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Clinical Ophthalmology

Exploring the features of keratometry readings in premature children
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Background: It is important for pediatric ophthalmologists to explore the keratometry 
parameters used in selection of contact lenses (and thus to improve visual function, 
quality of life, and treatment of complications of refractive errors) in premature 
children who received laser photocoagulation (LPC) to the avascular retina for 
threshold retinopathy of prematurity (ROP).
Purpose: To assess the keratometry parameters in premature children who received 
LPC to the avascular retina for threshold ROP for the advanced improvement of visual 
functions and advanced treatment of complications of refractive errors in this category 
of patients.
Material: We retrospectively examined the medical records (including automatic 
keratometry results) of 282 children (564 eyes).
Results: There was a significant difference in corneal refractive power (CRP) 
in the steepest principal meridian and the flattest principal meridian between 
children of group 1 (i.e., premature children who received bilateral LPC) and group 
2 (i.e., premature children who did not develop threshold ROP by the time retinal 
vascularization was complete) (р=0.00007 and р=0.0001, respectively) and between 
children of group 1 and group 3 (randomly selected full-term children) (р=0.000002 
and р=0.000001, respectively), and mean CRP was higher in children who received 
LPC than in those who received no LPC. A significant difference in CRP between the 
steepest principal meridian and the flattest principal meridian (р=0.015) was found 
only for the comparison between the children who received LPC and controls. The 
value of this parameter was larger in children who received LPC than in full-term 
children.
Conclusion: These findings may be helpful when selecting optical correction (e.g., 
orthokeratology correction) for refractive errors in the premature children who 
received LPC.
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Introduction
The optical system of the eye develops in a manner 

that facilitates obtaining the ratio of the axial length and 
corneal curvature which is favorable for achieving the best 
possible vision [1]. Ametropia is the refractive condition 
in which, with accommodation relaxed, parallel rays do 
not focus on the retina. In ametropia, a blurred image is 
created on the retina [2]. Astigmatism and other optical 
errors are conditions of refraction in which rays emanating 
from a single luminous point are not focused at a single 
point by an optical system. Total refractive astigmatism 
can be divided into corneal (or keratometric) astigmatism, 
lenticular astigmatism, and retinal astigmatism. Most 
astigmatism comes from the cornea [2].

The fact that refractive errors are common in premature 
children makes the use of means of optical correction for 
refractive errors a concern. Contact lenses are increasingly 
used in the pediatric ophthalmology practice, and, 
taking into account the above considerations, methods 
of contact lens correction for refractive errors deserve 
special attention. This type of optical correction is 
becoming increasingly popular not only because of the 
necessity of correction for refractive errors per se (which 
is more characteristic for adults than for children), but 
also to prevent really severe diseases like anisometropic 
amblyopia, refractive amblyopia and strabismic amblyopia. 
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In addition, contact lens correction is sometimes an 
essential treatment for patients with diagnosed amblyopia, 
because correction with spectacles may be inadequate for 
correcting ametropia. The patient’s keratometry readings, 
horizontal and vertical visible iris diameters, basic corneal 
curvature and pupil size are usually important for contact 
lens selection [3, 4]. Optical correction for refractive errors 
with orthokeratology lenses has become increasingly 
popular recently. Orthokeratology (OK) is a clinical 
technique that uses specially designed rigid contact lenses 
to reshape the cornea to temporarily reduce or eliminate 
refractive error [5]. 

Given the fact that the above conditions may lead to 
a significant deterioration of quality of life and even to 
visual disability, studies of the eye parameters influencing 
the use of contact lens correction for refractive errors in 
premature children are important for current pediatric 
ophthalmology. 

Corneal optics and corneal morphology studies are 
essential for contact lens selection and may include 
corneal slit lamp techniques (biomicroscopy with or 
without staining), keratometry (ophthalmometry), 
keratotopography, pachimetry, optical coherence 
tomography of the anterior segment, etc.

One of the most common of these techniques is 
keratometry (ophthalmometry). Keratometry assesses the 
mean curvature of the anterior corneal surface [5] and 
corneal asphericity. Given the above, one can make the 
conclusion with regard to the amount of corneal refractive 
power [7]. Keratometry works on the principle of recording 
the image size reflected from a known-sized object. The 
keratometer projects four points or approximately a dozen 
of Placido rings (illuminated concentric rings) onto the 
cornea. Given the object size and distance from image 
to object, the radius of curvature of the cornea can be 
calculated [8]. The calculation of corneal radius assumes 
the cornea to be a sphere whose radius of curvature is 
the same at all points. But this assumption is true only 
for the central 4 mm of the cornea (the optical corneal 
zone) measured by the keratometer [9]. Readings can be 
expressed in millimeters (mm) or diopters (D) [10]. The 
principal meridian at which the central anterior corneal 
surface has the steepest corneal curvature is called a 
steep meridian, whereas the meridian orthogonal to it is 
called a flat meridian. Keratometry measurements are 
made in newborns and later in life to detect astigmatism, 
keratoglobus and keratoconus. In addition, keratometry is 
included in the list of procedures to be performed prior to 
laser vision correction [11].

The results of anterior corneal surface analysis are 
widely used for selection of correction with soft contact 
lenses or rigid contact lenses. These are becoming 
increasingly popular for correction of various pediatric 
refractive errors that are corneal in origin or associated 
with abnormal anteroposterior length. Proper consideration 
should be given to adequate selection of contact lens 
size, centration, and movement in order to minimize the 

impact of contact lenses on normal function of the eye. 
Keratometry or corneal topography is essential in the 
fitting of contact lenses. Given the above considerations, it 
is important to explore the keratometry parameters used in 
the selection of contact lenses (and thus to improve visual 
function and quality of life) in premature children.

The purpose of the study was to compare the 
premature children who received laser photocoagulation 
(LPC) to the avascular retina for threshold retinopathy of 
prematurity (ROP), the premature children who did not 
develop threshold ROP, and full-term children, with regard 
to keratometry parameters.

Material and Methods
We retrospectively examined the medical records 

(including automatic keratometry results such as 
refractive power and radius of corneal curvature for both 
principal meridians of both eyes) of 282 children (564 
eyes) aged from 2.8 years to 11.5 years (mean age, 5.7 
± 2.58 years) during the study period. Inclusion criteria 
were (1) premature children that received bilateral LPC to 
the avascular retina for threshold ROP, or (2) premature 
children who did not develop threshold ROP by the time 
retinal vascularization was complete, with no significant 
difference in age during the study, time of gestation or birth 
weight with the premature children that received LPC, or 
(3) randomly selected full-term children whose age during 
the study was matched with the age of the premature 
children with no diagnosed chorioretinal pathology. 

The study children were divided into three groups. 
Group 1 included 23 premature children (46 eyes) that 
received bilateral LPC to the avascular retina for threshold 
ROP. Group 2 included 23 premature children (46 eyes) 
who did not develop threshold ROP by the time retinal 
vascularization was complete. Group 3 (the control group) 
was formed from 236 full-term children (472 eyes), with 
their number allowing for minimization of the effect of their 
individual features on the statistical results.  Children with 
the detected diseases (like inflammatory and/or cicatricial 
changes, etc.) that may affect the optical characteristics 
of the cornea, soft contact lens wearers, orthokeratology 
wearers, and children with a history of ocular surgery were 
not included in the study.

Libre Office Calc 7.0.4 spreadsheet (The Document 
Foundation), Statistica 10.0 (StatSoft, Tulsa, OK), and 
SPSS 17.0 (SPSS Inc, Chicago, IL) software were used 
for statistical analysis. Spearman, Pearson or Kendall 
correlation analysis was used when appropriate. Normality 
tests included the Lilliefors test, Kolmogorov-Smirnov 
test and Shapiro-Wilk test. The Kruskal-Wallis test, Mann-
Whitney U test and Student’s t test were used to assess 
continuous data. Data are presented as mean (M) and 
standard error of mean (m).

Results
In children of group 1, steep keratometry readings 

ranged from 42.75 D to 51.25 D (mean value, 46.27 ± 0.36 
D; median value, 45.25 D) and flat keratometry readings, 6
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from 41.25 D to 50.0 D (mean value, 45.07 ± 0.47 D; 
median value, 45.25 D). In addition, corneal curvature 
radius in the steeper principal meridian ranged from 6.59 
mm to 7.9 mm (mean value, 7.31 ± 0.07 mm), corneal 
curvature radius in the flatter principal meridian, from 
6.69 mm to 8.1 mm (mean value, 7.5 ± 0.08 mm), and the 
difference in refractive power between the two meridians, 
from 0.25 D to 3.25 D (mean value, 1.28 ± 0.11 D). For 
patients of Group 1 only, there was a modest correlation 
between the corneal refractive power and the amount of 
corneal astigmatism (the Spearman correlation coefficient 
was -0.04), and patient age during the study ranged from 
2.8 years to 11.5 years (mean age, 5.7 ± 0.53 years).

In children of group 2, steep keratometry readings 
ranged from 40.0 D to 48.25 D (mean value, 44.20 ± 0.28 
D) and flat keratometry readings, from 39.0 D to 47.25 D 
(mean value, 43.08 ± 0.28 D; median value, 45.25 D). In 
addition, corneal curvature radius in the steeper principal 
meridian ranged from 6.99 mm to 8.44 mm (mean value, 
7.64 ± 0.05 mm), corneal curvature radius in the flatter 
principal meridian, from 7.13 mm to 8.67 mm (mean 
value, 7.86 ± 0.05 mm), and the difference in refractive 
power between the two meridians, from 0.25 D to 2.75 
D (mean value, 1.12 ± 0.11 D). For patients of Group 2 
only, there was a modest correlation between the corneal 
refractive power and the amount of corneal astigmatism 
(the Spearman correlation coefficient was -0.07), and 
patient age during the study ranged from 2.0 years to 10.6 
years (mean age, 5.43 ± 0.45 years).

In children of group 3, steep keratometry readings 
ranged from 39.0 D to 49.0 D (mean value, 43.96 ± 0.08 
D) and flat keratometry readings, from 38.0 D to 47.25 
D (mean value, 42.96 ± 0.08 D). In addition, corneal 
curvature radius in the steeper principal meridian ranged 
from 6.9 mm to 8.05 mm (mean value, 7.59 ± 0.04 mm), 
corneal curvature radius in the flatter principal meridian, 
from 7.25 mm to 8.48 mm (mean value, 7.78 ± 0.04 mm), 
and the difference in refractive power between the two 
meridians, from 0 D to 4.75 D (mean value, 1.0 ± 0.03 
D). For patients of Group 3 only, there was a modest 
correlation between the corneal refractive power and the 
amount of corneal astigmatism (the Spearman correlation 
coefficient was 0.03), and patient age during the study 
ranged from 2.9 years to 11.5 years (mean age, 5.48 ± 0.52 
years).

Figs 1 and 2 present box plots of corneal refractive 
power in the steepest principal meridian and the flattest 
principal meridian, respectively, for groups 1, 2 and 3.

There was a significant difference in corneal 
refractive power in the steepest principal meridian and 
the flattest principal meridian between children of group 
1 (i.e., children who received bilateral LPC) and group 
2 (р=0.00007 and р=0.0001, respectively) and between 
children of group 1 and group 3 (р=0. 000002 and р=0. 
000001, respectively), and mean corneal refractive power 
was higher in children who received bilateral LPC than in 
those who received no LPC.

There was no significant difference in corneal refractive 
power in the steepest principal meridian or the flattest 
principal meridian between children of group 2 and group 
3 (р=0.39 and р=0.33, respectively).

A significant difference in corneal refractive power 
between the steepest principal meridian and the flattest 
principal meridian (р=0.015) was found only for the 
comparison between children who received bilateral 
LPC and controls. We found that the amount of corneal 
astigmatism was higher in children who received bilateral 
LPC than in full-term children. No statistical difference in 
keratometry readings between the right eye and the left eye 
was observed.

Discussion
The significant difference in keratometry readings 

found between children who received bilateral LPC and 
both premature and full-term children who received no 
LPC indicated that the former children had higher corneal 
refractive power both in the steepest principal meridian 
and the flattest principal meridian, and a greater difference 
in corneal refractive power between the steepest principal 
meridian and the flattest principal meridian compared to 
full-term children.

There have been reports on studies of the optical 
characteristics of the cornea in premature children. 
Yang and colleagues found that there was a significantly 
higher prevalence and greater magnitude of astigmatism 
in eyes with laser-treated threshold ROP compared 
with full-term controls. In addition, the steeper vertical 
corneal curvature component contributes to the increased 
astigmatism in eyes with laser-treated ROP [12]. A study 
by Repka [13] confirmed that the normal development 
of corneal curvature is affected by preterm delivery 
producing less hypermetropia in the setting of mild ROP. 
Snir and colleagues [14] found that babies with mild ROP 
at the corrected age of 40 weeks had higher and steeper 
keratometric values than term babies, but these authors 
reported neither on the results of corneal examination in 
children with laser-treated threshold ROP no on corneal 
astigmatism. Baker and Tasman [15] evaluated keratometry 
readings in myopic adults with ROP and myopic adults 
who were born full-term, but these authors did not report 
on the impact of laser treatment on keratometry readings. 
Connoly and colleagues [16] compared the refractive 
outcome of eyes treated with cryotherapy for threshold 
ROP with eyes treated with LPC. Ecsedy and colleagues 
[17] evaluated eyes of premature patients 7 to 14 years of 
age and found that premature eyes with or without mild 
ROP have more higher-order corneal aberrations compared 
to the eyes of term-born children.

Our present findings complete those of others, 
demonstrating the impact of LPC on keratometry readings 
in eyes with ROP. These findings may be taken into account 
when selecting optical correction (e.g., orthokeratology 
correction) for refractive errors in premature children. 
Because of (1) the identified features of keratometry 
readings in pediatric eyes that received laser treatment for 
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threshold ROP and (2) increased use of orthokeratology 
lenses in such children, this study suggests the need for 
further studies of the parameters (like corneal thickness, 
anterior chamber depth, lens thickness, and ocular axial 
length) obtained from corneal topography and other 
measurements in prematurity children, and the impact of 
these parameters on the longitudinal development of the 
internal optical system of the eye.
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Fig. 1. Box plots of corneal refractive power in the steepest principal 
meridian for groups 1, 2 and 3. The ordinate displays the corneal refractive 
power in diopters (D). The upper and lower margins of the boxes in this 
standard box-and-whisker diagram represent the 25th and the 75th, the 
central line inside the box the 50th percentile (median). The whiskers mark 
the minimum and the maximum.

Fig. 2. Box plots of corneal refractive power in the flattest principal meridian 
for groups 1, 2 and 3. The ordinate displays the corneal refractive power in 
diopters (D). The upper and lower margins of the boxes in this standard box-
and-whisker diagram represent the 25th and the 75th, the central line inside 
the box the 50th percentile (median). The whiskers mark the minimum and 
the maximum.


