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Abstract
Aim To investigate the correlation of angles a and k with the refractive and biological parameters in children.

Methods This case-series study included 438 eyes of 219 children (males/females=105/114, age: 3-15years). Ocular
biometric parameters, including axial length, corneal radius of curvature (CR), white-to-white distance (WTW), angle

k and angle a, were measured using IOL Master 700; auto-refraction were assessed under cycloplegia. The eyes were

assigned to different groups based on CR, WTW, and gender to compare the angles a and k, and analyze the correla-
tions between the differences of biological parameters on angles a and .

Results The means of axial length, CR, WTW, angle @, and angle k were 23.24+1.14mm, 7.79+0.27 mm,

11.68+0.41 mm, 0.45+0.25mm, and 0.27+0.22 mm, respectively. Angle a was correlated with CR and WTW (fixed
effect coefficient [FEC]=0.237, p=0.015; FEC=-0.109, p=0.003; respectively), and angle k also correlated with CR

and WTW (FEC=0.271, p=0.003; FEC=-0.147, p <0.001, respectively). Comparing subgroups, the large CR and small
WTW group had larger angles a (049+0.27 vs. 041 +£0.21, p<0.001; 046+ 0.27 vs. 044+ 0.21, p < 0.05, respectively)
and Kk (0.29+0.25vs.0.24+0.15, p<0.01;0.29+0.25 vs. 0.26 +0.19, p < 0.05, respectively). The differences in interocular
angles a and k showed correlation with interocular WTW (r=-0.255, p <0.001; r=-0.385, p <0.001). Eyes with smaller
WTW tended to have larger angle k (0.28+0.27 vs. 0.25+0.15, p < 0.05).

Conclusion The size of angle a/k may be correlated to CR and WTW, and a larger WTW eye may suggest a smaller
angle k compared with the fellow eye.
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Background

Investigation on refractive status in children has long
been the research hotspot as myopia prevention and con-
trol being a worldwide problem. More than 12.8 million
(0.96%) children aged 5-15years are affected by ametro-
pia all over the world and the prevalence of myopia in
China remains high [1]. The children are at a higher risk
of myopia progression during the COVID-19 pandemic
[2—4], and the applications of low-concentration atro-
pine [5] and corneal contact lenses [6] (multifocal contact
lenses [MFCL] and orthokeratology [OK]) have shown
to be effective in controlling myopia progression. During
the stage of emmetropization and ocular growth in child-
hood, different biological parameters may correlate to
refractive parameters, and affect the outcome of clinical
prescription.

The angles a and « significantly affect the incidence of
glare and halo in post-cataract surgery patients [7]; the
angle « is also related to surgery induced astigmatism [8]
and higher-order aberrations [9] after refractive surger-
ies in patients with myopia or hyperopia. In the design
of scleral contact lenses, the angle k affects the degree of
difference between the nasal and temporal scleral cur-
vatures [10]. Moreover, the size of angle k significantly
affects the evaluation of strabismus and the outcome of
the surgery [11]. Studies conducted in adults have shown
that the angle k does not change significantly with age
[12] and is comparable between genders [12]. However,
the distributions of the sizes of angles a and « in children
remain unclear. Therefore, a study on the distributions of
the sizes of angles a and « and their correlations with the
refraction and anterior segment parameters in children
will help further elucidate the refractive characteristics of
this population and guide the control strategy and treat-
ment of ametropia for children, especially myopia and
strabismus.

Methods

Study population

This case series study was conducted in accordance with
the Declaration of Helsinki. This study was approved by
the Ethics Committee of the Eye, Ear, Nose, and Throat
Hospital of Fudan University (approval no. 2020022),
and a written informed consent was obtained from all
subjects. A total of 438 eyes of 219 subjects (males: 105,
females: 114) were included in this study. These subjects
underwent relevant eye examinations from April to Sep-
tember 2021 at the Eye, Ear, Nose, and Throat Hospital
of Fudan University. The inclusion criteria were: 1. sub-
jects aged 3—15years; 2. subjects with no history of con-
tact lens wear; 3. a slit-lamp examination of the anterior
segment and fundus of the eye suggested that the patient
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had no ocular inflammation, trauma, cataract, glaucoma,
or other ocular diseases, and the patient had no contrain-
dications for pupil dilation and no history of systemic
diseases.

Measurements

The patient underwent eye examinations, including the
measurements of axial length, corneal radius of cur-
vature (CR), white-to-white distance (WTW), angle «
(Chang-Waring, CW) chord: distance and location of
the center of the corneal reflection relative to the center
of the pupil), angle a (coordinates of the center of the
corneal reflection relative to the center of the corneal
fundus), anterior chamber depth (ACD), and anterior
aqueous depth (AQD). After performing the measure-
ments, tropicamide was administered (5 times, 5min
each time), and synthetical refraction measurement for
parameters including refraction sphere (RS), refraction
cylinder (RC), corrected distance visual acuity (CDVA)
was performed after another 30 min with complete cyclo-
plegia. Biological parameters were measured by an expe-
rienced physician (Y.Y.) using IOL Master 700 (Carl Zeiss
AG, Germany). The post-dilatation refraction was meas-
ured by another experienced physician (Y.X.) using Auto
Ref/Keratometer (ARK-1, Nidek, Co., Japan). The IOL
master 700 measurements from each examination were
evaluated by a visual fixation assessment to exclude the
measurements obtained under visual fixation instability.
The time interval between any two measurements were
at least 3minutes to avoid fixation fatigue. Six measure-
ments of quality >7/9 were taken in each eye, and the
mean value of each parameter was calculated and used as
the final value for further analysis.

Data analysis

The data were analyzed using SPSS software (ver-
sion 25.0, SPSS, Inc., Chicago, IL, USA). The data were
expressed as mean tstandard deviation. The normal-
ity of each dataset was assessed using the Shapiro—Wilk
test. Repeated measures were analyzed and compared. A
multilevel correlation analysis was performed using the
mixed effects model to control for the effects of binocular
enrollment and the correlation between parameters. The
subjects were grouped based on gender, CR, and WTW
to compare the differences of angles a and « between
groups. Subjects with higher CR/WTW eyes and
those with lower values of the relative parameters were
assigned to two different groups to compare the inter-eye
differences. Spearman’s correlation analysis was used to
study the correlations of the differences in the param-
eters between the fellow eyes. For data that conformed
to a normal distribution, a generalized estimating equa-
tion (GEE) was used to test for independent differences
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Table 1 The clinical parameters and biometric values of the eyes

Characteristic Mean+SD Range

Age (years) 7244208 3to 15
Gender (male/female) 105/114

Axial length (mm) 2324+1.14 2049 10 26.89
Refraction sphere (D) 039+1.98 —7.50to 8.50
Refraction cylinder (D) —-0.69+0.66 -350t00
Spherical equivalent, SE (D) 0.05+1.98 —-8.381t07.38
CR-mean(mm) 7.79+0.27 7.06 t0 8.81
CCT (mm) 0.52+0.31 0.460 to0 0.590
angle a (mm) 045+0.25 0to2.25
angle k (mm) 0.27+022 0to0 2.00
ACD (mm) 3614029 283104231
AQD (mm) 3.06+0.28 235t03.78
WTW (mm) 11.68+041 11t013

RS Refraction sphere, RC Refraction cylinder, SE spherical equivalent, CCT central
corneal thickness, CR corneal radius of curvatures, ACD, anterior chamber depth,
AQD anterior aqueous depth, WTW white to white

[A]

Fig. 1 Distribution of angle a A and angle k B
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between groups, including left and right eye hierarchies.
A p<0.05 was considered statistically significant.

Results

Table 1 illustrates the subjects’ characteristics. The mean
coordinates of angle a were (0.36, —0.01) (inferior nasal).
The mean coordinates of angle k were (—0.20, —0.03)
(inferior temporal). Figure 1 shows the distributions
of angles o (Fig. 1A) and « (Fig. 1B). Table 2 shows the
percentages of angles a and k distributed in different
quadrants. There were 6.15, 20.57, 63.13, and 97.40% of
the angles o falling within the ranges of 0.2, 0.3, 0.5, and
1.0mm, respectively. In a previous study, the angles «
were identified as low, medium, and high using 0.3mm
and 0.5 mm as thresholds [13]. In this study, 55.32, 79.67,
94.80, and 98.82% of the angles k fall within 0.2mm,
low, medium, and high ranges, respectively. The males
had flatter corneal curvature (7.90+0.28 vs. 7.69+0.23,

[B]

Table 2 Distribution of percentage of angle a and angle k in different quadrants

Quadrants Temporal Vertical axis Nasal

angle a angle k anglea angle K angle a angle K
Superior 1.65% 37.12% 047% 0.00% 41.13% 4.26%
Horizontal axis 047% 1.42% 0.24% 3.78% 20.33% 0.00%
Inferior 0.95% 50.83% 0.71% 0.24% 34.04% 2.36%

Values lager than 20% are shown in bold
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p<0.001) and larger WTW (12.34+0.43 vs. 12.14+0.44,
p<0.001) compared to the females.

Correlation analysis

Table 3 shows the correlation and the correspond-
ing p-value for ocular biological or refractive param-
eters with either angle a or angle « in the mixed effects
model. CR was correlated with both angles a (fixed effect
coefficient, FEC=0.237, p=0.015) and x (FEC=0.271,
p=0.003). WTW also showed correlations with angles a
(FEC=-0.109, p=0.003) and k (FEC=-0.147, p<0.001).
Other parameters, such as age, gender, ocular axial
length, anterior depth, and refractive parameters showed
no correlation with angle « or angle k (p >0.05).

Intra-group comparison
The samples were categorized based on CR, WTW, and
gender; intra-group comparisons were performed. High

Table 3 Association between angle a and angle k with other
factors analyzed with mixed effects model

Factors angle a angle K

R (Fixed effect) P R (Fixed effect) P
CR-mean 0.237 0.015 0.271 0.003
wTw —0.109 0003 —0.147 <0.001
Age 0 0915 —0.002 0.818
Gender 0.005 0.837 -0.038 0.107
AL -0.010 0.792 —0.036 0.286
ACD -1.022 0.175 -0.519 0435
AQD 1.023 0.175 0.674 0312
CCT 0 0.263 0 0.541
RS 0.021 0177 —0.004 0.767
RC -0.029 0.136 -0.016 0.355

CCT central corneal thickness, CR corneal radius of curvatures, ACD, anterior
chamber depth; AQD, anterior aqueous depth; WTW, white to white; AL: axial
length; RS, Refraction sphere; RC, Refraction cylinder. Values with statistical
significance are shown in bold

%k %k %k *

0.49+0.27
E 0.46+0.28
0.41+0.21 0.44+0.21

angle a (mm)
>
-
1

0.0-
mm [ow CR(<7.75mm) mmm Jow WTW(<12.2mm)

High CR(>7.75mm) High WTW(>12.2mm)
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CR group (CR >7.75mm) and low WTW group (WTW
<12.2mm) had larger angles o and k compared to the low
CR and high WTW group (Fig. 2). Males tended to have
larger angle  (Fig. 3).

Comparison between fellow eyes

Table 4 shows the correlations between the interocular
differences of angles a and « and that of other parame-
ters. The interocular differences of WTW correlated with
that of angles a (r=-0.255, p<0.001) and k (r=-0.385,
p<0.001). Figure 4 demonstrates the effects of interocu-
lar differences in WTW on the angle k, with the eye with
lower WTW tending to have a larger angle k compared
to the contralateral eye with higher WTW.

Discussion

In the treatment for different vision impairments, such as
refractive errors, strabismus, and cataract, the angles « or
angle k can both influence the course and outcome [11,
14, 15].

The angle x, also known as angle A, is defined as the
angle between the pupillary axis (the line that passes
perpendicularly through the center of the pupil and the
center of curvature of the cornea) and the visual axis
(the line that connects the fixation point with the fovea)
[16]. Angle k was predominantly situated towards the
nasal side in myopic subjects aged 16—51years in Thai-
land (97%) [17], whereas the finding in this study was
diametrically opposite (89.37%). Besides the difference in
ages (7.24+2.08 vs. 31.66+7.77 years) between the two
studies, the refraction status may be one of the important
factors (0.05+1.98 D vs. -4.9+2.29 D). Previous stud-
ies have shown that angle « is correlated with horizon-
tal coma, and there may be a mechanism in the posterior
surface of the cornea or the lens to balance the horizontal
coma on the anterior surface of the cornea [18, 19]. The
angle « situated towards the temporal side in contrast to

[B]

* *

0.4
~
E | 0.29£0.25 | |
£ - 0.29£0.25
z 0.24£0.15 0.26£0.19
D
= 0.2
=
]

0.0-
mm [ow CR(<7.75mm) = Low WTW(<12.2mm)

High CR(>7.75mm) High WTW(>12.2mm)

Fig. 2 Comparison of angle a A and angle k B according to various grouping parameters. CR: corneal radius of curvature, WTW: white to white
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6 mmm  Male
d0.47+0.26 Female
”é\ 0.44+0.23 %
0.4
g
£ 0.30+0.25
S 0.24+0.17
—
o0 -
= 0.2
<
0.0-

angle o

Fig. 3 Angle aand angle k in two different groups based on different
genders

angle

Table 4 Association between binocular difference of angle
a and angle k with that of other parameters in Spearman
correlation analysis

Factors Aanglea A angle k
r P r P

A CR-mean 0017 0.821 -0.022 0.775
AWTW —0.255 <0.001 —0.385 <0.001
A AL -0.008 0.905 -0.029 0.681

A ACD 0.008 0.906 —-0.037 0.599
A AQD 0.017 0.808 -0.021 0.768
ACCT —0.040 0.572 —-0.006 0.927
ARS -0.001 0.993 —-0.001 0.933
ARC 0.029 0.683 —-0.086 0.231

CCT central corneal thickness, CR corneal radius of curvatures, ACD anterior
chamber depth, AQD anterior aqueous depth, WTW white to white, AL axial
length, RS Refraction sphere, RC Refraction cylinder. Values with statistical
significance are shown in bold

[A]
0.6
0.47+0.29
. 0.47+£0.28

- 0.44+0.21 0.43+0.19]
£ 0.4

£

N’

a -

k)

2 0.2

<

0.0-
mm Lower-CR eye
Higher-CR eye

mm ower-WTW eye
Higher-WTW eye
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the norm during emmetropization may affect the stra-
bismus surgery design [11]. A large angle k may corre-
spond to a smaller radius of scleral curvature (steeper
sclera) in the design of scleral lenses; however, the effect
of the quadrant distribution of angle k on the radius of
scleral curvature has not been discussed [10]. Our study
revealed that angle k in children is predominantly dis-
tributed inferotemporally, followed by superotemporally.
This may influence the design of corneal contact lenses,
such as OK lenses, and strabismus surgery. The angle
K-corrected corneal topography can help in the distin-
guishment of pseudo-deviation after orthokeratology
treatment, and the accurate measurement of angle « is
crucial in determination of the actual strabismus angle.
The details require elucidation in future studies on spe-
cific populations.

Publication concluded angle « correlates with the
axial length (Pearson’s r=—0.813, p<0.001) and spheri-
cal equivalent correlation (SER) (Pearson’s r=0.685,
p=0.003) [10]. However, no correlations between
these two parameters and angle k were found in this
study. There were three possible reasons for the differ-
ences when compared with previous differences: first,
we included children aged 3-15years, while the other
related study included adults aged 24—54 years, and angle
K may vary between children and adults; second, a larger
sample size was included in this study (219 vs. 24), which
reduces the appearance of false positive results; and third,
a mixed-effects model was used in this study to conduct
the analysis, which controls for the interactions between
hierarchical clustered factors.

It was found that male corneas with flatter corneas
(larger CRs) and larger WTW corresponded to larger
angles k. We used GEE to eliminate the hierarchical
clustered factors. Gender may be an independent fac-
tor influencing angles x, and comparisons based on
WTWs need to be conducted under gender grouping for

[B]

*

0.4
z 0.28+0.27
g 0.28+0.26
b1 0.26+0.16 0.25£0.15
%)
&0 0.2
=
<

0.0-
mmm Lower-CR eye
Higher-CR eye

mm Lower-WTW eye
Higher-WTW eye

Fig.4 Angle aand angle k in groups stratified by binocular CR (corneal radius of curvature) or WTW (white to white) differences
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better comparison of angles k. A previous study on the
14—81year-old population found no significant gender
differences [16]. Therefore, age may be the main influenc-
ing factor. The development of the axial length and cor-
neal curvature differs between males and females [20].
Thus, the findings of this study, which focused on chil-
dren, differed from the findings of previous studies con-
ducted on adults.

The interocular comparison showed that the differ-
ences in interocular WTWs affected the interocular
angles k. Comparing the fellow eyes, we eliminated the
possible influencing factors in angle k between individu-
als. Differences in interocular WTWs may affect the vis-
ual pathways of children, resulting in differences in angle
K. Therefore, in the treatment of congenital cataracts,
strabismus, or refractive errors, the effect of differences
should also be taken into account on treatment strate-
gies and outcomes between the fellow eyes in pediatric
patient.

Previous studies of angle a predominantly focused on
the cataract population because it is a more stable pre-
and post-cataract surgery measurement compared to
angle k [15, 21]. This study showed that flatter corneas
with smaller WTWs had larger angles «, which is simi-
lar to the findings on angles k and consistent with the
relationship between angles a and WTW reported in the
cataract population [22]. We also found that angle a pre-
dominantly oriented towards the nasal side of the optic
axis; angle a in the cataract population was mainly situ-
ated towards the temporal side of the visual axis (nasal
side of the optic axis), and Angle a in the cataract pop-
ulation was shown to decrease non-linearly and shift
towards the nasal side of the visual axis (the temporal
side of the optic axis) as the axial length increased [15].
The mean axial length in this study was 23.24 +1.14 mm;
thus, angle a predominantly distributed on the nasal side
of the optic axis. Angle a in both the populations showed
similar characteristics. Currently, studies on the role of
angle o in the treatment of congenital cataracts, strabis-
mus, and refractive errors are scarce, which needs to be
addressed with further studies.

The current study has the following limitation. Firstly,
we did not standardize for different levels of accommo-
dation in subjects, as previous studies have shown that
angles k are not significantly different between subjects
with different levels of accommodation [23]. Secondly,
the effect of conditioning on angle k may be different in
children, rendering the other limitation of this study.

Conclusions

This study firstly describes the distribution of angles «
and k and their correlations with the anterior segment
parameters in Shanghai children. In particular, males
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tend to have larger angles «; the size of angle o/ may be
related to CR and WTW; a larger WTW may suggest a
smaller angle k in the same patient. This study will help
further confirm the refractive characteristics in this pop-
ulation, thus guiding the control and treatment of refrac-
tive errors, especially myopia and strabismus.

Abbreviations

(@) Central corneal thickness
CR Corneal radius of curvatures
ACD Anterior chamber depth

AQD Anterior aqueous depth

WTW  White to white

AL Axial length

RS Refraction sphere

RC Refraction cylinder

CDVA  Corrected distance visual acuity
GEE Generalized estimating equation
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