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~—ABSTRACT ~

Background: The conventional management modality of refractive amblyopia is patching of the normal
eye, which has high recurrence rates. Modern technological advancements have the potential to offer
comprehensive visual rehabilitation and improvement in binocular single vision.

Aims: To compare the clinical efficacy of three novel interventions — Phakic intraocular lens (I0L),
Occlu-tab and Orthoptek Magnocellular Stimulator — in managing refractive amblyopia in adolescents and
young adults.

Methods: Young adults with refractive amblyopia who did not respond to occlusion therapy were
randomized into three groups: Occlu-tab, Orthoptek and Phakic IOL. Pre- and post-treatment best-corrected

\ visual acuity (BCVA), contrast sensitivity and stereoacuity were assessed. )
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(" Results: All three modalities produced significant within-group improvements in BCVA, contrast |
sensitivity and stereoacuity (p < 0.001). Best-corrected visual acuity improved comparably across the
three groups, including Orthoptek (mean gain 0.44), Occlu-tab (0.34) and Phakic IOL (0.29 logMAR).
There was no statistically significant difference between groups (p = 0.136). Contrast sensitivity gains
were higher for Occlu-tab (+0.78) and Orthoptek (+0.78) than for Phakic IOL (+0.59), with a significant
between-group difference (p = 0.003). Stereoacuity has markedly improved with Occlu-tab (715.62 sec arc)
and Orthoptek (713.54 sec arc) versus less improvement with a Phakic IOL (312.50 sec arc), with the
between-group difference being highly significant (p < 0.001).

Conclusion: In terms of final binocular functional success rates, Orthoptek and Occlu-tab therapies
were superior as compared to Phakic IOLs. A combination of amblyopia therapies should be the approach

in the near future.

-

Keywords: RCT, refractive amblyopia, Orthoptek Magnocellular Stimulator,

Occlu-tab, and Phakic IOL. )

BACKGROUND

mblyopia, or lazy eye, is a neurode-

velopmental ocular disease manifes-

ted as monocular and binocular im-

pairments, including vision reduction,

reduced contrast sensitivity, or even
loss of stereoscopic vision. Objectively, it can be
defined as a unilateral or, less commonly, bilat-
eral reduction in the best corrected visual acuity
that cannot be attributed directly to the effect of
any structural abnormality of the eye or the pos-
terior visual pathway with a difference of at least
two lines. Consequences of amblyopia include
poor stereovision, visual acuity, pattern recogni-
tion and low sensitivity to motion and contrast.
The worldwide incidence of lazy eye is 4-5%
and develops from birth to seven years of age. (1)
The earlier the onset of amblyopiagenic factors,
the greater the deficit. It is four times more com-
mon in premature children and six times more
common in children with delayed milestones.
Ingestion of certain drugs and alcohol during the
gestation period also increases the risk of ambly-
opia. Refractive amblyopia is one of the major
causes of visual impairment in children and
young adults due to unequal refractive errors be-
tween the two eyes or high refractive errors in
both eyes lead to disruption of normal visual de-
velopment (2). The current standard treatment
remains occlusion therapy of the fellow eye, but
the recurrence rate is still high, ranging between
25-50%. Also, traditional therapies focus on cor-
recting distant visual acuity only (3). Recent re-
search has focused on the eye-brain ability to

process motion, shape perception, spatial inter-
action, hyperacuity, contour integration and
binocular single vision (BSV) components that
can also be treated without cumbersome pat-
ching therapy (4). With technological advance-
ments in optical and digital platforms, various
novel modalities of amblyopia management are
available. Despite the availability of dichoptic
therapies, including Bynocs, CureSee and
ReVital, their high costs make them less afforda-
ble. Newer treatment options like phakic intra-
ocular lens implantation, Occlu-tab digital thera-
py and the Orthoptek Magnocellular Stimulator
have shown promise in enhancing visual out-
comes and achieving faster and sustainable bino-
cular function (5-8). Orthoptek is a non-invasive
instrument used in the treatment of amblyopia
of different types and other ocular disorders, like
nystagmus, fourth and sixth nerve palsies, loss of
stereopsis and cerebral palsy. While using this
instrument, there is a sequential stimulation of
the magnocellular and parvocellular pathways
within a stipulated interval of milliseconds, which
leads to stimulation of the frontoparietal area,
which in turn sends down to the foveal area in
V1 a glutamatergic top-down modulating influ-
ence.

This top-down impulse is believed to facili-
tate cortical plasticity through activation of visual
cortical pathways and modulation of neurotrans-
mitter systems, resulting in recovery from sup-
pression even in older children, adolescents and
young adults beyond the traditional critical peri-
od of amblyopia treatment. Visual improvement
is often subjectively noticed by patients after the
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first few treatment sessions. (9) The present study
was undertaken to compare the clinical out-
comes of three contemporary treatment modali-
ties — Phakic Intraocular Lens (IOL), Occlu-tab
and Orthoptek Magnocellular Stimulator — in
adolescents and young adults with refractory re-
fractive amblyopia, with particular emphasis on
visual acuity, contrast sensitivity and binocular
single vision outcomes. U

METHODS

e conducted a prospective interventional
randomized clinical trial (RCT) in patients
with refractive amblyopia aged 10 to 23 years
from January 2021 to August 2022 in a tertiary
care center. We randomized 24 eyes of 22 pa-
tients to three groups, including the Orthoptek
Magnocellular Stimulator (Carditek Pvt. Ltd.,
Bangalore, Karnataka, India), Occlu-Tab (Yaguchi
Electric Corporation, Japan) and Phakic Intraoc-
ular Lens (Eyecryl, Biotech Pvt. Ltd., Ahmedabad,
Gujarat, India). To ensure statistical rigor while
including both unilateral and bilateral amblyopia
cases, the primary analysis was to assess changes
in logMAR visual acuity using either a genera-
lized estimating equation or a mixed-effects
model, which incorporated a random patient in-
tercept to account for correlations between eyes.
Allowing for a conservative dropout rate of 15%,
a sample size of 24 eyes per group achieves 80%
power to detect a clinically relevant difference of
0.15 logMAR (with a standard deviation of 0.15)
in visual acuity improvement between three
groups. Multiple comparisons were controlled
by applying a Bonferroni-adjusted significance
level of oo = 0.0167. We did the most rigorous
double-block computer-generated randomiza-
tion-sealed envelope method to generate the
randomization sequence. This system creates
unique randomized alphanumeric codes tied di-
rectly to the treatment assignments. It also de-
fined three study arms and utilized randomly
mixed block sizes to prevent investigators from
predicting the final participant assignment in a
block. For allocation concealment, the double
block sizes remained concealed from resear-
chers using a centralized Interactive Web Res-
ponse System (IWRS) to acquire the assignment
only after a participant had been enrolled.
Patients with bilateral refractive amblyopia
were equally distributed in all three groups to

observe effectiveness in all types of refractive
amblyopia. The study was single-blinded, as the
principal investigator did not assess the pre- and
post-therapy parameters.

This study was initiated after due approval
from the Institutional Ethics Committee and was
conducted in accordance with the Declaration
of Helsinki. In patients under 18 years of age,
informed consent was documented from pa-
rents, and in those aged over 18 from the patient
in addition to a minimum of one witness. This
trial was registered with the Clinical Trial Registry
of India (number CTRI/2021/01/030394).

The inclusion criteria comprised: patients
aged 10-23 years with best corrected distance
visual acuity (BCVA) recorded on the log of mini-
mum angle of resolution (logMAR) chart in the
amblyopic eye of less than 0.2; refractive am-
blyopia patients not improving with glasses or
contact lenses and occlusion therapy for three
months; and anterior chamber depth of
>2.8 mm and endothelial density more than
2700 cellsymm? as per the standard protocol for
Phakic IOL under aseptic conditions — for the
safety of patients in the Phakic IOL group, we
followed the strict surgical criteria as per the
study by Morya et al. and the Amblyopia subsec-
tion on Phakic IOL on Eyewiki (5, 17); and re-
fractive amblyopia of all types with stable refrac-
tive error for a year.

Patients with strabismic amblyopia or other
amblyopias, those with history of glaucoma, ac-
tive inflammation, cataract, previous intraocular
surgery, or any other ocular disease, and patients
who refused to be a part of this study or lost to
follow-ups were all excluded.

A comprehensive ocular examination was
performed on all patients. This included recor-
ding the demographics, unaided distant visual
acuity (UCVA) and best-corrected visual acuity
(BCVA) by digital logMAR chart; refraction;
slit-lamp and fundus examination; Hirschberg
corneal reflex for ocular alignment; cover, un-
cover, and alternate cover test; applanation to-
nometry for measuring intraocular pressure
(IOP); optical coherence tomography (OCT);
contrast sensitivity by Pelli Robson Chart; stereo-
acuity by Titmus Fly Stereo Test; corneal topo-
graphy; pachymetry; and specular microscopy,
which was performed on all patients. All patients
randomized to the Phakic IOL arm fulfilled ac-
cepted surgical eligibility criteria, including sta-
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ble refractive error for at least one year, anterior
chamber depth greater than 2.8 mm, endothelial
cell density greater than 2700 cells/mm?, and ab-
sence of ocular pathology. Detailed counselling
regarding treatment alternatives, benefits, and
risks was provided before enrollment, and writ-
ten informed consent was obtained from all par-

FIGURE 1. Phakic IOL in the eye

FIGURE 2. Occlu-tab therapy

-
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FIGURE 3. Orthoptek Magnocellular
Stimulator screen

/
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ticipants or their guardians. Values beyond the
measurable range of the test were recorded as
800 seconds of arc, which represented the cei-
ling value used for statistical analysis.

All patients underwent occlusion therapy for
three months before being randomized into the
three interventional arms: Orthoptek Magnoce-
[lular Stimulator, Occlu-tab, or Phakic IOL. Pa-
tients in the Occlu-tab and Orthoptek groups
were given binocular/dichoptic therapy after
best-corrected glasses or contact lenses as per
standard protocols for three months. Participants
in all three groups were followed up at one week
(early follow-up), two months (intermediate fol-
low-up) and six months (late follow-up). Contrast
sensitivity, stereoacuity, visual outcomes and any
complications were duly noted at each follow-up
visit. To avoid any confounding factors and hete-
rogeneity in all the study arms, patients were not
exposed to any other therapy during the total
follow-up period of six months; otherwise, re-
sults would have been falsified.

Statistical analysis
Statistical analysis was performed using SPSS ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). Data
normality was assessed using the Shapiro-Wilk
test. As BCVA, contrast sensitivity and stereoacu-
ity data demonstrated non-normal distribution
(Shapiro-Wilk p < 0.05), non-parametric statisti-
cal methods were employed. Continuous vari-
ables were expressed as mean + SD and cate-
gorical variables as frequencies and percentages.
Within-group comparisons across follow-up vis-
its were analyzed using the Wilcoxon signed-rank
test. Between-group comparisons involving all
three treatment groups were performed using
the Kruskal-Wallis test. When significant overall
differences were identified, pairwise post-hoc
comparisons were performed using the
Mann-Whitney U test. Categorical variables
were compared using the Chi-square test when
expected cell frequencies were =5 and Fisher's
exact test when expected frequencies were <5.
Since only two patients in each treatment
arm contributed bilateral eyes, a sensitivity ana-
lysis restricted to one eye per patient demons-
trated comparable results. Therefore, all eligible
eyes were retained for the primary analysis. Tem-
poral recovery trends were additionally illustra-
ted using Kaplan-style recovery curves, while
multidimensional treatment performance was
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visualized using radar charts and violin plots. A
p-value <0.05 was considered statistically sig-
nificant throughout the analysis. 1

RESULTS

he study included 72 eyes distributed equally

among the three treatment groups, including
Occlu-tab, Orthoptek and Phakic IOL. Baseline
age and sex distribution were comparable across
groups, with all three groups showing reduced
baseline best-corrected visual acuity, poor con-
trast sensitivity and markedly reduced stereoacu-
ity before treatment (Table 1). The Occlu-tab and
Orthoptek groups were well matched at baseline
in the uploaded comparative analysis.

Best-corrected visual acuity improved signifi-
cantly in all three treatment groups (Table 2). Or-
thoptek showed the largest mean BCVA improve-
ment, from 0.50 £ 0.32 logMAR to 0.06 = 0.11
logMAR. Occu-tab improved from 0.42 = 0.20 to

0.08 0.07 logMAR and Phakic IOL from
0.40 = 0.21 to 0.11 = 0.13 logMAR. Although
Orthoptek showed the greatest numerical gain,
the between-group comparison for BCVA im-
provement was not statistically significant
(Kruskal-Wallis p = 0.136), indicating that all
three modalities produced clinically meaningful
improvement without clear statistical superiority
for BCVA alone. These findings are consistent with
the comparative analysis showing significant
within-group improvement but no significant
Occlu-tab versus Orthoptek difference.

Contrast sensitivity improved significantly in
all groups (Table 3). Occlu-tab and Orthoptek
showed nearly identical final mean gains of
+0.78, whereas Phakic IOL showed a smaller
but still significant mean gain of +0.59.
Orthoptek demonstrated the fastest early con-
trast sensitivity response, reaching 1.73 = 0.15
at early follow-up, compared with 1.39 = 0.20
in Occu-tab and 1.26 = 0.15 in Phakic IOL. The

*
+
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Parameter Occlu-tab | Orthoptek | Phakic IOL | TABLE 1. Study groups
Sample size 24 24 24 and baseline profile
Mean age, years 14.04+3.62 | 14.67+3.94 | 14.17 +3.50
Male:female 12:12 13:11 12:12
Baseline BCVA, logMAR 0.42+0.20 |050+032 [040+0.21
Baseline contrast sensitivity 1.00+£0.21 |1.00£0.21 |1.07+0.22
Baseline stereoacuity, seconds of arc | 800 800 800
BCVA: best-corrected visual acuity
Time Point Occlu-tab | Orthoptek | Phakic IOL | TABLE 2. Best-corrected visual acuity
Baseline/pre-treatment | 0.42 +0.20 | 0.50 £0.32| 0.40 +0.21 | (BCVA) changes over time
Early follow-up 023+0.13| 025015 0.20+0.11
Intermediate follow-up | 0.12+0.07 | 0.04+0.06 | 0.14+0.12
Final follow-up 0.08+0.07| 0.06+0.11| 0.11+0.13
Mean improvement 034+0.19| 044+027| 0.29+0.15
Within-group p-value | <0.001 <0.001 <0.001
Time point Occlu-tab | Orthoptek | Phakic IOL | TABLE 3. Contrast sensitivity changes
Baseline/pre-treatment | 1.00 £+ 0.21 1.00 £ 0.21 1.07 £0.22 | overtime
Early follow-up 1.39 £ 0.20 1.73 £ 0.15 1.26 £ 0.15
Intermediate follow-up | 1.73 +0.15 1.81 £0.12 1.65+0.22
Final follow-up 1.78 £ 0.08 1.78 £ 0.17 1.67+0.21
Mean improvement +0.78 £0.21 | +0.78 +0.20 | +0.59 +0.21
Within-group p-value | <0.001 <0.001 <0.001
Time point Occlu-tab Orthoptek | Phakic IOL__| TABLE 4. Stereoacuity changes
Baseline/pre-treatment | 800 800 800 over time
Early follow-up 17500+ 51.08 [ 110.42 £29.41 | 687.50 £ 93.22
Intermediate follow-up | 116.67 £ 35.10 [ 78.12 + 8.45 587.50 + 78.41
Final follow-up 84.38+17.77 | 86.46+35.34 | 487.50 + 66.35
Mean improvement 71562+ 17.77 | 713.54 +£ 35.34 | 312.50 + 66.35
Within-group p-value | <0.001 <0.001 <0.001
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Final outcome Occlu-tab Orthoptek Phakic IOL

BCVA <0.1 logMAR 20/24 (83.3%) | 22/24 (91.7%) | 13/24 (54.2%) | Success rates
Contrast sensitivity >1.8 | 23/24 (95.8%) | 21/24 (87.5%) | 16/24 (66.7%)

Stereoacuity <100 sec arc | 23/24 (95.8%) | 22/24 (91.7%) | 0/24 (0%)

TABLE 5. Final functional

BCVA: best-corrected visual acuity
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FIGURE 7. Violin plots of treatment outcomes at six months
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between-group difference in contrast sensitivity
gain was statistically significant (Kruskal-Wallis
p = 0.003), suggesting stronger functional visual
quality recovery with Occlu-tab and Orthoptek
than with Phakic IOL.

Stereoacuity was checked using the Titmus
Fly Stereo test, showing the most striking differ-
ence between treatment modalities (Table 4).
Occlu-tab improved from 800 seconds of arc to
84.38 £ 17.77 seconds of arc and Orthoptek
from 800 to 86.46 * 35.34 seconds of arc.
These values indicate restoration of fine stereop-
sis in most patients. In contrast, Phakic IOL im-
proved from 800 to 487.50 + 66.35 seconds of
arc, showing partial binocular recovery but not
the same level of fine stereopsis achieved by the
binocular therapy groups. The between-group
difference in stereoacuity improvement was
highly significant (Kruskal-Wallis p < 0.001).
This supports the interpretation that Occlu-tab
and Orthoptek are superior for binocular sensory
rehabilitation, while Phakic 1OL primarily im-
proves optical clarity and visual acuity.

Final functional success was highest for the
binocular therapy groups (Table 5). Occlu-tab
and Orthoptek achieved high rates of good
BCVA, high contrast sensitivity and fine stereoa-
cuity, while Phakic IOL achieved meaningful
BCVA and contrast sensitivity improvement, with
none of the eyes reaching stereoacuity <100 se-
conds of arc at the final follow-up. The
Kaplan-style recovery curve test was appropriate
for measuring clinical visual improvement at spe-
cific time points. 4

DISCUSSION

o the best of our knowledge, this is the first

RCT comparing these three modalities in the
treatment of amblyopia in adolescents and
young adults. Each of the analysed interventions
has been shown to be effective in treating am-
blyopia in children and young adults.

The effectiveness of treating amblyopia in
children using a Phakic IOL has been established
in several previous case series and has been de-
scribed much earlier than Occlu-tab and
Orthoptek, which are relatively more recent in-
terventions. Lesueur et al. (10) showed good re-
sults with a Staar Surgical Phakic IOL in 12 eyes
of 11 children with a mean postoperative BCVA
of 20/63. Similarly, Althomali (11) reported sig-

nificant improvement in spherical equivalent cy-
cloplegic refraction and corrected distance visual
acuity in a series of six patients. Similar benefits
were seen in small series by BenAzra et al. (12).
A recent study of Morya et al. (5) showed that
children had an improvement in visual acuity of
an average of 2.6 lines at three months, which
was maintained at a year. Endothelial loss,
thought to be a concern with this method of
treatment, was noted to be insignificant in their
study. While the Phakic IOL itself does not di-
rectly "revamp" the brain, it maximizes the opti-
cal input required to do so. By placing a clear,
well-focused image on the retina of the amblyo-
pic eye, the brain is encouraged to break cortical
suppression as the phenomenon of aniseikonia is
prevented (12).

The modality of a modified iPad or Occlu-tab
was first described by Handa et al. (13) in their
series of seven patients with promising results.
Subsequently, lwata et al. (14) found similar en-
couraging results in their series of 22 patients.
The same group performed an RCT between
glasses only and a combination of glasses with an
Occlu-tab device, demonstrating superiority of
the latter method in terms of visual acuity (15).
They also showed that the compliance rate with
the Occlu-tab device approximated 70% at
six months. This indicates an improvement over
occlusion therapy, in which low compliance
rates of children remain a key concern. In a pro-
spective study comparing eye-patch with
Occlu-tab, Handa et al. (8) showed a significantly
greater improvement in BCVA with Occlu-tab
than with eye-patch. Similarly, a study conduc-
ted by Jethani et al. (7) in a younger cohort with
a mean age of 6.8 years reported a significant
improvement with supplemental Occlu-tab ther-
apy in patients where partial occlusion had been
unsuccessful. Kelly et al. (16) carried-out an RCT
with 14 patients in each arm that compared
Occlu-tab with patching. They showed that
Occlu-tab was more efficacious than patching at
two weeks, but their study had the shortcoming
of a short follow-up of only four weeks.

The use of an Orthoptek Magnocellular Sti-
mulator (OMS) was described by Santhan Gopal
et al. in 2020 (9). This device is based on the
principle of stimulating the overt attention center
in the brain, which then stimulates the lateral oc-
cipital cortex. In a series of 35 patients, success
was noted in 94% of subjects with significant im-
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provements in stereopsis, visual acuity and stra-
bismus.

The comparison between Phakic IOL and
binocular rehabilitation therapies requires care-
ful interpretation because these interventions
target different components of amblyopia.
Phakic IOL implantation primarily addresses the
optical component by correcting high refractive
error and reducing retinal image blur, whereas
Occlu-tab and Orthoptek are designed to en-
hance cortical plasticity, binocular integration
and sensory rehabilitation. No postoperative
patching, perceptual learning, or binocular trai-
ning was administered in the Phakic IOL group.
Consequently, although Phakic IOL significantly
improved visual acuity, its ability to restore fine
stereopsis was inherently limited when com-
pared with active binocular rehabilitation strate-
gies.

In our study, all three treatment modalities,
including Occlu-tab, Orthoptek and Phakic IOL,
produced significant improvements in visual
function in amblyopic eyes. Best-corrected visu-
al acuity improved in each group, confirming
that all three approaches can meaningfully con-
tribute to visual rehabilitation. Although
Orthoptek demonstrated the greatest numerical
gain in BCVA over time, the differences between
groups were not statistically significant.

Improvements in contrast sensitivity were ob-
served across all arms. However, Occlu-tab and
Orthoptek achieved stronger final gains than the
Phakic IOL, with Orthoptek showing more rapid
early recovery. These findings suggest that digital
and binocular therapies may offer additional
benefits beyond acuity, enhancing the overall
quality of visual processing.

The most notable distinction between treat-
ments emerged in stereoacuity. Occlu-tab and
Orthoptek  produced substantial recovery,
shifting patients from poor baseline stereopsis

into the fine stereopsis range by final follow-up.
In contrast, Phakic IOL yielded only partial im-
provement. This indicates that Occlu-tab and
Orthoptek are more effective at promoting versus
visual recovery, a key goal in modern amblyopia
management.

Limitations of the study

The present study included a small number of
bilateral amblyopic patients, resulting in limited
inter-eye dependency. Although sensitivity ana-
lysis demonstrated no meaningful change in out-
comes, future studies employing generalized es-
timating equations or mixed-effects modelling
would provide more robust adjustment for cor-
related ocular data. Additionally, the follow-up
period was limited to six months, so a longer-term
evaluation is required to determine the durabili-
ty of binocular visual rehabilitation achieved
with these treatment modalities.

CONCLUSION

n summary, Phakic IOL remains a valuable op-
tion for optical rehabilitation in selected am-
blyopic eyes with high refractive error, particu-
larly when refractive correction is the primary
barrier to vision. Nevertheless, Occlu-tab and
Orthoptek demonstrated superior binocular
functional outcomes, especially in stereoacuity
and contrast sensitivity. Collectively, these results
highlight digital binocular therapy as a central
component of sensory rehabilitation in amblyo-
pia, while positioning Phakic IOL as a useful ad-
junctive optical strategy rather than a standalone
solution. U
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