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Highlights
What are the main findings?

e Multidisciplinary low vision rehabilitation significantly improved visual, functional,
educational, and mobility outcomes in children.

e Electronic low vision aids provided greater improvements in near visual acuity and
reading performance than non-electronic low vision aids.

What is the implication of the main finding?

e Comprehensive paediatric low vision rehabilitation supports improved functional
independence and educational participation in children with visual impairment.

e Electronic low vision aids may provide additional benefits for near visual function
and reading performance when incorporated into multidisciplinary rehabilitation.

Abstract

Purpose: To evaluate the visual, functional, educational, and mobility outcomes of a com-
prehensive pediatric low vision rehabilitation (LVR) program and determine whether
electronic low vision aids (LVAs) provide additional benefit. Methods: A multicenter pro-
spective observational cohort study was conducted across three tertiary low vision reha-
bilitation centers in Jordan. Two hundred children aged 6-16 years with moderate-to-se-
vere visual impairment were enrolled. The intervention group (1 = 150) received compre-
hensive multidisciplinary rehabilitation, including optical LVAs, rehabilitation training,
educational support, and electronic LVAs when indicated, while the comparison group
(n =50) received routine low vision care without participation in the structured multidis-
ciplinary rehabilitation program. Primary outcomes were LogMAR distance visual acuity
(VA) and LV Prasad Functional Vision Questionnaire (FVQ) scores. Secondary outcomes
included near VA, reading speed, mathematics performance, and mobility independence.
Results: At 12 months, the intervention group demonstrated significant improvement in
distance VA from 0.87 + 0.13 to 0.65 + 0.11 LogMAR (mean change —0.22; 95% confidence
interval [CI], -0.25 to -0.19; p < 0.001), whereas the comparison group showed only mini-
mal improvement. FVQ scores increased significantly from 42.3 + 8.7 to 76.5 + 9.1 (+34.2
points; p < 0.001). Within the intervention group, reading speed improved by 25.3
words/minute, mathematics scores by 15.7%, and mobility independence by 32% (all p <
0.001), whereas only minimal changes were observed in the comparison group. Multivar-
iate regression analysis identified electronic LVA use as the strongest independent pre-
dictor of functional improvement (3 = 0.41, p <0.001). Conclusions: Comprehensive pedi-
atric low vision rehabilitation improved visual, educational, and mobility outcomes. In an
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exploratory subgroup analysis, children using electronic low vision aids demonstrated
greater functional improvement than those using non-electronic low vision aids.

Keywords: low vision rehabilitation; pediatric visual impairment; electronic low vision
aids; functional vision; visual rehabilitation

1. Introduction

Childhood visual impairment remains a major global public health challenge, dis-
proportionately affecting children in low- and middle-income countries (LMICs), where
access to specialized ophthalmic and rehabilitation services is often limited [1,2]. Alt-
hough many causes of childhood blindness are preventable or treatable, a considerable
proportion of children experience irreversible visual impairment requiring long-term re-
habilitative intervention rather than curative treatment [2,3]. In these children, reduced
visual function may substantially impair educational attainment, psychosocial develop-
ment, mobility independence, and quality of life [4].

In the Eastern Mediterranean Region, uncorrected refractive error, amblyopia, retinal
disorders, corneal opacity, and cataract remain major causes of childhood visual impair-
ment [3,5]. Retinopathy of prematurity remains an important cause of childhood visual
impairment worldwide, particularly in middle-income countries where neonatal survival
has improved substantially [5]. Jordan has witnessed progressive development in pediat-
ric ophthalmic care over the past decade; however, structured low vision rehabilitation
services remain inconsistently distributed across the region and are frequently concen-
trated within tertiary referral centers. Access to assistive technologies and specialized re-
habilitation programs remains limited, particularly for school-aged children requiring
long-term educational support [1,2,4,6].

Visual impairment during childhood affects multiple developmental domains ex-
tending beyond visual acuity alone [7]. Difficulties in reading fluency, visuomotor coor-
dination, environmental navigation, classroom participation, and social interaction may
lead to reduced academic achievement and long-term social dependency [8,9]. Conse-
quently, modern pediatric low vision rehabilitation aims not only to improve visual task
performance but also to optimize functional independence and participation in daily life.
Delayed access to rehabilitation services may adversely affect developmental and psycho-
social outcomes in children with vision loss [8]. Cerebral visual impairment has emerged
as one of the leading causes of childhood visual impairment in many developed countries
owing to improved survival of premature infants and children with neurological disor-
ders [9].

Comprehensive LVR typically combines optical devices, environmental modifica-
tions, orientation and mobility training, educational adaptations, and assistive technolo-
gies to maximize functional vision and participation in daily activities [10-12]. Previous
studies conducted predominantly in high-income countries have demonstrated that struc-
tured rehabilitation programs improve reading efficiency, near-task performance, and vi-
sion-related quality of life [12-14]. Nevertheless, evidence from LMIC settings remains
comparatively limited, particularly regarding long-term pediatric outcomes and educa-
tional performance [15].

Electronic LVAs, including portable video magnifiers, closed-circuit television sys-
tems, digital magnification software, and optical character recognition devices, have
emerged as important adjuncts to conventional optical rehabilitation [14,16]. Unlike tra-
ditional magnifiers, electronic LVAs provide adjustable magnification, contrast enhance-
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ment, brightness control, and text-to-speech functionality, potentially enabling more sus-
tained visual task performance in educational environments. Several studies have sug-
gested that assistive technologies and structured rehabilitation interventions may im-
prove reading performance, functional vision, and participation among individuals with
low vision [13-16]. However, access to these technologies in developing countries remains
restricted because of financial and infrastructural barriers.

Despite increasing recognition of the importance of pediatric rehabilitation, there re-
mains a lack of large-scale multicenter studies evaluating low vision rehabilitation out-
comes in Jordan and across the Eastern Mediterranean Region. Furthermore, limited data
are available regarding the specific contribution of electronic LVAs to functional and ed-
ucational outcomes among visually impaired children in LMIC contexts.

Therefore, the present study aimed to evaluate the visual, functional, academic, and
mobility outcomes of a comprehensive pediatric low vision rehabilitation program con-
ducted across multiple centers in Jordan. In addition, the study sought to determine
whether the incorporation of electronic low vision aids provided additional benefit be-
yond conventional rehabilitation alone.

2. Methods
2.1. Study Design and Setting

This prospective observational cohort study was conducted across three tertiary low
vision rehabilitation centers in Jordan. Participants were enrolled between January and
December 2024 and were followed for 12 months after enrolment. The study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guide-
lines and was designed to evaluate the effectiveness of a comprehensive pediatric low
vision rehabilitation program in children with moderate-to-severe visual impairment.

The participating centers represented major referral facilities providing specialized
pediatric low vision services in Jordan and served children from both urban and semi-
urban regions. Standardized rehabilitation protocols and assessment procedures were im-
plemented across all participating centers to ensure consistency of intervention delivery
and outcome evaluation.

The study adhered to the principles of the Declaration of Helsinki and received ap-
proval from the Institutional Review Board of Jordan University of Science and Technol-
ogy (IRB No. 680). Written informed consent was obtained from parents or legal guardians
prior to enrolment. Assent was additionally obtained from participating children when-
ever appropriate according to age and cognitive ability.

2.2. Sample Size Calculation

Sample size estimation was performed using G*Power version 3.1 (Heinrich Heine
University, Diisseldorf, Germany). Based on a moderate expected effect size (Cohen’s d =
0.5), an alpha level of 0.05, and statistical power of 90% for within-subject comparisons
between baseline and follow-up assessments, the minimum required sample size was cal-
culated as 172 participants. To compensate for an anticipated attrition rate of approxi-
mately 15%, a total sample of 200 children was recruited.

2.3. Participants

Children aged 6-16 years diagnosed with moderate-to-severe visual impairment ac-
cording to World Health Organization criteria were eligible for inclusion. Participants
were recruited consecutively from the participating rehabilitation centers during routine
clinical referral.
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2.4. Inclusion Criteria
Children were included if they:

*  Had stable visual impairment not amenable to further medical or surgical treatment;

*  Demonstrated sufficient cognitive ability to complete functional and educational as-
sessments;

= Were enrolled in formal educational programs;

*  Were willing to participate in scheduled rehabilitation sessions and follow-up assess-
ments.

2.5. Exclusion Criteria
Children were excluded if they:

*  Had acute ophthalmic disease requiring ongoing medical intervention;

=  Had severe neurological or developmental disorders significantly limiting participa-
tion in rehabilitation activities;

*  Had previous structured low vision rehabilitation within the preceding 12 months;

=  Failed to complete baseline assessments.

A total of 217 children were screened for eligibility, of whom 200 met the inclusion
criteria and were enrolled. Participants were categorized into either a comprehensive re-
habilitation group (n = 150) or a comparison group (n = 50) according to routine clinical
care pathways rather than random assignment.

This study was designed as a prospective observational cohort study rather than a
randomized controlled trial. Assignment reflected routine clinical care pathways within
participating rehabilitation centers. Children who received the structured multidiscipli-
nary rehabilitation program constituted the intervention cohort, whereas children receiv-
ing routine low vision care, including refractive correction and conventional low vision
management, without participation in the structured multidisciplinary rehabilitation pro-
gram, served as the comparison group. The study aimed to evaluate real-world rehabili-
tation outcomes under routine clinical practice conditions.

Allocation to the intervention or comparison group was determined according to
routine clinical care pathways at the participating rehabilitation centers rather than ran-
dom assignment. Children referred to and enrolled in the structured multidisciplinary
rehabilitation program were included in the intervention group, whereas those receiving
routine low vision care without participation in the structured rehabilitation program con-
stituted the comparison group. Within the intervention group, the prescription of elec-
tronic or non-electronic low vision aids was individualized based on clinical assessment,
taking into account factors such as baseline visual function, visual demands, age, educa-
tional requirements, manual dexterity, cognitive ability, anticipated compliance, device
availability, affordability, and clinician judgment. No single clinical characteristic alone
determined device allocation.

Children in the intervention group received a structured multidisciplinary rehabili-
tation program consisting of functional assessment, low vision aid prescription, orienta-
tion and mobility training, educational adaptation, and parental counselling. Children in
the comparison group received routine low vision care, including refractive correction
and conventional low vision management, without participation in the structured multi-
disciplinary rehabilitation program. The study did not withhold treatment; rather, it com-
pared outcomes between children receiving routine care and those enrolled in the com-
prehensive rehabilitation program.

Within the intervention group, the selection of electronic or non-electronic low vision
aids was individualized according to routine clinical practice and based on a comprehen-
sive clinical assessment. Factors considered included the severity of visual impairment,
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near visual demands, educational requirements, age, cognitive ability, manual dexterity,
anticipated compliance, device availability, affordability, and clinician judgment. The pri-
mary analysis compared the intervention group with the comparison group. In addition,
a prespecified secondary subgroup analysis was conducted within the intervention cohort
to compare outcomes between children prescribed electronic LVAs (1 = 94) and those pre-
scribed non-electronic LVAs (1 = 56).

During the 12-month follow-up period, nine participants (4.5%) were lost to follow-
up, including six from the intervention group and three from the comparison group. Sen-
sitivity analyses were performed using last observation carried forward for missing data.

2.6. Baseline Clinical Characteristics

Baseline demographic and clinical characteristics were recorded for all participants
before initiation of the rehabilitation program.

2.7. Rehabilitation Intervention

The comprehensive rehabilitation program consisted of three sequential phases: de-
tailed functional assessment, individualized device prescription, and structured rehabili-
tation training.

2.8. Comprehensive Functional Assessment

All participants underwent standardised ophthalmic and functional evaluation at
baseline and follow-up visits. Assessments included:

=  Distance VA using LogMAR charts;

- Near VA using M notation;

®=  Contrast sensitivity assessment using the Pelli-Robson chart;
=  Functional vision assessment using the LV Prasad FVQ;

*  Educational performance testing;

*  Mobility evaluation.

2.9. Optical and Electronic LV As Prescription

Optical rehabilitation devices included handheld magnifiers (3x-7x), dome magnifi-
ers, stand magnifiers, and spectacle-mounted magnification systems. Device selection was
individualized according to visual demands, age, and educational requirements.

Electronic LVAs included portable electronic magnifiers, closed-circuit television
(CCTV) systems, tablet-based digital magnification software, and optical character recog-
nition (OCR) reading devices. Electronic LVA usage was defined as utilization during at
least four school-related sessions per week throughout the rehabilitation period.

2.10. Rehabilitation Training

Structured rehabilitation training included:
=  Eight orientation and mobility sessions;
= Six low vision device training sessions;
= Teacher-oriented educational adaptation sessions;
*  Parental counselling and home-environment guidance.

Training sessions were delivered by multidisciplinary rehabilitation teams consisting
of optometrists, low vision specialists, mobility trainers, and educational support person-
nel.
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2.11. Functional Vision Assessment

Functional vision was evaluated using a modified version of the LV Prasad Func-
tional Vision Questionnaire (FVQ) adapted for pediatric low vision assessment [17]. The
questionnaire consisted of 16 items evaluating four domains:

. Near-vision activities;
= Distance-vision activities;
= Activities of daily living;
®=  Mobility-related tasks.
Responses were graded using a three-point scale:

* (0 =unable to perform;
= 1=able to perform with difficulty;
= 2=able to perform independently.

Total scores were converted to a percentage scale ranging from 0 to 100, with higher
scores indicating better functional visual performance. Internal consistency of the ques-
tionnaire in the present study was high (Cronbach’s o = 0.91).

2.12. Academic Assessments

Academic performance was evaluated using standardized educational assessments
appropriate for participant age and school grade. Outcome measures included:

= Reading comprehension accuracy (% correct responses);
= Reading speed (words per minute wpm);
=  Mathematics performance (% standardised score).

All educational assessments were conducted under standardised lighting and view-
ing conditions.

Reading performance was assessed using age-appropriate standardized reading pas-
sages. Reading speed was recorded as the number of correctly read words per minute
(wpm). Mathematics performance was assessed using curriculum-based standardized
mathematics tests appropriate for the participant’s educational level and reported as per-
centage scores.

2.13. Mobility Assessment

Mobility independence was assessed using a structured five-item mobility rating
scale evaluating:

. Indoor navigation;

®=  QOutdoor mobility;

. Obstacle avoidance;

= Stair negotiation; and;

* Independent classroom mobility.

Each item was scored on a 3-point scale ranging from 0 to 2, with higher scores indi-
cating greater independence.

2.14. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 29 (IBM Corp.,
Armonk, NY, USA). Continuous variables were presented as mean + standard deviation
(SD), while categorical variables were presented as frequencies and percentages.

Within-group comparisons were analyzed using paired t-tests, whereas between-
group comparisons were assessed using independent ¢-tests. Repeated-measures analysis
of variance (ANOVA) was used to evaluate changes over time. Multiple linear regression

https://doi.org/10.3390/children13081030



Children 2026, 13, 1030

7 of 16

analysis was performed to identify predictors of functional improvement following reha-
bilitation.

Effect sizes were calculated using Cohen’s d, and 95% confidence intervals (Cls) were
reported where appropriate. Multicollinearity within regression models was assessed us-
ing variance inflation factor (VIF) analysis. Statistical significance was defined as p < 0.05.

3. Results
3.1. Participant Flow and Follow-Up

A total of 217 children were screened for eligibility during the study period. Of these,
200 participants met the inclusion criteria and were enrolled in the study, including 150
children in the intervention group and 50 in the comparison group. During the 12-month
follow-up period, nine participants (4.5%) were lost to follow-up, including six from the
intervention group and three from the comparison group. The overall study completion
rate was 95.5%. A post hoc power analysis based on the final analyzed sample sizes
demonstrated adequate statistical power for the primary between-group comparison be-
tween the intervention and comparison groups (achieved power = 94.6%).

Missing follow-up data were handled using last observation carried forward. Sensi-
tivity analyses demonstrated no material change in the direction or statistical significance
of the study findings. Attendance records were maintained for all rehabilitation sessions.
Rehabilitation adherence was calculated as the percentage of scheduled sessions attended
during the study period. Participants attending at least 80% of scheduled sessions were
considered adherent to the rehabilitation program. A participant flow diagram is pre-
sented in Figure 1.

Assessed for eligibility
(n=217)

'

Excluded
(n=17)

¥

Enrolled
(n = 200)

l
v |

‘ Intervention group Comparison group

(n=150) (n=50)

' Completed follow-up

i (n = 144) (n=47)
Lost to follow-up i Lost to follow-up i
§ (n=6) | ;L (n=3) |

B T j SO0 a IO |

Subdivisions of the intervention group

Electronic LVAs Non-Electronic LVAs
(n=94) (n=56)

Figure 1. Flow diagram illustrating participant screening, enrollment, allocation to the intervention
and comparison groups, follow-up, and subdivision of the intervention cohort into the Electronic
LVA and Non-Electronic LVA subgroups.
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3.2. Baseline Demographic and Clinical Characteristics

Baseline demographic and clinical characteristics are summarized in Table 1. No sta-
tistically significant differences were identified between the intervention and comparison
groups at baseline (p > 0.05 for all comparisons), indicating adequate comparability be-
tween groups prior to rehabilitation.

Table 1. Baseline demographic and clinical characteristics of study participants.

Characteristic Intervention Group (n =150) Comparison Group (n=50) p Value
Age (years), mean + SD 10.5+2.8 10.2 £ 3.0 0.58
Male sex, n (%) 81 (54.0) 27 (54.0) 0.99
Urban residence, 1 (%) 104 (69.3) 32 (64.0) 0.47
Baseline distance VA (LogMAR), mean + SD 0.87£0.13 0.89£0.14 0.41
Baseline FVQ score, mean + SD 42.3+8.7 43.1+9.1 0.55
Albinism, 1 (%) 42 (28.0) 14 (28.0) 0.99
Retinopathy of prematurity, n (%) 33 (22.0) 11 (22.0) 0.99
Congenital cataract, 1 (%) 27 (18.0) 9 (18.0) 0.99
Inherited retinal disorders, n (%) 23 (15.3) 7 (14.0) 0.82
Optic nerve disorders, 1 (%) 15 (10.0) 5 (10.0) 0.99
Other diagnoses, 1 (%) 10 (6.7) 4 (8.0) 0.74

Functional Vision Questionnaire (FVQ); standard deviation (SD); visual acuity (VA).

The mean participant age was 10.4 + 2.9 years, and 54% of participants were male.
Albinism represented the most common underlying diagnosis (28%), followed by reti-
nopathy of prematurity (22%), congenital cataract (18%), inherited retinal disorders (15%),
optic nerve disorders (10%), and miscellaneous causes (7%).

Mean baseline distance visual acuity was 0.87 + 0.13 LogMAR in the intervention
group and 0.89 + 0.14 LogMAR in comparison group. Baseline FVQ scores were similarly
comparable between groups.

3.3. Visual Acuity Outcomes
3.3.1. Distance Visual Acuity

Significant improvement in distance visual acuity was observed in the intervention
group following rehabilitation. Mean distance visual acuity improved from 0.87 + 0.13
LogMAR at baseline to 0.65 + 0.11 LogMAR at 12 months, corresponding to a mean im-
provement of -0.22 LogMAR (95% confidence interval [CI], —0.25 to —0.19; p < 0.001) and
a large effect size (Cohen’s d = 0.84).

In contrast, the comparison group demonstrated only minimal improvement during
follow-up, with mean visual acuity improving from 0.89 + 0.14 to 0.83 + 0.13 LogMAR.
Between-group comparison at 12 months demonstrated a statistically significant differ-
ence favoring the intervention group (p <0.001).

Repeated-measures ANOVA demonstrated a significant interaction between treat-
ment group and time (F =41.2, p <0.001), indicating significantly greater improvement in
the intervention group over the follow-up period. Changes in distance visual acuity are
illustrated in Figure 2.
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Distance visual acuity (LogMAR)

0.6 -
~@- Comparison
~@— Non-Electronic LVA ]
—@- Electronic LVA 4
Baseline 12 Months

Figure 2. Changes in distance visual acuity (LogMAR) from baseline to the 12-month follow-up in
the comparison group and the intervention subgroups (non-electronic and electronic low vision
aids). Lower LogMAR values indicate better visual acuity. Error bars represent standard deviations
(SDs).

3.3.2. Near Visual Acuity

Near visual acuity improved significantly in the intervention group, whereas only
minimal change was observed in the comparison group. Mean near visual acuity im-
proved from 1.00 + 0.06 M at baseline to 0.62 + 0.07 M at 12 months in the intervention
group, whereas only minimal change was observed in the comparison group (0.98 + 0.06
M to 0.93 £ 0.06 M). Children using Electronic LVAs demonstrated greater improvement
in near visual acuity than participants using Non-Electronic LVAs (p < 0.001). Figure 3
presents changes in near visual acuity.

T ~&- Comparison group
—&— Non-Electronic LVAs
—&— Electronic LVAs
1.0
m
=
S 091
=
>
=
=
O 0.8+
©
©
=
n
>
v 0.7
©
@
=
0.6

Months

Figure 3. Changes in near visual acuity from baseline to the 12-month follow-up in the comparison
group and the intervention subgroups (non-electronic and electronic low vision aids). Lower values

indicate better near visual acuity. Error bars represent standard deviations (SDs).
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3.3.3. Functional Vision Outcomes

Substantial improvement in functional vision was observed in the intervention group,
whereas only minimal improvement was observed in the comparison group. Mean FVQ
scores increased from 42.3 + 8.7 at baseline to 76.5 + 9.1 at 12 months in the intervention
group, representing a mean increase of 34.2 points (p < 0.001).

Improvement was observed across all FVQ domains, including near activities, dis-
tance activities, daily living tasks, and mobility-related activities. The greatest gains were
observed in educational near tasks and independent classroom functioning.

In contrast, the comparison group demonstrated only minimal improvement in FVQ
scores during follow-up. Changes in functional vision are illustrated in Figure 4.

—@- Comparison
@— Non-Electronic LVA
80 A —&- Electronic LVA
70 -
()
ba
o
O
2] 60 -
(O
>
L
50 -
40 -
Baseline 12 Months

Figure 4. Changes in Functional Vision Questionnaire (FVQ) scores from baseline to the 12-month
follow-up in the comparison group and the intervention subgroups (non-electronic and electronic
low vision aids). Higher FVQ scores indicate better functional vision. Error bars represent standard

deviations (SDs).

3.4. Academic Performance Outcomes
3.4.1. Reading Speed

Reading speed improved significantly in the intervention group compared with the
comparison group Within the intervention cohort, children using electronic low vision
aids demonstrated significantly greater improvement in reading speed than those using
non-electronic low vision aids. Mean reading speed increased from 38.1 + 9.4 words/mi-
nute at baseline to 63.4 + 10.2 words/minute at 12 months in the intervention group, cor-
responding to a mean increase of 25.3 words/minute (p < 0.001).

Among children receiving rehabilitation, those using electronic low vision aids
demonstrated significantly greater improvement in reading speed than those receiving
conventional low vision aids without electronic devices. Figure 5 illustrates baseline and
12-month reading speed for the comparison group and for the Electronic LVA and Non-
Electronic LVA subgroups within the intervention group.
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—&— Comparison —
@— Non-Electronic LVA 4
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Reading speed (words/minute)
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Figure 5. Changes in reading speed from baseline to the 12-month follow-up in the comparison
group and the intervention subgroups (non-electronic and electronic low vision aids). Error bars

represent standard deviations (SDs).

3.4.2. Reading Comprehension and Mathematics Performance

Reading comprehension accuracy improved significantly in the intervention group
from 58.7 +£10.1% at baseline to 74.5 + 9.6% at follow-up, corresponding to a mean increase
of 15.8 percentage points (p < 0.001). Participants demonstrated enhanced sustained read-
ing ability and reduced visual fatigue during educational tasks.

Mathematics performance improved from 52.4 + 11.3% at baseline to 68.1 + 10.4% at
follow-up, corresponding to a mean increase of 15.7 percentage points (p < 0.001). Im-
provements were significantly greater than those observed in the comparison group.

3.5. Mobility Outcomes

Mobility independence improved significantly in the intervention group compared
with the comparison group. Mean mobility independence scores increased from 41.2 + 8.5
at baseline to 73.2 + 9.0 at 12 months, corresponding to a mean improvement of 32.0 points
(p <0.001). The greatest improvements were observed in obstacle avoidance, stair negoti-
ation, and independent classroom mobility.

3.6. Secondary Subgroup Analysis Within the Intervention Cohort

A subgroup analysis was performed among participants receiving comprehensive
rehabilitation to compare outcomes between children using electronic low vision aids and
those not using electronic low vision aids. Children using electronic low vision aids
achieved significantly greater improvements in several outcome domains, including near
visual acuity, functional vision, and reading performance.

3.7. Electronic LVA Users Demonstrated:

*  Greater improvement in near visual acuity;

=  Higher FVQ gains;

*  Faster reading speeds;

= Greater task endurance during educational activities.

https://doi.org/10.3390/children13081030
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The mean FVQ improvement among electronic LVA users exceeded that observed
among non-electronic LVA users by 12.7 percentage points (p <0.001). The overall changes
in visual, functional, educational, and mobility outcomes are summarized in Table 2.

Table 2. Changes in visual, functional, educational, and mobility outcomes following rehabilitation.

Outcome Measure Baseline 12 Months Mean Change p Value
Distance VA (LogMAR) 0.87+0.13  0.65+0.11 -0.22 <0.001
Near visual acuity (M) 1.00+£0.06 0.62+0.07 -0.38 <0.001
FVQ score (%) 42.3+87 76.5+9.1 +34.2 <0.001
Reading speed (words/minute) 38.1+94  63.4+10.2 +25.3 <0.001
Reading comprehension (%) 58.7+10.1  745+9.6 +15.8 <0.001
Mathematics performance (%) 52.4+11.3 68.1+10.4 +15.7 <0.001
Mobility independence score 412+8.5 73.2+9.0 +32.0 <0.001

Functional Vision Questionnaire (FVQ); standard deviation (SD); visual acuity (VA). Data are pre-

sented as mean * SD unless otherwise indicated.

3.8. Multivariate Regression Analysis

Multiple linear regression analysis was performed to identify independent predictors
of functional improvement following rehabilitation. Variables entered into the model in-
cluded age, baseline visual acuity, diagnosis category, socioeconomic status, rehabilita-
tion adherence, and electronic LVA usage.

Electronic LVA usage emerged as the strongest independent predictor of FVQ im-
provement (3 =0.41, p <0.001). Better baseline visual acuity ( =0.19, p = 0.008) and higher
socioeconomic status (3 = 0.12, p = 0.03) were also independently associated with greater
functional improvement.

The final regression model demonstrated good explanatory performance with ac-
ceptable multicollinearity indices (all variance inflation factor values < 2.0). The results of
the multivariable linear regression analysis are summarized in Table 3.

Table 3. Multivariable linear regression analysis identifying predictors of functional vision im-

provement following rehabilitation.

Variable B Coefficient 95% CI p Value
Electronic low vision aid usage 0.41 0.28 to 0.54 <0.001
Baseline visual acuity 0.19 0.05 to 0.33 0.008
Socioeconomic status 0.12 0.02t0 0.22 0.030
Age -0.07 -0.15t0 0.01 0.090
Rehabilitation adherence 0.18 0.06 to 0.30 0.004

Dependent variable: Change in Functional Vision Questionnaire score. Confidence interval (CI).

4. Discussion

The present multicenter study demonstrated that comprehensive pediatric LVR was
associated with substantial improvements in visual function, educational performance,
and mobility independence among children with moderate-to-severe visual impairment
in Jordan. Significant gains were observed across multiple outcome domains, including
distance visual acuity, functional vision, reading performance, mathematics achievement,
and independent mobility. Importantly, in the exploratory subgroup analysis, children
using electronic LVAs achieved greater functional improvement than participants using
non-electronic LVAs.

The observed improvement in distance visual acuity following rehabilitation is con-
sistent with previous evidence demonstrating the effectiveness of structured low vision
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interventions in pediatric populations [12,13,18,19]. Although rehabilitation does not re-
verse the underlying ocular pathology, optimization of residual visual function through
appropriate optical correction and assistive technology may substantially improve task
performance and visual efficiency. The magnitude of improvement observed in the pre-
sent study was clinically meaningful and was accompanied by significant gains in func-
tional visual performance.

One of the most important findings of this study was the marked improvement in
FVQ scores following rehabilitation. Functional vision increased by more than 34 percent-
age points over the 12-month follow-up period, indicating substantial enhancement in the
ability to perform educational, mobility-related, and daily living activities independently.
These findings support previous reports demonstrating that functional rehabilitation may
have greater real-world relevance than isolated visual acuity measures alone [10,11,17].
Improvements in classroom participation, sustained reading, and independent navigation
suggest that rehabilitation contributed not only to visual task performance but also to
broader participation in educational and social environments. Similar observations have
been reported in studies examining functional and motor rehabilitation outcomes among
children with low vision [20].

The educational improvements observed in the present study are particularly note-
worthy. Reading speed improved significantly following rehabilitation, especially among
children using electronic LVAs. Sustained reading performance represents a major chal-
lenge for children with visual impairment because conventional optical magnifiers fre-
quently require reduced working distances and prolonged visual effort. Electronic mag-
nification systems provide adjustable magnification, contrast enhancement, and im-
proved ergonomics, potentially reducing visual fatigue during prolonged educational ac-
tivities [14,16]. The significant increase in mathematics performance further suggests that
rehabilitation may positively influence broader academic engagement beyond reading-
related tasks alone.

Participants who used electronic low vision aids achieved greater functional and ed-
ucational outcomes compared with participants who did not use electronic low vision aids,
supporting previous evidence regarding the benefits of electronic assistive technologies
for visually impaired children [14,16]. In the present study, electronic LVA usage inde-
pendently predicted functional improvement even after adjustment for baseline visual
acuity and socioeconomic variables. This finding suggests that electronic assistive tech-
nologies may provide additional benefit. Portable electronic magnifiers and digital acces-
sibility tools may be particularly valuable in educational settings where visual demands
are dynamic and prolonged. Because this comparison was performed within the interven-
tion cohort and treatment allocation was not randomized, these subgroup findings should
be interpreted as exploratory rather than confirmatory and should not be considered evi-
dence of a causal relationship. In addition, selection bias and residual confounding cannot
be excluded because device allocation was based on clinical indication.

The present findings are especially relevant within resource-constrained developing-
country settings, where access to pediatric rehabilitation services and assistive technolo-
gies remains limited. Previous studies from resource-limited settings have demonstrated
poorer educational and functional outcomes among children with untreated low vision
[15]. In Jordan and across the Eastern Mediterranean Region, low vision rehabilitation re-
mains inconsistently integrated into routine pediatric ophthalmic care [6,15,21]. Financial
barriers, limited specialist availability, insufficient teacher training, and restricted access
to assistive technologies continue to impede rehabilitation delivery.

The integration of multidisciplinary rehabilitation approaches may have contributed
substantially to the favorable outcomes observed in this study. In addition to device pre-
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scription, participants received orientation and mobility training, teacher-directed educa-
tional adaptation, and parental counselling. This holistic rehabilitation model likely en-
hanced adherence and facilitated the transfer of visual skills into daily academic and mo-
bility activities. Previous evidence suggests that combined educational and mobility in-
terventions improve long-term participation outcomes among visually impaired children
[18,19,21-24].

The study also demonstrated a high retention rate, with more than 95% of enrolled
participants completing follow-up assessments. This may reflect strong family engage-
ment and the perceived benefit of rehabilitation services. Furthermore, the multicenter
design enhances the generalizability of findings within Jordanian tertiary rehabilitation
settings.

A notable strength of the present study was the 12-month follow-up period, which
enabled evaluation of medium-term rehabilitation outcomes beyond the immediate ef-
fects of device prescription.

Several limitations should be acknowledged. First, the study was non-randomized,
which may introduce selection bias despite comparable baseline characteristics between
groups. In addition, the sample size calculation was based on the primary within-group
longitudinal analysis rather than between-group comparisons. Therefore, comparisons in-
volving the electronic and non-electronic LVA intervention subgroups should be inter-
preted as exploratory because subgroup allocation was based on clinical indication rather
than randomization. Consequently, unequal subgroup sizes, potential selection bias, and
residual confounding may have influenced the observed differences. Second, the majority
of participants were recruited from urban tertiary centers, potentially limiting generaliza-
bility to rural populations with reduced access to specialized rehabilitation services. Third,
although the follow-up period was sufficient to evaluate medium-term rehabilitation out-
comes, longer follow-up may be necessary to assess sustained educational achievement
and long-term independence. Finally, socioeconomic and educational environmental fac-
tors may have influenced rehabilitation outcomes despite adjustment within multivariate
analyses. Although baseline characteristics were comparable and multivariable analyses
were used to adjust for measured confounders, the possibility of residual confounding
due to unmeasured variables cannot be entirely excluded.

Despite these limitations, the study provides important evidence supporting the ef-
fectiveness of comprehensive pediatric low vision rehabilitation in a developing-country
context. This study represents a large multicenter evaluation of pediatric low vision reha-
bilitation outcomes in the Eastern Mediterranean Region and among the few studies ex-
amining the additional contribution of electronic LVAs within resource-constrained set-
tings. Future studies should evaluate long-term educational attainment, psychosocial out-
comes, cost-effectiveness, and accessibility of rehabilitation services in broader regional
populations. Further investigation into school-based rehabilitation integration and tele-
rehabilitation approaches may also be valuable, particularly in underserved areas.

Overall, the findings of the present study support the incorporation of structured low
vision rehabilitation and electronic assistive technologies into national pediatric ophthal-
mic and educational support programs. Early rehabilitation intervention may substan-
tially improve functional independence, educational participation, and quality of life
among visually impaired children [18,19,24].

5. Conclusions

Comprehensive pediatric low vision rehabilitation was associated with significant
improvements in visual function, educational performance, and mobility independence
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among children with moderate-to-severe visual impairment in Jordan. Rehabilitation re-
sulted in clinically meaningful gains in distance visual acuity, functional vision, reading
performance, and academic achievement over the 12-month follow-up period.

Exploratory subgroup analyses suggested that children using electronic low vision
aids demonstrated greater improvements in several functional and educational outcomes
than those using conventional low vision aids alone.

The findings of this multicenter study support the integration of structured low vi-
sion rehabilitation services into routine pediatric ophthalmic care in resource-constrained
healthcare settings. In addition, wider accessibility to electronic assistive devices, multi-
disciplinary rehabilitation services, and school-based educational support may substan-
tially improve participation, independence, and quality of life among visually impaired
children.

Further multicenter studies with longer follow-up periods are warranted to evaluate
long-term educational, psychosocial, and economic outcomes associated with pediatric
low vision rehabilitation and assistive technology implementation.
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