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ABSTRACT:
; Background: Aim of current study, the Prevalence of amblyopia and patterns of refractive error in
Amblyopia, o . .
the amblyopic in school going children
Pattern,
Prevalen(_:e' Methods: The prospective study was carried out at the Shri Aurobindo Medical Research Centre in
school going Raipur, Chhattisgarh, India, in the department of ophthalmology. A study involving children aged 5
children to 15 was carried out between April 2020 and May 2021.

Results: There were 830 pupils enrolled into this study, but only 67 (8.07%) met the criteria for
amblyopia diagnosis. There were 38 males (56.71%) and 29 females (43.28%) students, The Mean
age range was, males 7.87 + 2.970 years, and female 7.97+ 2.666. Refractive amblyopia accounted
for 38 (56.71%) of cases of amblyopia, with strabismus 18 (26.86%), visual deprivation 7 (10.44%),
and mixed or combined causes 4 (5.97%), the least common causes. Anisometropic amblyopia
accounted for 29 instances (76.31%) and isometric amblyopia for 9 cases (23.68%) of refractive
amblyopia. 53 cases (79.10%) had unilateral amblyopia, while 14 cases (20.89%) had bilateral
amblyopia

Conclusions: According to current study, 8.07% of school going children had amblyopia. Nearly
38 (56.71%) of cases of amblyopia were of the most prevalent form, known as refractive amblyopia.
It is advised to identify children who are at risk of developing amblyopia and to conduct routine eye
exams on each kid at birth, when they first enter school, and at least every two years. In addition,
parents to be made aware of refractive defects and the importance of having them corrected as soon
as possible.

1. INTRODUCTION

Amblyopia, a Greek word meaning “blunt or blurry
vision”, is defined as a reduction of best corrected visual
acuity (BCVA) in one or both eyes caused by form
deprivation or abnormal binocular interaction with no
pathology in the wvisual system. [1,2] Typically,
amblyopia occurs from infancy through age seven. It is
the main reason why children's vision is declining. Lazy
eye rarely affects both eyes at once. It is a prevalent issue
in children [3] and affects a person's childhood and adult
life as well as the community at large in a variety of
ways. Academic achievement, profession choice,
visuomotor abilities, social interaction, psychological
development, and economic engagement are all
significantly impacted by amblyopia. [4,5] Bilateral
visual impairment is also more common in children with
unilateral amblyopia. [6]
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A significant public health issue that causes permanent
visual impairment is amblyopia [7]. Amblyopia is
frequently caused by refractive error [8,9,10]. Because
parents are frequently unaware of refractive
abnormalities in their children and receive late referrals
for visual tests from ophthalmologists, the prevalence of
amblyopia is sometimes underestimated [3-11].
Anisometropia, severe refractive errors and opacities of
the ocular media, strabismus, or a combination of two or
more aetiologies in the same patient are among the
causes of amblyopia [12,13]. However, form deprivation
in one or both eyes, or aberrant binocular interaction, is
the fundamental process underlying amblyopia.

Lifelong vision impairment may result from failing to
take corrective action in a timely manner (within the top
limit of the critical time for Amblyopia development,
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which is eight years) [14,12]. In underdeveloped nations
such as India, the primary causes of childhood blindness
have been identified as vitamin A deficiency, trauma,
cataract, and other related disorders resulting from
malnourishment, infection, refractive error, and ill health
[7,14, 15]. Children with developmental delays, early
births, and a family history of amblyopia are more likely
to experience amblyopia. Amblyopia should be
diagnosed and treated as soon as possible.

Aim of current study, the Prevalence of amblyopia and
patterns of refractive error in the amblyopic in school
going children

2. METHODS

The prospective study was carried out at the Shri
Aurobindo Medical Research Centre in Raipur,
Chhattisgarh, India, in the department of ophthalmology.
A study involving children aged 5 to 15 was carried out
between April 2020 and May 2021. The patient guardian
observed that each child had a thorough medical history
concerning the age of onset. The Snellen vision chart was
used to measure visual acuity; the auto-refractometer and
streak retinoscope were used for cycloplegic refraction;
slit lamp biomicroscopy was used to thoroughly examine
the anterior segment; direct and indirect ophthalmoscopy
was used to examine the posterior segment; the cover-
uncover test was used to assess ocular motility.

The best corrected visual acuity in one or both eyes
(6/12) or less than 6/12 in the absence of any organic
lesion was the inclusion criterion for this investigation.
Cases of trauma, a prior history of ocular surgery, and
disorders affecting vision were excluded from the current
investigation.

The criteria used for each subtype and diagnosis -
Ametropic amblyopia is the term used to describe
amblyopia linked to reduced visual input as a result of
elevated refractive error. Participants exhibiting an
interocular refractive error difference of >1 dioptre were
classified with anisometropic amblyopia. Due to
squinting, there were conflicting visual inputs between
the eyes, resulting in strabismic amblyopia. The term
"stimulus deprivation amblyopia" refers to amblyopia
caused by a visual axis obstruction. A discrepancy in
refractive error between the eyes, even as small as one
dioptre, can result in anisometropic amblyopia.

To do additional statistical analysis, the IBM SPSS
model 26 software was used to evaluate the records.
Frequency and percentage, propose, variance, paired t-
test, and frequency tables and graphs used to provide the
records were utilized to do the descriptive evaluation.
The locating determined to use crude and altered or with

a 95% confidence ¢ programming language. Were used
to test for factors associated with Age related macular
desgeneration and a P-value < .05 was considered
statistically significant.

3. RESULTS

There were 830 pupils enrolled into this study, but only
67 (8.07%) met the criteria for amblyopia diagnosis.
There were 38 males (56.71%) and 29 females (43.28%)
students, The Mean age range was, males 7.87 + 2.970
years, and female 7.97+ 2.666.

Figure 1: Percentage of amblyopia
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There was no significant difference in amblyopia
prevalence between boys and girls (P = 0.037). There
was also no significant age trend evident in the study (P =
0.123). Although amblyopia was more frequent 39
(58.20%) among pupils aged 4 to 8 Years compared to 9
to 12 years and 13 years to 15 Years 23 (34.32%), and 5
(7.46%) of pupils aged 4 to 8 all the types of amblyopia
were significantly more common in children within the
age group of 4-10 years (P = 0.000). In the current study
parents was not reported to have been treated for
amblyopia previously. See table no.1.

Table no.1: Prevalence of amblyopia by age and sex

Variables Categories Mean SD STD 95% T value
Error Confidence
Mean Interval of the
Difference

Age Groups Male(n-38) 7.87 2.97 0.482 6.89 8.84 16.332
0

Female(n- 7.97 2.66 0.495 6.95 8.98 16.092
29) 6

Boys Age 4-8 Years 5.64 1.04 0.224 5.17 6.10 25.212
Groups 9

9-12 Years 6.09 5.25 1.120 3.76 8.42 5.437
5

13-15 Years 1.86 4.80 1.024 -0.27 3.99 1.820
4

Girls Age 4-8 Years 4.64 273 0.583 3.42 5.85 7.951
Groups 5

9-12 Years 4.68 5.29 1.129 233 7.03 4.147
5

13-15 Years 118 3.82 0.816 -0.51 2.88 1.449
5
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Parents Primary 0.45 0.50
Educational 6
Background

0.088 0.28 0.63 5.164

0.55 0.50

6

Secondary 0.088 0.37 0.72 6.197

0.79 0.41

5

Graduate 0.072 0.64 0.94 10.902

Other 021 0.40

9

0.062 0.07 0.34 3.132

Refractive amblyopia accounted for 38 (56.71%) of
cases of amblyopia, with strabismus 18 (26.86%), visual
deprivation 7 (10.44%), and mixed or combined causes
4 (5.97%), the least common causes. Anisometropic
amblyopia accounted for 29 instances (76.31%) and
isometric amblyopia for 9 cases (23.68%) of refractive
amblyopia. 53 cases (79.10%) had unilateral amblyopia,
while 14 cases (20.89%) had bilateral amblyopia. The
current study saw 0.45+ 0.506 parents educational
background from primary school pass, Secondary pass
0.55+ 0.506, graduate pass 0.79+ 0.415, and other
educational background 0.21 + 0.409, and 33 (49.25%)
parents are from urban areas and 34 (50.74) parents are
from rural areas. See table no.2.

Table no.2: Type of amblyopia.

Variables N % Mea SD STD
n Error
Mean

95%
Confidence
Interval of the
Difference

T value

Refractive 38 56.71

%

0.97 0.16 0.026 0.92 1.03 38.000
0

Strabismus 18 26.86 0.46 0.50 0.081 0.30 0.63 5.707
% 5

Visual 7 10.44 0.18 0.38 0.062 0.05 0.31 2.883
Deprivation % 9

Mixed 4 5.97% 0.10 0.30 0.049 0.00 0.20 2.084
(Combined) 7

4. DISCUSSION

The prevalence of amblyopia varies according to the age
groups of the populations under study as well as the local
conditions, such as the geography and the frequency of
visual screening programs and the literacy rate. In the
current study 67/830 (8.07%) prevalence. Amblyopia
prevalence was found to be 1.1% in population-based
regional studies conducted in India on the prevalence of
refractive errors and childhood blindness [16]. A study
conducted in India by Magdalene et al. also found that
the prevalence was 1.75 percent. (17) In an additional
Rahi et al.12.3% [18] research. K Anjaneyulu et al. 6.6%
[20], and Murthy et al. 4.4% [19]. somewhat similar to
the global rate of 1.75% [21], though not among the
lowest. Rates varying around the global average were
reported by Denmark 1.5% and 2.7% [22], Saudi Arabia
2.5% [23], China 1.47% [24], Romania 2.8% [25],
Bulgaria 2.5% [26], Israel 1.2% [27], Malaysia 7.53%
[28], and Brazil 0.81% [28].

The age of presentation of amblyopia in 4 to 8 years age
group was more than other two age group. where
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male/female ratio was 44/20 for younger age group and
15/19 for older age group.[9] In current study, where the
male amblyopia was 38 (56.71%) and female was 29
(43.28%). In current study, most common type of
amblyopia is refractive out of which anisometropic
amblyopia was the most common type of amblyopia
which is comparable with Siamak Akbarzadeh et al.[29]
, Yekta A et al. [30] , Preeti Bamhane et al. [31] and
Jamali P et al. [32] study showed anisometropic
amblyopia was significantly more common in patients
with spherical hyperopic anisometropia compared to

patients with  spherical myopic anisometropia,
cylindrical myopic anisometropia, and cylindrical
hyperopic anisometropia. Reason behind Higher

prevalence of anisometropic amblyopia than other type
of amblyopia could be due to anisometropia being most
common risk factors and usually children do not pay
attention for unilateral refractive error for long time.

In current study, unilateral amblyopia was higher
(79.10%) than bilateral amblyopia (20.89%), which is
similar to the study done in Preeti Bamhane et al. [31]
(80% unilateral amblyopia), and Mobina Mondal et al.
[33] study showed Unilateral amblyopia was observed in
80.5%. If left untreated, paediatric amblyopia may result
in monocular and binocular low vision with associated
deterioration in quality-of-life indices in adulthood.
[34,25,26] Therefore measures for early detection and
dedicated rehabilitation of amblyopia should be a priority
and also should be evidence-based.

5. CONCLUSION

According to current study, 8.07% of school going
children had amblyopia. Nearly 38 (56.71%) of cases of
amblyopia were of the most prevalent form, known as
refractive amblyopia.

It is advised to identify children who are at risk of
developing amblyopia and to conduct routine eye exams
on each kid at birth, when they first enter school, and at
least every two years. In addition, parents to be made
aware of refractive defects and the importance of having
them corrected as soon as possible.

Through media education, parents and kids can learn
about the warning signs and symptoms of refractive
defects as well as the dangers of going untreated.
Additionally, school health programs should be
developed, training teachers and other support staff
members to evaluate their Children. Children whose
vision is determined to be subnormal can be directed to
facilities that offer refractive procedures. Lastly, school
curricula ought to include instruction on and promotion
of eye health. This will assist in introducing the kids to
safe eye care procedures at a young age.
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6. STRENGTHS AND LIMITATIONS

It's a short-term and area-based study to study the long-
term amblyopia and patterns of refractive error in the
amblyopic in school going children.

7. ACKNOWLEDGMENTS

We are incredibly grateful to all the participants and their
families for their cooperation, including computer data
entry operators, clerical workers, research scientists, and
volunteers. the centre Shri Aurobindo Medical Research
Centre Raipur Chhattisgarh, India, provide core support.

8. FINANCIAL SUPPORT AND SPONSORSHIP-
This study did not receive any funds.

9. CONFLICT OF INTEREST- The authors declare
that they need no conflict of interest.

REFERENCES

1.

Carlton J, Karnon J, Czoski-Murray C, Smith K,
Marr J.  The clinical effectiveness and
costeffectiveness of screening programmes for
amblyopia and strabismus in children up to the age
of 4-5 years: a systematic review and economic
evaluation. Health Technol Assess. 2008;12(25).
d0i:10.3310/hta12250

Chuka-Okosa C. Amblyopia: types, presentation
and treatment-A Review. Niger J
Ophthalmol. 2003;11(2):54-62.

Shaw D, Minshull C, Fielder A, Rosenthal A.
Amblyopia—factors  influencing  age  of
presentation. Lancet.  1988;332(8604):207-209.
d0i:10.1016/S0140-6736(88)92301-X

Al-Falki YH, Alamri DS, Fayi KA, Alahmari DS.
Prevalence of amblyopia and its impact on the
academic performance of male medical students in
Southern Saudi Arabia. Saudi J Opthalmol.
2018;32(4):290-294.
d0i:10.1016/j.sjopt.2018.09.002

Webber AL, Wood J. Amblyopia: prevalence,
natural  history,  functional  effects and
treatment. Clin Exp Optom. 2005;88(6):365—375.
d0i:10.1111/j.1444-0938.2005.tb05102.x

an Leeuwen R, Eijkemans MJ, Vingerling JR,
Hofman A, de Jong PT, Simonsz HJ. Risk of
bilateral visual impairment in individuals with
amblyopia: the Rotterdam study. Br J Opthalmol.
2007;91(11):1450-1451.
d0i:10.1136/bjo.2006.113670

Dandona R, Dandona L, Srinivas M, Sahare P,
Narsaiah S, Munoz SR, et al. Refractive errors in

1358

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

children in a rural population. Invest Oph Vis
Sci. 2002;43:615-22.

Kalikiyavi V, Naduvilath TJ, Bansal AK, Dandona
L. Visual impairment in school children in South
India. Indian J Ophthalmol. 1997;45:129—
34. [PubMed] [Google Scholar]

Thompson JR, Woodruff G, Hiscox FA, Strong N,
Minshull C. The incidence and prevalence of

amblyopia  detected in  childhood. Public
Health. 1991;105:455-62. [PubMed] [Google
Scholar]

Woodruff G, Hiscox FA, Thompson JR, Smith LK.
Factors affecting the outcome of children treated
for amblyopia. Eye. 1994;8:627—
31. [PubMed] [Google Scholar]

Hillis A, Flynn JT, Hawkins BS. The evolving
concept of Amblyopia: a challenge to
epidemiologists. AM J
epidemiolol. 1983;118:192-205.

Keech RV, Kutschke PJ. Upper age limit for the
development of amblyopia.J Paediatr Ophthal
Strab. 1995;32:89-93.

Harwerth RS, Smith EL, Duncan GC, Crawford
ML, Von Noorden GK. Multiple sensitive periods
in the development of the primate visual
system. Science. 1986;232:235-8.

Rahi JS, Sripathi S, Gilbert CE, Foster A.
Childhood blindness in India: causes in 1318 blind
school children in 9 states. Eye. 1995;9:545-50.
Ophthalmology Preslan MV, Novak A. Baltimore
Vision screening project. Phase 2. 1998;105:150-
53.

Kalikiyavi V, Naduvilath TJ, Bansal AK, Dandona
L. Visual impairment in school children in South
India. Indian J Ophthalmol. 1997;45:129-34.
Magdalene D, Bhattacharjee H, Choudhury M, et
al., “Community outreach: An indicator for
assessment of prevalence of amblyopia”. Indian J
Ophthalmol, vol.66, no.7: 940-44, 2018.

Rahi JS, Sripathi S, Gilbert CE, Foster A.
Childhood blindness in India: causes in 1318 blind
school children in 9 states. Eye. 1995;9:545-50.
Murthy GV, Gupta SK, Ellwein LB, Munoz SR,
Pokharel GP, Sanga L, et al. Refractive error in an
urban population in New Delhi. Invest Oph Vis
Sci. 2002;43:623-31.

Anjaneyulu K, Narendranath Reddy G. Prevalence
of Amblyopia in Children Aged from 5-15 Years in
Rural Population Kurnool Dist. Andhra Pradesh,
India. IJSR. 2015;4:99-100.



http://www.jchr.org/
https://pubmed.ncbi.nlm.nih.gov/9475034
https://scholar.google.com/scholar_lookup?journal=Indian+J+Ophthalmol&title=Visual+impairment+in+school+children+in+South+India&author=V+Kalikiyavi&author=TJ+Naduvilath&author=AK+Bansal&author=L+Dandona&volume=45&publication_year=1997&pages=129-34&pmid=9475034&
https://pubmed.ncbi.nlm.nih.gov/1803405
https://scholar.google.com/scholar_lookup?journal=Public+Health&title=The+incidence+and+prevalence+of+amblyopia+detected+in+childhood&author=JR+Thompson&author=G+Woodruff&author=FA+Hiscox&author=N+Strong&author=C+Minshull&volume=105&publication_year=1991&pages=455-62&pmid=1803405&
https://scholar.google.com/scholar_lookup?journal=Public+Health&title=The+incidence+and+prevalence+of+amblyopia+detected+in+childhood&author=JR+Thompson&author=G+Woodruff&author=FA+Hiscox&author=N+Strong&author=C+Minshull&volume=105&publication_year=1991&pages=455-62&pmid=1803405&
https://pubmed.ncbi.nlm.nih.gov/7867817
https://scholar.google.com/scholar_lookup?journal=Eye&title=Factors+affecting+the+outcome+of+children+treated+for+amblyopia&author=G+Woodruff&author=FA+Hiscox&author=JR+Thompson&author=LK+Smith&volume=8&publication_year=1994&pages=627-31&pmid=7867817&
https://dx.doi.org/10.4103%2Fijo.IJO_1335_17
https://dx.doi.org/10.4103%2Fijo.IJO_1335_17
https://dx.doi.org/10.4103%2Fijo.IJO_1335_17
https://dx.doi.org/10.4103%2Fijo.IJO_1335_17

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(4), 1355-1359 | ISSN:2251-6727

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Rashad MA, Abd Elaziz KM, Fawzy SM, et al.,
“Screening of Primary School Children for
Amblyopia and Amblyogenic Factors in Central
Cairo, Egypt”. J Ophthalmol, vol.2018: 2018.
Hansen MH, Munch IC, Li XQ, et al., “Visual
acuity and amblyopia prevalence in 11- to 12-year-
old Danish children from the Copenhagen Child
Cohort 2000”. Acta Ophthalmol, vol.97, no.1: 29-
35, 2019.

Alsagr A, Abu Sharha A, Fagehi R, et al., “The
visual status of adolescents in Riyadh, Saudi
Arabia: a population study”. Clin
Ophthalmol, vol.12: 965-72, 2018.

Huang D, Chen X, Zhu H, et al., “Prevalence of
amblyopia and its association with refraction in
Chinese preschool children aged 36-48 months”. Br
J Ophthalmol, vol.102, no.6: 767-71, 2018.
Mocanu V, Horhat R, “Prevalence and Risk
Factors of Amblyopia among Refractive Errors in
an Eastern European Population”. Medicina
(Kaunas), vol.54, no.1: 6, 2018.

Dikova SP, Dragoev SA, Chernodrinska VS,
“Prevalence of amblyopia in
Bulgaria”. Strabismus, vol.26, no.4: 163-67, 2018.
Shapira Y, Machluf Y, Mimouni M, et al,
“Amblyopia and strabismus: trends in prevalence
and risk factors among youngadults in Israel”. Br J
Ophthalmol, vol.102, no.5: 659-66, 2018.

Chew FLM, Thavaratnam LK, Shukor INC, et al.,
“Visual impairment and amblyopia in Malaysian
pre-school  children - The SEGPAEDS
study”. Med J Malaysia, vol.73, no.1: 25-30, 2018.
Siamak Akbarzadeh, Reihaneh Vahabi, Nooshin
Bazzazi, Ghodratollah Roshanaei, Samira
Heydarian, Daniel F. Fouladi. The burden of pure
anisometropic amblyopia: a cross-sectional study
on 2800 Iranians. International
Ophthalmology volume 38, pages29-34 (2018)
Yekta A, Fotouhi A, Hashemi H, Dehghani C,
Ostadimoghaddam H, Heravian J, et al. The
prevalence of anisometropia, amblyopia and
strabismus in  schoolchildren of  Shiraz,
Iran. Strabismus. (2010) 18:104-10.

Preeti Bamhane , Priti Singh, Kavita Kumar ,
Sheetal Morsokole , Divya Raichandani , Dev
Kumar Tekam , Suraj Singh Kubrey .A prospective
study of amblyopia and its risk factors in selected
school going children of Bhopal region. Indian
Journal  of  Clinical and  Experimental
Ophthalmology. 2022;8 (1):24-29.

1359

32.

33.

34.

35.

36.

Jamali P, Fotouhi A, Hashemi H, Younesian M,
Jafari A. Refractive errors and amblyopia in
children entering school: Shahrood, Iran. Optom
Vis Sci. (2009) 86:364-9.

Mobina Mondal, Asim Kumar Ghosh, Subrata
Dutta. Prevalence and pattern of amblyopia among
children attending at tertiary eye care centre in
Eastern India. International Journal of Research in
Medical Sciences. VOL. 10 NO. 2 (2022):
FEBRUARY 2022.

Menon V, Chaudhuri Z, Saxena R, Gill K, Sachdev
MM. Profile of amblyopia in hospital referral
practice. Indian J Ophthalmol. 2005; 53:227-34.
Ponte F, Giuffre G, Giammanco R. Prevalence and
causes of blindness and low vision in the
Casteldaccia Eye Study. Graefe’s Arch Clin Exp
Ophthalmol. 1994; 232:469-72.

Quah BL, Tay MT, Chew ST, Lee LK. A study of
amblyopia in 18-19-year-old males. Singapore Med
J. 1991; 32:126-9.


http://www.jchr.org/
https://doi.org/10.1155/2018/8425319
https://doi.org/10.1155/2018/8425319
https://doi.org/10.1155/2018/8425319
https://doi.org/10.1155/2018/8425319
https://doi.org/10.1111/aos.13842
https://doi.org/10.1111/aos.13842
https://doi.org/10.1111/aos.13842
https://doi.org/10.1111/aos.13842
https://doi.org/10.1111/aos.13842
https://dx.doi.org/10.2147%2FOPTH.S162319
https://dx.doi.org/10.2147%2FOPTH.S162319
https://dx.doi.org/10.2147%2FOPTH.S162319
https://dx.doi.org/10.2147%2FOPTH.S162319
https://doi.org/10.1136/bjophthalmol-2016-310083
https://doi.org/10.1136/bjophthalmol-2016-310083
https://doi.org/10.1136/bjophthalmol-2016-310083
https://doi.org/10.1136/bjophthalmol-2016-310083
https://dx.doi.org/10.3390%2Fmedicina54010006
https://dx.doi.org/10.3390%2Fmedicina54010006
https://dx.doi.org/10.3390%2Fmedicina54010006
https://dx.doi.org/10.3390%2Fmedicina54010006
https://doi.org/10.1080/09273972.2018.1530266
https://doi.org/10.1080/09273972.2018.1530266
https://doi.org/10.1080/09273972.2018.1530266
https://doi.org/10.1136/bjophthalmol-2017-310364
https://doi.org/10.1136/bjophthalmol-2017-310364
https://doi.org/10.1136/bjophthalmol-2017-310364
https://doi.org/10.1136/bjophthalmol-2017-310364
https://www.ncbi.nlm.nih.gov/pubmed/29531199
https://www.ncbi.nlm.nih.gov/pubmed/29531199
https://www.ncbi.nlm.nih.gov/pubmed/29531199
https://www.ncbi.nlm.nih.gov/pubmed/29531199
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Siamak-Akbarzadeh-Aff1
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Reihaneh-Vahabi-Aff1
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Nooshin-Bazzazi-Aff1-Aff5
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Nooshin-Bazzazi-Aff1-Aff5
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Ghodratollah-Roshanaei-Aff2
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Samira-Heydarian-Aff3
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Samira-Heydarian-Aff3
https://link.springer.com/article/10.1007/s10792-017-0784-z#auth-Daniel_F_-Fouladi-Aff4
https://link.springer.com/journal/10792
https://link.springer.com/journal/10792
https://www.msjonline.org/index.php/ijrms/index
https://www.msjonline.org/index.php/ijrms/index
https://www.msjonline.org/index.php/ijrms/issue/view/99
https://www.msjonline.org/index.php/ijrms/issue/view/99

