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ABSTRACT

Background: Patients undergoing corneal transplantation often present with high astigmatism and corneal irregularity,
making conventional contact lens fitting difficult and limiting tolerance to standard optical correction. We aimed to
evaluate the effect of scleral lens fitting on visual rehabilitation in patients following lamellar or penetrating keratoplasty
by assessing visual acuity, contrast sensitivity, and patient satisfaction.

Methods: Patients who had undergone keratoplasty and were considered suitable candidates for scleral lens fitting were
enrolled in this prospective interventional study. All participants underwent comprehensive ophthalmic and optometric
examinations prior to lens fitting. Visual acuity and contrast sensitivity were measured using a standard Snellen visual
acuity chart and the Melbourne Edge Test under standardized back-illuminated conditions, with results recorded in
decimal notation and decibels (dB), respectively. Refractive error was assessed by autorefractometry, followed by over-
refraction and subjective and objective refinement to determine the final lens power. Diagnostic fitting was performed
using trial scleral lenses, and anterior segment optical coherence tomography was utilized to assess lens fit. Visual and
refractive parameters were recorded before and after optimal scleral lens fitting. Patient-reported satisfaction was
assessed 1-2 weeks after lens dispensing using a 0-10 subjective rating scale, where scores 8-10 indicated complete
satisfaction, 5-7 satisfaction, 2—4 dissatisfaction, and 0-1 complete dissatisfaction.

Results: Eighteen eyes of 12 post-keratoplasty patients, 7 (58%) men and 5 (42%) women, were evaluated. Mean (standard
deviation [SD], range) age was 45.6 (3.9, 22-67) years. Mean (SD) visual acuity improved significantly from 0.15 (0.12)
decimal before lens fitting to 0.77 (0.33) decimal after scleral lens wear (P < 0.001). Mean contrast sensitivity increased
significantly from 14.55 (3.82) dB to 20.33 (2.35) dB following scleral lens fitting (P < 0.001). All patients reported
satisfaction with scleral lens wear, including complete satisfaction in nine (75%) patients and satisfaction in three (25%)
patients.

Conclusions: Post-keratoplasty ametropia and irregular astigmatism frequently limit visual rehabilitation with
conventional optical correction methods. Scleral lenses offer an effective approach for correcting postoperative refractive
irregularities and significantly enhance visual acuity and contrast sensitivity, while yielding high patient satisfaction at
two weeks after lens fitting.
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INTRODUCTION

Keratoplasty remains a definitive surgical treatment for a broad range of corneal pathologies, with multiple surgical

techniques available to restore corneal transparency and integrity [1]. Despite satisfactory graft clarity, postoperative corneal

irregularity and residual refractive error frequently limit visual outcomes after keratoplasty and may not be adequately

corrected with conventional optical modalities such as spectacles, soft contact lenses, or corneal rigid gas-permeable lenses

2.

Contact lens fitting is therefore integral to visual rehabilitation in post-keratoplasty eyes [3]. Available modalities
include large-diameter multicurve rigid-gas permeable lenses, rigid gas permeable corneal contact lenses, scleral lenses,
hydrogel lenses, hybrid lenses, and piggyback lenses [2, 4, 5]. However, postoperative high astigmatism, surface irregularity,
and forward protrusion of the cornea often complicate fitting with conventional lens designs and contribute to lens
intolerance [2, 6].

Scleral lenses have emerged as an effective option for managing irregular corneas, including post-surgical corneal
ectasia. By vaulting the cornea and maintaining a fluid reservoir over the ocular surface, scleral lenses create a smooth
refractive interface that improves optical quality while protecting the corneal epithelium [7-9]. Their high-oxygen-permeable
materials further support corneal physiology during wear. Accordingly, scleral lenses may provide superior visual
rehabilitation in post-keratoplasty eyes while reducing the need for additional surgical intervention [7-9].

The present study evaluated the effectiveness of scleral lenses for visual rehabilitation after keratoplasty by assessing

visual acuity, contrast sensitivity, and patient-reported satisfaction following scleral lens fitting.

METHODS

This prospective, single-arm, before-after interventional clinical study (Figure 1) was conducted at a tertiary ophthalmic
center between 2025 and 2026 to evaluate the effect of scleral lens fitting on visual rehabilitation following penetrating or
lamellar keratoplasty. Patients referred by a cornea subspecialist for scleral lens fitting were consecutively enrolled. The
study was registered in the Iranian Registry of Clinical Trials (IRCT20251210068270N1; approval date: December 20, 2025)
and approved by the institutional ethics committee (IR.BMSU.BLC.1404.099). All procedures adhered to the tenets of the
Declaration of Helsinki, and written informed consent was obtained from all participants.

Inclusion criteria were a history of penetrating or lamellar keratoplasty, suboptimal uncorrected or best-corrected visual
acuity with spectacles or corneal rigid gas-permeable lenses, ability to undergo comprehensive ophthalmic examination, and
provision of informed consent. Exclusion criteria included active ocular surface or intraocular disease (e.g., infection, severe
keratoconjunctivitis sicca, active uveitis), uncontrolled systemic disease affecting the eye (e.g., Sjogren’s syndrome or severe
autoimmune disease), severe corneal scarring or irregularity precluding scleral lens fitting, contact lens intolerance, and
inability or unwillingness to comply with follow-up.

All participants underwent comprehensive ophthalmic and optometric evaluation prior to lens fitting. Visual acuity
was measured using a Snellen chart and recorded in decimal notation [10]. Contrast sensitivity was assessed using an original
paper version of the Melbourne Edge Test [11] (MET; National Vision Research Institute, Melbourne, Australia) at a testing
distance of 40 cm under ambient illumination, with results recorded in decibels (dB) based on the last correctly identified
edge. Refractive error was measured by an automated refractometer/keratometer (KR-8800, Topcon Corp., Tokyo, Japan),
followed by over-refraction and refinement using streak retinoscopy (Beta 200, Heine Optotechnik, Herrsching, Germany)
and subjective refraction to determine final lens power. Anterior segment examination was performed using slit-lamp
biomicroscopy (Topcon Corporation and Neitz Instruments Co., LTD, Tokyo, Japan).

Scleral lens fitting was performed using a diagnostic trial lens set. Anterior segment optical coherence tomography (AS-
OCT; Optovue RTVue XR Avanti, Optovue Inc., Fremont, CA, USA) was used to evaluate lens fit, including central corneal
clearance (<250 um), mid-peripheral clearance (100-200 um), limbal clearance (80-120 um), and landing zone alignment on
the sclera. Slit-lamp biomicroscopy was used to assess lens centration, toric axis alignment (when applicable), vascular
blanching or congestion, and ocular surface response. Lens stability and movement were evaluated using push-up testing.
Visual and refractive parameters were recorded before fitting and repeated after optimal lens fitting. Final lenses were
dispensed and patients were reassessed after 1-2 weeks.

In the absence of a standardized questionnaire, patient-reported satisfaction was evaluated using a single-item outcome
measure. Participants rated their overall satisfaction with scleral lens wear on a 0-10 scale at 1-2 weeks after dispensing, with
predefined categories of 8-10 (complete satisfaction), 5-7 (satisfaction), 2—4 (dissatisfaction), and 0-1 (complete
dissatisfaction).

Statistical analysis was performed using IBM SPSS Statistics for Windows (version 22.0; IBM Corp., Armonk, NY, USA).
The normality of continuous variables was assessed using the Shapiro-Wilk test. Continuous data are presented as mean
(standard deviation [SD]), and categorical variables as number (percentage). Pre- and post-fitting comparisons were

performed using paired t-tests. A P-value < 0.05 was considered statistically significant.

RESULTS
A total of 18 eyes from 12 post-keratoplasty patients, 7 men (58%) and 5 women (42%), were included. The mean (SD, range)
age was 45.6 (3.9, 22-67) years.
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Following scleral lens fitting, the distribution of decimal visual acuity showed a pronounced shift toward higher values,

with elimination of low-acuity categories and 11 eyes (61%) achieving 1.00 decimal acuity (Table 1). Mean (SD) visual acuity
increased from 0.15 (0.12) decimal before lens fitting to 0.77 (0.33) decimal after scleral lens wear (mean difference +0.62
decimal; P < 0.001), indicating a substantial improvement in visual performance.

A similar trend was observed for contrast sensitivity, with post-fitting values clustering at higher levels, particularly 22
dB in 11 eyes (61%) (Table 2). Mean (SD) contrast sensitivity increased from 14.55 (3.82) dB before lens wear to 20.33 (2.35)
dB after scleral lens fitting (mean difference +5.78 dB; P <0.001). Overall, a marked redistribution toward higher visual acuity
and contrast sensitivity categories was observed following scleral lens fitting (Tables 1 and 2). All patients reported
satisfaction with scleral lens wear, including complete satisfaction in nine patients (75%) and satisfaction in three patients
(25%).

Quantitative comparison of refractive error before and after scleral lens fitting was not performed due to non-random
missing data. In several cases, reliable measurement of refractive error —particularly cylindrical components—was not
feasible before fitting because of corneal opacity, severe irregular astigmatism, or unreliable subjective responses.
Furthermore, the optical mechanism of scleral lenses, which creates a tear reservoir, effectively neutralizes corneal

irregularity, resulting in minimal residual refractive error on over-refraction, typically approaching emmetropia.

Enrolment Assessed for eligibility (N =26 patients)

Excluded (N =14 patients; 21 eyes)

e Not meeting inclusion criteria (N =21 eyes)

Included (N =12 patients; 18 eyes)

Intervention

Received scleral lens fitting (N = 18 eyes)

Completed baseline assessment

Follow-Up

Follow-up at 1-2 weeks (N = 18 eyes)
Lost to follow-up (N = 0)

Analysis

Analyzed (N = 12 patients; 18 eyes)
Excluded from analysis (N = 0)

Figure 1. Study flow diagram illustrating participant enrollment, inclusion, intervention, follow-up, and analysis in this
prospective single-arm before-after study of scleral lens fitting in post-keratoplasty patients.
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Table 1. Distribution of visual acuity before and after scleral lens fitting

Visual Acuity (Decimal) Before scleral lens fitting, n (%) After scleral lens fitting, n (%)
0.01 1(6) 0 (0)
0.02 2 (11) 0 (0)
0.03 1(6) 0(0)
0.04 1(6) 0 (0)
0.10 6 (33) 0 (0)
0.20 4(22) 3(17)
0.30 1(6) 1 (6)
0.40 2 (11) 0 (0)
0.50 0(0) 1 (6)
0.60 0(0) 1(6)
0.80 0 (0) 1 (6)
1.00 0(0) 11 (61)

Abbreviations: n, number of eyes; %, percentage.

Table 2. Distribution of contrast sensitivity before and after scleral lens fitting

Contrast Sensitivity (dB) Before scleral lens fitting, n (%) After scleral lens fitting, n (%)
5.00 2 (11) 0 (0)

12.00 1(6) 0(0)

13.00 2 (11) 0 (0)

16.00 9 (50) 2 (11)

17.00 2 (11) 2 (11)

18.00 2 (11) 0 (0)

19.00 0(0) 2 (11)

20.00 0(0) 1 (6)

22.00 0(0) 11 (61)

Abbreviations: dB, decibels; n, number of eyes; %, percentage.

DISSCUSSION

The present study evidenced that scleral lens fitting in post-keratoplasty patients resulted in significant improvements in
visual acuity and contrast sensitivity, accompanied by high levels of patient satisfaction and no observed adverse events.
These findings highlight the effectiveness of scleral lenses as a non-surgical approach for visual rehabilitation in eyes with
postoperative corneal irregularity.

Our participants who had undergone corneal transplantation were candidates for scleral lens fitting due to impaired
visual performance. Corneal irregularities are a major cause of visual impairment and can significantly affect patient
satisfaction [12-14]. Conventional optical correction with spectacles often fails to provide adequate visual rehabilitation in
these cases. Contact lens fitting has long played an important role in visual rehabilitation after keratoplasty [15, 16]. However,
patients may experience intolerance to conventional lens modalities [2, 17]; in such cases, scleral lenses may provide a
particularly effective alternative. While mild myopia and astigmatism following corneal transplantation can be corrected
with spectacles, visual outcomes are often suboptimal, and rigid gas-permeable or hybrid contact lenses are frequently
required. Most clinicians favor large-diameter, multicurve rigid gas-permeable and scleral lenses over hydrogel, hybrid, or
piggyback designs [2].

Post-keratoplasty ametropia often limits the attainment of optimal visual acuity, and conventional optical correction
methods frequently fail to provide satisfactory visual outcomes. In this context, scleral contact lenses represent an optimal
approach for correcting postoperative refractive irregularities, facilitating visual rehabilitation and potentially reducing the
need for additional keratorefractive interventions [3, 14, 18]. In a study of 34 patients (48 eyes) with a history of penetrating
keratoplasty, scleral lens correction resulted in an average improvement of two Snellen lines in best-corrected visual acuity
compared with prior spectacle or contact lens correction. In that study, 44 eyes (91.7%) achieved functional vision (>20/40)
with scleral lenses, and the authors concluded that scleral lenses are both effective and safe in post-keratoplasty patients [19].
Consistent with these findings, the present study showed comparable outcomes, with most eyes (n = 11/18, 61%) achieving
visual acuity up to 1.0 decimal following scleral lens fitting.

Alipour et al. [20] evaluated the feasibility, efficacy, and safety of mini-scleral contact lenses for visual rehabilitation
after corneal transplantation [20]: 56 eyes of 45 patients with unsatisfactory postoperative vision were fitted with mini-scleral
lenses (15.8 mm diameter), resulting in a marked improvement in visual acuity from 20/100 to 20/30 [20]. The authors
concluded that mini-scleral lenses represent a useful option for visual management in post-keratoplasty patients [20].
Favorable refractive outcomes were consistently observed in a review evaluating 32 original studies and seven case reports,
with most authors favoring scleral lenses over hydrogel, hybrid, or piggyback modalities for visual rehabilitation [2].
Significant improvements in visual acuity have also been reported across multiple studies following scleral lens fitting [8, 19,
21-24]. Consistent with this body of evidence, the present study demonstrated a statistically significant improvement in
visual acuity following scleral lens fitting, with mean values increasing from 0.15 to 0.77 decimal, thus representing a

substantial gain.
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Contrast sensitivity is a key component of visual quality and functional vision [25]. Previous studies have consistently

demonstrated that scleral lens fitting is associated with improved contrast sensitivity [26-29]. In one study involving 58 eyes
with keratoconus, pellucid marginal degeneration, or post-keratoplasty astigmatism, scleral lenses were prescribed to
evaluate visual performance and quality of life [26]. Pre-fitting assessments included refraction as well as measurement of
uncorrected and spectacle-corrected distance visual acuity and contrast sensitivity. The results evidenced a significant
improvement in contrast sensitivity, with values under scleral lens wear significantly higher than under both uncorrected
and spectacle-corrected conditions [26]. Consistent with this evidence, the present study also demonstrated a statistically
significant increase in contrast sensitivity following scleral lens fitting, with mean values improving from 14.55 to 20.33 dB,
indicating a substantial enhancement in visual quality.

Patient-reported outcomes further support the functional benefits of scleral lens wear. In one study, the National Eye
Institute Visual Function Questionnaire overall score was significantly higher in patients treated with scleral contact lenses
compared with their uncorrected condition [26]. High levels of patient satisfaction have been reported with modern scleral
lens designs in the management of various corneal abnormalities [24], and scleral lens wearers with keratoconus report
greater satisfaction with vision and comfort compared with gas-permeable lens users [30]. Consistent with current evidence
[23, 24, 26, 30], patient satisfaction was uniformly high in the present study, with all participants reporting satisfaction with
scleral lens wear 1-2 weeks after dispensing.

No adverse events were observed in the present study; all patients received detailed instructions and appropriate
education, with emphasis on strict adherence to prescribed lens care regimens. Scleral contact lenses represent a valuable
tool for visual rehabilitation following corneal transplantation and may delay or prevent further surgical intervention;
however, their successful use requires careful patient selection, precise fitting techniques, and close follow-up to monitor
potential complications [8, 9, 31]. Although scleral lenses can play an important role in improving or maintaining ocular
surface integrity in post-keratoplasty patients, their use should be approached with caution [7, 32]: concerns have been raised
regarding reduced oxygen transmission and potential long-term complications [33]. Scleral lenses are particularly beneficial
for eyes with irregular corneas, such as those with keratoconus or post-surgical corneal changes [34]. By vaulting the corneal
surface and maintaining a fluid reservoir, they contribute to ocular surface protection, while their high-oxygen-permeable
(high-Dk) materials support adequate oxygen transmission. Nevertheless, appropriate patient education and strict adherence
to prescribed lens care regimens remain essential for safe and successful scleral lens use [7, 32, 33].

Despite the advantages of scleral lenses, careful assessment of corneal thickness and endothelial cell density (ECD) is
recommended before lens fitting and throughout follow-up in post-keratoplasty patients, as ECD is shown to decline at a
higher rate following penetrating keratoplasty, independently of preoperative diagnosis. In eyes with ECD values of 400—
700 cells/mm?, scleral lens wear may be contraindicated unless the potential benefits outweigh the associated risks [35-37].
Patients fitted with scleral lenses after keratoplasty require close monitoring at regular intervals (every 3—4 months) for signs
of corneal hypoxia, neovascularization, or graft rejection. In addition to slit-lamp examination, baseline and follow-up
measurements of corneal pachymetry and ECD are essential [9, 32, 38]. Although the present study reports short-term visual
outcomes and patient satisfaction following scleral lens fitting, participants were enrolled in an ongoing long-term follow-
up program. Longitudinal monitoring of clinical parameters and safety outcomes continues beyond the scope of this report.

The strengths of this study include its prospective design, comprehensive assessment of both visual acuity and contrast
sensitivity, and incorporation of patient-reported outcomes. Limitations should be acknowledged, including the relatively
small sample size, short follow-up duration, and lack of a comparative control group. In addition, refractive error data could
not be reliably analyzed due to non-random missing measurements. Future studies with larger cohorts, longer follow-up,
and direct comparison with other contact lens modalities are warranted to further define the long-term efficacy, safety, and

optimal clinical indications of scleral lenses in post-keratoplasty visual rehabilitation.

CONCLUSIONS

Post-keratoplasty ametropia and corneal irregularity frequently limit visual rehabilitation with conventional optical
correction methods, including spectacles and soft or rigid contact lenses. The findings of the present study evidence that
scleral lenses provide a highly effective solution for managing postoperative refractive irregularities, resulting in significant
improvements in both visual acuity and contrast sensitivity, along with high levels of patient satisfaction. The ability of
scleral lenses to vault the corneal surface and create a smooth optical interface likely underlies these functional gains,
enabling meaningful enhancement of visual performance in post-keratoplasty eyes. These results support the role of scleral
lenses as a valuable non-surgical modality for visual rehabilitation in this patient population. Appropriate patient selection,
meticulous fitting, and regular follow-up are essential to ensure safety and optimize outcomes. Further studies with larger

sample sizes and longer follow-up are warranted to confirm long-term efficacy and safety.
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