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RESULTS
Nine hundred sixteen eyes of 458 children (222 boys, 236 girls; 
average age, 43.37 ± 34.91 months; range, 1‐120 months) met 
the inclusion criteria and were included in this study. Descriptive 
statistics (minimum, maximum, mean, and standard deviation) 
for continuous variables of patients are presented in Table 1. 
The distribution of refractive error according to the calculated 
SE in 916 eyes was as follows: hypermetropia, 436 eyes; myopia, 
124 eyes; and emmetropia, 356 eyes.

The clusters and subclusters formed by the related variables 
were shown by dendrogram using cluster analysis (Figure 1). 
The dendrogram allowed us to see how clusters were combined 
and at the same time determined the appropriate number of 
clusters formed by the variables. Based on the dendrogram, 
4 main clusters of similar quality variables were created. Based 
on the results of the dendrogram, the “hierarchical clustering 
method” demonstrated that children form 4 very smooth and 
different clusters according to their ages (months) in Table 2 
and Figure 2. Descriptive statistical values (number of individu-
als, mean and standard deviation values) and analysis results 

related to the distribution of variables in 4 different sets are 
presented in Table 3. From cluster I to cluster IV, the calculated 
SE decreased gradually from 0.745 D to −0.235 D. The average 
pupil size in the Ist cluster was 5.06 mm, while in the IVth cluster, 
it was 6.38 mm.

DISCUSSION
The most common cause of visual impairment affecting 
all age groups is refractive errors.6 Thus, early detection of 
refractive errors and risk factors of amblyopia in children 
may lead to better and more stable final visual results, with 
shorter treatment times and more rapid improvement in  
visual acuity.7,8

In the pediatric age group, photoscreeners are now commonly 
used to evaluate refractive parameters and perform community 
vision screening programs. Photoscreeners allow a large number 
of children to be screened in a short period of time in a wide 
geographic area and provide time advantage over conventional 
methods such as cycloplegic retinoscopy.9 In addition, some 
studies reported that these devices are effective and reliable in 
detecting refractive erors.4,6 Panda et al.6 reported that the differ-
ence between the measurements of photoscreener and cyclo-
plegic retinoscopy was -0.3 D and stressed that this difference 
in measurement was not clinically significant. Therefore, the 
frequency of clinical use of photoscreener devices is increasing 
day by day. The fact that each producer company uses a different 
age classification is the most important proof that no consensus 
exists in this regard. To the best of our knowledge, there is no 
specific study done so far to classify the age borders according 
to the variables used by photoscreener. As a result, the age limits 
used in photoscreeners in clinical use are not based on evidence, 
especially in the pediatric age group. In order to obtain more reli-
able and consistent photoscreener measurements, we believe 

Figure 1.  The dendrogram for the measurements of the children by using “hierarchical cluster method.”

Table 2.  Ultimate Border Values Obtained for the Ages 
(in Months) of the Children in 4 Different Clusters to be 
Considered in Clinical Diagnosis

Main Clusters

Month

Minimum Maximum
I 1 20

II 21 64

III 65 101

IV 102 120
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that it is necessary to establish homogeneous age groups. 
Therefore, using the hierarchical cluster method of multivariate 
statistics and advanced analysis, we proposed 4 age ranges for 
children aged 120 months and below.

In this study, 4 clusters were determined according to variables 
that including refractive error, pupil size, angle of ocular devia-
tion, and direction obtained from children aged between 1 and 
120 months. The distribution of age ranges in these 4 clusters is 
1-20, 21-64, 65-101, and 102-120 months, respectively (Table 2). 
In the cluster I consisting of children under 20 months, SE and 
J45 values were the highest, while pupil diameter was the low-
est. From cluster I to cluster IV, there was a gradual decrease in 
SE and J45, as well as an increase in pupil diameter. Cluster IV, 
which included children aged 102-120 months, had the lowest 
SE and J45 as well as the highest pupil diameter. Ocular struc-
tures are constantly changing in childhood, so it is important 

to determine the characteristics of this change by assessing the 
visual system and refractive parameters that are still develop-
ing according to the age of children. It is a well-known fact that 
refraction changes with age and hyperopia are the predominant 
refractive status in early childhood.10 Myopic shifts become more 
evident as the age progresses.11 Consistent with other studies, 
our study showed that SE was gradually decreasing among these 
4 groups. The SE values obtained from the device and calculated 
were found to be the same (0.74 D) in cluster I that included 
children aged 1-20 months. In cluster IV, children aged 102-120 
months, these values were-0.24 and-0.23, respectively, and a 
shift in myopia was observed.

Studies show that the prevalence and amount of astigmatism 
decrease as the child grows and the greatest change occurs 
between the ages of 2 and 4 years.12,13 Dobson et al.12 found the 
highest prevalence of astigmatism in infants and toddlers in their 

Table 3.  Descriptive Statistical Values and Analysis Results of the Variables Measured in 4 Different Clusters Obtained by the 
“Hierarchical Clustering Method”*

KMC A S SE CSE J0 J45 VD HD PD

I x̄ 9.820 1.345 0.745 0.745 0.445 0.025 1.390 1.570 5.065

SD 5.140 1.325 1.270 1.280 0.470 0.285 1.185 1.245 0.715

II x̄ 36.29 1.060 0.610 0.585 0.345 -0.005 1.110 1.205 5.750

SD 11.97 1.240 1.195 1.170 0.410 0.210 1.030 1.105 0.915

III x̄ 80.38 0.880 0.435 0.425 0.345 −0.030 1.195 1.410 6.195

SD 9.550 1.470 1.445 1.435 0.380 0.240 1.025 1.480 1.040

IV x̄ 112.6 0.090 0.240 -0.235 0.215 0.005 0.960 1.060 6.380

SD 7.490 1.395 1.360 1.345 0.345 0.165 0.875 1.070 0.985

*The mean values of the variables obtained in 4 different clusters were found to be significantly different with the ANOVA test (P  <.001).
n, Number of individuals; x̄, mean value, SD, standard deviation; KMC, k-mean cluster no, A, age (month); S, spherical value, SE, spherical equivalent from 
Spot Vision; CSE, calculated spherical equivalent; J0 and J45, vector presentation of cylindrical power; VD, vertical deviation; HD, horizontal deviation; 
PD, pupil diameter.

Figure 2.  The distribution of the minimum and maximum values obtained for the age (in months) of the children in 4 different 
clusters to be considered in clinical diagnosis.
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study between the ages of 0 and 9.5 years and reported that 
astigmatism disappeared at school age. Our research has dem-
onstrated that the importance of astigmatism decreases with 
growing age. The J0 value of astigmatism had the highest value 
(0.44 D) in cluster I, and it decreased with age. It was found 0.34 D  
in the IVth astigmatism was measured as close to zero and did 
not change significantly with age.14 According to our findings, the 
importance of astigmatism decreases with age. Photoscreener 
devices provide information about the pupil size, angle of ocu-
lar deviation and direction as well as refractive error.15,16 Silbert 
et al17 in their study with photoscreener showed that pupil size 
increased with age in children between ages 0 and 16 years. 
However, they did not report any specific pupil size values for 
these age groups. In our study, the average pupil size was found 
as 5.06 mm in the Ist cluster, and it significantly increased with 
age and reached 6.38 mm in the IVth cluster. In addition, pupil 
diameter in children shows similar characteristics in 4 different 
groups according to age.

The spot vision photoscreener performs all measurements 
based on age groups in the software of the device and the cor-
responding age range must be selected prior to patient screen-
ing. For children under 10 years of age, the age groups defined 
in the software device are 6-12 months, 12-36 months, 3-6 years, 
and 6-20 years, respectively (Figure 3). However, no research or 
paper can be found demonstrating the criteria by which these 
age limits have been defined. In addition, when the age lim-
its of 1-20, 21-64, 65-101, and 102-120 months determined in 
our study are compared with the age limits in the software of 
the device, it is observed that there are significant differences 
between the age limits. When these findings are evaluated, the 
recommended age limits can be used to create a more homoge-
neous age group.

One of the limitations of this study is that the results are based 
on data related to a single population. Different results may be 
obtained in different populations due to differences in ethnic-
ity. In addition, we did not include ocular biometric parameters 
associated with refraction such as axial length, corneal radius, 
anterior chamber depth, and personal characteristics such as 
body weight and height. Further studies in different ethnic 
groups and that contain more parameters will provide additional 
information.

CONCLUSION
In this current study, new age borders were proposed with a 
large data set with high clinical evidence by using a hierarchical 
cluster method of multivariate statistics, which is an advanced 
analysis to obtain valid and reliable results. As a result, new age 
borders for the evaluation of refraction and pupil size of children 
which create new groups with a statistically different and homo-
geneous distribution are proposed. The proposed new age bor-
ders in this research would provide more reliable and consistent 
measurement results for clinical diagnosis.
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