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ABSTRACT 

Objectives: To provide a description of refractive errors in healthy, term-born children, aged 1 
through 24 months, and to test the hypothesis that spherical equivalent becomes significantly less 
hyperopic and less variable with increasing age. 
Methods: This is a prospective, cross-sectional design, cycloplegic retinoscopy was used to measure 
the refractive error in both eyes of 100 healthy, term- born children in four age groups. Spherical 
equivalent, cylindrical power and axis were analyzed as a function of age. 
Results: Spherical equivalents of right and left eyes did not differ at any age. Hyperopia declined 
significantly with increasing age. The variability in spherical equivalent also decreased significantly 
with age. Cylindrical error of one diopter or more was found in 15% of children; the proportion with 
astigmatism was highest in infancy and then waned. Myopia and anisometropia were rare, occurring  
in 5% and 2% of the sample, respectively. 
Conclusions: Significant declines in hyperopia and variability of spherical equivalent appear to be 
features of emmetropization. The normal prediction limits provide guidelines against which data from 
individual patients can be compared. 

 

 
 الخالصة

 ،ن شهرايوعشر ةللعين لدى األطفال من عمر شهر واحد ولغاية أربع ةتقييم نتائج قياس األخطاء االنكساري :هدف الدراسة
 .ةلمنشوراومقارنة النتائج مع البحوث 

  .مقطعية ةدراسة مستقبلي :التصميم
 .رشه ٢٤طفل من عمر شهر واحد ولغاية  ١٠٠شملت الدراسة  :المشارآون في الدراسة

تم إجراء الدراسة في العيادة االستشارية للعيون في المستشفى الجمهوري التعليمي بالموصل وعيادة  :طريقة الدراسة
شهر وللفترة بين  ٢٤طفل أعمارهم تتراوح بين شهر ولغاية  ١٠٠المرآز الطبي التابعة لكلية طب الموصل حيث تم فحص 

خذ القياسات الخاصة باألخطاء أوتم  Cyclopentolateاستعمال قطرة  وقد تم ،٢٠٠٨ولغاية تشرين األول  ٢٠٠٧أيلول 
  .دقيقة من استعمال القطرة المذآورة ٤٥بعد  Retinoscopeبواسطة جهاز  ةاالنكساري
آانت  ةالالبؤري ،نستنتج من هذه الدراسة أن طول النظر يقل بشكل ملحوظ مع تقدم العمر من األشهر األولى :النتائج

وقصر النظر والتباين في قياس األخطاء ، شهر من العمر ١٨- ٦من األطفال خاصة لألعمار بين % ٢٥ موجودة في
  .من العمر  األولىالستة  األشهرعلى التوالي وخاصة في % ٢و% ٥بين آلتا العينين آانت  ةاالنكساري
جدا لنتائج البحوث  ةبحث هي مقاربمن هذا ال البيانات ن حصيلةأفي ضوء النتائج المستخلصة يمكن االستنتاج ب :االستنتاج

 .المنشورة في هذا الموضوع 
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t has been long and widely recognized that 
infants, on average, are hyperopic, and 

that the  hyperopia gradually decreases during 
infancy and early childhood. (1) 

  These changes in normal refractive error are 
presumed to reflect finely regulated eye 
growth(1), controlled at least in part by the 
retina (2,3). The involved processes, known 
collectively as emmetropization, are 
accompanied by a high prevalence of 
astigmatism in infants.(4,5)  
  Despite numerous studies of refractive 
development, the new millennium has been 
entered without sufficient specification of 
refractive development in healthy infants and 
young children to support quantitative 
comparison with populations with disease, or 
to diagnose abnormal refraction in an 
individual youngster. (6) The aim of this study is 
to provide a review of cycloplegic retinoscopy 
in 100 normal children. This data permits 
specification of normal refractive 
characteristics, including the limits of normal 
spherical equivalent for each four age groups 
ranging from 1 through 24 months. 
 

Methods 
This is a prospective study, refractive errors 
were measured in 100 healthy children aged 1 
to 24 months and were categorized into four 
age groups: 
• Group 1: age from 1 month to 6 months. 
• Group 2: age from 7 months to 12 months. 
• Group 3: age from 13 months to 18 

months. 
• Group 4: age from 19 months to 24 

months.   
  More than half of them aged 12 months or 
younger. All subjects were born at term 
(gestational age ≥ 37 weeks) with Apgar 
scores of at least 8, had an uncomplicated 
neonatal course, were free of medical 
problems, and, by parental report, were 
experiencing normal development. 
  Of 120 children undergoing refraction, 20 
were excluded because of ophthalmic 
abnormality (cataract [n= 3], disc anomaly 
[n=2] or incomplete cycloplegia [n=10] as 
judged by ophthalmologist at the time of 
measurement and five miscellaneous 

ophthalmic problems including esotropia). 
Each child underwent a complete eye 
examination including cycloplegic retinoscopy. 
  Retinoscopy was performed in a dim room by 
streak Combi Keeler retinoscope with same 
hand (to avoid interexaminer variability), at 
least 45 minutes after instillation of 0.5% of 
cyclopentolate for those children below 12 
months of age and 1% of cyclopentolate for 
those children above 12 months of age. For 
each eye of the 100 children, spherical 
equivalent, power and axis of cylinder were 
recorded. 
   Astigmatism was defined as 1.0 diopter (D) 
or more of cylinder. Axis of cylinder was 
categorized as with-the-rule (minus cylinder 
axis at 180°± 15°), Against –the-rule (minus 
cylinder axis at 90°± 15°) or oblique (all else) (8-

10). 
  Myopia was defined as spherical equivalent 
of at least 0.5 D. Anisometropia was defined 
as difference of at least 1.0 D between eyes in 
spherical equivalent or cylinder. (7) The mean 
spherical equivalent and the mean cylinder did 
not differ significantly between right and left 
eyes at any age. Therefore, data from the 
child’s right eye were used to summarize the 
results. Preliminary analysis indicates that the 
spherical equivalents at each age group did 
not differ significantly from a normal 
distribution (Lilliefors test) (8). The 95% and 
99% prediction limits were calculated for each 
age group (table 1). (8) The statistical 
significance were accepted for tests with P- 
values of no greater than 0.01. 
 

Results 
Astigmatism was found in 25% (25 cases) of 
100. High cylindrical errors were uncommon; 
only 3% (3 cases) had 2 diopters (D) or more 
of cylinder (figure 1). 
Hyperopia represents 68% (68 cases), myopia 
represents 5% (5 cases) and anisometropia 
represents only 2% (2 cases) of the sample 
(table 2, figure 1).   
  Group 2 (7 month -12 months) and group 3 
(13 months - 18 months) had highest 
prevalence of astigmatism,12% (12 cases), 
6% (6 cases) respectively (figure 2). The 
percentage of subjects with astigmatism was 
not uniform across the age group. Against-the-
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rule astigmatism was more common (56%) 
than with-the-rule-astigmatism (29%) or 
oblique (15%) astigmatism. There was a 
significant decline in heperopia with age (P ≤ 
0.01), being higher for children in group 2 (7-
12 months) representing 40% (40 cases) then 

decline to 20 % (20 cases) in group 3 (13-18 
months) and 15 % (15 cases) in group 4 (19-
24 months), (figure 3). Distributions of 
spherical equivalent appeared broader at 
younger age groups (table1).  
 

 
Table (1): Spherical equivalent (diopters) and prediction limits*. 
 

Age, Months Spherical Equivalent, 
Mean (SD), D 

95%Prediction Limits, D 99% Prediction Limits, D 
Upper Lower Upper Lower 

1 2.20(1.60) 5.51 -1.12 6.66 -2.27 
1.5 2.08(1.12) 4.36 -0.20 5.13 -0.98 
2.5 2.44(1.32) 5.13 -0.26 6.05 -1.17 
4 2.03(1.65) 5.21 -1.16 6.28 -2.23 
6 1.79(1.27) 4.39 -0.81 5.27 -1.69 

9 1.32(1.13) 3.63 -0.99 4.41 -1.77 
12 1.57(0.78) 3.16 -0.01 3.69 -0.55 

18 1.23(0.91) 3.09 -0.64 3.72 -1.27 

24 1.19(o.83) 2.89 -0.50 3.47 1.08 
 

* D indicates diopters. 
 
Table (2): Distribution of refractive errors among the age groups. 
 
 
 
 
 
 
 
 
 
 
                     

 

 
 
Figure (1): Percentage of refractive errors in 100 healthy full-term born children from 1-24 months. 

Group 4 
(19-24) 
months 

Group 3 
(13-18) 
months 

Group 2 
(7-12) 

months 

Group 1 
(1-6) 

months 

                
                Age group 
 
 
Refractive errors 

10 14 27 17 Hyperopia 
4 6 12 3 Astigmatism 
0 0 2 3 Myopia 
0 0 0 2 Anisometropia 
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Figure (2): Number of children with astigmatism in each age group. 
 

 
 
Figure (3): Number  of children with hyperopia in each age group. 
  
Discussion 
The mean spherical equivalents analyzed 
herein and those reported in other studies, 
there are no conspicuous discrepancies 
between the results for healthy children and 
those with presumptively normal eyes, 
compared with previous studies(8-10). We 
sampled more ages during the first year, when 
the rate of change appears to be rapid (7). 
Besides gradually decreasing hyperopia, we 
found another feature of normal development: 
the significant decrease in variability of the 
spherical equivalent. Furthermore, as 
development proceeds, there is significant 
variation in cylindrical power that in healthy 

infants is determined mainly at the cornea. The 
application of these data pertains to diagnosis 
in the individual child. Data from the 100 
healthy children provide a definition of the 
limits of normal spherical equivalent in infants 
and young children. The results from an 
individual child can be specified as within, or 
outside, these limits (table 1). The broad 
prediction interval during infancy may bear 
consideration when planning screening 
programs that depend on refraction. Given the 
broad prediction intervals during infancy, 
screening refractions at 12 months of age or 
older may be more efficient. Nevertheless, 
detection of high cylindrical errors and 
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anisometropia can contribute to the diagnosis 
of amblyogenic factors in infancy (10). 
     

Conclusion 
This data further define the characteristics  of 
refractive errors in the healthy, developing eye, 
and so specify limits of normal refractive error 
at 1 through 24 months of age. 
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