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Measurement of Strabismic Angle Using the Distance Krimsky Test
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Purpose: To evaluate the correlation of the distance Krimsky test and the alternate prism cover test (APCT)
for the distance deviation in patients with horizontal strabismus.

Methods: Forty patients with horizontal strabismus (20 esotropia and 20 exotropia) were included in this
study. Patients with a variable angle of deviation, vertical angle over 5 prism diopters, impaired binocular
vision, or poor cooperation were excluded. We instructed the patient to look a target 6 meters away, and
applied a prism over the patient’s dominant eye while flashing a light source 33 centimeters from the middle of
both eyebrows. When the corneal light reflexes were located on the center of each cornea, we measured the
angle of deviation. We defined this method as ‘distance Krimsky test, and the angle measured by this method
was compared with the conventional Krimsky test and APCT at distance. We analyzed the accuracy and intra-
and inter-observer reliability.

Results: The angle of strabismus measured by the distance Krimsky test showed a significant agreement
and correlation with the deviation angle measured by the APCT. We elicited the correlation gradient between
the angle measured by the distance Krimsky test and the APCT. In addition, the distance Krimsky test showed
significant intra- and inter-observer reliabilities.

Conclusions: The distance Krimsky test is expected to be more useful than the Krimsky test in measuring the
distance angle of deviation for patients with strabismus in whom it is difficult to measure the angle of deviation
using the APCT. The distance Krimsky test can be an accurate and useful test through the improvement of

proficiency of examiners and the establishment of individualized normative data.
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The alternate prism cover test (APCT) is the most fre-
quently used method to measure the angle of deviation in
patients with strabismus, but it can only be used when both
eyes have sufficient vision for fixation. In cases of sensory
strabismus, severe amblyopia, and infantile strabismus, it
is difficult to take measurements with the APCT due to in-
sufficient vision or poor cooperation in these patients [1,2].
In such cases, the Hirschberg test or Krimsky test, which
use corneal reflection for measuring the strabismic angle,
are commonly used. Although these methods are useful in
measuring the near angle of deviation, their accuracy for
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the distance angle of deviation is undefined because these
methods use a near fixation-point [2,3]. When the differ-
ence between the near and the distance angle of strabis-
mus is substantial, a serious error may occur if strabismic
surgery is conducted only on the basis of the near angle of
deviation. In addition, infantile esotropia patients require
surgery before the age of 2 in order to acquire single bin-
ocular vision [4-7]. It is not easy to measure the distance
angle of deviation at this age, and there is a problem in the
accuracy of the measurements when using the near devia-
tion angle measured with the corneal reflection method. In
spite of these problems, there are no reliable data regarding
the accuracy or reproducibility of the corneal reflection
method at distance. Therefore, in this study, we aimed
to examine the usefulness and accuracy of the distance
Krimsky test, and the correlation with other tests such as
the conventional Krimsky test and the APCT by compar-
ing the angle of deviation.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Materials and Methods

Twenty patients with exotropia and 20 patients with
esotropia, who visited our clinic from March 2009 to June
2010 were enrolled in this study along with 5 orthophoric
patients as the control group.

The inclusion criteria were patients over 5 years old with
good cooperation, the best corrected visual acuity over 0.1
logarithm of minimum angle resolution in both eyes, no
change in strabismic angle at near and distance for more
than 3 months, and constant strabismus.

The exclusion criteria were as follows: 1) patients with a
variable angle of deviation such as heterophoria, intermit-
tent strabismus, accommodative strabismus, incomitant
strabismus, and strabismus with a vertical angle more than
5 prism diopters (PD). 2) Patients with poor binocular vi-
sion such as amblyopia. 3) Uncooperative patients such as
infants and toddlers. 4) Patients with abnormal findings in
the other ophthalmic exams.

We instructed each patient to focus on a target 6 meters
away and applied a prism over the patient’s dominant eye
with a light source from 33 centimeters away at the middle
of both eyebrows. When the corneal light reflections were
located on the center of each cornea, we measured the
angle of deviation. We defined this method as the ‘distance
Krimsky test’. The conventional Krimsky test was con-
ducted in such a way that both the fixation target and the
light source were 33 centimeters from the middle of both
eyebrows. In our study, the APCT was conducted at a dis-
tance and was considered as the standard method of mea-
suring the distance angle of deviation. In the case of an
accompanying vertical strabismic angle, the vertical devia-
tion measured by the APCT at distance was corrected with
prism before measuring the horizontal strabismic angle in
the distance Krimsky test.

To analyze the accuracy of the distance Krimsky test,
we compared the deviation angles measured by the dis-
tance Krimsky test and the APCT and calculated the ex-
tent of concordance. These results were compared with the
extent of concordance between the conventional Krimsky
test and the APCT.

For analysis of the reliability of distance Krimsky test,
two observers (KSJ and KH) measured the same patient
with the distance Krimsky test, and inter-observer agree-
ments were analyzed. Intra-observer agreements were
analyzed by having the same observer repeat the measure-
ment. Intra- and inter-observer agreements for the conven-
tional Krimsky test and the APCT were analyzed in the
same manner to compare each of the three tests.

To minimize bias, each observer tested on the same
day without any information of the horizontal strabismic
angles that were measured by each method. To correct the
angle kappa, we presumed that angle kappa of both eyes to
be the same and measured the deviation angles when the
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position of corneal reflection in the non-fixating eye was
the same as that in the fixating eye instead of the accurate
corneal center.

We used a 22-piece loose prism set in which prisms of
more than 20 PD were divided by an interval of 5 PD. For
this reason, when we could not measure the correct angle
with a single prism such as 23 or 32 PD, we measured by
placing another prism on the fixating eye and non-fixating
eye simultaneously, and the total deviation angle was com-
puted using a conversion table [8].

The Mann-Whitey U-test in SPSS ver. 16 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. A p-
value <0.001 was considered to be statistically significant.
Correlation between each test was examined through the
Pearson correlation coefficient by means of a simple lin-
ear regression analysis. Standard deviation, coefficient of
variation, and intraclass correlation coefficient were com-
puted and compared in order to assess the intra-observer
agreement. Bland and Altman plots were used for analysis
for the evaluation of inter-observer agreement.

Results

Sixteen males and 24 females were included in this
study. The average ages of the patients with exotropia and
esotropia were 20.7 + 12.4 years and 18.3 + 8.7 years, re-
spectively (Table 1). Patients’ refractive errors ranged from
+3.50 to -8.00 Dsph. Angles of exodeviation and esode-
viation ranged from a minimum of 10 PD to a maximum
of 40 PD under the APCT with an average of 22.5 + 10.2
and 194 + 6.7 PD, respectively. Among these, a total of 6
patients had vertical strabismus, and the average vertical
strabismus in these patients was 2.2 + 1.2 PD, which fell
well within 5 PD.

The intraclass correlation coefficients of exotropia / es-
otropia were 0.92 / 0.95 in the conventional Krimsky test,
0.91 / 0.90 in the distance Krimsky test, and 0.97 / 0.98 in
the APCT, illustrating that the intra-observer agreement of
the APCT was the highest and the agreements were also
high for both the distance Krimsky test and the conven-
tional Krimsky test (Table 2). The intra-observer agree-

Table 1. Demographic characteristics of the study groups

Normal . .
controls Exotropia  Esotropia
Number 5 20 20
Sex (male : female) 2:3 7:13 9:11
Mean age + SD (yr) 223+5.1 20.7+12.4 183+8.7
Range of deviation 0 10-40 10-40
angle (A)
Mean deviation
angle + SD (A) 0 22.5+10.2 19.4+6.7

SD = standard deviation; A = prism diopters.
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Table 2. The intra-observer agreements and their significance of the conventional Krimsky test, APCT, and distance Krimsky test

Exotropia Esotropia
Conventional Distance Conventional Distance
Krimsky Krimsky AU Krimsky Krimsky IR
Sw 4.37 5.26 2.14 6.13 5.66 2.48
CVw 3.14 3.46 1.56 3.37 2.89 1.73
ICC 0.92 0.91 0.97 0.95 0.90 0.98
p-value” <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

APCT = alternate prism cover test; Sw = within-subject standard deviation; CVw = coefficient of variation; ICC = intraclass correlation
coefficient.

*Comparison of within-subject variances between each method.

Table 3. The extent of concordance between three methods for measurement of the strabismic angle

Exotropia Esotropia
APCT-Krim  APCT-Dis Krim  DisKrim- Krim APCT-Krim APCT-Dis Krim  DisKrim- Krim
Pearson correlation 0.738 0.981 0.866 0.651 0.919 0.695
coefficient
p-value’ <0.001 <0.001 <0.001 0.003 <0.001 0.001

APCT = alternate prism cover test; Krim = conventional Krimsky test; DisKrim = distance Krimsky test.
“Pearson’s correlation coefficient between each exam.
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Fig. 1. Inter-observer reproducibility of the distance Krimsky test in exotropia (A) and esotropia (B). The mean angle of deviation and the
difference of the measurements of two observers are showed using the Bland and Altman method. The bias between the two measure-
ments was assessed statistically as the mean of the differences compared to zero. The 95% limits of agreement between the two measure-
ments were +4.5 prism diopters (PD) for exotropia, and £5.6 PD for esotropia. Differences between the two measurements were included
in the standard deviation of £1.96, and the mean differences are near zero for each exotropia and esotropia, illustrating good inter-observ-
er agreement.

ments of each test were statistically significant (p < 0.001
for all).

In the Bland & Altman table, the 95% limits of agree-
ment between the two measurements by different observ-
ers using the distance Krimsky test were +4.5 PD for exo-
tropia, and £5.6 PD for esotropia. Differences between the
two measurements were included in the standard deviation
of £1.96. The mean differences were near zero in each exo-
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tropia and esotropia, illustrating significant inter-observer
agreement (Fig. 1).

The Pearson correlation coefficient for examining the
correlation between the strabismic angles measured by
each of the methods demonstrated the correlation between
the APCT and the distance Krimsky test to be highest for
both exotropia and esotropia (p < 0.001) (Table 3). The
Pearson correlation coefficient displayed the slope of the
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Fig. 2. Correlation between the corneal reflection test and the alternate prism cover test (APCT) at distance for the strabismic angle in
exotropia. (A) The correlation between the conventional Krimsky test and the APCT was close to Y = 0.738X (X, prism diopter measured
with the conventional Krimsky test; Y, prism diopter measured with the APCT). (B) The correlation of the distance Krimsky test and
the APCT was found to be Y = 0.981X (X, prism diopter measured with the distance Krimsky test; Y, prism diopter measured with the
APCT). The extent of the concordance between the distance Krimsky test and the APCT was higher than that of the conventional Krim-
sky test and the APCT in exotropia.
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Fig. 3. The correlation between the corneal reflection test and the alternate prism cover test (APCT) at distance for the strabismic angle in
esotropia. (A) The correlation between the conventional Krimsky test and the APCT was Y = 0.651X (X, prism diopter measured with the
conventional Krimsky test; Y, prism diopter measured with the APCT). (B) The correlation of the distance Krimsky test and the APCT
was found to be Y = 0.919X (X, prism diopter measured with the distance Krimsky test; Y, prism diopter measured with the APCT). This
illustrates the extent of concordance between the distance Krimsky test and the APCT; it was higher than the concordance between the
conventional Krimsky test and the APCT in esotropia.

linear regression analysis graph that illustrates the cor-
relation between each test. In the case of exotropia, the
correlation between the conventional Krimsky test and the
APCT at distance was close to Y = 0.738X (X, PD mea-
sured with the conventional Krimsky test; Y, PD measured
with the APCT); in the case of esotropia, it was close to
Y = 0.651X. The correlation coefficients between the dis-
tance Krimsky test and the APCT were 0.981 and 0.919 for
exotropia and esotropia, respectively, illustrating that the

extent of concordance between the distance Krimsky test
and the APCT was higher than the concordance between
the conventional Krimsky test and the APCT (Figs. 2 and
3).

Discussion

For the accurate evaluation and surgery of strabismus,
both near and distance angles of deviation need to be
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taken. The conventional Krimsky test is conducted for
patients who are unable to cooperate, have sensory stra-
bismus, or have vision worse than 20 / 400. This test is
mainly used to measure the angle of deviation at a near
fixation point. Until now, there have been no reports about
measuring the distance deviation using corneal reflection.

The main reason for errors when measuring the stra-
bismic angle by means of the APCT is poor control of
accommodation, particularly in cases of near range mea-
surements [9]. The conventional Krimsky test can also
induce changes in the strabismic angle due to accommoda-
tive or non-accommodative convergence due to near range
measuring [1]. Even for sensory strabismus, non-accom-
modative convergence such as proximal convergence can
occur. Accordingly, the conventional Krimsky test has the
possibility of errors in measuring strabismic angles using
near point fixation, which can induce accommodation and
convergence of the eyes. In cases with differences between
the near and distance strabismic angles, serious errors may
occur if the surgical procedures are carried out only on the
basis of the results of the conventional Krimsky test.

In this study, the extent of the concordance between
the distance Krimsky test and the APCT at distance was
higher than that of the conventional Krimsky test and the
APCT at distance showing that the distance Krimsky test
can decrease accommodative error and be more accurate
in measuring the distance angle of deviation than the con-
ventional Krimsky test. Therefore, we have to consider not
only the conventional Krimsky test but also the distance
Krimsky test when using the corneal reflection method.

In the current study, we found that the extent of concor-
dance between the distance Krimsky test and the APCT
in exodeviation was higher than that in esodeviation. This
may be due to the fact that esodeviations involve accom-
modation or convergence more frequently.

The method of measuring the deviation angle between
the corneal reflection point and the central axis of the pu-
pil through photographic imaging as a modification of the
conventional Krimsky test has been used for quite some
time. According to the thesis by Lee and Lee [2], if the
strabismic angle is Y (PD) and the relative ratio of the right
eye to the left eye about difference (mm) between the cor-
neal reflection point and central axis of pupil in each eye is
X (%), the correlation is Y = 1.67X — 14.3 (R2 =094, p =
0.006) when corneal reflections and photograph are used,
along with illustration of good correlation. Although sta-
tistical accuracy can be increased through such a measure-
ment, it has limitations in that it would generate additional
costs due to the need for a special computational program
and devices depending on the situation and it takes a long
time. In addition, fixation at the near range rather than at
distance has been used in the majority of previous studies
using photographic imaging [2,10]. The distance Krimsky
test in our study is a useful test with a high level of repro-
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ducibility and accuracy as well as with a high extent of
concordance to the APCT. It can also be easily performed
on an outpatient basis without the need for additional de-
vices or techniques.

There are several considerations when measuring the
strabismic angle with either the distance Krimsky test or
the conventional Krimsky test. Firstly, when the corneal
reflection is outside the center, causes other than strabis-
mus must be considered. One such cause is a large angle
kappa. In general, the average angle kappa is up to 5° in
the random population [1]. If there is large positive angle
kappa, a small quantity of esodeviation may be overlooked,
and orthophoria or esotropia may be misdiagnosed with
exotropia (pseudoexotropia). In addition, if there is large
negative angle kappa, exodeviation may be overlooked,
and orthoporia or exotropia may be misdiagnosed with
esotropia (pseudoesotropia). In this study, under the pre-
sumption that the angle kappa of both eyes was the same,
the angle kappa was compensated in a way that measuring
the angle of deviation when the position of the corneal re-
flection in the non-fixating eye was the same as that in the
fixating eye, instead of the correct center of the cornea.

Secondly, the distance Krimsky test and the convention-
al Krimsky test should be used sparingly in cases of ecto-
pic macula or eccentric fixation in amblyopia. According
to reports, approximately 44% of strabismic amblyopia
patients perform eccentric fixation [11]. If we perform sur-
gery with the strabismic angle measured with the distance
Krimsky test without considering eccentric fixation or ec-
topic macula, some patients may suffer postoperative prob-
lems such as visual discomfort, abnormal head posture, or
increase in the strabismic angle.

Limitations of this study include the small number of
subjects and the possibility of different results in measure-
ments in accordance with the proficiency of the examin-
ers. However, in consideration of the fact that the same
problems also exist for the APCT, the difference between
the results of the examiners can be overcome through
enhancement of proficiency of the examiners. For this pur-
pose, it is necessary to establish individualized normative
data for each of the examiners for the distance Krimsky
test along with improvements in repetitive proficiency and
accumulation of more data on the distance Krimsky test.

In conclusion, the distance Krimsky test has a high level
of intra- and inter-observer agreement and displays signif-
icant correlation with the APCT at distance. It is expected
to be more useful than the conventional Krimsky test for
measuring the distance angle of deviation in infants or
low vision patients who are difficult to measure with the
APCT. Through improvement in the proficiency of the
examiners and establishment of individualized normative
data, the distance Krimsky test can be useful for the accu-
rate evaluation of strabismus.
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