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Abstract
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Aim: To compare spherical equivalent refractive measurements obtained using the
Borish delayed technique and cycloplegic refraction in children and to assess the agreement
between the two techniques.

Settings and design: Comparative Cross-Sectional Study

Methods and materials: Acomparative cross-sectional study was done among 51 children
who were 7-16 years of age. Each participant underwent comprehensive ocular examination
followed by dry refraction, Borish delayed refraction, and cycloplegic refraction. Spherical
equivalent values obtained by the Borish delayed technique and cycloplegic refraction were
compared for both eyes. Normality of the data was assessed using the Shapiro—-Wilk test. As
the data were nonnormailly distributed, non-parametric statistical analyses were performed.
The Wilcoxon signedrank test was used to compare paired measurements, the Mann-Whitney
U test was used for gender-wise comparisons, and Spearman’s rank correlation coefficient
was used to evaluate associations.

Results: 51 participants were included in the study. The mean SE refractive power revealed
a progressive unmasking of latent hyperopia across techniques with Cycloplegic Refraction:
153+ 3.08 (RE) and 1.36  2.79 (LE) and Borish delayed technique: 1.01+ 3.03 (RE) and 1.03 £ 2.72 (LE)
Wilcoxon Signed-Rank tests showed a statistically significant difference between Cycloplegic
Refraction and the Borish Delayed Technique for both the Right Eye (W = 1172, p < 0.05, Effect
Size = 0.993) and Left Eye (W = 978, p < 0.05, Effect Size = 0.809). Cycloplegic refraction revealed
amean additional latent hyperopia of +0.52 D in RE and +0.33 D in LE.

Conclusion: The Borish delayed technique may be considered an adjunctive approach
when cycloplegic refraction is not feasible, but it should not be regarded as interchangeable
with cycloplegic refraction on the basis of statistical difference testing alone. Nevertheless,
cycloplegic refraction remains the gold standard for accurate assessment of pediatric
refractive errors, particularly for detecting latent hyperopia.

https:/[doi.org[10.29328/journal.ijce0.1001065 www.clinophthaljournal.com n



https://crossmark.crossref.org/dialog/?doi=10.29328/journal.ijceo.1001065&domain=pdf&date_stamp=2026-08-24

To Compare the Accuracy of the Borish Delayed Technique and Cycloplegic Refraction in Determining Refractive Errors among

Children Aged 6-18 Years

Introduction

Refractive errors remain one of the leading causes of
visual impairment among children worldwide and constitute
a significant public health concern. Accurate assessment of
refractive status during childhood is essential for normal
visual development, prevention of amblyopia, and timely
correction of accommodative and binocular vision disorders.
Failure to detect refractive errors accurately may result in
reduced academic performance, visual discomfort, and long-
term visual consequences [1-4].

Accommodation presents a major challenge during
pediatric refraction. Active accommodation frequently masks
latent hyperopia, resulting in underestimation of hyperopic
refractive errors during non-cycloplegic examinations [5,6].
Cycloplegic refraction temporarily eliminates accommodation
through pharmacological cycloplegiaandis therefore regarded
as the gold standard for pediatric refractive assessment [7-9].
Despite its superior accuracy, cycloplegic refraction requires
additional clinical time, pharmacological agents, patient
cooperation, and post-examination recovery [8,9].

Several non-cycloplegic techniques have been developed
to reduce accommodative influence while avoiding the
disadvantages associated with cycloplegia. One such technique
is the Borish delayed method, which attempts to relax
accommodation before subjective refraction by incorporating
a delay period and appropriate fogging procedures [10,11].
Previous studies have suggested that the Borish delayed
technique may provide refractive values closer to cycloplegic
findings than conventional dry refraction [11-13]. However,
evidence comparing these techniques remains limited,
particularly among Indian pediatric populations [13,14].

The present study therefore aimed to compare cycloplegic
refraction, and the Borish delayed technique in determining
accurate refractive errors in children and to evaluate whether
the Borishdelayedtechnique canserveasaclinicallyacceptable
alternative when cycloplegic refraction is impractical.

Methods
Study design and setting

This prospective, comparative, cross-sectional study was
conducted in the Department of Optometry at ITM Skills
University Campus, Navi Mumbai, India for over a period of
two years (2023-2025) to compare the accuracy of the Borish
delayed technique with cycloplegic refraction in determining
refractive errors among children.

The study was approved by the Institutional Ethics
Committee of ITM IHS College of Nursing, Navi Mumbai,
India (Approval No. ITMIHSCON/220925/3473, dated 22"
September 2025).

Written informed consent was obtained from the parent/
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legal guardian of each participant. Assent was obtained from
children aged 7 above who were developmentally capable of
providing assent.

Sample size

A formal a priori sample-size calculation was not
performed. Participants were recruited using convenience
sampling based on the availability of eligible participants
during the study period, and 51 participants were included in
the final analysis.

Sampling technique: A total of 51 participants aged
7-16 years with refractive errors were recruited using
nonprobability convenience sampling by approaching the
participants who turned up at the clinic during the study
period

Analyst blinding: The statistical analysis was performed
using coded data; however, the analyst was not blinded to the
measurement technique.

Children with normal ocular health who were cooperative
for refraction were included in the study, while those with
manifest strabismus, ocular pathology, previous ocular
surgery, systemic diseases affecting accommodation or
vision, allergy to cycloplegic agents, or poor cooperation were
excluded.

All 51 participants had complete refractive measurements
for both techniques, and no missing data were present for the
variables included in the primary analysis.

Refraction procedures

Borish delayed subjective refraction: Objective
refraction was first obtained using an autorefractometer
followed by streak retinoscopy. Subjective refraction was
subsequently performed according to the Borish delayed
technique. To minimize accommodative influence, participants
were instructed to maintain fixation on a distant target for
approximately 10-15 minutes before the final refinement.

Cycloplegic refraction: Cycloplegic refraction was
performed by using the drug cyclopentolate hydrochloride
1% with the help of streak retinoscope. Two drops were
instilled into each eye at an interval of five minutes. Refraction
was performed 30-45 minutes after the final instillation,
once adequate cycloplegia had been confirmed by pupillary
dilatation and a markedly reduced pupillary light reflex.
The final refractive findings were spherical, cylindrical, axis,
spherical equivalent and best-corrected visual acuity recorded

Statistical analysis

Data were analysed using Jamovi (Version 2.6). Continuous
variables were expressed as mean * standard deviation (SD),
median, and interquartile range (IQR), while categorical
variables were presented as frequencies and percentages.
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Normality was assessed using the Shapiro-Wilk test. Since the
data were not normally distributed, the Wilcoxon signed-rank
test was used to compare the Borish delayed technique and
cycloplegic refraction, the Mann-Whitney U test was used for
gender comparisons, and Spearman’s rank correlation was
used to assess associations between variables. A p - value <
0.05 was considered statistically significant.

Results

A total of 51 participants were included in the study with
mean age of 11.7 + 2.63 years, and an age range of 7 to 16
years to compare the refractive error obtained using the
Borish delayed technique and cycloplegic refraction. Among
the 51 participants, 26 (51%) were males and 25 (49%) were
females, indicating an almost equal gender distribution.

The descriptive statistics of the refractive measurements
obtained using the Borish delayed technique and cycloplegic
refraction are presented in Table 1. The mean spherical
equivalent measured by the Borish delayed technique was
1.01 + 3.03 D in the right eye and 1.03 * 2.72 D in the left eye.
Cycloplegic refraction demonstrated slightly higher mean
spherical equivalents of 1.53 + 3.08 D in the right eye and 1.36
+ 2.79 D in the left eye. The median values were consistently
higher for cycloplegic refraction than for the Borish delayed
technique, indicating a tendency for cycloplegic refraction to
detect greater hyperopic refractive error.

The mean difference between the two techniques was
0.549 + 0.235 D for the right eye and 0.411 + 0.19 D for the
left eye. Normality was assessed using the Shapiro-Wilk test.
All study variables demonstrated statistically significant
p - values (p < 0.05), indicating that the data were not normally
distributed. Consequently, non-parametric statistical tests
were used for subsequent analyses.

Descriptive statistics

The Wilcoxon Signed Rank Test showed a statistically
significant difference between refractive error measurements
obtained using the Cycloplegic Refraction and Borish Delayed
Techniqueand fortherighteye (W=1172,p<0.001) (Figure 1).
The rank-biserial correlation (r_rb = 0.993) and for the left eye
(W =978, p < 0.001)(Figure 2). The rank-biserial correlation
(r_rb = 0.809) indicated a very large effect size, suggesting a
significant difference between the two methods.

Table 1: Descriptive Statistics and normality.

Variables Mean * SD

Median IQR Normality (p value)

5,

Cycloplegic refraction yielded significantly higher
spherical equivalent values than the Borish delayed technique,
suggesting that cycloplegia altered the refractive findings by
minimizing the influence of accommodation mentioned in
Table 2.

The Mann-Whitney U test was performed to determine
whether the difference between the Borish Delayed
Technique and cycloplegic refraction varied according to
gender. No statistically significant differences were observed
for either the right eye (U = 294, p = 0.533) or the left eye
(U =317, p = 0.877). These findings indicate that gender did
not significantly influence the difference between the two
refractive techniques (Table 3).

Spearman’s rank correlation analysis showed no
statistically significant association between age and the
difference between the Borish Delayed Technique and
cycloplegic refraction for the right eye (p = -0.104, p = 0.466)
orthelefteye (p=-0.112, p = 0.435). In addition, no significant
correlation was observed between the differences recorded
in the right and left eyes (p = 0.221, p = 0.121). Age was not
associated with the magnitude of the difference between the
two techniques (Table 4).

Borish Delayed Technique RE — 101

Techniques
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Figure 1: Comparison of of Borish Delayed Technique and Cycloplegic

Refraction Mean SE of Right eye.
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Figure 2: Comparison of of Borish Delayed Technique and Cycloplegic
Refraction Mean SE of Leftt eye.

Table 2: Comparison between Borish delayed and Cycloplegic Refraction.

Borish Delayed | Cycloplegic

Technique Refraction p-value EffectSize Interpretation
RE 1.01 1.53 <0.001 0.993 Significant
LE 1.03 1.36 <0.001 0.809 Significant

Borished delayed technique (RE) | 1.01 £ 3.03 1.5 |525 0.01
l‘ 4 1.qu (RE) Table 3: Comparison between differences between borish delayed technique cyclo
Borished delayed technique (LE) | 1.03 +2.72 1.75 4.88 0.014 refraction with gender distribution.
Cycloplegic refraction (RE) 1.53 +3.08 2 5.38 0.014 Male Median Female Mann-
. . Variable X X p - value
Cycloplegic refraction (LE) 1.36 £2.79 2 4.63 0.038 (100)29] Median (IQR) Whitney U
Difference between Borish Difference between Borish
+
delayed & Cyclo Refraction (RE) 0549£0235 05 025 <001 delayed & Cyclo Refraction (RE) 05 05 294 053
Difference between Borish 05 | 0.25 <.001 Difference between Borish
delayed & Cyclo Refraction (LE) 0411£0.19 delayed & Cyclo Refraction (LE) 05 05 317 0.88
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Table 4: Difference between Borish delayed and cycloplegic refraction (RE) vs.
Difference between Borish delayed and cycloplegic refraction (LE)
Variable Spearman’s| p- Interpretation
rho (r) value
. . Non significant-
Age Vs Difference betwe(.en Borish delayed -0.104 0.466 Weak negative
& Cyclo Refraction (RE) X
correlation
Age Vs Difference between Borish delayed -0.112 0.435 Non Slgmﬁcént-
. Weak negative
& Cyclo Refraction (LE) :
correlation
Difference between Borish delayed & Cyclo Non significant-
Refraction (RE) Vs Difference between 0.22 0.121 Weak positive
Borish delayed & Cyclo Refraction (RE) correlation

Discussion

The present study compared the refractive measurements
obtained using the Borish delayed technique and cycloplegic
refraction in 51 children. Cycloplegic refraction yielded
significantly higher spherical equivalent values than the
Borish delayed technique in both eyes, indicating that it is
more effective in detecting latent hyperopia. The Wilcoxon
signed-rank test demonstrated a statistically significant
difference between the two methods (p < 0.001), suggesting
that accommodation may not be completely relaxed with the
Borish delayed technique. However, statistical significance
alone does not establish clinical interchangeability. The
refractive values obtained by the Borish delayed technique
showed good clinical agreement with cycloplegic refraction,
indicating that it may serve as a useful alternative when
cycloplegia is not feasible. No significant differences were
observed between males and females, and age showed no
significant correlation with the refractive differences. These
findings support previous studies reporting that cycloplegic
refraction remains the most accurate method for pediatric
refractive assessment, while the Borish delayed technique can
be considered a practical adjunctin selected clinical situations.

Conclusion

The present study demonstrated that cycloplegic refraction
remains the gold standard for determining refractive errors
in children, as it detected significantly higher spherical
equivalent values than the Borish delayed technique. Although
the Borish delayed technique provided comparable refractive
measurements, it tended to underestimate latent hyperopia.
Therefore, The Borish delayed technique may be considered
an adjunctive approach when cycloplegic refraction is not
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feasible, but it should not be regarded as interchangeable with
cycloplegic refraction on the basis of statistical difference
testing alone. Further studies with larger sample sizes are
recommended to validate these findings.
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