in section 4 Result.  Finally, major 

concerns of inter-instrument agreement in 

clinical application corresponding to the results 

of this study are discussed in section 5 

Discussion and the overall summary is 

accordingly given in section 6 Conclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1  Research framework 
 

3.  Materials and methods 

This comparative study of corneal 

power measurements has been carried out in 

correspondence with the research framework in 

Figure 1.  Data collection began with 

registration, acknowledgment of research details 

and obtaining a signed approval to participate in 

this research.  Assessment for anterior and 

posterior eye disease, refractive power were 

measured using the topographer, auto 

keratometer and manual keratometer, 

respectively.  The measurement has been 

repeated for five times in the right eye of each 

subject.  Statistical data analysis was finally 

executed and results were interpreted.  

Throughout this study, the guidelines from the 

tenets of the Declaration of Helsinki, The 

Belmont Report, CIOMS Guideline, and 

International Conference on Harmonization in 
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Good Clinical Practice (ICH-GCP) have been 

followed. 

3.1  Data collection 

Normal subjects were collected from 61 

right eyes of 61 healthy undergraduate students 

who visited the optometry clinic at the Faculty of 

Optometry, Rangsit University.  Exclusion 

criteria were: (1) contact lens wear (rigid contact 

lens within four weeks and soft contact lens 

within two weeks), (2) eye surgery history, and 

(3) eye or corneal related diseases.  Five 

consecutive corneal power measurements in the 

right eyes were performed and the mean corneal 

steep power (Ksteep), mean corneal flat power 

(Kflat) as well as mean corneal average power 

(Kaverage) were taken for each case.  Each 

measuring instrument used in the study was 

correctly calibrated by technicians before 

examinations.  

 

3.2  Measuring instruments  

Considering inter-instrument agreement, 

three main measuring instruments of corneal 

power were used in this study including 

topographer (TP), auto kerato-refractometer 

(AK) and manual keratometer (MK).  Specific 

information for each instrument used in the entire 

study is given in Table 1.  In this study, the three 

mentioned instruments were used to measure the 

corneal powers, called keratometer calibration or 

K value (Wang et al., 2014; Yu et al., 2017).  

Clinically, there were three main K values as 

detailed in Table 2. 

 
Table 1  Specification of measuring instruments 

Instrument and version 

Topographer, 

Oculus keratograph 5M  

(Oculus, Germany) 

Auto kerato-refractometer 

KR-8800  

(Topcon, Tokyo, Japan) 

Manual keratometer 

Ophthalmometer OM-4  

(Topcon, Tokyo, Japan) 
Range of curvature 3.00 - 38.00 mm 

(min 0.01 mm) 

5.00 - 10.00 mm 

(min 0.01 mm) 

5.50 - 12.00 mm 

(min 0.01 mm) 
Corneal refractive power 9.00 – 90.00 D 

(min 0.1D) 

33.75 - 67.50 D 

(min 0.12 D/0.25 D) 

28.00 - 60.00 D 

(min 0.125 D) 
Axis of corneal astigmatism 0° - 180° 

(min 1°) 

0° - 180° 

(min 1°/5°) 

0° - 180° 

(min 1°) 

Refractive index 1.3375 1.3375 1.3375 
 

Table 2  Description of corneal powers 

Notations Technical terms Description 
        Ksteep The mean corneal steep power Keratometry reading of vertical corneal meridian 
        Kflat The mean corneal flat power Keratometry reading of horizontal corneal 

meridian 

        Kaverage The mean corneal average power The mean of Ksteep and Kflat 

        

3.3  Statistical data analysis 

Statistical data were analyzed using 

SPSS 22.0 software.  Mean corneal powers were 

given as a mean±standard deviation (SD).  

Bland-Altman concordance method with the 95% 

limits of agreement (95%LoA) and intraclass 

correlation coefficient (ICC) in groups (MK-AK, 

MK-TP, AK-TP) and paired t-test analysis were 

performed (Bland & Altman, 1986; Hidalgo et 

al., 2015; Koo & Li, 2016; Magar, 2013; 

Mehravaran, Asgari, Bigdeli, Shahnazi, & 

Hashemi, 2014; Wang et al., 2012).  Bland-

Altman is a graphical method used to analyze 

agreement between two different variables.  The 

ICC indicates the degree to which measurements 

in the different instruments resemble each other.  

The paired t-test analysis is used to examine the 

mean difference between instruments.   

 

4.  Results 

This study considered 61 right eyes of 

61 participants (14 males and 47 females) with 

the mean age of 20.95±2.80 years old (range 18-

31 years).  Three different indicators for 

measuring corneal powers including the mean 

corneal steep power (Ksteep), mean corneal flat 

power (Kflat) and mean corneal average power 

(Kaverage) from different instruments were the 

main concern.  At the beginning of investigation, 

the distributions of Ksteep , Kflat and Kaverage from 

different instruments were plotted in Figure 2 

and they had normal distributions at the 

significance level of 0.05.  The agreement 

between pairs of instruments were assessed as 

follows.  

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Hashemi+H&cauthor_id=24562593
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4.1  Corneal steep power 

Measuring the mean corneal steep 

power (Ksteep), the values were: 44.09±1.39 D for 

topographer (range 40.80-46.72 D), 44.02±1.41 

D for auto kerato-refractometer (range 40.74-

46.49 D), and 44.00±1.43 D for manual 

keratometer (range 40.80-46.55 D).

  

 
                  (a)                (b)             (c) 

 

 
      (d)                 (e)             (f) 

 

 
                  (g)                 (h)             (i) 

Figure 2  Distributions of corneal powers: (a)-(c) mean steep power, (d)-(f) mean flat power and (g)-(i) average power.  

 

As shown in Table 3, manual 

keratometer value was 0.03±0.09 D, lower than 

auto kerato-refractometer (p = 0.036, ICC = 

0.999) and manual keratometer value was 

0.09±0.19 D which is lower than topographer (p 

= 0.000, ICC = 0.994).  The agreement between 

pairs of instruments was calculated using ICC 

and 95%LoA values.  The results shows that all 

three pairs were statistically significant as p-

value < 0.05.  That is, the three instruments show 

the evidence of strong concordance.

 

Table 3  Intraclass correlation coefficient (ICC) and 95% limits of agreement (95%LoA) between pairs of instruments 

for measuring corneal steep power (Ksteep). 

Pairs of instruments ICC Mean difference ± SD 95%LoA p-value 
TP-AK 0.995 0.07±0.19 D -0.30 D to 0.44 D 0.007* 

TP-MK 0.994 0.09±0.19 D -0.28 D to 0.46 D 0.000* 
AK-MK 0.999 0.03±0.09 D -0.15 D to 0.21 D 0.036* 

*Statistical significance when the p-value was < 0.05 
 

Mean = 44.09 
SD = 1.39 
Max = 46.72 
Min = 40.08 

Mean = 44.02 
SD = 1.41 
Max = 46.49 
Min = 40.74 

Mean = 44.00 
SD = 1.43 
Max = 46.55 
Min = 40.80 

Mean = 42.77 
SD = 1.42 
Max = 45.34 
Min = 38.42 

Mean = 42.86 
SD = 1.43 
Max = 45.40 
Min = 38.53 

Mean = 42.81 
SD = 1.42 
Max = 45.30 
Min = 38.48 

Mean = 43.43 
SD = 1.37 
Max = 45.85 
Min = 39.61 

Mean = 43.44 
SD = 1.39 
Max = 45.87 
Min = 39.63 

Mean = 43.40 
SD = 1.39 
Max = 45.85 
Min = 39.64 
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Figure 3 shows the results obtained 

from the Bland-Altman analysis.  The high 

concordance was found for all three pairs of 

instruments.  The 95% limits of agreement (LoA 

= mean of the difference ± 1.96 × SD of the 

differences) indicate that the values on the error 

between the pairs of instrument have exceeded 

the limits of concordance.

  

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 3  Bland-Altman plots comparing Manual keratometer (MK), Auto kerato-refractometer (AK), and Topographer 

(TP) for measuring corneal steep power (Ksteep). 

 
Table 4  Intraclass correlation coefficient (ICC) and 95% limits of agreement (95%LoA) between pairs of instrument 

for measuring corneal flat power (Kflat). 

Pairs of instruments ICC Mean difference ± SD        95%LoA   p-value 
TP-AK 0.997 -0.10±0.12 D -0.34 D to 0.14 D 0.000* 
TP-MK 0.997 -0.05±0.14 D -0.32 D to 0.22 D 0.012* 

AK-MK 0.999 0.05±0.07 D -0.09 D to 0.19 D 0.000* 

*Statistical significance when the p-value was < 0.05 
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4.2  Corneal flat power 

Measuring the mean corneal flat power 

(Kflat) , the values were: 42.77±1.42 D for 

topographer (range 38.42-45.34 D), 42.86±1.43 

D for auto kerato-refractometer (range 38.53 – 

45.40 D) and 42.81±1.42 D for manual 

keratometer (range 38.48 – 45.30 D).  Manual 

keratometer value was 0.05±0.07 D lower than 

auto kerato-refractometer (p = 0.000, ICC = 

0.999), manual keratometer value was -

0.05±0.14 D lower than topographer (p = 0.012, 

ICC = 0.997).  The inter-instrument agreement 

between pairs of instruments was evaluated by 

ICC values as shown in Table 4.  It is seen that 

the agreement between each pair was statistically 

significant (p-value < 0.05).  As can be seen in 

Figure 4, the Bland-Altman plots present high 

concordance in all three pairs of instruments. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 4  Bland-Altman plots comparing Manual keratometer (MK), Auto kerato-refractometer (AK), and Topographer 

(TP) for measuring corneal flat power (Kflat). 

 

4.3  Corneal average power 

Measuring the mean corneal average power 

(Kaverage), the values were: 43.43±1.37 D for 

topographer (range 39.61-45.85 D), 43.44±1.39 D for 

auto kerato-refractometer (range 39.63-45.87 D) and 

43.40±1.39 D for manual keratometer (range 39.64-

45.85 D). Manual keratometer value was 0.04±0.06 D 

lower than auto kerato-refractometer (p = 0.000, ICC = 

0.999), manual keratometer value was 0.02±0.14 D 

lower than topographer (p = 0.167, ICC = 0.997).  The 

0.14 D 
 
   

- 0.10 D 
 

 - 0.34 D 

0.22 D 
 
   

- 0.05 D 
 

 
 - 0.32 D 

0.19 D 
 

 
 

0.05 D 
 

 - 0.09 D 
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ICC values between pairs of instruments are given in 

Table 5.  The agreement between AK-MK pairs was 

statistically significant (p-value < 0.05).  It can be 

interpreted that Kaverage value between AK-MK pairs is 

different.  Figure 5 shows the results obtained from the 

Bland-Altman analysis.  The high concordance was 

found in all three pairs of instruments. 

 

  

Table 5  Intraclass correlation coefficient (ICC) and 95% limits of agreement (95%LoA) between pairs of instruments 

for measuring corneal average power (Kaverage). 

Pairs of instruments ICC Mean difference ± SD 95%LoA p-value 
TP-AK 0.997 -0.01±0.14 D -0.28 D to 0.26 D 0.471 

TP-MK 0.997 0.02±0.14 D -0.25 D to 0.29 D 0.167 

AK-MK 0.999 0.04±0.06 D -0.08 D to 0.16 D 0.000* 

*Statistical significance when the p-value was < 0.05 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 5  Bland-Altman plots comparing Manual keratometer (MK), Auto kerato-refractometer (AK), and Topographer 

(TP) for measuring corneal average power (Kaverage). 

 

5.  Discussion  

As the cornea is the major refractive 

element of the eye, the accurate measurements of 

corneal shape and refractive power are 

considerably indispensable to the design and 

ultimate success of vision corrective procedures, 

for instance, refractive and cataract surgeries 

(Dehnavi et al., 2015; Wang et al., 2014; 

0.26 D 
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Shirayama et al., 2009; Karabatsas et al., 1998; 

Elbaz, Barkana, Gerber, Avni, & Zadok, 2007; 

Crawford, Patel, & McGhee, 2013; Huang et al., 

2015a; Huang et al., 2015b; Razmju et al., 2011).  

Hence, the comparability of corneal powers 

obtained from the manual keratometer 

(ophthalmometer OM-4), auto kerato-

refractometer (KR-8800), and topographer 

(oculus keratograph 5M) have been assessed as 

the main objective of this study.  The results 

obtained from our research framework indicate 

that manual keratometer, auto kerato-

refractometer, and topographer present the 

indifference of corneal power values even though 

each instrument was made by different 

technology.  Thus, it is seen that the three 

instruments were in good agreement and 

interchangeability can be optionally allowed.  

Particularly to this study, the 

measurement of these instruments were 

compared only in healthy eyes.  It is still 

questionable whether these instruments provide 

the same results in abnormal eyes, for example, 

high corneal astigmatism, abnormal corneal 

surface, or post-refractive surgery corneas.  

Previous studies for comparison of keratometry 

and videokeratography after penetrating 

keratoplasty showed poor agreement between 

keratometer and videokeratoscope for irregular 

corneal surface measurements (Karabatsas et al., 

1998).  It was claimed that the two instruments 

cannot be used interchangeably in comparing the 

curvature of corneas after penetrating 

keratoplasty.  Therefore, it is still interesting to 

further extend this study to cover the inter-

instrument agreement in abnormal eyes. 

 

 
Figure 6  Comparison of corneal powers corresponding to topography, auto kerato-refractometer and manual 

keratometer.  

 

6.  Conclusion  

The inter-instrument agreement of 

anterior corneal curvature measurements 

including auto kerato-refractometer, topographer 

and manual keratometer has been studied.  

Regarding the 61 subjects, intraclass correlation 

coefficient (ICC) and 95% limits of agreement 

(95%LoA) were evaluated and statistically 

examined by Bland-Altman plots, intraclass 

correlation coefficient and paired t-test analysis.  

Comparing the mean corneal powers including 

Kflat , Ksteep and Kaverage from the three different 

instruments as shown in Figure 6, it is found to 

be significantly indifferent.  That is, the corneal 

power measurements from three different 

instruments have high concordance and good 

agreement for evaluating the corneal power in 

healthy eyes.  However, the magnitude of the 

differences was 0.10 D or less.  It is acceptable as 

the minimal clinical importance.  One can 

conclude from these results that topographer, 

auto kerato-refractometer and manual 

keratometer are interchangeable in terms of 

corneal power measurements.  
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