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Abstract
Introduction: It is important for the users of 

automated instruments that measure refractive 
state to know that the results obtained from such 
instruments are accurate and repeatable. This 
study was conducted to investigate the repeat-
ability of multiple measures of refractive state 
using a Nidek ARK-10000 OPD-scan.

Method: 150 measurements of refractive 
state of a test eye were obtained using an OPD- 
scan. The method of focusing and triggering 
the instrument was varied for three sets of 50 
measurements.

Results: The results of this study suggest 
that the OPD-scan gives reliable and accurate 
measures of refractive state when taking mul-
tiple measurements. Although the means of the 
various sets of measurements were significantly 
different, clinically the differences are probably 
insignificant. 

Introduction
The Nidek ARK-10000 OPD-scan is an 

instrument that is designed to provide informa-
tion relating to autorefraction, autokeratometry, 
corneal topography, wavefront analysis and 
pupillometry1, 2. The OPD scan can be used in 
one of two modes. Autorefraction and autokera-
tometry are measured in one mode and wave-

front information and topography are deter-
mined in the second mode. It is important that 
automated instruments are reliable and accu-
rate for both clinicians and researchers. Many 
reports have been published that have evaluated 
the performance of autorefractors, both as indi-
vidual instruments and as comparisons between 
instruments3-9. In general, autorefractors are 
considered to provide reasonably accurate and 
repeatable measurements of refractive state. 
Other studies comparing autorefractors, con-
ventional refraction and retinoscopy have found 
that autorefractors give an accurate indication 
of the refractive state of the eye12-15. 

Many researchers take multiple (50 or more) 
measurements of refractive state during their 
research projects16-20. For this reason one needs 
to be confident that an instrument provides 
accurate and repeatable measures of refractive 
state. Studies21, 22 investigating the repeatability  
of autorefractor measurements have shown that 
automated measurements of refractive state are 
repeatable. Bullimore, Fusaro and Adams22 have 
gone so far as to state: “automated refraction is 
more repeatable than subjective refraction and 
therefore more appropriate for studies of myo-
pia progression”. 

Gillan23 has shown that the length of time 
that an instrument is left on plays a role in 
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the repeatability of multiple measurements of 
refractive state. It has also been shown that the 
way an autorefractor is focused and whether the 
instrument is refocused after every measurement 
influences the variation that occurs in measures 
of refractive state24. 

A test eye is considered to be static and inca-
pable of accommodative or other fluctuations. 
The test eye therefore makes a useful object 
to investigate the accuracy and repeatability of 
multiple measurements of refractive state. In 
all probability any changes that are determined 
while taking measures of refractive state of a 
test eye are due to operator or instrument error 
or fluctuation. The aim of this study is to inves-
tigate the repeatability of multiple measures of 
refractive state taken using an OPD-scan and 
at the same time to determine if the method of 
triggering the instrument affects its accuracy.   

Method
The Nidek ARK-10000-OPD scan has vari-

ous modes for measuring refractive state of an 
eye in the autorefractor mode: firstly the instru-
ment can be set so that the user has to depress 
the trigger button when the user believes that 
the instrument is properly focused and secondly 
the instrument can automatically trigger itself 
when properly focused. This study involves 
using three different methods of focusing and 
triggering the instrument. Fifty measurements 
of refractive state of a Nidek test eye were 
taken having the researcher focus the instru-
ment and deciding when to depress the trigger 
button. The instrument was refocused after 
each individual measurement. A print-out was 
made after each set of ten measurements.  A 
second set of fifty measurements were taken 
of the test eye where the instrument was set 
to trigger itself automatically when focused. 
The instrument was then moved back and 
realigned before the instrument triggered itself 
once again. A printout was made after each set 
of ten measurements.  Another fifty measure-
ments were collected where the instrument 
triggered itself when focused and ten measures 

Figure 1a. Scatter plot of 50 measurements of refractive state 
of a test eye. Origin of axes is set at  − 5 D for this and all sub-
sequent figures. Operator refocused the instrument after each 
measurement and decided when to trigger the measurement. 
Length of axes: 0.1 D. For details see text.

Figure 1c. Scatter plot of 50 measurements of refractive state of 
a test eye. Operator focused the instrument once, ten measure-
ments were taken at a time with no refocusing of the instrument. 
The instrument triggered itself when adequately focused. Length 
of axes: 0.1 D. For details see text.

Figure 1b.  Scatter plot of 50 measurements of refractive state 
of a test eye. Operator refocused the instrument after each 
measurement and the instrument triggered itself when ade-
quately focused. Length of axes: 0.1 D. For details see text.

145

WDH Gillan



The South African Optometrist − December 2006

of refractive state were taken at a time without 
refocusing the instrument. A total of 150 mea-
surements of refractive state were taken of the test 
eye. The instrument was set to measure refractive 
state in 0.01 D steps with the vertex distance set at 
12 mm (the calibration vertex distance of the test 
eye). The manufacturer’s stated dioptric power of 
the test eye was − 4.92 D at a 12 mm vertex dis-
tance. The data were analyzed using methods 
developed by Harris and software developed 
by Harris and Malan and modified by Rubin.

Results
Figure 1 shows scatter plots representing data 

collected making use of different methods of acti-
vating the OPD-scan. The origin of the axes in all 
scatter plots in this article is ─ 5.00 D. Axis length 
depends on the data collected and will be indicated 
in the text. Figure 1a shows 50 measurements of 
refractive state collected by refocusing the OPD 
scan after each measurement with the operator 
deciding when to trigger the measurement. Axis 
length in Figure 1a is 0.1 D. An elongated cluster 
of data points is seen with most of the points in a 
straight line indicating mostly stigmatic (spheri-
cal) variation of the measurements. The extent 
of the stigmatic variation is approximately 0.1 D. 
Also seen are several data points that are slightly 
displaced away from the seemingly straight line of 
data points. The displaced points show measure-
ments of refractive state that include antistigmatic 
(astigmatism) components of refractive state. The 
antistigmatic components of refractive state are 
small. The mean of the 50 measurements is shown 
in Table 1 in conventional as well as component 
notation.

 Figure 1b shows 50 measurements taken by 
refocusing the instrument after each measurement 
with the instrument set to trigger itself. The axis 
length is 0.1 D. An elongated cluster of points is 
seen indicating stigmatic variation in the measure-
ments. There are no points indicating antistigmatic 
variation. The extent of the cluster is approximate-
ly 0.075 D. The mean of the 50 measurements is 
seen in Table 1.

Figure 1c represents 50 measurements obtained 

by initially focusing the instrument and  having 
the instrument trigger itself when adequately 
focused. The instrument was not refocused after 
each measurement. Ten measurements were taken 
at a time and then printed. The axis length is 0.1 
D. The stigmatic extent of the elongated cluster 
is approximately 0.1 D. A number of data points 
show antistigmatic components of refractive state. 
The mean of the 50 measurements can be seen 
in Table 1. A multivariate analysis of variance 
(MANOVA) was conducted on the  data shown 
above. At the 95% level of confidence all means 
and variances were shown to be significantly dif-
ferent (even though the differences are small).  

The presentation in Figure 1b is unusual as 

Figure 3. Scatter plot of 50 measurements of refractive state of 
a test eye obtained using a Nidek ARK-700 autorefractor. An 
increased amount of antistigmatic variation is seen. Operator 
refocused the instrument after each measurement and decided 
when to trigger the measurement. Length of axes: 0.1 D. For 
details see text.

Figure 2. Scatter plot of 50 measurements of refractive state of 
a test eye taken two months after initial measurements. Operator 
refocused the instrument after each measurement and the instru-
ment triggered itself when adequately focused. Length of axes: 
0.2 D. For details see text.
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there are no antistigmatic measures of refractive 
state. All other investigations that have been con-
ducted by members of the Optometric Science 
Research Group (OSRG) making use of multiple 
measurements obtained using autorefractors have 
shown the presence of antistigmatic components 
of refractive state. It was decided to take another 
50 measures of refractive state using the same 
methods as those used to collect the data for Figure 
1b. The measurements were taken approximately 
two months later. Figure 2 shows the 50 measure-

ments collected at the later date. The axis length 
is 0.2 D. A number of interesting phenomena can 
be seen. The stigmatic elongation of the data is 
evident, however, two data points positioned at 
the bottom of the scatter plot (in this orientation) 

could possibly indicate outliers. The stigmatic 
extent of the cluster, including the two possible 
outliers, is 0.15 D. 

Table 1. Means of 50 measurements are shown. MR, AR, AR10, AR2 and 
Ark-700 represent the data collected as discussed in the text and as shown 
in Figures 1a, 1b, 1c, 2 and 3 respectively. Means have been rounded to two 
decimal places resulting in many of the components being shown as zero. 
Means are represented in conventional as well as component notation.

Measurement
Set

Sph Cyl Axis I J K

MR (Fig1a)  5.07 0.00 179  5. 07 0.00 0.00

AR (Fig 1b)  5.06 0.00 0  5.06 0.00 0.00

AR10 (Fig 
1c)

 5.05 0.00 175  5.05 0.00 0.00

AR2 (Fig 2)  5.03  0.00 172  5.03 0.00 0.00

ARK-700 
(Fig 3)

 5.06 0.07 61  5.10  0.02 0.03

Antistigmatic variation is seen in some of 
the data points showing the presence of anti-
stigmatic components of refractive state. The 
mean of the measurements presented in Figure 
2 can be seen in Table 1. Two possible col-
lections of data points are also evident with 
one cluster positioned about the origin of the 
axes and the other positioned slightly more 
myopically. This presentation could indicate 
a possible binomial distribution of the data. 
A MANOVA was conducted on the data dis-
cussed to this point. At the 95% level of con-
fidence all means  and variances were shown 
to be significantly different. A hypothesis test 
was conducted to determine if the means of 
the data collected under the same conditions 
two months apart (data represented in Figures 
1b and 2) are different. At the 95% level of 
confidence the means were shown to be sig-
nificantly different.

A Nidek ARK-700 autorefractor was used to 
take 50 measurements of the same test eye so 
that some comparison could be made in terms 
of the accuracy of the OPD-scan. The instru-
ment was refocused after each measurement 
and the user triggered the instrument when it 
was adequately focused. The measurements 
taken using the ARK-700 are shown in Figure 
3. It is immediately apparent that there is more 
antistigmatic variation in these measurements 
compared with the measurements obtained 
using the OPD-scan, shown by the large clus-

Figure 4b. The same data as that seen in Figure 4a is represented 
here. The 50 measurements of refractive state obtained using 
the ARK-700 autorefractor are excluded. A tight cluster is seen 
with little antistigmatic variation. Two possible outliers are seen 
positioned below (in this orientation) the primary cluster.

Figure 4a. Two hundred measurements of refractive state of a 
test eye are shown on one set of axes. Axis length: 1 D.
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ter of data points. A single point, positioned 
below the large cluster, in this orientation, 
might indicate an outlier. The appearance of 
the data points in Figure 3 is more in line with 
the data taken by other members of the OSRG 
in other investigations. The mean of the 50 
measurements is shown in Table 1. 

To put the data collected in this investiga-
tion into perspective Figure 4a shows all the 
data collected (using both the OPD-scan as 
well as the ARK-700) presented on one scatter 
plot. The axis length is 1 D. A tight cluster with 
some stigmatic variation is seen positioned 
just below the origin of the axes. Some width 
to the cluster exists showing the antistigmatic 
variation present in the data colleted using 
the ARK-700 autorefractor. Figure 4b shows 
the same data as Figure 4a with the data col-
lected from the ARK-700 excluded. A slightly 
elongated cluster is seen showing the stigmatic 
nature of the variation. There is little waist to 
the cluster showing the small amounts of anti-
stigmatic variation in the data collected. The 
two possible outliers mentioned above (seen 
in Figure 2) can be seen positioned below the 
primary cluster (in this orientation).

Discussion
Two hundred measurements of refractive 

state were obtained from a test eye using a 
Nidek ARK-10000 OPD-scan. Different meth-
ods of focusing and triggering the instrument 
were used in an attempt to determine how 
repeatable such measures would be. Although 
the means of 150 (MR, AR, A10) measure-
ments of refractive state were shown to be sig-
nificantly different at a 95% level of confidence 
the differences were small (see Table 1), the 
range of the stigmatic component being 0.02 
D. Even though different methods were used to 
trigger and focus the instrument there is little 
clinical difference between the means. Because 
the data collected by means of the instrument 
triggering itself (AR) were purely stigmatic, 
a finding that has not been seen before, a 
second set of measurements were obtained 

using the same method two months later. The 
means between the two sets of measurements 
determined two months apart were found to 
be significantly different at a 95% level of 
confidence (AR and AR2). However, clini-
cally, the differences are probably insignificant. 

In an attempt to compare the OPD-scan with 
a conventional autorefractor, 50 measurements 
were taken of the test eye using a Nidek ARK-
700 autorefractor. The instrument was refocused 
after each measurement and the operator decided 
when to trigger the instrument (in the same way 
that data was determined for MR). A statisti-
cally significant difference exists between these 
two means (see MR and ARK-700 in Table 1). 
Nevertheless, the differences between the two 
means are again probably clinically insignificant.

When all five sets of data are reproduced 
on one set of axes with an axis length of 1.00 
D a small cluster is evident (see Figure 4a), 
when the ARK-700 data are removed an even 
smaller cluster is seen (see Figure 4b). The size 
and tightness of the cluster in Figure 4a shows 
the small amount of variation that occurred in 
determining 250 measures of refractive state 
from the same test eye. Relative to the 1 D 
length of the axes it can be seen that the varia-
tion in the measurements is small and probably 
clinically insignificant. Although the means 
of the different methods used to trigger and 
focus the instrument are significantly differ-
ent at a 95% level of confidence clinically the 
method used to focus and trigger the instrument 
probably makes no difference (see Table 1).

The dioptric power of the test eye is stated as 
─ 4.92 by the manufacturer. The OPD- scan and 
the ARK-700 produce a slightly more myopic 
measure of the test eye (at most 0.15 D). The 
discrepancy between the stated power of the test 
eye and that determined in this study could be 
due to various reasons: firstly, the stated power 
is incorrect and the test eye is in fact more 
myopic; secondly  the instruments may have 
tended to measure the test eye as slightly more 
myopic due to some calibration error in the 
instruments. The likelihood that two different 
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instruments measure a test eye as being more 
myopic by almost the same amount is small. 

The results of this study suggest that the 
OPD-scan provides a repeatable and accurate 
measure of refractive state of a static test eye. 
Some variation in the measurements does exist 
but it is small. Clinically it is probably safe to 
state that the OPD-scan can be used to deter-
mine an accurate and repeatable indication of 
refractive state of a human eye. However, the 
clinician needs to remember that the human 
eye is not static and that proximal accom-
modation, accommodative spasm and propin-
quity, among others, can influence the measure-
ment of refractive state when using automated 
refractometers. Researchers, on the other hand, 
need to keep the limitations of such instru-
ments in mind when conducting their research.
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