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Abstract
Aim—To determine reproducibility and
accuracy of the Nikon Retinomax autore-
fractor when used with children who were
made cycloplegic.
Methods—Autorefraction and retinoscopy
or subjectively refined retinoscopy
(where, under the patient’s direction, the
refraction was varied until the best visual
acuity was achieved) were performed on
the right eye of 47 children, age 11–93
months. Autorefraction was performed
using the Nikon Retinomax, which pro-
vides up to eight measured values of
refractive error and one representative
measurement of refractive error.
Results—Autorefractor measurements
were successfully obtained from 7/9 chil-
dren age 3 years or younger, and from all
older children. Vector methods were used
to calculate diVerences. Retinomax
reproducibility averaged 0.43 D. Unbiased
Retinomax and retinoscopy measure-
ments diVered by an average of 0.82 D.
Unbiased Retinomax and subjectively re-
fined retinoscopy diVered by an average of
1.03 D.
Conclusions—Reproducibility of Retino-
max measured values in children is com-
parable with reproducibility of retino-
scopy, subjective refraction, and auto-
refraction measurements in adults.
AgreementbetweenRetinomaxandretino-
scopy and agreement between Retino-
max and subjective refinement in children
is comparable with agreement between
autorefraction and subjective refraction in
adults.The study indicates that theRetino-
max is a useful instrument for measuring
refractive errors in young children.
(Br J Ophthalmol 1997;81:941–948)

High refractive error (for example, ani-
sometropia, astigmatism, hyperopia) in early
childhood can lead to amblyopia.1–4 There is
evidence that amblyopia can be prevented if
children at risk receive optical correction at an
early age.5–8 Thus, it may be valuable to identify
and correct children for high refractive error as
early as possible.
The traditional method for detecting refrac-

tive errors in preschool age children involves
cycloplegic or non-cycloplegic retinoscopy.
Although skilled retinoscopists can provide
reliable and valid measures of refractive error
in children,3 9 retinoscopy is subject to interob-
server variation.10 11 For this reason, retino-

scopy measurements are not an appropriate
‘gold standard’ for evaluating measurements of
refractive error. Recently, there has been an
emphasis on the development of measurement
tools that are free of operator bias, can be used
by lay individuals, and provide a ‘gold stand-
ard’ for retinoscopy measurements. One such
tool is the Nikon Retinomax autorefractor
(Nikon, Melville, NY, USA), a hand held
instrument that measures refractive error. To
date, there are no reports of the eYcacy, valid-
ity, or reliability of the Retinomax for the
measurement of refractive error in children.
The aim of this study was to determine if the

Retinomax can be used successfully with
children under cycloplegic conditions, to ex-
amine the reproducibility of the Retinomax in
measuring refractive error in children, and to
assess the agreement between the Retinomax
and retinoscopy and the agreement between
the Retinomax and subjective refinement. For
each eye, the Retinomax provides up to eight
measured values, and one representative
measurement of refractive error. We evaluated
reproducibility of Retinomax measurements
through analysis of Retinomax measured
values of refractive error. We evaluated
measurement agreement by comparing Retino-
max representative measurements with retino-
scopy and subjective refinement measure-
ments.

Methods
MATERIALS

Retinomax autorefractor
The Nikon Retinomax is a hand held instru-
ment for measuring refractive error. The
instrument is designed for easy use by
individuals with minimal ophthalmic
experience. The Retinomax provides up to
eight measured values of refractive error
(including sphere, cylinder, and axis) and then
determines a single best representative meas-
ure based on the measured values. The
algorithm used by the manufacturer for deter-
mination of the representative measurement is
not published.

SUBJECTS

Subjects were 47 consecutive patients, under
the age of 8 years, seen in the paediatric
ophthalmology clinic at the University of
Arizona. None of the subjects had amblyopia
or other cause of decreased visual acuity that
precluded fixation with the right eye, and none
exhibited any ocular pathology other than
refractive error. This study was approved by
the University of Arizona Institutional Review
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Board (IRB). Written informed consent was
obtained from parents of all children, and ver-
bal assent was obtained from older children.

PROCEDURE

In order to achieve cycloplegia, each child was
first given proxymetacaine (proparacaine)
0.5%, followed 30 seconds later by a single
drop of cyclopentolate 1% instilled in the infe-
rior cul de sac. The child was held with the
eyelid open and the pooled drop in contact
with the cornea for approximately 1 second,
and then the upper eyelid was lifted, allowing
the pooled drop to collect under the upper eye-
lid.Twenty to 30minutes later, dynamic retino-
scopy was performed to determine adequacy of
cycloplegia. Dynamic retinoscopy was per-
formed by observing the retinoscopic reflex
while the child was viewing a distant television
monitor displaying a cartoon, stopping the car-
toon, and then directing the child to attend to
a finger puppet held alongside the retinoscope.
Evidence of inadequate cycloplegia was a shift
in the retinoscopic reflex as viewing distance
changed. In no instance was it necessary to
instil additional drops.
A certified ophthalmic technician (LKW)

then attempted to obtain a Retinomax
measurement from the right and left eyes of
each subject. Older children were asked to
remain still and to fixate on the Retinomax
internal fixation target as the examiner held the
Retinomax in perpendicular alignment. For
younger children, a parent held the child while
the examiner aligned the Retinomax. Once
fixation was achieved, the examiner attempted
a measurement. For children who initially
demonstrated little interest in the fixation
target, a modified technique was used. Firstly,
a small finger puppet was used to attract the
child’s attention. Then, all room lights were
turned oV and the Retinomax was immediately
positioned in front of the child. Thus, the only
visual stimulus present, the fixation target of
the Retinomax, attracted the child’s attention,
and the measurement was made. The Retino-
max provided a printout for each eye that
included several measured values of refractive
error and a single representative measurement
of refractive error. For the right eye, we
obtained two measured values for one subject,
three measured values for one subject, six
measured values for four subjects, and eight
measured values for all other subjects.
Immediately after autorefraction, an oph-

thalmologist (JMM) performed retinoscopy
followed by subjective refinement, when possi-
ble. Subjective refinement was achieved by
varying the refraction under the patient’s
direction until best visual acuity was achieved.
The ophthalmologist was masked to the results
of the autorefraction at the time retinoscopy
with or without subjective refinement was per-
formed. For subjects with whom subjective
refinement was performed, the ophthalmolo-
gist recorded a single best estimate of refractive
error for each eye. For subjects who were
assessed with retinoscopy, the ophthalmologist
recorded the phoropter reading at neutralisa-
tion.

DATA ANALYSES

In order to avoid violations of independence of
measurements that arise when data from both
eyes of subjects are included in analyses, only
data from the right eye of each subject were
included. The data relevant to the following
analyses were each subject’s Retinomax meas-
ured values, Retinomax representative
measurement, and retinoscopy or subjectively
refined measurement of refractive error.
Analysis of the reproducibility and accuracy

of refractive error data is complicated by the
interaction of sphere, cylinder, and axis meas-
urements. Small axis variations of large cylin-
der powers can produce the same dioptric blur
as large axis variations of small cylinder power.
That is, variation of either sphere or cylinder
power can produce variation in the net dioptric
power. Analysis of the variation of astigmatic
power is best accomplished with the vector
method described by Long12 and modified by
Harris.13 Using this method, each observation
of sphere, cylinder, and axis is converted into a
single point in dioptric three dimensional
space. The advantage of this method is that the
deviation for each measurement can be derived
in units of dioptres that are related simultane-
ously to the sphere, cylinder, and axis of the
measurements. Repeated observations result in
a cluster of points occurring in this three
dimensional space. For each subject, the
Retinomax measured values of refractive error
(usually eight measured values per subject), the
Retinomax representative measurement, and
the retinoscopy or subjective refinement
measurement of refractive error were con-
verted to a value representing a point in diopt-
ric three dimensional space using the method
of Harris.13

REPRODUCIBILITY

Reproducibility of Retinomax measurements
was evaluated through the analysis of the
Retinomax measured values provided for each
subject. The mean of the measured values was
calculated according to the method of Harris13

for each subject, and the vector dioptric
distance between each estimate and the mean
of that subject’s measured values was calcu-
lated. This yielded a dioptric error value for
each estimate of refractive error. The mean of
the dioptric errors was calculated for each sub-
ject, and the grand mean dioptric error was
calculated for all subjects, for subjects who
underwent retinoscopy, and for subjects who
permitted subjective refinement. For each
group and for subjects overall, Spearman
correlation was used to evaluate the relation
between reproducibility of measurements (di-
optric error) and subject age, amount of
spherical power, and amount of astigmatism.
Spherical power and astigmatism values for
correlations were obtained from subjects’
retinoscopy or subjective refinement measure-
ments.

MEASUREMENT BIAS

Since individual retinoscopists, refractionists,
and the Retinomax may have a consistent
measurement bias, we determined the bias
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between retinoscopy and Retinomax
representative measurements, and the bias
between subjective refinement and Retinomax
representative measurements. For subjects who
underwent retinoscopy, each subject’s Retino-
max representative measurement (sphere, cyl-
inder, axis) was subtracted from his/her
retinoscopy measurement—that is, the pho-
ropter reading at neutralisation, using vector
methods. For subjects who permitted subjec-
tive refinement, each subject’s Retinomax
representative measurement was subtracted
from his or her subjectively refined retinoscopy
measurement using vector methods. For each
group (retinoscopy/subjective refinement), the
overall mean of these values was calculated to
determine the amount and direction of
measurement bias.
While we assume the best subjective refine-

ment under cycloplegia represents an unbiased
estimate of the subject’s refractive error, we
cannot make that assumption for retinoscopy.
In retinoscopy, there is large variation between
retinoscopists in both spherical measurement
accuracy (arising from working distance varia-
tion from the typical two thirds of a metre) and
cylinder (arising from oV axis measurement).
Therefore, the measurement bias between
retinoscopy and Retinomax measurements
represents an ‘ideal retinoscopy lens’ that,
when held before the subject, would best
correct for retinoscopy working distance and
oV axis alignment, as well as any systematic
errors that might be present within the
Retinomax.

MEASUREMENT AGREEMENT

We evaluated the agreement between Retino-
max representative measurements and retino-
scopy measurements at neutralisation, and
agreement between Retinomax representative
measurements and subjective refinement. In
order to correct for systematic measurement
bias, the mean bias for retinoscopy was
subtracted from retinoscopy measurements,
and the mean bias for subjective refinement
was subtracted from subjective refinement
measurements (see Measurement bias, above).
This correction yielded a means of comparing
the Retinomax with retinoscopy and subjective
refinement free of systematic bias. The cor-
rected retinoscopy and subjective refinement
measurements were used in analyses of
measurement agreement.
For each group, the absolute magnitude of

vector dioptric diVerence between each sub-
ject’s Retinomax representative measurement
and that subject’s retinoscopy with or without
subjective refinement derived estimate of
refractive error was calculated, and the mean of
the absolute diVerences was calculated for
retinoscopy and subjective refinement groups.
Spearman correlation was used to determine
the relation between measure of agreement
and subject age, amount of spherical power,
and amount of astigmatism for each group.
Spherical power and astigmatism values for
correlations were obtained from subjects’
retinoscopy or subjective refinement measure-
ments.

Use of absolute values in the calculation of
deviation resulted in positive mean dioptric
deviations. If absolute values had not been
used, the mean dioptric diVerence between the
Retinomax and Retinoscopy measurements
and between the Retinomax and subjective
refinement measurements would have been
zero, since we subtracted oV the bias between
methods of measurement before calculating
mean dioptric deviation. Thus, the mean
dioptric deviation represents the average diVer-
ence in any vector direction between measure-
ments obtained by two methods (Retinomax
and retinoscopy or Retinomax and subjective
refinement).

Results
SUCCESS IN OBTAINING MEASUREMENTS

The ophthalmic technician was successful in
obtaining Retinomax measurements from
seven of nine subjects who were age 3 years or
younger, and from all 38 older subjects. The
two subjects from whom we could not obtain
measurements were 11 and 14 months old.
Obtaining measurements from children less
than 3 years of age was more diYcult, as they
tended to try to turn away from the instru-
ment.
The ophthalmologist was successful in com-

pleting retinoscopy in 25 subjects, and subjec-
tively refined retinoscopy in 22 subjects. Over-
all, we obtained Retinomax and retinoscopy
measurements in 23 children (retinoscopy
group, mean age 4.1 (SD 1.5) years), Retino-
max and subjective refinement measurements
in 22 children (subjective refinement group,
mean age 6.6 (SD 1.0) years), and only
retinoscopy measurements in two children
(mean age 1 year). Subjects in the retinoscopy
group were significantly younger than subjects
in the subjective refinement group (t(43) =
6.54, p <0.0001).

SUMMARY OF RESULTS FROM INDIVIDUAL

SUBJECTS

In Tables 1 and 2, we provide the data from
individual subjects. Table 1 summarises retino-
scopy measurements at neutralisation, Retino-
max measurements, bias measurements
(retinoscopy—Retinomax measurements,
using vector methods), and the vector dioptric
diVerence13 (VDD, the dioptric diVerence,
averaged across all vector directions, taking
into account sphere, cylinder and axis) for sub-
jects in the retinoscopy group. Table 2 summa-
rises subjective refinement measurements,
Retinomax measurements, bias measurements
(subjective refinement − Retinomax measure-
ments, using vector methods), and the VDD13

for subjects in the subjective refinement group.

REPRODUCIBILITY

The dioptric deviations of each subject’s
Retinomax measured values of refractive error
from the mean of each subject’s Retinomax
measured values are shown in Figure 1. As
seen in Figure 1, one subject had an extreme
outlier measured value of refractive error. This
measured value was not included in the calcu-
lation of reproducibility for that subject. Based
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on comparisons of the subject’s measured val-
ues and the subject’s final representative
measurement, it was clear that the Retinomax
eliminated the outlier in selecting the
representative measurement.
Measurements of reproducibility were ob-

tained by calculating a mean deviation score
for each subject. The grand mean of the devia-
tion values across all subjects was 0.43 D (SD
0.47). There was a significant correlation
between reproducibility and age (rs = −0.36,
p<0.02); with older subjects, mean deviation
scores were lower (that is, reproducibility of
measurements was better). Reproducibility

was not significantly related to the amount of
spherical error or amount of cylinder.
We also evaluated Retinomax reproducibility

for the retinoscopy and subjective refinement
groups separately. For subjects who underwent
retinoscopy, the mean deviation value was 0.49
D (SD 0.40). There was a significant correla-
tion between reproducibility and age for the
retinoscopy group (rs = −0.49, p<0.02); with
older subjects, mean deviation scores were
lower (that is, reproducibility of measurements
was better). Reproducibility in the retinoscopy
group was not significantly related to the
amount of spherical error or amount of

Table 1 Retinoscopy subjects

Subject

Retinoscopy at neutralisation Retinomax representative Bias

VDDSph Cyl Axis Sph Cyl Axis Sph Cyl Axis

1 2.25 0.50 90 0.75 0.25 78 1.48 0.29 100 0.57
2 3.00 0.00 26 1.50 0.50 99 1.00 0.50 9 0.41
3 2.50 0.00 0.25 0.25 112 2.00 0.25 22 1.27
4 1.75 0.75 100 0.75 0.50 93 0.98 0.29 112 0.23
5 3.50 0.00 96 2.75 0.50 103 0.25 0.50 13 1.12
6 2.00 0.00 97 1.00 0.00 96 1.00 0.00 0.35
7 4.00 1.25 90 3.50 1.75 92 −0.01 0.51 7 1.46
8 3.00 0.50 90 0.25 0.25 112 2.69 0.36 76 2.32
9 2.75 0.00 90 0.00 0.50 84 2.25 0.50 174 1.83
10 3.00 0.00 64 1.75 0.50 14 0.75 0.50 104 0.45
11 5.25 1.25 70 3.25 1.50 80 1.61 0.54 16 0.99
12 2.75 0.25 95 1.50 0.25 90 1.23 0.04 137 0.09
13 0.50 1.50 90 −0.50 0.50 109 0.93 1.15 82 0.82
14 2.50 0.50 90 2.00 0.25 81 0.49 0.27 98 0.88
15 −0.25 2.25 90 −0.50 1.75 103 −0.01 1.02 66 1.20
16 0.50 2.25 90 −1.00 2.50 84 1.10 0.56 145 0.44
17 2.25 0.75 85 1.25 0.75 80 0.93 0.13 128 0.36
18 3.00 1.00 95 1.75 0.75 97 1.25 0.26 89 0.22
19 2.00 2.25 85 2.25 1.25 92 −0.29 1.08 77 1.55
20 0.75 0.00 −0.75 0.50 105 1.00 0.50 15 0.40
21 2.50 1.00 85 1.25 0.75 92 1.21 0.33 68 0.24
22 0.75 0.00 101 −0.75 0.50 115 1.00 0.50 25 0.36
23 0.75 4.25 90 0.50 3.50 80 −0.14 1.54 116 1.29

Mean VDD 0.82
SD 0.58

Sph = sphere; Cyl = cylinder; Bias = retinoscopy measurement − Retinomax measurement, computed using vector methods13;VDD
= vector dioptric diVerence13 (absolute value of the vector dioptric deviation between Retinomax representative and retinoscopy
measurements, taking into account sphere, cylinder, and axis, calculated after mean bias was subtracted from retinoscopy measure-
ments).

Table 2 Retinoscopy + subjective refinement subjects

Subject

Retinoscopy and subject
refinement Retinomax representative Bias

VDDSph Cyl Axis Sph Cyl Axis Sph Cyl Axis

1 0.25 0.00 −1.00 0.25 112 1.00 0.25 22 1.60
2 −1.50 1.75 75 −1.25 1.75 76 −0.28 0.06 31 0.36
3 0.75 1.00 100 0.75 0.75 99 −0.00 0.25 103 0.25
4 0.25 1.25 70 0.25 0.50 72 −0.00 0.75 69 0.73
5 1.75 2.25 90 1.00 1.75 97 −1.10 0.70 71 1.16
6 1.75 2.50 100 2.25 2.00 95 −0.57 0.63 117 0.54
7 1.75 0.00 75 1.75 0.25 94 −0.25 0.25 4 0.25
8 0.75 1.75 70 1.75 1.25 74 −1.02 0.54 61 1.11
9 0.00 0.50 90 1.00 0.25 97 −1.01 0.26 83 1.25
10 0.75 0.00 1.50 0.00 −0.75 0.00 1.06
11 0.75 1.25 85 1.75 1.00 92 −1.06 0.37 65 1.26
12 −0.25 0.25 90 0.25 0.00 −0.50 0.25 90 0.56
13 1.00 0.75 95 2.00 0.25 95 −1.00 0.50 95 1.12
14 2.25 0.75 90 1.25 0.75 98 0.90 0.21 49 1.42
15 0.25 1.00 90 1.00 0.50 104 −0.80 0.61 79 0.82
16 1.00 0.50 90 1.00 0.50 101 −0.10 0.19 51 0.11
17 1.25 1.25 100 2.25 0.75 107 −1.03 0.55 90 1.13
18 2.25 0.75 85 0.50 0.50 105 1.63 0.49 64 2.67
19 −1.75 1.75 17 −0.50 1.00 3 −1.37 0.99 31 1.38
20 −1.25 4.25 100 −0.75 3.75 96 −0.62 0.75 122 0.58
21 0.25 0.00 1.25 0.00 −1.00 0.00 1.41
22 0.50 1.75 105 −1.00 2.00 112 1.11 0.52 49 1.97

Mean VDD 1.03
SD 0.58

Sph = sphere; Cyl = cylinder; Bias = subjective refinement measurement − Retinomax measurement, computed using vector meth-
ods13; VDD = vector dioptric diVerence13 (absolute value of the vector dioptric deviation between Retinomax representative and
subjective refinement measurements, taking into account sphere, cylinder, and axis, calculated after mean bias was subtracted from
subjective refinement measurements).
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cylinder. For subjects who were able to
complete subjective refinement, the mean
deviation value was 0.37 D (SD 0.52).
Reproducibility in the subjective refinement
group was not significantly related to subject
age, spherical power, or amount of cylinder.
Reproducibility did not significantly diVer
between the retinoscopy and subjective refine-
ment groups.

MEASUREMENT BIAS

Retinomax v retinoscopy
The mean bias, calculated by subtracting
Retinomax representative measurements from
retinoscopy readings at neutralisation using the
vector method of Harris,13 was +1.19 +0.11 ×
079. This estimate of bias includes any error
introduced by the Retinomax, the retino-
scopist, and average working distance (usually
assumed to be two thirds of a metre, allowing
for a −1.5 D retinoscopy lens). If we subtract
the traditional 1.5 D correction, bias for the
Retinomax in comparison to standard retino-
scopy was −0.31 +0.11 × 079.

Retinomax v subjective refinement
The mean bias, calculated by subtracting
Retinomax representative measurements from
subjective refinement measurements using the
vector method of Harris,13 was −0.27 +0.23 ×
072. This estimate of bias includes any error
introduced by the Retinomax and by subjective
refinement.

MEASUREMENT AGREEMENT

Retinomax v retinoscopy
The mean of the absolute values of the dioptric
deviations between subjects’ Retinomax
representative measurements and their retinos-
copy measurements was 0.82 D (SD 0.58).
The dioptric deviation between Retinomax
representative and retinoscopy measurements
was not significantly related to subject age,
amount of spherical power, or amount of
cylinder.

Retinomax v subjective refinement
The mean of the absolute values of the dioptric
deviations between subjects’ Retinomax
representative measurements and their retino-
scopy measurements was 1.03 D (SD 0.59).
The dioptric deviation between Retinomax
representative and retinoscopy measurements
was not significantly related to subject age,
amount of spherical power, or amount of
cylinder.
Agreement between Retinomax and retino-

scopy and agreement between Retinomax and
subjective refinement did not diVer signifi-
cantly.

Discussion
The Retinomax is a hand held instrument
designed to provide a rapid estimate of refrac-
tive error. The portability and ease of use of the
Retinomax suggest that it might be a useful
tool for providing definitive ’gold standard’
measurements of refractive error under cy-
cloplegic conditions for use in research studies,
and may be useful for screening young children
for high refractive errors under non-
cycloplegic conditions.
We were able to achieve our goal of obtaining

Retinomax measurements from all but two
subjects between 1 and 8 years of age under
cycloplegic conditions. Younger subjects
tended to turn away from the Retinomax, as
they do with any instrument that is placed
close to the face. However, the ophthalmic
technician was successful in obtaining Retino-
max measurements in seven of nine children
less than 3 years old. Retinoscopy was success-
fully completed in all children, and subjective
refinement of the initial retinoscopy reading
was successfully completed in 22 children.
The mean vector dioptric diVerence, taking

into account sphere, cylinder, and axis, be-
tween the mean of each subject’s Retinomax
measured values of refractive error and the
individual measured values obtained from that
subject was 0.43 D (SD 0.47). This
reproducibility measure was correlated with
subject age; there was better reproducibility of
measurements with older subjects.
Reproducibility did not diVer between retino-
scopy and subjective refinement groups. How-
ever, reproducibility was correlated with sub-
ject age in the retinoscopy group (younger and
less cooperative children), but not in the
subjective refinement group. These finding
suggests that repeated Retinomax measure-
ments or other methods of refraction should be
used to determine the precise correction that
should be prescribed in younger and less coop-
erative children, to allow for averaging of
values.
It should be noted that the Retinomax

provides a single representative measurements
(or ‘best estimate’) based on the measured val-
ues of refractive error. Analysis of repeated
representative measurements would most
likely provide even better reproducibility than
we found analysing repeated measured values.
Measurement bias for the Retinomax in com-

parison with retinoscopy phoropter readings at
neutralisation (retinoscopy − Retinomax) was

Figure 1 Individual subjects’ Retinomax measured values
plotted by age of subject. Circles represent the vector dioptric
diVerence between each Retinomax estimate of a subject’s
refractive error and the average dioptric value13 of that
subject’s measured values. The Retinomax representative
measurement of refractive error is not the mean of the
individual measured values, as outliers are discarded.
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+1.19 +0.11 × 079. If we subtract the traditional
1.5 D correction from this value, bias for the
Retinomax in comparison with standard retino-
scopy was −0.31 +0.11 × 079. Measurement
bias for the Retinomax in comparison with sub-
jective refinement (subjective refinement −
Retinomax) was −0.27 +0.23 × 072. These data
suggest that the Retinomax provided an average
of approximately 0.25 D less negative/more
positive measures of refractive error than retino-
scopy and subjective refinement.
The mean vector dioptric diVerence (aver-

aged across all vector directions, taking into
account sphere, cylinder, and axis) between
unbiased retinoscopy measurements and their
Retinomax representative measurements was
0.82 D (SD 0.58). The mean vector dioptric
diVerence (averaged across all vector direc-
tions) between subjective refinement measure-
ments and their Retinomax representative
measurements was 1.03 D (SD 0.59). Thus,
the accuracy (measurement agreement) of the
Retinomax when compared with retinoscopy
was similar to the accuracy of the Retinomax
when compared with subjective refinement. In
addition, the accuracy of the Retinomax, with
reference to retinoscopy and subjective refine-
ment, was not significantly related to subject
age, spherical power, or amount of cylinder.

COMPARISON WITH PREVIOUS STUDIES:
MEASUREMENT REPRODUCIBILITY

Several previous studies have examined
reproducibility of measurements of refractive
error. In a study conducted by Safir et al,10 five
ophthalmologists performed non-cycloplegic
retinoscopy on 10 adult subjects on two
separate occasions. The ophthalmologists were
masked to the identity of the subjects at the
time each retinoscopy was performed. Table 3
compares Safir et al’s10 reproducibility of

non-cycloplegic retinoscopy measurements of
sphere and cylinder to reproducibility of the
first two Retinomax measured values of sphere
and cylinder for each subject in the present
study. The results demonstrate little diVerence
between reproducibility of measurements by
the same retinoscopist in adult subjects (sphere
0.21 D; cylinder 0.18 D), and reproducibility
of Retinomax measured values in children
(sphere 0.15 D; cylinder 0.18 D).
Rosenfield and Chiu compared repeatability

of non-cycloplegic subjective and objective
refraction in 12 adult subjects.14 Each subject
underwent five subjective refractive examina-
tions over a 2 week period. Each examination
was followed by objective refraction—that is,
autorefraction, with the Canon Autoref R-1.
The examiner was unaware of the results of the
refractions. For Table 4, we reanalysed our data
according to the methods of Rosenfield and
Chiu,14 and compared the reproducibility
results from Rosenfield and Chiu with the
reproducibility of the first five Retinomax
measured values in children. The results
indicated poorer repeatability of Retinomax
measured values in children, compared with
subjective and objective refraction in adults. It
should be noted, however, that each of the five
objective measurements of refractive error for
Rosenfield and Chiu’s subjects was calculated
as the mean of 25 autorefractor measurements.
This method of determining objective refrac-
tion measurements may have obscured much
of the variability in autorefractor measure-
ments, providing an inappropriate comparison
for repeatability of Retinomax measured val-
ues. In addition, one of our subjects had an
extreme outlier Retinomax measured value,
which contributed to the large mean SD for
sphere and spherical equivalent (see Fig 1).
When the Retinomax data are analysed with-

Table 3 Comparison of reproducibility of retinoscopy measurements10 with reproducibility of Retinomax measured values

Study Method
Mean diVerence*
(D) SD (N) Range (D)

Sphere
Safir et al10 Retinoscopy (same retinoscopist) 0.21 0.21 (50) 0–0.88
Present study Retinomax (1st two measured values) 0.15 0.19 (48) 0–0.75

Cylinder
Safir et al10 Retinoscopy (same retinoscopist) 0.18 0.16 (50) 0–0.53
Present study Retinomax (1st two measured values) 0.18 0.17 (48) 0–0.75

*The absolute diVerence between two measurements was calculated (right eye data recalculated from tables in Safir et al10).

Table 4 Comparison of reproducibility of subjective and objective* refraction in adults14 with reproducibility of Retinomax
measured values† in children

Method Study Subjects Mean SD (D) 95% limits (D)

Sphere Subjective refraction Rosenfield and
Chiu14

Adult (n=12) 0.14 +/− 0.27
Objective refraction 0.16 +/− 0.31
Retinomax measured values Present study Child (n=43) 0.42 +/− 0.82

Cylinder Subjective refraction Rosenfield and
Chiu14

Adult (n=12) 0.08 +/− 0.16
Objective refraction 0.19 +/− 0.37
Retinomax measured values Present study Child (n=43) 0.24 +/− 0.47

Spherical equivalent Subjective refraction Rosenfield and
Chiu14

Adult (n=12) 0.15 +/− 0.29
Objective refraction 0.14 +/− 0.27
Retinomax measured values Present study Child (n=43) 0.39 +/− 0.76

Mean SD = standard deviation of each subject’s five measurements of the right eye was determined, and the mean of the standard
deviations was calculated.
95% Limits=1.96 times the mean SD.
*Following each of five subjective refractions, each subject had 25 measurements taken with the Canon R-1 autorefractor. Each of
the five measured values of objective refraction were calculated as the mean of 25 measurements.
†The first five Retinomax measured values on each subject were analysed according to the methods of Rosenfield and Chiu.14 Only
subjects with at least five measured values were included (43/45).
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out that subject, the mean SDs are 0.26 for
sphere, 0.22 for cylinder, and 0.22 for spherical
equivalent. Nevertheless, Rosenfield and
Chiu’s results also indicated that subjective
refraction in adults yielded better
reproducibility than Retinomax measured val-
ues in children.
Zadnik and colleagues conducted a study

examining the reproducibility of cycloplegic
retinoscopy, subjective refraction, and autore-
fraction in 40 adult subjects.11 For Table 5, we
reanalysed our data according to the methods
of Zadnik et al, and compared the results from
Zadnik et al with the reproducibility of the first
two Retinomax measured values in children.
The findings were similar to the results of our
comparisons with Safir et al’s10 data. There was
little diVerence in reproducibility of Retino-
max measured values in children (−0.06 D)
and reproducibility of retinoscopy (0.07 D),
subjective refraction (−0.01 D), and autore-
fraction (0.05 D) in adults.

COMPARISON WITH PREVIOUS STUDIES:
MEASUREMENT AGREEMENT

In a recent study, Kinge and colleagues15 evalu-
ated agreement between subjective refraction
and autorefraction in adult subjects made
cycloplegic. For Table 6, we analysed our data
according to the method used by Kinge et al.15

The Retinomax and retinoscopy agreement
was comparable with agreement between the
Humphrey autorefractor and subjective refrac-
tion, and poorer than agreement between the
Nidek autorefractor and subjective refraction.
The Retinomax and subjective refinement had
better agreement (mean diVerence closer to
0) than both autorefractors (Humphrey
and Nidek) and subjective refraction. These
analyses suggest that the Retinomax provides
agreement with retinoscopy and subjective
refinement in young children that is com-
parable with agreement between other auto-
refractors (Humphrey and Nidek) and sub-
jective refraction in adults.

Although the magnitude of the mean diVer-
ences between the three autorefractors and
subjective refraction/retinoscopy were similar
(ranging from 0.07 D to 0.26 D), the sign of
the mean diVerences diVered. That is, the
Retinomax provided more positive/less nega-
tive measurements, in comparison with retino-
scopy and subjective refinement, and the
Humphrey and Nidek autorefractors provided
more negative/less positive measurements, in
comparison with subjective refraction.

Conclusions
The data from the present study indicate that
the reproducibility of the Retinomax is similar
to that reported for cycloplegic and non-
cycloplegic retinoscopy, subjective refraction,
and autorefraction. Although our results indi-
cate that the Retinomax provides consistent
and accurate measured values of refractive
errors under cycloplegic conditions, the vari-
ability in measurements is large enough to sug-
gest that repeated Retinomax measurements or
other methods should be used to determine the
precise correction that should be prescribed for
very young children.
The Retinomax may be a useful tool for

obtaining definitive measurements of refractive
error under cycloplegic conditions. However,
the present study suggests that the Retinomax
provides approximately 0.25 D more positive/
less negative measurements of refractive error
than subjective refinement in children. We did
not have the power to determine if this mean
diVers significantly from zero.
The results of the present study suggest that

the Retinomax might be used successfully as a
screening tool, as we were able to obtain meas-
urements from the majority (96%) of the chil-
dren in our study. The Retinomax requires
very little training and practice to be used
eVectively, and it provides immediate printouts
of measurements. These features would allow
examiners in screening situations to identify
children with significant refractive errors,

Table 5 Comparison of reproducibility of retinoscopy, subjective refraction, and autorefraction measurements in adults11
with reproducibility of Retinomax measured values in children

Method Study Sample (n)
*Mean diVerence
(D)

Standard
deviation (D)

95% Confidence
interval (D)

Retinoscopy Zadnik et al11 Adults (40) 0.07 0.48 −0.87 to 1.02
Subjective refraction Zadnik et al11 Adults (40) −0.01 0.48 −0.95 to 0.93
Autorefraction Zadnik et al11 Adults (40) 0.05 0.16 −0.27 to 0.37
Retinomax† Present study Children (35) −0.06 0.21 −0.47 to 0.35

*Mean of the diVerences between two measurements in the vertical meridian (right eye only).
†For each subject, the diVerence (D) between the first two measured values of spherical power in the vertical meridian was deter-
mined. Subjects with oblique axes of astigmatism (that is, greater than 20° from horizontal or vertical) were not included in these
analyses.

Table 6 Agreement between subjective refraction and autorefraction measurements in adults15 and agreement between
retinoscopy and Retinomax representative measurements in children

Method Study Sample (n)

Mean
diVerence
(D)*

Standard
deviation
(D)

95% Limits of
agreement (D)†

(Humphrey 500) − (subjective refraction) Kinge et al15 Adults (224) −0.23 0.47 −1.18 to +0.71
(Nidek AR-1000) − (subjective refraction) Kinge et al15 Adults (80) −0.13 0.27 −0.68 to 0.41
(Retinomax) − (retinoscopy)‡ Present study Children (23) +0.26 0.66 −1.06 to 1.58
(Retinomax) − (subjective refinement) Present study Children (22) +0.07 0.84 −1.61 to 1.75

*Mean of the diVerences between two measurements of spherical equivalent (right eye only).
†Mean ± 2 standard deviations.
‡Standard 1.5 D correction applied to retinoscopy measurements (phoropter at neutralisation) before calculations.
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explain the findings to the parents, and refer or
schedule the child for a follow up examination.
However, before widespread use of the Retino-
max for refractive error screening, additional
research would be required to evaluate the
reproducibility and accuracy of the Retinomax
under non-cycloplegic conditions, as cyclople-
gia is often impractical in screening settings.
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