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Measurement of Angle Kappa Using Ultrasound Biomicroscopy and
Corneal Topography
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Purpose: To introduce a hew convenient and accurate method to measure the angle kappa using ultrasound

biomicroscopy (UBM) and corneal topography.

Methods: Data from 42 eyes (13 males and 29 females) were analyzed in this study. The angle kappa was
measured using Orbscan Il and calculated with UBM and corneal topography. The angle kappa of the domi-
nant eye was compared with measurements by Orbscan |I.

Results: The mean patient age was 36.4 + 13.8 years. The average angle kappa measured by Orbscan Il was
3.98° + 1.12°, while the average angle kappa calculated with UBM and corneal topography was 3.19° + 1.15°.
The difference in angle kappa measured by the two methods was statistically significant (o < 0.001). The two
methods showed good reliability (intraclass correlation coefficient, 0.671; p < 0.001). Bland-Altman plots were
used to demonstrate the agreement between the two methods.

Conclusions: We designed a new method using UBM and corneal topography to calculate the angle kappa.
This method is convenient to use and allows for measurement of the angle kappa without an expensive de-

vice.
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Angle kappa is the angle between the visual axis and the
pupillary axis. Each eye has a different angle kappa, and
they are usually less than 5° [1-3].

Angle kappa is clinically significant because it can lead
to alignment errors during photo ablation in laser refrac-
tive surgery, as well as lens decentration during intraocular
refractive surgery [3]. The decentration of ablation zones
can lead to undercorrection and irregular astigmatism [3,4].
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Also, the presence of a large angle kappa is important to
consider when planning strabismus surgery.

Various methods can be used to measure the angle kap-
pa. Precise measurements can be obtained using a synopto-
phore or a major amblyoscope; however, these instruments
are not commonly found in clinical offices. Recently, new-
er devices such as Orbscan II (Bausch & Lomb, Rochester,
NY, USA), Galilei (Ziemer Ophthalmic Systems, Port,
Switzerland), and OPD Scan II (Nidek, Gamagori, Japan)
have become commercially available and can be used to
evaluate angle kappa [1,5-7]. Basmak et al. [2] compared
the reliability of a synoptophore and Orbscan II.

Herein, we present our findings after designing a new
method using ultrasound biomicroscopy (UBM) and cor-
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neal topography to conveniently and accurately measure
angle kappa.

Materials and Methods

Data from 42 eyes examined between April 2015 and
June 2015 were obtained from the Chung-Ang University
Hospital database; all medical records were reviewed ret-
rospectively. We excluded individuals with a history of in-
traocular and/or extraocular surgery, strabismus, best-cor-
rected visual acuity <20 / 20 and age <I8. This study was
approved by the institutional review board of Chung-Ang
University Hospital, and all procedures conformed to the
guidelines of the Declaration of Helsinki.

UBM (AVISO; Quantel Medical, Clermont-Ferrand,
France) and two corneal topography systems (Orbscan 11,
Bausch & Lomb/Humphrey Atlas 995 corneal topography;
Carl Zeiss Meditec, Dublin, CA, USA) had been performed
on all enrolled participants for purposes other than esti-
mating angle kappa. A single ophthalmologist (JHY) con-
ducted all examinations.

Measurement of angle kappa using Orbscan II

Orbscan II was used to measure the angle kappa in all
participants. Only one measurement was performed on
each eye unless an unacceptable result was obtained and
had to be repeated. In preparation for Orbscan II measure-
ments, all participants were instructed to maintain the cor-
rect head position and a straight gaze. The examiner used
the device joystick to make adjustments so that the final
result would be a sharply focused image of the eye.

UBM and corneal topography

Participants were asked to look at a blinking light in the
center of an ultrasound probe. The probe was then placed
in contact with the anesthetized cornea, and 10 pro-
grammed consecutive measurements of axial length were
recorded. Anterior chamber depth was automatically cal-
culated from the first ultrasound peak to the aqueous-ante-
rior lens interface peak. Humphrey Atlas 995 corneal to-
pography, which displays X-Y Cartesian coordinates
between the corneal vertex and pupil center, was also per-
formed.
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Calculation of angle kappa using UBM and corneal
topography

The pupillary axis is the line passing through the center
of the pupil perpendicular to the cornea (Fig. 1A). In Fig.
1B, schema ABC is composed of three points: the center of
the pupil, the point of the cornea that falls on the pupillary
axis, and the point of the cornea that lies within the line of
sight. The angle between AC and BC is angle lambda,
which is nearly identical to angle kappa (Fig. 1A and 1B).
Lines AB and BD have almost the same length. Using
Humphrey Atlas 995 corneal topography, we determined
the points for the pupil center and the cornea vertex. The
distance between these two points was nearly the same as
the length of BD. The length of AC is the anterior chamber
depth, which is nearly the same as the length of CD. Be-
cause CD is the same as the anterior chamber depth, angle
kappa can be measured by calculating the BCD tangent.
Herein, we refer to these values as angle kappa. We used
Microsoft Excel (Microsoft, Redmond, WA, USA) to elicit
angle kappa from the BCD tangent.
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Visual axis
Nodal point
Pupillary axis Pupil center
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B B
A
A c
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Anterior chamber depth

Fig. 1. (A) Schematic representation of the angle kappa compo-
nents. (B) Schematic diagram showing how to measure angle
kappa using ultrasound biomicroscopy and corneal topography.
k = angle kappa; A = angle lambda; A = point of the cornea that
falls on the pupillary axis; B = point of the cornea that lies within
the line of sight; C = center of the pupil; D = point of the pupil-
lary axis that meets the vertical line that passes through point B.



Selecting the dominant eye (Miles test, hole-in-the-
card test)

The patient was instructed to extend both arms, bring
both hands together, and create a small opening. At that
point, with both eyes open, patients were instructed to look
at a distant object through the opening in their hands. The
patient then alternated closing their eyes to determine
which eye was viewing the object. Kim and Cho [8] re-
ported that as angle kappa gets smaller, the eye is less af-
fected by errors induced by the cornea and lens. Thus, the
fovea of the dominant eye can be perceived more vividly
in images. We compared the angle kappa values of the pa-
tients’ dominant eyes.

Statistical analyses

Data were analyzed using SPSS ver. 19.0 (IBM Corp.,
Armonk, NY, USA). The angle kappas measured using
Orbscan II and by UBM and corneal topography were
compared using paired #-tests. Correlations between angle
kappas measured with the two methods were statistically
examined using the intraclass correlation coefficient. A
Bland-Altman plot was used to evaluate agreement and es-
timate confidence intervals. Statistical significance was
defined by a p-value <0.05.

Results

We included 42 eyes of 42 patients. The average patient
age was 36.4 £ 13.8 years (Table 1). Angle kappa measured
by Orbscan II averaged 3.98° + 1.12°, and angle kappa cal-
culated by UBM and corneal topography averaged 3.19° +
1.15°. Paired #-test analysis showed a statistically significant
difference between the two methods (p < 0.001) (Table 2).
Furthermore, the two tests showed good reliability (intra-
class correlation coefficient, 0.671; p < 0.001).

Fig. 2 shows the Bland-Altman plot of all 42 eyes. The
agreement between the two methods was moderate with a
systematic deviation of 0.79° and a 95% confidence inter-
val of —1.47 to 3.04.

JH Yeo, et al. Angle Kappa Using UBM and Corneal Topography

Table 1. Demographic and clinical variables of the study
population

Variable Value
Number (eye) 42

Male : female 13 (30.95) : 29 (69.05)
Age (yr) 36.4+13.8

Laterality (right : left) 32(76.19) : 10 (23.81)

Refractive error” (diopter)

Myopia (<-0.50) -3.46+2.20
Hyperopia (>+0.50) +2.19+1.34
Emmetropia (—0.49 to +0.49) -0.13£0.19

Values are presented as number (%) or mean + standard devia-
tion.

"Myopia, 27 eyes (64.29%); hyperopia, 5 eyes (11.90%); emmetro-
pia, 10 eyes (23.81%).
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Fig. 2. Bland-Altman plots showing agreement between the two
methods. Bold line shows the mean of the difference between the
two methods; the dashed line indicates the 95% limit of agree-
ment. UBM = ultrasound biomicroscopy.

Table 2. Summary of measurement results and comparison
between the two methods

Variable Value p-value

Angle kappa (degree) <0.001"
UBM and corneal topography 3.19+1.15 -
Orbscan 11 3.98+1.12 -

Anterior chamber depth (mm) <0.001"
UBM 3.43+£0.30 -
Orbscan 11 295+0.31 -

Values are presented as mean + standard deviation.
UBM = ultrasound biomicroscopy.
Statistical comparison using a paired /-test.

259



Korean J Ophthalmol Vol.31, No.3, 2017

Discussion

According to Landolt’s original definition, the visual
axis is the broken line connecting the fovea to the fixation
point, and this line passes through the nodal point of the
eye [4]. However, the nodal point is a purely theoretical
concept, and angle kappa, as originally defined by Landolt,
cannot be measured [1,9]. Le Grand and El Hage [10] rede-
fined angle kappa as the angular distance between the line
of sight (line connecting the pupillary center and the fixa-
tion point) and the pupillary axis. Both angles will be
nearly identical when the point of fixation is not very close
to the eye [10]. Because the two angles are easily confused
in other studies [9,11], we referred to the measured angle as
angle kappa.

Using a synoptophore or major amblyoscope, exact kap-
pa angle calculation is possible. Using a small fixation
point and a Purkinje image, the angular distance can be
measured by moving the Purkinje image along a graduated
arc to the center of the pupil. However, these devices are
rarely available in office settings. Newly developed devic-
es, such as Orbscan II, OPD scan II, and Galilei, have been
widely used for measuring the angle kappa. The Orbscan
II corneal topography system is a three-dimensional scan-
ning slit topographic device that automatically determines
angle kappa with special software that measures the dis-
tance between the center of the pupil and the center of the
placido ring, which was reflected on the cornea. The placido
ring center represents the axis of sight [2]. We compared our
method with Orbscan II using a similar principle.

Hashemi et al. [12] measured the angle kappa in 800
eyes using Orbscan II and found a mean angle kappa value
of 5.46° = 1.33° London and Wick [9] reported that the
mean angle kappa value for adults was 5.08°. In our study,
both angle kappa using UBM and corneal topography
(mean + standard deviation [SD], 3.19° + 1.15°) and angle
kappa using Orbscan II (mean + SD, 3.98° + 1.12°) were
lower than those from previous studies performed on par-
ticipants of different races. However, Kim and Cho [8] re-
ported a mean angle kappa for a Korean population of 3.91°
+ 1.54°, which was similar to our result using Orbscan II.

There are several explanations for why angle kappa in
our study was smaller than those reported in previous
studies. First, more than 60% of our patients were myopic.
According to the literature [2,13], angle kappa is smallest
among myopes and largest among hyperopes. These other
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studies also reported that angle kappa values decreased
significantly toward negative refractive errors in the myo-
pic group. In contrast, in the hyperopic group, a correlation
existed between the large positive angle and positive re-
fractive error. The mean angle kappa of myopic patients in
our study was 3.14°, while the mean angle kappa of our hy-
peropic patients was 3.50°.

According to the literature, angle kappa decreases with
age [9,12]. Our patients’ mean age was 36.4 + 13.8 years.
Compared with another study population with a younger
average age (24.21 £ 1.21 years, by Kim and Cho [§]), the
older study population had lower angle kappa values.

There have been numerous studies assessing the agree-
ment among devices that measure anterior chamber depth.
Reddy et al. [14] and Al Farhan [15] reported that contact-
based devices resulted in lower measurements for anterior
chamber depth compared with Orbscan II and IOLMaster.
Meanwhile, Vetrugno et al. [16] reported that optical mea-
surement of the anterior chamber depth with Orbscan II
yielded a small underestimation. In clinical practice, vari-
ous devices such as UBM, Pentacam, Orbscan II, and IOL-
Master are being used to measure anterior chamber depth.
In this study, the anterior chamber depth measured by
UBM (3.43 + 0.30 mm) was significantly longer than that
measured automatically with Orbscan II (2.95 + 0.31 mm,
p < 0.001). Because the anterior chamber depth is the de-
nominator of angle kappa in our method, we concluded
that longer anterior chamber depths result in smaller angle
kappas.

According to Kim and Cho [8], angle kappa is signifi-
cantly smaller in the dominant eye than in the non-domi-
nant eye. In our study, angle kappa values of the dominant
eyes were compared. Therefore, this also helps to explain
the relatively low angle kappa values from our data.

Although the difference between two methods was
around —1.47° to 3.04° (95% limitation of agreement), the
mean difference was only 0.79°. Basmak et al. [2] reported
that angle kappa values obtained by Orbscan II were sig-
nificantly higher in all groups compared to synoptophore,
ranging from 1.89° to 2.82°. Also, Dominguez-Vicent et al.
[7] reported that the mean difference in angle kappa mea-
sured with the Orbscan II and the Galilei G4 was 3.60°. As
compared with this previous study, the difference in our
study was relatively small. Agreement of angle kappa
measurements between the two methods was moderate to
good. There was a systematic trend of relatively lower



measurements when angle kappa was measured by UBM
and corneal topography, with 95% of the measurements
falling within 2.2° of the angle kappa measure by Orbscan
IL. This relationship was valid for a wide range of degrees.
The results are thus comparable with Orbscan II measure-
ments.

This study has several limitations. First, angle kappa
measurements by UBM and corneal topography are more
likely to have errors when the cornea shape is excessively
simplified, as in our method. Our new method showed two
cases located higher than 95% limitation of agreement in
the Bland-Altman plot. In those cases, the measured dis-
tances between the pupil center and the cornea vertex were
0. It was likely to be an error on the test. Second, there is
controversy regarding the comparability of anterior cham-
ber depth measurements performed with other devices
[14,16,17]. We calculated angle kappa differently according
to anterior chamber depth and using different devices. For
this reason, when comparing the changes in angle kappa
for each individual, anterior chamber depth must always
be measured the same way and using the same device.
Third, we did not compare our method with other meth-
ods, such as using a synoptophore or amblyoscope. Fourth,
although angle kappa was taken into account frequently
when performing Hirschberg or Krimsky tests in young
and uncooperative patients in order to improve surgical re-
sults, individuals under the age of 18 were excluded in this
study due to their low cooperation. Last, our method re-
quired additional calculation to obtain an angle kappa.
However, it can be simply calculated by Microsoft Excel or
other free calculation software (http:/www.rapidtables.
com/calc/math/Tan_Calculator.htm).

In conclusion, we designed a new method to calculate
angle kappa using UBM and corneal topography. This
method utilizes common office instruments, allowing for
quick and easy evaluation of eyeball deviation. This meth-
od also allows for the estimation of angle kappa using pre-
vious examination data.
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