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Tribal Odisha Eye Disease Study # 4: Accuracy and utility of photorefraction
for refractive error correction in tribal Odisha (India) school screening

Sandeep Reddy', Lapam Panda*, Anjul Kumar', Suryasmita Nayak®, Taraprasad Das"?

Purpose: To compare the photorefraction system (Welch Allyn Spot™) performance with subjective
refraction in school sight program in one Odisha (India) tribal district. Methods: In a cross-sectional study
school students, aged 5-15 years, referred after the preliminary screening by trained school teachers received
photoscreening and subjective correction. The photoscreener was compared to subjective refraction in the
range of +2D to -7.5D. Statistical analysis included Friedman nonparametric test, Wilcoxon signed-rank
test, linear regression, and Bland-Altman plotting. Results: The photoscreener was used in 5990 children.
This analysis included 443 children (187 males, 256 females, and the mean age was 12.43 + 2.5 years) who
received both photorefraction and subjective correction, and vision improved to 6/6 in either eye. The
median spherical equivalent (SE) with spot photorefraction was 0.00 D (minimum -5.0D; maximum +1.6 D),
and with subjective correction was 0.00D (minimum -6.00 D; maximum +1.5 D). The difference in the SE
between the two methods was statistically significant (P < 0.001) using Friedman nonparametric test; it
was not significant for J 45 and J 180 (P = 0.39 and P = 0.17, respectively). There was a good correlation in
linear regression analysis (R? = 0.84) and Bland—Altman showed a good agreement between photorefraction
and subjective correction in the tested range. Conclusion: Photorefraction may be recommended for
autorefraction in school screening with reasonable accuracy if verified with a satisfactory subjective
correction. The added advantages include its speed, need of less expensive eye care personnel, ability to

Access this article online
Website:
www.ijo.in
DOI:
10.4103/ijo.1JO_74_18

Quick Response Code:

refract both eyes together, and examination possibility in the native surrounding.
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The Eastern Indian state, Odisha is home for 9.7% of the tribal
population of the country. At 8.14 million people, the tribal
population in Odisha was 22.1% of Odisha's population in
2011 census. The tribal population exceeds 50% of the total
state population in 4 of 30 districts; they are Malkangiri (57.4%),
Rayagada (55.8%), Nabrangpur (55%), and Mayurbhanj (56.6%)."
In general, the tribal people are poor and live in remote areas
with poor access to health and education. The Tribal Odisha Eye
Disease Study is an attempt to study various eye health aspects
of people living in the tribal districts of Odisha.

Uncorrected refractive error is an important cause of visual
impairment. Refraction consists of objective retinoscopy and
subjective correction. The objective retinoscopy is an essential
technical step; it uses a retinoscope and skilled technical
personnel, such as the optometrists. The objective retinoscopy
could also be completed using an autorefractometer
that requires a less skilled person. Over a period, the
autorefractometers have become technically more robust,
and physically less bulky. It is possible that it could replace a
traditional retinoscopy in the future, atleast, as a screening tool.

A new technique in autorefractometer is photorefraction.
Photorefraction is the refraction of both eyes using a camera
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or other image capturing device, most often from a distance of
1-m or more. The estimate of the eye’s defocus is derived from
the distribution of reflected light across the patient’s pupil.” In
the past three decades, there is a lot of interest in photographic
and videographic automated objective refractions. The basic
principle of video retinoscopy for estimating the refractive error
is based on the analysis of light reflected from both the pupils
simultaneously. With the availability of infrared light-emitting
diode, the video retinoscopy is easier as the pupils would not
constrict.

The Spot Vision Screener (Welch Allyn, New York, USA)
is a portable, hand-held device designed to detecting a
refractive error, and anisocoria from a distance of 1-m with a
fixation of a random visual target and audible sound to grab
attention of the patient. Following a trial in all age group of
patients in the hospital and revealing the accuracy of the
spot phoroscreener in children,”® we used this device in
Rayagada district school sight program (SSP) and compared
its finding with the subjective correction in a particular range
of refractive error.
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Methods

The Rayagada district SSP, described in detail earlier,
essentially was a multistage screening of school students
partly done in the school and partly in the hospital. The
first-stage screening was performed by the trained school
teachers in the school, the second-stage phorefraction was
performed by optical dispensing person, specifically trained
in photorefraction, followed by subjective correction by an
optometrist in the school, the third stage comprehensive eye
examination was conducted by an ophthalmologist in the
community eye hospital, and the final stage of amblyopia
therapy/surgical corrections, if any, were done by the specialist
pediatric ophthalmologist in the tertiary eye hospital. The L V
Prasad Eye Institute, Bhubaneswar Ethics committee approved
the study (2016-15-CB-14) and the protocol adhered to the
provision of the Declaration of Helsinki for research involving
human beings. Written informed consent was obtained from
the teachers in the school for examination in their premises
and from the parents when the children were examined in
the hospital.

In photorefraction, the spot refractometer was held at
a 1-m distance at the eye level of the patient. The patient
was asked to look at the target inside the screener and the
device was moved in a manner that the examiner captured
both the eyes on the screen. (The screen turns blue if the
device is either too close or too far from the patient. The
screen turns gray when the device is stable and the screening
wheel appears on the screen; this indicates that the results
are captured). The device prompts one to adjust the room
light if the pupils are too small. The results are displayed
on the screen at the end of the process; the information
includes the pupil size, the vertical and horizontal alignment
in degrees, the pupillary distance, and complete refraction
values including spherical equivalent (SE), sphere, cylinder,
and axis. The objective retinoscopy was done in a standard
manner and the refractive error was determined by placing
the lenses manually in the trial frame until the reflex was
neutralized in all meridians.

Even though photoscreener was done in all children,
the subjective refraction was done only in those children
whose unaided visual acuity was <6/6 in one or both eyes,
the photoscreener values were between —7.5 and +2 D and in
children who did not have any external ocular abnormalities.
Those who had visual acuity of 6/6 and no external ocular
abnormalities did not receive any further examination.
Those who had photoscreener beyond -7.5D and +2D,
had external ocular abnormalities such as strabismus
or media opacity and those who did not improve to 6/6
with subjective correction were referred to the rural eye

center for further examination. Since cycloretinoscopy
was not done at the site and prescriptions were based on
photorefraction-based subjective correction only, we tested
it in the range of -7.5D to +2D and referred the children
beyond this range for cycloretinoscopy in the hospital.
In another study done in the clinic, the accuracy of spot
screener has been compared to cycloretinoscopy in the
entire range of refraction.) Analysis was performed for the
students in whom both photoscreener testing and subjective
correction were done and in those whose vision improved
to 6/6 with subjective correction.

The results were converted into M (Median SE), J45, and
J180 vectors for statistical analysis. The formula for calculating
these three parameters were as follows."!
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M

C = cylinder; M = SE; S = Sphere; o = axis.

Statistical analysis

Only the right eye values (or the left eye if the right eye was
emmetrope) were used for statistical analysis. Friedman
nonparametric test was used for statistical analysis. The
pseudomedian was calculated with spot screener and subjective
correction. Wilcoxon signed-rank test was applied to test if
the difference between the results obtained from the Spot
photoscreener and subjective correction was significant. Linear
regression was made to assess the correlation between the
results obtained from those different methods. The coefficient
of determination (R?) was used to determine the relationship
of variables. Bland-Altman plots were used to assess the
agreement between spot and subjective correction.

Results

The photoscreener (Spot) was used in 5990 children referred
after school teacher’s initial screening of 153,107 children. Of
the referred, 4677 children had visual acuity 6/6 in both eyes
and did not have any external ocular anomaly. They did not
undergo any further examination. Five hundred and fifty-six
children had some ocular anomaly such as strabismus and
media opacity; they were referred directly to the rural eye
center for evaluation by the ophthalmologist. Seven hundred
and fifty-seven children had visual acuity <6/6 and did not
have any external ocular anomaly. One hundred and five of
757 children (13.9%) were referred for outlier photorefraction
(>2D: 99 children; >-7.5D: 6 children) and 652 of 757 (86.1%)
children had photorefraction between -7.5 and 2 D and they
received subjective correction. Four hundred and forty-three of
652 children (67.9%) improved to 6/6 with subjective correction;

Table 1a: Median of refractive components M (spherical equivalent), J 45, and J 180 measured by Spot™ screener and

subjective refraction

Refractive MedianSpot™ screener Median subjective refraction P (Friedman nonparametric test)
components (Q1, Q3) (Q1, Q3)

SE (M) 0.00 (-0.50, 0.50) 0.00 (-0.50, 0.00) <0.001

J 45 0.00 (-0.34, 0.37) 0.00 (0.00, 0.08) 0.39

J180 0.00 (-0.08, 0.15) 0.00 (-0.25, 0.35) 0.17

SE: Spherical equivalent
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these children were prescribed spectacles. Two hundred and
nine of 652 children (32.1%) did not improve with subjective
correction; these children were referred for further evaluation.
Thus, the analysis was done for these 443 children; it included
187 boys, 256 girls, and the mean age was 12.43 + 2.5 (range
5-15 years) [Fig. 1]. These 443 children had received both spot
photorefraction and subjective correction, and in all of them, the
vision had improved to 6/6 in both eyes with the photoscreener
suggested subjective refraction.

The median SE of the patients with Spot photorefraction
was 0.00 D (minimum -5.0 D; maximum +1.6 D), and median
SE with subjective refraction was 0.00 D (minimum -6.00 D;
maximum +1.5 D). Thus, Spot screener and subjective refraction
values were similar. Friedman nonparametric test was
performed for P value for all ways of measuring refractive
errors results [Table 1a]. The difference in the SE between
the two methods was statistically significant (P < 0.001), but
not for J 45 and J 180 (P = 0.39 and 0.17, respectively) using
Friedman nonparametric test. Wilcoxon Signed-Rank Test
was used to compare the pseudomedian difference between
Spot refractometer and subjective correction [Table 1b]. The

5990 children examined by spot
screener

757 children
VA < 20020 cither eye
no external ocular abnormality

difference between the Spot screener and subjective refraction
was statistically significant (P < 0.001).

The linear regression analysis between photorefraction
and subjective correction had a good correlation with
R? =0.84 (P < 0.0001) [Fig. 2]. The results were plotted in
Bland-Altman plot to see the correlation between the spot
and subjective refraction. The mean difference in SE values of
spot photorefraction and subjective refraction was 0.23 D with
an upper limit of 0.69 D and lower limit of -1.16 D. Thus, it
overestimated hyperopia and underestimated myopia [Fig. 3].
The 95% limit of agreement is quite acceptable for a screening
test.

Table 1b: Pseudomedian difference of values between
Spot screener and subjective refraction by Wilcoxon
Signed-rank test

Method

Photoscreener versus
subjective correction

Pseudomedian difference P
0.499 <0.0001

SE: Spherical equivalent

w—p 556 children had ocular abnormalitics
{media opacity, bitot spot, ptosis,
strabismus, nystagmus ctc). Out of them
185 had no reading on photoscreener
4677 children
VA 20/20 cither cye

no external ocular abnormality

|

No further tests

v

v v

652 children 99 children 6 children
Photoscreener range Photoscreener range Photoscreener range
-7.50t04200 >+20D >75D
Subjective
correction
SR
443 children subjective 209 children no
. subjective improvement
improvement with spot with spot screener
screener findings i'mdin -
l l v v v
Spectacles . S
prescribed Referred to hospital for further examination

Figure 1: Flow chart of Rayagada school sight program
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Figure 2: Linear regression analysis between photorefraction and
subjective correction in Rayagada school sight program

Discussion

Uncorrected refractive error is a significant cause of visual
impairment and is more common in resource-poor regions of
the world.! Its impact is very high in children as it is likely
to affect adversely their mental wellbeing and intellectual
development. One of the ways of overcoming this problem
is the annual eye screening of students in the school. In a
populous country like India and in a difficult terrain like the
tribal Rayagada district, this is an uphill task. While the skilled
human resource is an ideal answer and the use of technology
in objective refraction is a viable alternative.

Photorefraction is a relatively recent advancement, though
it existed in some crude form from the 1960s. One distinct
advantage is that the device refracts both eyes simultaneously.
Early investigators have recorded its advantages in infants./”*!
The Welch Allyn portable autorefractometer device, the Spot
Vision Screener, is based on photorefraction technology. It is
designed to detect a refractive error, and anisocoria from a
distance of 1-m with a fixation of a random visual target and
audible sound to grab attention of the patient. There are three
distinct advantages such as it is not bulky, it refracts both eyes
together, and does not require head stabilization. As per the
product information, the measuring ranges of the instrument
are spherical from -7.50 to +7.50 D in 0.25 D steps, cylinder from
0.00t0 3.00 Din 0.25 D steps, at 1°~180° axis in 1° increment, and
pupil size from 4.00 to 9.00-mm. The manufacture’s literature
indicates that it could be used in a wide range of age group,
6 months to 100 years. We found it suitable for children, but
with slight underestimation of myopia and overestimation of
hyperopia when compared to cycloplegic refraction, considered
the gold standard in children.®! The traditional refraction
using a retinoscope is also portable and does not require head
stabilization, but cannot refract both eyes together. In addition,
a dark room is needed for traditional retinoscopy which may
not be possible to create in the school screening site. Again in
photorefraction, unlike retinoscope based refraction, one does
not need specifically skilled person (such as an optometrist).

Several other studies have used different makes of
photorefractometers. The fortune optical (Tomey ViVA)
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Figure 3: Bland—Altman plot between photorefraction and subjective
refraction in Rayagada school sight program

VRB-100 by Tomey Corporation; Nagoya, Japan) video
refractor was presumably less accurate in measuring oblique
astigmatism.”! In this study, Bland-Altman plot showed a
good agreement between the results. We have documented an
overestimation of hyperopia and underestimation of myopia
without cycloplegic refraction. The reverse is true in cycloplegic
refraction.l'*! Accommodative effort made by the patient
in noncycloplegic photorefraction and temporary paralysis
of accommodation in cycloplegic retinoscopy explains this
reversal of findings.

Uncorrected refractive error accounted for 61% of visual
impairment in South Indian children.!™ The barriers to
utilization of eye care included constraints of finance (78%),
constraitns of time (70%), absence of an escort (58%),
unawareness of gravity of the situation (54%), and fear (28%).1"°!
The distance barrier could be reduced by reaching the target
population as close as possible. We envisage that carrying a
photorefraction system to a remote location for providing eye
care services in the school for those who have no access or are
unable to visit an eye care facility is a good and viable alternative.
In addition, this system could help complete screening school
children in a short time. With several other studies reporting
a good sensitivity and specificity of photorefraction with
retinoscopy and autorefraction,!”!! we feel this method of
objective refraction could be adopted in screening school
children. In this study, nearly 14% had outlier refraction and
only 68% improved in subjective correction. Hence, the utility
of photorefraction should be defined under these limitations.
The refraction values from the Spot screener could only act
as a guide for subjective correction. While prescription of
spectacles should not be made without satisfactory subjective
correction, we also recognize that photorefraction cannot
replace traditional retinoscopy based refraction in any age
group and cycloplegic refraction in children.

The weakness of this study lies in the fact that only one make
of photoscreener was used, and hence, the recommendations
from this study is applied to that make only. The second
weakness was that we tested its efficacy in a particular range
of photoscreener refraction (from -7.5 to +2 D). The strength
lies in the fact that the photorefraction was done in the school
premises mimicking a possible real-world situation and
analysis was performed who improved to 6/6 with the Spot
vision screener suggested lens powers.
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Conclusion

Uncorrected refractive error needs urgent attention. A quick
reliable refraction such as using an autorefractor is a reliable
method. Photorefraction has made the device more portable due
to its reduced size and weight. In this study, linear regression
showed a good correlation and Bland—-Altman showed a good
agreement between photorefraction and subjective correction
in the tested range. It complements, but does not replace the
knowledge and skill of traditional refraction.

Financial support and sponsorship

This study was financially supported by Hyderabad Eye
Research Foundation, Hyderabad, India.

Conflicts of interest
There are no conflicts of interest.

References

1. Available from: http://www.dfp.nic.in/bhubaneswar/census/
aspx. [Last accessed on 2017 Apr 01].

2. Howland HC. Photorefraction of eyes: History and future
prospects. Optom Vis Sci 2009;86:603-6.

3. Panda L, Barik U, Nayak S, Barik B, Behea G, Kekunnaya R,
et al. Tribal Odisha Eye Disease Study. TOES # 3. Performance of
photoscreener in detection of refractive error in all age groups
and amblyopia risk factors in children in a tribal district of
Odisha. (Accepted Translational Vision Science Technology). 2018.

4. Panda L, Das T, Nayak S, Barik U, Mohant BC, Williams J, et al.
Tribal Odisha Eye Disease Study. TOES # 2. Rayagada school
screening program- Effectiveness of multistage screening and
accuracy of school teachers in vision screening and other ocular
anomalies detection. (Accepted Clinical Ophthalmology). 2018.

5. Thibos LN, Wheeler W, Horner D. Power vectors: An application
of fourier analysis to the description and statistical analysis of
refractive error. Optom Vis Sci 1997,74:367-75.

6. Resnikoff S, Pascolini D, Mariotti SP, Pokharel GP. Global
magnitude of visual impairment caused by uncorrected refractive
errors in 2004. Bull World Health Organ 2008;86:63-70.

7. Howland HC, Atkinson J, Braddick O, French J. Infant astigmatism

10.

11.

12.

13.

14.

15.

16.

17.

18.

measured by photorefraction. Science 1978;202:331-3.

Atkinson J, Braddick OJ, Durden K, Watson PG, Atkinson S.
Screening for refractive errors in 6-9 month old infants by
photorefraction. Br ] Ophthalmol 1984;68:105-12.

Thompson AM, Li T, Peck LB, Howland HC, Counts R, Bobier WR,
et al. Accuracy and precision of the Tomey ViVA infrared
photorefractor. Optom Vis Sci 1996;73:644-52.

Mu Y, Bi H, Ekure E, Ding G, Wei N, Hua N, ef al. Performance of
spot photoscreener in detecting amblyopia risk factors in Chinese
pre-school and school age children attending an eye clinic. PLoS
One 2016;11:e0149561.

Yan XR, Jiao WZ, Li ZW, Xu WW, Li F], Wang LH, et al. Performance
of the plusoptix A09 photoscreener in detecting amblyopia risk
factors in Chinese children attending an eye clinic. PLoS One
2015;10:e0126052.

Paff T, Oudesluys-Murphy AM, Wolterbeek R, Swart-van den Berg M,
de Nie JM, Tijssen E, et al. Screening for refractive errors in children:
The plusoptiX S08 and the retinomax K-plus2 performed by
a lay screener compared to cycloplegic retinoscopy. ] AAPOS
2010;14:478-83.

Erdurmus M, Yagci R, Karadag R, Durmus M. A comparison
of photorefraction and retinoscopy in children. ] AAPOS
2007;11:606-11.

Mirzajani A, Heirani M, Jafarzadehpur E, Haghani H.
A comparison of the plusoptix S08 photorefractor to retinoscopy
and cycloretinoscopy. Clin Exp Optom 2013;96:394-9.

Dandona R, Dandona L, Srinivas M, Sahare P, Narsaiah S,
Munoz SR, et al. Refractive error in children in a rural population
in India. Invest Ophthalmol Vis Sci 2002;43:615-22.

Nirmalan PK, Katz J, Robin AL, Krishnadas R, Ramakrishnan R,
Thulasiraj RD, et al. Utilisation of eye care services in rural
South India: The Aravind Comprehensive Eye Survey. Br |
Ophthalmol 2004;88:1237-41.

Demirci G, Arslan B, Ozsﬁtgij M, Eliacik M, Gulkilik G. Comparison
of photorefraction, autorefractometry and retinoscopy in children.
Int Ophthalmol 2014;34:739-46.

Hunt OA, Wolffsohn JS, Gilmartin B. Evaluation of the
measurement of refractive error by the power Refractor: A remote,

continuous and binocular measurement system of oculomotor
function. Br ] Ophthalmol 2003;87:1504-8.



