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A B S T R A C T  

Background: One of the main reasons for a reduction in visual acuity is 
refractive error. It can either be determined by using different devices or by 
placing corrective lenses in front of the eye and asking questions. Objective: To 
evaluate the accuracy of the concave sleeve in comparison with the plano sleeve 
while performing retinoscopy. Methodology: This was a cross-sectional 
comparative study in which 43 patients visiting Mayo Hospital for ocular 
examination were recruited. Patients above 15 years of either sex were included. 
Patients with any other external ocular disease were excluded from the study.  
Data was collected by using a self-designed proforma which included 
information about patient profile, previous ocular history, type of refractive 
error, and concave sleeve reading and plano sleeve reading of retinoscopy.  
College of Ophthalmology and Allied Vision Sciences, Lahore. The study was 
conducted from September to December 2021. All the data was entered and 
analysed by using the statistical package for the social sciences (SPSS version 
25.00). Descriptive statistics were used for quantitative data, such as standard 
deviation and mean. Interclass correlation was applied to compare both groups. 
Paired sample T-test was applied for the mean value. Retinoscopy with plano and 
concave sleeves was performed in each individual. Results of both techniques 
were analysed by the interclass correlation method. Plano sleeve retinoscopy 
was performed first in a dark room, and a distance target was given to the 
patient. After performing plano sleeve retinoscopy, concave sleeve retinoscopy 
was performed. The final prescription was adjusted by subtracting the working 
distance of 1.5D. Results:  Results were taken from a self-designed proforma 
using the Interclass Correlation method. Interclass correlation value of spherical 
equivalent of concave and plano sleeve was strong and positive (ICC = 0.863). 
Concave and Plano sleeve of retinoscopy were performed in each individual. 
There was no significant difference between the accuracy of the two sleeves. (p-
value=0.26). Conclusion: Concave sleeve and plano sleeve have the same 
accuracy in measuring refractive error with retinoscopy, and there is no 
significant difference between the accuracy of both sleeves. 
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I N T R O D U C T I O N  
 
One of the main reasons for a reduction in visual 
acuity is refractive error. It can either be 
determined by using different devices or by placing 
corrective lenses in front of the eye and asking 
questions. In 1997, the WHO set an ambitious goal 
to remove avoidable blindness in the world by 
2020.1 Refractive error is recognised as the main 
cause of correctable visual impairment. Glasses, 
contact lenses, or refractive surgery are used for 
the detection and treatment of refractive error. 
However, worldwide, there are up to 43 % of cases 
of visual defect because of uncorrected refractive 
error.2 Addressing refractive error can reduce and 
prevent a high proportion of individuals from 
undergoing unnecessary vision loss.3 
 
The subjective method involves the use of VA 
charts, and it involves patient participation. The 
objective method can be determined fast and easily 
with instruments such as an autorefractometer 
and a retinoscope, and there is no patient 
involvement.4 Retinoscope and autorefractometry 
are both genuine methods for refractive error 
assessment. Accommodation status is one of the 
most important points in refraction. In fact, to 
obtain an exact measurement of refractive error, 
accommodation should be in a relaxed condition.5 
Autorefractors overestimate myopia and 
underestimate hypermetropia. An accurate and 
effective method for objective refraction is 
retinoscopy.6 Retinoscopy can measure normal, 
pathological, and surgically induced refractive 
states of the eye.  
 
Retinoscopy is a gold standard technique for 
resolving the refractive status of the eye in many 
conditions, such as in children and KC.7 During 
retinoscopy, based on the direction of the retinal 
reflex, the examiner puts different lenses in front of 
the eye of the patient. Retinoscope uses the 
technique of neutralisation of the light reflex. It has 
two sleeves, sleeve down and sleeve up. When the 
streak is in the proper position, the light of the 
streak will be divergent.8 In retinoscopy, the eye 
level of the examiner and patient should be at the 
same level. Retinoscopy is performed in a dark 
room. While right eye retinoscopy is performed, 
the patient is given a distance target at a distance 
of 6 meters and is asked to look with the left eye 
and then with the right eye. There is a light source 
in the streak retinoscope that produces light. By 
moving the slide knob, the sleeve light is changed. 
By moving the sleeve up, the rays of light are 

convergent. In the sleeve down position, rays of 
light are divergent.9 Normally, sleeve down is used. 
For assessment, a retinoscope, a semi-dark room, 
and a trial lens box are used.  
 
During static retinoscopy, the examiner should 
ensure that the person is watching a fixation object 
at a distance of six meters. At this distance, 
accommodation is relaxed, and this can reduce 
variability of the results. Two main types of 
retinoscopy are the spot retinoscope and the 
streak retinoscope. The streak retinoscope is more 
accurate in determining the high axis of the 
cylinder.9 Light can be made convergent or 
divergent by moving the sleeve up or down. The 
reflex is neutralised with plus and minus lenses. 
Movement is neutralised by plus lenses. Minus 
lenses neutralise an ‘against’ movement.  
 
The sleeve up of the retinoscope produces concave 
or convergent rays of light, while the down sleeve 
produces plane or divergent rays of light. The 
concave effect converges rays usually at 35cm in 
front of the retinoscope; from there, rays cross or 
diverge. A plane mirror diverges rays that do not 
come to the point of focus.10 Neutralising the 
meridian by retinoscopy can be confirmed by 
moving the sleeve all the way up, creating a 
concave mirror effect, and a reflex should appear 
neutralised. Placing an extra sphere of +0.25 will 
give opposite movement.11 The current study 
aimed to evaluate the accuracy of the concave 
sleeve in comparison with the Plano sleeve while 
performing retinoscopy.  
 
M E T H O D O L O G Y  
 
This was a cross-sectional comparative study in 
which 43 patients visiting Mayo Hospital for ocular 
examination were recruited.12 Patients above 15 
years of either sex were included. Patients with any 
other external ocular disease were excluded from 
the study.  Data was collected by using a self-
designed proforma which included information 
about patient profile, previous ocular history, type 
of refractive error, and concave sleeve reading and 
plano sleeve reading of retinoscopy.  College of 
Ophthalmology and Allied Vision Sciences, Lahore. 
The study was conducted from September to 
December 2021.  
 
All the data was entered and analysed by using the 
statistical package for the social sciences (SPSS 
version 25.00). Descriptive statistics were used for 
quantitative data, such as standard deviation and 
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mean. Interclass correlation was applied to 
compare both groups. Paired sample T-test was 
applied for the mean value. Retinoscopy with Plano 
and concave sleeves was performed in each 
individual. Results of both techniques were 
analysed by the Interclass correlation method. 
Plano sleeve retinoscopy was performed first in a 
dark room, and a distance target was given to the 
patient. After performing Plano sleeve retinoscopy, 
concave sleeve retinoscopy was performed. The 
final prescription was adjusted by subtracting the 
working distance of 1.5D. 
 
 

R E S U L T S  

 
Results were taken from a self-designed performa. 
Interclass correlation value of spherical equivalent 
(SE) of concave and plano sleeve was strong and 
positive (ICC = 0.863). P-value for SE of concave 
and Plano sleeve was 0.264 (Paired Sample T-test), 
which showed that the results of both sleeves had 
no significant difference. Mean value taken out 
from the Paired sample T-test showed that the 
mean value for the SE of the concave sleeve was -
2.554, and the mean value for the SE of the Plano

Table 1: Interclass correlation of spherical equivalent of concave and plano sleeve 
 

Control variables 
Concave 

Sleeve 

Plano 

Sleeve 

Spherical 

Equivalent 

Concave 

Sleeve 

Correlation 1 0.863 

p-value - 0.000 

df 86 86 

Plano Sleeve 

Correlation 0.863 1 

p-value 0.000 - 

df 86 86 

 
Table 2: Correlation of the sphere of the concave and plano sleeve with subjective refraction in right eye 

 

Control variables 
Concave 

Sleeve Sphere 

Plano Sleeve 

Sphere 

Subjective 

Refraction 

Sphere 

Concave 

Sleeve Sphere 

Correlation 1.000 0.946 

p-value - 0.000 

df 0 38 

Plano Sleeve 

Sphere 

Correlation 0.946 1.000 

p-value 0.000 - 

df 38 0 

 
Table 3: Correlation of cylinder of concave and plano sleeve with subjective refraction in right eye 

 

Control variables 
Concave Sleeve 

Cylinder 
Plano Sleeve 

Cylinder 

Subjective 
Refraction 

Sphere 

Concave 
Sleeve 

Cylinder 

Correlation 1.000 0.628 

p-value - 0.022 

df 0 11 

Plano Sleeve 
Cylinder 

Correlation 0.628 1.000 

p-value 0.022 - 

df 11 0 
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Table 4: Correlation of axis of concave and plano sleeve with subjective refraction in right eye 
 

Control variables 
Concave Sleeve 

Axis 

Plano Sleeve 

Axis 

Subjective 

Refraction 

Sphere 

Concave 

Sleeve Axis 

Correlation 1.000 1.000 

p-value - 0.000 

df 0 11 

Plano Sleeve 

Axis 

Correlation 1.000 1.000 

p-value 0.000 - 

df 11 0 

 
Table 5: Correlation of sphere of concave and plano sleeve with subjective refraction in left eye 

 

Control variables 
Concave Sleeve 

Sphere 

Plano Sleeve 

Sphere 

Subjective 

Refraction 

Sphere 

Concave 

Sleeve 

Sphere 

Correlation 1.000 0.399 

p-value - 0.011 

df 0 38 

Plano Sleeve 

Sphere 

Correlation 0.399 1.000 

p-value 0.011 - 

df 38 0 

 
Table 6: Correlation of cylinder of concave and plano sleeve with subjective refraction in left eye 

 

Control variables 
Concave Sleeve 

Cylinder 

Plano Sleeve 

Cylinder 

Subjective 

Refraction 

Sphere 

Concave 

Sleeve 

Cylinder 

Correlation 1.000 0.931 

p-value - 0.000 

df 0 11 

Plano Sleeve 

Cylinder 

Correlation 0.931 1.000 

p-value 0.000 - 

df 11 0 

 
Table 7: Correlation of axis of concave and plano sleeve with subjective refraction in left eye 

 

Control variables 
Concave Sleeve 

Cylinder 

Plano Sleeve 

Cylinder 

Subjective 

Refraction 

Sphere 

Concave 

Sleeve 

Cylinder 

Correlation 1.000 1.000 

p-value - 0.000 

df 0 11 

Plano Sleeve 

Cylinder 

Correlation 1.000 1.000 

p-value .000 . 

df 11 0 
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Correlation for SE of the concave sleeve was 1, and 
for the plano sleeve was 0.863. Both have a strong 
and positive correlation. 
 
D I S C U S S I O N  
 
Refractive errors are a type of vision problem that 
makes it hard to see clearly. They happen when the 
shape of your eye keeps light from focusing 
correctly on your retina. The most common 
symptom is blurry vision. One of the main reasons 
for a reduction in visual acuity is refractive error. 
Refractive errors can be caused by Eyeball length 
(when the eyeball grows too long or too short). 
After cataract, the second leading cause of 
blindness is refractive error, and the WHO has 
identified this, and addressing this is a priority for 
WHO Vision 2020.  
 
Ametropia can be determined by asking questions 
to the patient, that is, subjective refraction, or by 
using different instruments, that is, objective 
refraction. Reduction in visual acuity also leads to 
a reduction in visual comfort.13 Refractive error is 
divided into myopia, astigmatism, and hyperopia. 
The myopia prevalence has risen over the past 60 
years, with significant variations in myopia 
prevalence regionally across the world.14 
Refractive error is one of the main causes of visual 
defects. Refractive development is determined by 
both genetics and environmental factors.15  
 
Refractive error can be corrected by using glasses, 
contact lenses, and LASIK surgery. The subjective 
and the objective are two methods for determining 
ametropia. The objective method can be 
determined fast and easily with instruments such 
as an autorefractometer, retinoscope, and there is 
no patient involvement. Retinoscopy and 
autorefractometry are both genuine methods for 
refractive error assessment.16 Autorefractors 
overestimate myopia and underestimate 
hypermetropia. An accurate and effective method 
for objective refraction is retinoscopy.17  
 
Retinoscopy is an excellent method for 
determining refractive error.18 Based on the 
direction of the retinal reflex, the examiner puts 
different lenses in front of the eye of the patient.19 
Retinoscopy uses the technique of neutralisation of 
the light reflex. Optically, the direction of light is 
reversed in a concave mirror because the position 
of incoming light is reversed.20 The test can be 
quick, easy, and reliable, and requires minimal 
cooperation from the patient. 

One of the main reasons for a reduction in visual 
acuity is refractive error. Ametropia can be 
determined by asking questions to the patient, 
which is subjective refraction, or by using different 
instruments, which are objective refraction. 
Reduction in visual acuity also leads to a reduction 
in visual comfort.1 Retinoscopy is an excellent 
method for determining refractive error.21 
Optically, the direction of light is reversed in a 
concave mirror because the position of the 
incoming light is reversed. Retinoscopes have 
different sleeve positions and are made by 
different manufacturers. Sleeve down or sleeve up 
position. Mostly, the use of the sleeve of 
retinoscopy produces a divergent light.22 
 
One of the uses of a concave sleeve is to sharpen the 
reflex while determining the axis of astigmatism. It 
is used to confirm the neutral point and, in high 
myopia, to see the reflex. Both techniques were 
performed on each person. Concave sleeve 
retinoscopy was performed first. The patient was 
asked to fixate on the distance target at a distance 
of 6 meters. Retinoscopy was performed in a dark 
room. A working distance of 66cm was maintained. 
The right eye was tested first. Refractive error was 
neutralised with the help of trial lenses. Final 
prescription was adjusted by subtracting the value 
of working distance, i.e., 1.5D. Following concave 
sleeve retinoscopy, Plano sleeve retinoscopy was 
performed by moving the sleeve upward. The right 
eye was tested first. The distance target was given 
to the patient. Retinoscopy was done in a dull, 
illuminated room. Refractive error was neutralised 
with the help of trial lenses. Working distance of 
1.5D was subtracted from the final prescription. 
 
C O N C L U S I O N  
 
Refractive errors are among the leading causes of 
reduced visual acuity and blindness worldwide, 
second only to cataract. Accurate diagnosis 
through both subjective and objective methods is 
essential, with retinoscopy proving to be a reliable 
and effective tool for assessment. It minimizes 
patient cooperation requirements and provides 
precise results compared to autorefractors. Proper 
detection and correction using glasses, contact 
lenses, or surgical options can significantly 
improve vision and comfort, reducing the global 
burden of visual impairment. Concave sleeve and 
Plano sleeve have the same accuracy in measuring 
refractive error with retinoscopy, and there is no 
significant difference between the accuracy of both 
sleeves. 



Accuracy of Concave Sleeve vs Plano Sleeve While Doing Retinoscopy 

H J P R S  V o l .  5 ,  I s s u e  2 ,  2 0 2 5           P a g e | 507 

D E C L A R A T I O N S  
 
Consent to participate: Written consent had been 
obtained from patients. All methods were 
performed following the relevant guidelines and 
regulations.  
Availability of Data and Materials: Data will be 
made available upon request. The corresponding 
author will submit all dataset files.  
Competing interests: None  
Funding: No funding source involved.  
Authors’ contributions: All authors had read and 
approved the final manuscript.  
 
R E F E R E N C E S  
 
1. McCarty CA. Uncorrected refractive error. 
British Journal of Ophthalmology 2006; 90(5): 
521–2. 
https://doi.org/10.1136/bjo.2006.090233 
2. Williams KM, Verhoeven VJ, Cumberland P, 
et al. Prevalence of refractive error in Europe: the 
European eye epidemiology (E(3)) consortium. 
Europeon Journal of Epidemiol 2015; 30(4): 305–
15. 
https://doi.org/10.1007/s10654-015-0010-0 
3. Jeganathan VSE, Robin AL, Woodward MA. 
Refractive error in underserved adults: causes and 
potential solutions. Current Opinion in 
Ophthalmology 2017; 28(4): 299-304. 
https://doi.org/10.1097/ICU.000000000000037
6 
4. Otero C, Aldaba M, Pujol J. Clinical 
evaluation of an automated subjective refraction 
method implemented in a computer-controlled 
motorized phoropter. Journal of Optometry 2019; 
12(2): 74–83. 
https://doi.org/10.1016/j.optom.2018.09.001 
5. Hashemi H, Khabazkhoob M, Asharlous A, 
Yekta A, Emamian MH, Fotouhi A. Overestimation 
of hyperopia with autorefraction compared with 
retinoscopy under cycloplegia in school-age 
children. British Journal of Ophthalmology 2018; 
102(12): 1717–22. 
https://doi.org/10.1136/bjophthalmol-2017-
311594 
6. Williams T, Morgan LA, High R, Suh DW. 
Critical assessment of an ocular photoscreener. 
Journal of Pediatric Ophthalmology & Strabismus 
2018; 55(3): 194–199. 
https://doi.org/10.3928/01913913-20170703-
18 
7. Bharadwaj SR, Malavita M, Jayaraj J. A 
psychophysical technique for estimating the 
accuracy and precision of retinoscopy. Clinical and 

Experimental Optometry 2014; 97(2): 164–70. 
https://doi.org/10.1111/cxo.12112 
8. Wajuihian SO, Hansraj R. Accommodative 
anomalies in a sample of black high school students 
in South Africa. Ophthalmic Epidemiology 2016; 
23(5): 316–23. 
https://doi.org/10.3109/09286586.2016.115571
5  
9. Aflaki P, Hannuksela MM, Gabbouj M. 
Subjective quality assessment of asymmetric 
stereoscopic 3D video. Signal, Image and Video 
Processing 2015; 9(2): 331–45. 
https://doi.org/10.1007/s11760-013-0439-0  
10. Riau AK, Angunawela RI, Chaurasia SS, et al. 
Early corneal wound healing and inflammatory 
responses after refractive lenticule extraction 
(ReLEx). Investigative Ophthalmology & Visual 
Science 2011; 52(9): 6213–21. 
https://doi.org/10.1167/iovs.11-7439 
11. Almoqbel F, Leat SJ, Irving E. The technique, 
validity, and clinical use of the sweep VEP. 
Ophthalmic and Physiological Optics 2008; 28(5): 
393–403. 
https://doi.org/10.1111/j.1475-
1313.2008.00591.x 
12. Venkataraman AP, Sirak D, Brautaset R, 
Dominguez-Vicent A. Evaluation of the 
Performance of Algorithm-Based Methods for 
Subjective Refraction. Journal of Clinical Medicine 
2020; 9(10): 3144. 
https://doi.org/10.3390/jcm9103144 
13. Rajabpour M, Kangari H, Pesudovs K, et al. 
Refractive error and vision related quality of life. 
BMC Ophthalmol 2024; 24(1): 83. 
https://doi.org/10.1186/s12886-024-03350-8 
14. Hughes RP, Vincent SJ, Read SA, Collins MJ. 
Higher order aberrations, refractive error 
development and myopia control: a review. Clinical 
and Experimental Optometry 2020; 103(1): 68–85. 
https://doi.org/10.1111/cxo.12960 
15. Wojciechowski R. Nature and nurture: the 
complex genetics of myopia and refractive error. 
Clinical Genetics 2011; 79(4): 301–20. 
https://doi.org/10.1111/j.1399-
0004.2010.01592.x 
16. Mukash SN, Kayembe DL, Mwanza J-C. 
Agreement Between Retinoscopy, 
Autorefractometry and Subjective Refraction for 
Determining Refractive Errors in Congolese 
Children. Clinical Optometry 2021; 13: 129-136. 
https://doi.org/10.2147/OPTO.S303286 
17. Moghaddam AA, Kargozar A, Zarei-
Ghanavati M, et al. Screening for amblyopia risk 
factors in pre-verbal children using the Plusoptix 
photoscreener: a cross-sectional population-based 

https://doi.org/10.2147/OPTO.S303286


Accuracy of Concave Sleeve vs Plano Sleeve While Doing Retinoscopy 

H J P R S  V o l .  5 ,  I s s u e  2 ,  2 0 2 5           P a g e | 508 

study. British Journal of Ophthalmol 2012; 96(1): 
83-6. 
https://doi.org/10.1136/bjo.2010.190405. 
18. Zerf M, Besultan H, Hamek B. Influence of 
the body composition on athletic or specific agility 
in goalkeeper associated with its post-game 
specificity. European Journal of Human Movement 
2017; 38: 133–44. 
19. Al-Mahrouqi H, Oraba SB, Al-Habsi S, et al. 
Retinoscopy as a Screening Tool for Keratoconus. 
Cornea 2019; 38(4): 442–5. 
https://doi.org/10.1097/ICO.000000000000184
3 
20. Tyedmers M, Roper-Hall G. The harms 
tangent screen test. American Orthoptic Journal 
2006; 56(1): 175–9. 
https://doi.org/10.3368/aoj.56.1.175 
21. Alrajhi LS, Bokhary KA, Al-Saleh AA. 
Measurement of anterior segment parameters in 
Saudi adults with myopia. Saudi Journal of 
Ophthalmology 2018; 32(3): 194–9. 
https://doi.org/10.1016/j.sjopt.2018.04.007 
22. Mutti DO. Sources of normal and anomalous 
motion in retinoscopy. Optometry and Vision 
Science 2004; 81(9): 663–72. 
https://doi.org/10.1097/01.opx.0000144744.349
76.14 


