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Purpose: This study aimed to investigate changes in corneal morphology following pediatric lower-lid epiblepharon surgery using
a topographic modeling system 5 (TMS-5).

Patients and Methods: A randomized controlled trial compared two surgical interventions for pediatric epiblepharon: incisional
(modified Hotz procedure with lid margin splitting) and nonincisional. Corneal topography analysis using the TMS-5® served as an
outcome measure. The study included 89 eyes from 50 children aged 3—12 years (mean age, 7.5 + 2.4 years) diagnosed with moderate
epiblepharon. Patients were randomly assigned to the incisional (45 eyes from 25 patients) or nonincisional (44 eyes from 25 patients)
groups. Parameters including surface regularity index (SRI), Standard Deviation of Corneal Power (SDP), Irregular Astigmatism Index
(IAI), and corneal astigmatism (CYL) were evaluated. The positive rate of Keratoconus Screening System (Keratoconus Index [KCI]
and Keratoconus Severity Index [KSI]) was assessed.

Results: The 6-month postoperative mean changes in corneal astigmatism were —0.34 + 0.96 D (p = 0.012) and —0.21 £ 0.67 D (p =
0.22) in the incisional and nonincisional groups, respectively. Corneal astigmatism parameters significantly improved following both
surgical procedures (p < 0.01). Preoperatively, 14.6% and 28.1% of patients were suspected of keratoconus using KCI and KSI,
respectively, with a significantly reduced postoperative suspicion positivity rate (p < 0.01).

Conclusion: Corneal astigmatism significantly improved in the incisional group. Both surgical methods improved the postoperative
corneal surface smoothness, corneal refractive power variability, and irregular astigmatism. Patients with epiblepharon were occa-
sionally suspected of keratoconus when assessed with TMS, with a higher frequency indicated by KSI.
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Introduction

Epiblepharon primarily affects the lower eyelids and is frequently observed in East Asian children. It is characterized by
a skin fold that overlaps the eyelid margin, pushing the eyelashes against the eyeball.' This can cause irritation,
discharge, excessive tearing, light sensitivity, the sensation of a foreign object in the eye, and visual disturbances due
to corneal damage. Initial management is conservative; however, surgical intervention may sometimes be necessary.'
Patients with epiblepharon are more likely to have astigmatism than the general population.>> The impact of surgical
intervention on astigmatism in these patients remains unclear.”> '

Nonincisional suturing and incisional surgery (modified Hotz procedure) are the two most common surgical
techniques for epiblepharon."*!'" A multicenter randomized controlled trial was conducted and used to compare the
impact of both surgical techniques on total astigmatism 6 months postoperatively.'® Our findings revealed significant
improvements in total astigmatism following the incisional method, which achieved significantly better correction, with
77.8% of cases showing well-corrected results compared with 55.4% in the nonincisional surgery group. The average
6-month postoperative change in total astigmatism for the incisional and nonincisional groups was —0.24 + 0.42 D and
—0.01 + 0.47 D, respectively.'®
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Further investigations were warranted to determine whether these changes in total astigmatism were attributable to
alterations in corneal astigmatism, and if so, to which specific corneal indices. As part of our study endpoints,
preoperative and postoperative corneal morphology was measured using the topographic modeling system (TMS) to
assess how epiblepharon surgery affects corneal morphology in children.

Materials and Methods

Patient Selection and Randomization

Patients aged 3—12 years old who were diagnosed with lower-lid epiblepharon accompanied by keratitis and moderate
(grade 2) cilia—corneal touch severity (based on a grading scale of 1 to 3) were selected for this study (Figure 1A—C).
Patients were recruited from Yokohama City University Hospital and Kanagawa Children’s Medical Center between
September 2017 and July 2019.'% Patients with a history of eyelid or facial surgery, upper eyelid ciliary touch, ptosis,
eyelid opening or closing abnormalities, systemic syndromes, craniofacial anomalies, corneal opacity, or keratoconus
were excluded. Keratoconus was excluded based on findings from slit-lamp examination.

Randomization was conducted via a central data center using Excel-generated random numbers. Patient registration
numbers were submitted to this center, where each patient was randomly allocated with equal probability to one of two
surgical treatment groups: (1) the incisional surgery group, employing a modified Hotz procedure with lid margin
splitting (LMS), or (2) the nonincisional surgery group, utilizing a buried sutures technique. This methodology ensured
an unbiased distribution of patients between the two surgical interventions under investigation.'’

Surgical Techniques
All surgeries were performed under general anesthesia by one of two ophthalmologists, both employing identical
techniques. The two surgical methods utilized were the incisional technique (modified Hotz procedure with LMS) and
the nonincisional technique (buried sutures).

The incisional technique, based on Hwang et al,'® began with LMS. Using chalazion forceps to grasp the lower lid,
a 1 mm deep incision was made along the gray line with a No. 15 scalpel blade. The incision extended from 1 mm lateral
to the punctum to the medial third or half of the lower eyelid. The subsidiary skin between the orbicularis skin flap and
the tarsus was incised and dissected. The subcutaneous tissue of the orbicularis skin flap was fixed to the lower tarsal
margin using three interrupted 60 polyglactin sutures. Skin edges were approximated with 8-0 polyglactin sutures,
which were left in place.

The nonincisional technique, described by Seo et al,'* utilized a double-armed 7-0 polyester suture. After creating
a small incision at the suture exit site, the needle was passed from the inferior fornix to approximately 3—4 mm below the
eyelid margin. The conjunctival side was threaded subconjunctivally, while the dermal side was threaded subcutaneously,
both directed slightly laterally. Both threads were brought out at the same location, tightly tied, and buried. Two such
sutures were placed in each lower eyelid: one medially and one centrally. These buried sutures were not removed.

A B C
Grade 1 Grade 2 Grade 3

S

Figure | Grade of Ciliary Touch (Right Eye). The classification was adapted from a study by Lee et al.'> From left to right, the categories are grade |(A): mild; grade 2(B):
moderate; and grade 3(C): severe. Ciliary touch was assessed in the primary eye position.
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Examinations and Follow-up
One month before surgery, the participants underwent randomization and preoperative evaluations. These evaluations
included visual acuity testing, autorefraction for refractive assessment, corneal topography using the TMS-5* (TOMEY,
Nagoya, Japan), slit-lamp examination with corneal fluorescein staining, and eyelid photography. Postoperative follow-
ups were scheduled at 26 + 4 weeks, involving the same preoperative examinations. The outcomes of the procedures
were evaluated 6 months after surgery.

Statistical Analysis and Sample Size Calculations

Sample size calculations for this study are detailed in our previous report.'” Briefly, the primary outcome was
a comparison of success rates between the incisional and nonincisional techniques. In our previous report,
a retrospective comparison at our institution revealed clinical success rates of 63% and 90% for nonincisions and
incisions, respectively. Based on these results, we calculated the required sample sizes using Fisher’s exact test, with an
alpha error set at 0.05 and a statistical power of 0.8. Wilcoxon’s signed-rank test was used to evaluate the changes in
corneal astigmatism measured using the TMS, as well as related indices. Statistical significance was set at p < 0.05.
Comparisons of indices were adjusted using the Bonferroni correction to account for multiple comparisons. DATAfab
(Graz, Austria), an online statistics calculator, was used for statistical analyses.

Ethical Approval and Consent to Participate

This research adhered to the ethical principles outlined in the Declaration of Helsinki. The institutional review boards of
Yokohama City University Hospital and Kanagawa Children’s Medical Center approved the study protocol, informed
consent, and assent forms (approval no. 102-01). The legal guardians of all patients involved in the study provided
written informed consent. Patients aged over six who could understand the study’s purpose assented to participate in the
study. The study was supervised by an independent data and safety monitoring committee. This study is registered on the
UMIN Clinical Trial Registry website (www.umin.ac.jp/UMIN000027321).

Results

This study analyzed 89 eyes from 50 patients (22 men and 28 women) aged 3—12 years old (mean age: 7.5 years old)
selected from 132 patients and assessed for eligibility. The incisional and nonincisional methods were applied to 25
patients (45 eyes) and 25 patients (44 eyes), respectively, by random assignment. The respective distribution of males and
females was 8 (32%) and 17 (68%) in the incisional group and 14 (56%) and 11 (44%) in the nonincisional group. The
age, sex, number of cases, and preoperative corneal astigmatism in both groups were statistically similar (Table 1). All
participants completed the study and adhered to the follow-up period of 26 + 4 weeks, with no dropouts recorded.
Figure 2 presents representative preoperative and postoperative sequential images of a cornea affected by epiblepharon

Table | Characteristics of Patients Enrolled in This Study

Variables Incisional | Nonincisional | Group Differences
Number of patients 25 25 NS
Number of eyes 45 44 NS
Sex (M/F) 8/17 14/11 NS
Age (year) 79+24 70+23 NS
Preoperative total astigmatism (D) 1.21 = 1.06 1.48 + 1.20 NS
Preoperative corneal astigmatism (D) | 1.57 + 1.14 1.72 + 1.22 NS

Notes: The numbers in the columns represent the means and standard deviations.
Abbreviations: D, diopter; NS, not significant.
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Figure 2 Preoperative and Postoperative Corneal Topographic Changes Visualized using TMS-5® in a Representative Case. The left panel displays the results of the
preoperative TMS-5® analysis (A), whereas the right panel shows the results six months postoperatively (B). The upper left of the panel displays Placido rings projected onto
the cornea, whereas the lower left presents a color map of corneal refractive power. The upper right panel displays the results of keratoconus screening, whereas the lower
right panel displays related indices. The postoperative panel on the right demonstrates improvement in each item.

captured using the TMS-5® (Figure 2A and B). The figure illustrates that the distortion of the Placido rings projected
onto the cornea became less pronounced after the surgery, indicating an improved corneal topography.

Corneal Astigmatism

Table 2 details the changes in corneal astigmatism measured by TMS-5®

before and after surgery. The mean preoperative
corneal astigmatism with the incisional method was 1.57 + 1.14 D, which reduced significantly to 1.23 £+ 0.86
D postoperatively (p = 0.012). In contrast, the mean preoperative corneal astigmatism with the nonincisional method
was 1.72 + 1.22 D, which only slightly decreased to 1.51 + 1.17 D postoperatively, showing no statistically significant
improvement (p = 0.22) (Table 2).

TMS Indices and Keratoconus Screening

Figure 3 illustrates the SRI, SDP, and IAI changes, reflecting different aspects of corneal astigmatism (Figure 3:
Incisional (A) and Non-incisional (B)). All indices showed postoperative improvements with both surgical methods
(p <0.01) (Table 3). Table 4 presents the keratoconus suspicion positivity rate determined by the Keratoconus Screening
System’s KCI and KSI (Table 4). The study group did not include patients with clinically diagnosed keratoconus. The
KSI exhibited a notably higher positivity rate than the KCI in the preoperative examination. Nevertheless, the positivity
rate for both KCI and KSI decreased significantly postoperatively (»p < 0.01).

Table 2 Comparison of Pre and Postoperative Corneal Astigmatism Among Patients
with Epiblepharon

Preoperative (D) | Postoperative (D) | Difference (D) | P-value

Incisional 1.57 + 1.14 1.23 £ 0.86 —0.34 + 0.96 0.012
Nonincisional 1.72 £ 1.22 151 £ 117 —0.21 + 0.67 0.22

Notes: The numbers in the columns represent the means and standard deviations. Wilcoxon’s rank sum test
was used for statistical analysis, and a p-value < 0.05 was considered statistically significant.
Abbreviation: D, diopter.
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Figure 3 Preoperative and Postoperative Changes in Corneal Topography Indices. Preoperative and postoperative SRI, SDP, and IAl changes were analyzed using Wilcoxon’s
rank sum test. The p-values for SRI, SDP, and IAl for the incisional (A) and nonincisional (B) groups were <0.01, indicating significant postoperative improvements.
Abbreviations: SR, surface regularity index; SDP, Standard Deviation of Corneal Power; IAl, Irregular Astigmatism Index.
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Table 3 Comparison of Pre and Postoperative
Changes in the SRI, SDP, and IAl

Before 6M P-value
SRI Incisional 0.56+0.57 | 0.37+0.25 0.007
SRI Non-incisional 0.7+0.42 | 0.37+0.27 | <0.001
SDP Incisional 1.04+£0.33 | 0.85+0.3 <0.001
SDP Non-incisional 1.24£0.7 | 0.94+0.39 | <0.001
IAl Incisional 0.47+0.1 0.41+0.06 0.001
IAI Non-incisional 0.49+0.08 | 0.41+0.07 | <0.001

Notes: The numbers in the columns represent the means and stan-
dard deviations. Wilcoxon’s rank sum test was used for statistical
analysis, and a p-value < 0.01 was considered statistically significant.

Table 4 Positive Rate of the Keratoconus Screening System Among Patients with

Epiblepharon
Klyce/Maeda (KCI) Smolek/Klyce (KSI)
Incisional | Nonincisional | Total | Incisional | Nonincisional | Total
Preoperative 11.1% 18.2% 14.6% 26.7% 29.5% 28.1%
Postoperative 8.9% 11.4% 10.1% 17.8% 18.2% 18.0%

Notes: KCl includes both positive and suspected positive.
Abbreviations: D, diopter; KCI, keratoconus index; KSI, keratoconus severity index.

Discussion

In this study, we examined whether the observed improvements in total astigmatism were attributable to reductions in
corneal astigmatism measured using the TMS-5®. The incisional group demonstrated a statistically significant decrease in
corneal astigmatism (p = 0.012), whereas the nonincisional group did not exhibit a similar improvement (p = 0.22). These
findings strongly suggest that the observed reduction in total astigmatism following surgery using the incisional
technique is attributable to the reduced corneal astigmatism.

Further corneal topography analysis revealed improvements in SRI, SDP, and IAI for both surgical methods. Each
index captures a distinct aspect of the corneal condition: the SRI measures corneal surface smoothness, the SDP
quantifies the standard deviation of corneal refractive power, and the Al assesses irregular astigmatism. The SRI is
particularly useful for estimating the impact of irregular astigmatism on visual acuity.'> Previous studies have reported
that patients with abnormalities in these indices exhibit significantly lower character contrast sensitivity than those
without abnormalities.'® Moreover, another report demonstrated improvements in postoperative higher-order aberrations
and astigmatism following epiblepharon surgery.'*!” The SRI, SDP, and IAI improvements observed in this study
suggest potential enhancements in visual function following surgery. Therefore, proactive surgical interventions are
warranted for children with epiblepharon who exhibit visual function disorders, including astigmatism and photophobia.

Although several TMS indices reflecting the state of the corneal surface, including SRI, SDP, and IAI, improved
significantly with both surgical methods, only the incisional method significantly reduced corneal astigmatism. This
outcome suggests the involvement of factors other than just improving trichiasis-induced corneal surface irregularities.
One possible explanation is that differences in postsurgical eyelid pressure on the cornea offered by these two methods
may have contributed to the superior reduction of corneal astigmatism observed with the incisional method. Further
research is required to confirm this hypothesis.

The TMS-5® incorporates two programs for keratoconus screening: the Klyce-Maeda and Smolek—Klyce methods,
indexed by KCI and KSI, respectively.'®'® The KCI and KSI employ 8 and 10 indices, respectively, to diagnose the
likelihood of keratoconus.'®'® The KSI incorporates three additional indices (CYL, SRI, and SDP) not found in KCI.'®
This study demonstrated significant postoperative improvements in these unique KSI indices, suggesting that these
additional indices may contribute to a higher incidence of abnormal values (suspected keratoconus) detected by KSI than
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by KCI. No patients in this study were clinically diagnosed with keratoconus; thus, the reduced postoperative positivity
rate for suspected keratoconus suggests that all preoperative keratoconus suspicions were false positives. However, it is
important to consider that persistent corneal irritation, such as eye rubbing, may contribute to keratoconus
development.'®*° For example, familial cases of keratoconus among siblings with congenital distichiasis indicate that
chronic irritation from trichiasis may induce keratoconus.?! Our study identified a subset of patients with abnormal
values in the Keratoconus Screening System. This finding warrants further investigation into whether rubbing-related
corneal trauma caused by untreated epiblepharon contributes to the underlying etiology of keratoconus.

Astigmatism is a known risk factor for amblyopia in children. However, epiblepharon can exhibit spontaneous
resolution. Therefore, a comprehensive evaluation of visual function based on severity, visual acuity, astigmatism, and
corneal topography is crucial for determining the optimal timing for surgical intervention.

Limitations of this study are the number of cases and the fact that the evaluation of improvement in corneal
astigmatism was not the primary endpoint.

Conclusion

Our study showed that incisional surgery significantly improved corneal astigmatism in children with epiblepharon. Both
surgical techniques—incisional and nonincisional—improved corneal surface regularity, corneal power distribution, and
irregular astigmatism. Both KCI and KSI positivity rates decreased. These findings highlight the effectiveness of
appropriate surgical intervention in improving corneal morphology in pediatric epiblepharon cases.

Data Sharing Statement
The data sets analyzed during the current study are available from the corresponding author (NM) upon reasonable
request.
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