Conference “Biomedical Engineering“

NR-1000F Auto Refractometer Application in
Children Refractive Errors Evaluation
O. Sergejeva¹, R. Botov¹, R. Čiumbaraitė¹*, J. Sidorova¹,
I. Gustaitė¹, R. Liutkevičienė², ³
¹Lithuanian University of Health Sciences, Lithuania
²Department of Ophthalmology, Medical Academy, Lithuanian University of
Health Sciences, Lithuania
³Neuroscience Institute, Lithuanian University of Health Sciences, Lithuania
*
E-mail: rasaciumbaraite@yahoo.com
Introduction. Worldwide, more than 150 million people are estimated to be
visually impaired because of uncorrected refractive error (RE), of which 8
million are functionally blind [1]. By the year 2020, it is estimated that 2.5 billion
people – one third of the world’s population – will be affected by myopia alone
[2]. Childhood visual impairment due to RE is one of the most common problems
among school-age children and is the second leading cause for treatable blindness
[3]. Vision is important in child development because it allows children to
interact with their environment [4]. Pediatric uncorrected RE is associated with
increased morbidity and has extensive social and economic impacts, limiting
educational opportunities and affecting subsequent quality of life in the adult
population [5, 6]. More than 12 million children aged 5 - 15 years old worldwide
are visually impaired due to uncorrected RE [7], and it is the leading cause of
visual impairment worldwide [8]. The available data indicate that the incidence
of RE is most frequent at 8 - 10 years of age [9]. Vision screening is a method for
identifying children with visual impairment or with eye conditions that are likely
to lead to visual impairment so that a referral can be made to an appropriate eye
care professional for further evaluation and treatment. The simplest method for
refractive errors evaluation is autorefractometry.
The aim of our research was to determine the frequency of refractive errors
in individuals aged 7 to 18 years using the Nikon Auto Refractometer NR1000F.
Methods. Having obtained permission from the Kaunas Regional
Biomedical Research Ethics Committee, the study was conducted in the
Department of Ophthalmology at Lithuanian University of Health Sciences. One
thousand (2000 eyes) of 7 - 18 year-old children were investigated at the
momentary research. Children were divided into three age groups: I group from
age 7 to 9 years, II group from age 10 to 13 years and III group from age 14 to 18
years. We used the following subject inclusion criteria: (i) patients of both
genders; (ii) age 7 to 18 years; (iii) participation consent. Subject exclusion
criteria: (i) children until 7 years old age; (ii) children older 18 years old.
In this research, visual acuity as well as the transparency of the cornea and
lens, and the fundus were investigated in the patients. Biomicroscopy was
performed in order to assess the corneal and lenticular transparency. Non129
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corrected and the best-corrected visual acuity (measured in decimals from 0.1 to
1.0) was evaluated using Landolt’s rings (C optotypes) by Snellen test types at a
5 meter distance from the chart. Refractometry was used for measurement of the
refractive error of an eye. Auto Refractometer (AR) infrared rays are directed at
the patient’s fundus and the reflected light is detected by this instrument. A builtin microcomputer deduces the objective refraction in terms of sphere, cylinder,
and axis, and then automatically displays this information, corrected for a 12 mm
vertex distance. The AR also has the optional facility of automatic printout of the
refractive data obtained, and is capable of recording a confidence value for each
result to quantify numerically the reliability of the measurement. It completes
each objective measurement in a total of 1-5 seconds, with the final measurement
in only 0-5 seconds. The time taken for automatic fogging is 0.5 to 1 second with
the patient seeing the fixation target, while the patient's accommodation is
purportedly thoroughly relaxed by the inbuilt automatic fogging system. The
machine can measure up to ±15D sphere and ±6D cylinder. The operator
manipulates the dioptre adjusting ring till the cross reticule at the centre of the
viewfinder appears sharply in focus. The patient is seated comfortably, and the
eye to be refracted is aligned to the correct level with the measuring head. The
green cross targets are aligned and centred by the operator with the peripheral red
arrows moved out of the field of view to ensure precise positioning of the
measuring head. The start button is depressed to activate the in-built automatic
fogging system, and the refractive data are available within 1 - 5 seconds on the
digital display panel together with their confidence value [10].
Statistical analysis was performed using the computer program SPSS / W
22.0 (Social sciences statistical package program for Windows, Inc., Chicago,
Illinois, USA). 2 test was used for comparing frequencies of qualitative
variables. Statistically significant difference was considered if p < 0.05.
Results. A total of 1000 children (2000 eyes) were examined; 451 (45.1%)
were boys and 549 (54.9%) were girls. In the I age group was 312 (31.2%)
children, 154 (49.4%) boys and 158 (50.6%) girls; II group was 354 (35.4%)
children, 155 (43.8%) boys and 199 (56.2%) girls and in the III age group was
334 (33.4%) children, 142 (42.5%) boys and 192 (57.2%) girls
(p > 0.05) (Table 1.).
Prevalence of emetropia was overall 3.5% in the 7 - 18 years olds children.
In the I age group was 13 (1.9%) children; II group was 29 (4.1%) children and
in the III age group was 26 (3.9%) children (P < 0.001) (Table 2).
Prevalence of myopia was overall 37.9 % in the 7 - 18 years olds children.
I- st degree was 445 (16.7%), II- nd degree was 238 (44.6%) and III- rd degree
was 75 (50.8%). In the I age group was 102 (16.7%) children, Ist degree was 87
(84.4%); II degree was 11 (10.7%) and III degree was 5 (4.9%). In the II age
group was 316 (44.6%) children, Ist degree was 176 (55.7%); II degree was 122
(38.6%) and III degree was 18 (45.7%).
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In the III age group was 339 (50.8%) children, Ist degree was 182 (53.7%); II
degree was 105 (31.0%) and III degree was 52 (15.3%). The prevalence of
myopia increased from 16.7% in the 7- 9 years old children to 50.8% in the 14-18
years olds (P<0.001). I degree of myopia was prevail in all age groups
(P < 0.001) (Table 3).
Table 1. Sex prevalence in age groups
Sex

Boys
Girls

Total, n
(%)

7-9 years,
n (%)

10-13 years,

14-18 years,
n (%)

P value

1000
(100%)
451
(45.1%)
549
54.9%)

312 (31.2%)

354 (35.4%)

334 (33.4%)

p>0.05

154 (49,4%)

155 (43,8%)

142 (42,5%)

p>0.05

158 (50,6%)

199 (56,2%)

192 (57,2%)

p>0.05

n (%)

Table 2. Prevalence of emetropia

Emetropia

Total,
n (%)

7-9 years,
n (%)

10-13 years,
n (%)

14-18 years,
n (%)

P value

70 (3.5%)

13 (1,9%)

29 (4,1%)

26 (3,9%)

P<0.001

Table 3. Prevalence of myopia
Total,
n (%)

7-9 years,
n (%)

10-13 years,

14-18 years,
n (%)*

P value

Myopia

758 (37.9%)

102 (16.7%)

316 (44.6%)

339 (50.8%)

P<0.001

I degree
(up to -3D)
II degree
(-3 to -6D)
III degree
(> -6 D)

445 (16.7%)

87 (84.4%)

176 (55.7%)

182 (53.7%)

P<0.001

238 (44.6%)

11 (10.7%)

122 (38.6%)

105 (31.0%)

P<0.001

75 (50.8%)

5 (4.9%)

18 (5.7%)

52 (15.3%)

P<0.001

n (%)*

*There is no evidence of relationship between II-nd and III-rd age group (p>0.05).

Hypermetropia was found in 1172 (58.6%) the 7 - 18 years olds children. I- st
degree was 779 (16.7%), II- nd degree was 238 (44.6%) and III- rd degree was
155 (50.8%). In the I age group was 508 (81.2%) children, Ist degree was 299
(59.0%); II degree was 141 (27.8%) and III degree was 67 (13.2%). In the II age
group was 363 (51.3%) children, Ist degree was 218 (60.0%); II degree was 91
(25.0%) and III degree was 54 (15.0%). In the III age group was 303 (45.3%)
children, Ist degree was 171 (56.6%); II degree was 97 (32.2%) and III degree
was 34 (11.2%). The prevalence of hypermetropia decreased from 81.2% in the 7
- 9 years olds to 45.3% in the 14-18 years olds (P<0.001). I degree of
hypermetropia was mostly accepted in all age groups (P>0.05) (Table4).
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Table 4. Prevalence of hypermetropia
Total,
n (%)

7-9 years,
n (%)

10-13 years,
n (%)

14-18years,
n (%)

P value

Hypermetropia

1172 (58.6%)

508 (81.2%)

363 (51.3%)

303 (45.3%)

P<0.001

I degree
(up to +2 D)

779 (16.7%)

299 (59.0%)

218 (60.0%)

171 (56.6%)

P>0.05

II degree
( +2 to +5 D)
III degree
(> +5 D)

238 (44.6%)

141 (27.8%)

91 (25.0%)

97 (32.2%)

P>0.05

155 (50.8%)

67 (13.2%)

54 (15.0%)

34 (11.2%)

P>0.05

Discussion. Refractive error is defined as the inability of the eye to bring
parallel rays of light into focus on the retina, resulting in nearsightedness,
farsightedness or astigmatism. Uncorrected refractive error in children is
associated with increased morbidity and reduced educational opportunities.
Vision screening is a method for identifying children with visual impairment or
eye conditions likely to lead to visual impairment. So the aim of our research was
to determine the frequency of refractive errors in individuals aged 7 to 18 years
using the Nikon Auto Refractometer NR- 1000F. The overall prevalence of
emetropia was 3.5%. Prevalence of myopia was overall 37.9% and increased
from 16.7% in the 7 - 9 years old children to 50.8% in the 14 - 18 years old. I
degree of myopia was common refractive error in all age groups. In the study
done by Wu JF et al. prevalence of myopia (overall: 36.9±
0.6%;95%(CI):36.0,38.0) increased (P<0.001) from 1.7 ± 1.2% (95%CI:0.0,4.0)
in the 4-years olds to 84.6± 3.2% (95%CI:78.0,91.0) in 17 years old. This study
group established that myopia was associated with older age (OR:1.56; 95%
CI:1.52,1.60; P<0.001), female gender (OR:1.22;95%CI:1.08,1.39;P=0.002) (11).
Prevalence of high myopia (2.0 ± 0.2%) increased from 0.7±0.3% (95%CI:0.1,
1.3) in 10-years olds to 13.9±3.0 (95%CI:7.8,19.9) in 17 years olds [11]. These
results agree with previous population-based and school-based investigations
documenting a marked increased prevalence of myopia in the younger generation
[12 - 14]. It is in contrast to other countries such as Scandinavian countries,
Mexico, Poland, Brasil, Australia, Laos, Iran, South Africa, Morocco, Brazil and
Poland and, in which either no increased prevalence of myopia or a considerably
less marked increase in the prevalence of myopia has been reported [15 - 19].
The prevalence of low to medium myopia was markedly higher in the present
Shandong Children Eye Study than in the previous study on adults in the
neighboring region of Greater Beijing giving another example for the increased
prevalence of myopia across the generations [20].
The overall prevalence of hypermetropia was 58.6% and decreased from 81.2%
in the 7 - 9 years olds to 45.3% in the 14 - 18 years old in our study. I degree of
hypermetropia was mostly accepted in all age groups. In the study done Wu JF et
132
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al. the results are very similar, and the overall prevalence of mild hyperopia and
medium to marked hyperopia was 42.8% and 5.8% respectively, and as a
corollary to the prevalence of myopia, it decreased with older age [11]. Again as
a corollary to the prevalence of myopia, the prevalence of hyperopia overall was
associated with younger age [11]. In the other study done by Sewunet SA et al.
out of 432 participants selected for the study, 420 (97.2%) were in the age group
7 - 15 years. The mean age was 12 ± 2.1SD. Overall prevalence of refractive
error was 43 (10.2%). Myopia was found among the most dominant 5.47%,
hyperopia 1.4% in both sexes [21]. Other study found that of those with
refractive error, there were 35.8% with myopia, 29.5% with hypermetropia and
34.8% with astigmatism. Males had slightly more myopia and astigmatism, and
female more hypermetropia though the difference was not statistically significant
[22].
Conclusions. The prevalence of emetropia was 3.5%. Prevalence of
myopia was overall 37.9% and prevalence of hypermetropia was 58.6%. Myopia
was increasing and hepermetropia was decreasing with age.
I degree myopia and hypermetropia was the most common refractive errors in all
age groups.
References
1. Holden BA., Fricke TR., Ho SM., et al. Global vision impairment due to
uncorrected presbyopia.Arch Ophthalmol. 2008;126. –P. 1731–1739.
2. Kempen JH., Mitchell P., Lee KE., et al. The prevalence of refractive errors
among adults in the United States, Western Europe, and Australia. Arch Ophthalmol.
2004; 122. –P. 495 - 505.
3. Alam H., Siddiqui MI., Jafri SI., Khan AS., Ahmed SI., Jafar M. Prevalence of
refractive error in school children of Karachi. J Pak Med Assoc. 2008; 58. –P. 322 - 325.
4. Josephine O., Ibironke D.S., et al. Child Development and Refractive Errors in
Preschool Children. Optom Vis Sci. 2011 February; 88(2). –P. 181 - 187.
5. Naidoo K.S., Jaggernath J. Uncorrected refractive errors. Indian J
Ophthalmol. 2012;60. –P. 432 - 437.
6. Davidson S., Quinn G.,E. The impact of pediatric vision disorders in
adulthood. Pediatrics. 2011;127. –P. 334 - 339.
7. Resnikoff S., Pascolini D., Mariotti S.P, Pokharel G.P. Global magnitude of
visual impairment caused by uncorrected refractive errors in 2004. Bull World Health
Organ. 2008;86. –P. 63 - 70.
8. Pascolini D., Mariotti S.P. Global estimates of visual impairment: 2010. Br J
Ophthalmol. 2012;96. –P. 614 - 618.
9. Baltussen R., Naus J., Limburg H. Cost-effectiveness of screening and
correcting refractive errors in school children in Africa, Asia, America and Europe. Health
Policy. 2008;89:201–10.
10. Nayak B.K., Ghose S., Singh J.P. A comparison of cycloplegic and manifest
refractions on the NR-1000F an objective Auto Refractometer. Br J Ophthalmol. 1987;
71(1). –P. 73 - 75.
11. Wu J.F., Bi H.S., Wang S.M. et al. Refractive error, visual acuity and causes of
vision loss in children in Shandong, China. The Shandong Children Eye Study. PLoS One.
2013:23;8(12). –P. e82763.

133

Conference “Biomedical Engineering“
12. Fan D.S., Lam D.S., Lam R.F., Lau J.T., Chong K.S., et al. (2004) Prevalence,
incidence, and progression of myopia of school children in Hong Kong. Invest
Ophthalmol Vis Sci 45. –P. 1071 - 1075.
13. He M., Huang W., Zheng Y., Huang L., Ellwein L.B (2007) Refractive error and
visual impairment in school children in rural southern China. Ophthalmology 114. –P. 374
- 382.
14. Congdon N., Wang Y., Song Y., Choi K., Zhang M., et al. (2008) Visual
disability, visual function, and myopia among rural chinese secondary school children: the
Xichang Pediatric Refractive Error Study (X-PRES)–report 1.Invest Ophthalmol Vis
Sci 49. –P. 2888 - 2894.
15. Villarreal M.G., Ohlsson J., Abrahamsson M., Sjöstrom A., Sjöstrand J.
Myopisation: the refractive tendency in teenagers. Prevalence of myopia among young
teenagers in Sweden. Acta Ophthalmol Scand. 2000; 78. –P. 177 - 181.
16. Villarreal G.M., Ohlsson J., Cavazos H., Abrahamsson M., Mohamed J.H.
Prevalence of myopia among 12- to 13-Year- old schoolchildren in Northern
Mexico. Optom 2003; Vis Sci 80. –P. 369 - 373.
17. Czepita D, Zejmo M, Mojsa A. Prevalence of myopia and hyperopia in a
population of Polish schoolchildren. Ophthalmic Physiol Opt 2007; 27. –P. 60 - 65.
18. Salomao S.R., Cinoto R.W., Berezovsky A., Mendieta L., Nakanami C.R, et
al. Prevalence and causes of visual impairment in low-middle income school children in
Sao Paulo, Brazil. Invest Ophthalmol Vis Sci 2008;49. –P. 4308 - 4313.
19. Ip J.M., Huynh S.C., Robaei D., Rose K.A., Morgan I.G., et al. Ethnic
differences in refraction and ocular biometry in a population-based sample of 11-15-yearold Australian children. Eye 2008;22. –P. 649 - 656.
20. Xu L., Li J., Cui T., Hu A., Fan G., et al. Refractive error in urban and rural
adult Chinese in Beijing.Ophthalmology. 2005 112. –P. 1676 - 1683.
21. Sewunet S.A., Aredo K.K., Gedefew M. Uncorrected refractive error and
associated factors among primary school children in Debre Markos District, Northwest
Ethiopia. BMC Ophthalmol. 2014 Jul 29. –P. 14:95.
22. Malu K., Ojabo C. Refractive errors in patients attending a private hospital in
Jos, Nigeria. Niger J Clin Pract. 2014 Jan-Feb;17(1). –P. 106 - 11.
NR-1000F Auto Refractometer application in children refractive errors evaluation
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The aim of this research is to determine the frequency of refractive errors in individuals aged 7 to 18 years
using the Nikon Auto Refractometer NR- 1000F.
Methods. We examined 1000 of 7-18 year-old children. Children were divided into three age groups: I
group from age 7 to 9 years, II group from age 10 to 13 years and III group from age 14 to 18 years. The
Nikon Auto Refractometer NR- 1000F was used to determine the refractive errors.
Results. Prevalence of emetropia was overall 3.5 % in the 7-18 years olds children. Prevalence of myopia
was overall 37.9 % and increased from 16.7% in the I-st age group to 50.8% in the III-rd age group. I-st
degree of myopia was prevail in all age groups.
Hypermetropia was found in 58.6% and decreased from 81.2% in the I-st age group to 45.3% in the III-rd
age group. I-st degree of hypermetropia was the most common refractive error in all age groups.
Conlusion. The prevalence of emetropia was 3.5%, of myopia was 37.9 % and of hypermetropia was 58.6%.
I-st degree myopia and I-st degree hypermetropia was the most common refractive errors in all age groups.
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