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This case study evaluates the impact of oculomotor training on visual function and clini-
cal outcomes in children and young adult with amblyopia and eccentric fixation. In this con-
secutive case series, a total of three patients were included. One was a 6-year-old with bilat-
eral amblyopia and eccentric fixation. The other two – a 6-year-old and a 21-year-old – had 
monocular strabismic amblyopia with eccentric fixation. An oculomotor training program was 
developed to enhance fixation stability, targeting the improvement of eccentric fixation. Over 
three months, the patients participated in intensive visual training sessions, scheduled once 
every month. Each session was designed to assess progress and optimise training strategies. 
Visual acuity and eccentric fixation were evaluated at each session to monitor progress. After 
completing the training, the patients demonstrated significant improvements in visual acuity 
and a marked reduction in eccentric fixation. This case study demonstrates the potential of 
oculomotor training as an effective treatment for amblyopia with eccentric fixation. While 
further research is required to standardise oculomotor training protocols and assess long-term 
outcomes, the findings suggest that oculomotor training could serve as a valuable adjunct or 
alternative to traditional therapies for amblyopia with eccentric fixation.

Keywords: Amblyopia, amblyopia therapy, eccentric fixation, oculomotor training, visual 
training, visuoscopy.
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1. INTRODUCTION

Amblyopia, recognised as the primary 
etiology of visual impairment among pedi-
atric and young populations, is character-
ised by unilateral or bilateral diminution 
of visual acuity without discernible ocu-
lar pathologies [1]. It is the most common 
cause of preventable childhood blindness, 
with a prevalence of 1–5 %, and it is still 
considered one of the most frequent causes 
of unilateral visual impairment in adult-
hood [2]. Amblyopia is associated with an 
increased risk (at least three times higher 
than in the general population) of serious 
vision loss in the fellow eye [3]. In more 
than 50 % of cases, the cause of blindness 
is trauma [4].

Amblyopia is characterised by multiple 
visual impairments that affect monocu-
lar and binocular visual functions. While 
amblyopia is most recognised by reduced 
visual acuity, it is often accompanied by a 
range of other visual deficits. These include 
impaired accommodation [5], [6], binocu-
lar dysfunction [7], and interocular suppres-
sion [8], [9]. Additional associated abnor-
malities involve atypical ocular movements 
[10], positional uncertainty [11], and dimin-
ished contrast sensitivity [12], [13], [14]. 
Spatial distortions [10], [15] and unstable 
fixation [16], [17] have also been frequently 
observed. 

1.1. Eccentric Fixation

Bilateral amblyopia – although less com-
mon than unilateral cases – presents a unique 
challenge, especially when combined with 
eccentric fixation. Eccentric fixation, typi-
cally associated with strabismic amblyopia, 
involves the use of a non-foveal retinal locus 
for fixation and can significantly limit visual 
rehabilitation outcomes [18]. Eccentric fixa-
tion develops due to the loss of central visual 
acuity in one eye and exists both monocu-
larly and binocularly. Why is it important to 
know about eccentric fixation?

Eccentric fixation in amblyopia occurs 
when the central visual acuity is reduced or 

lost in the amblyopic eye for a long time 
[19]. It occurs in about 44 % of all patients 
with amblyopia [20] and in 30 % of patients 
with strabismic amblyopia [21]. The angle 
of eccentric fixation is directly proportional 
to the degree of amblyopia [19].

It has traditionally been classified by 
cause as follows: strabismic, refractive, 
anisometropic, visual deprivation, occlu-
sion [22]. Amblyopia is also classified 
according to the type of fixation: central, 
variable, non-central fixation – para foveo-
lar, macular, peripheral (stable or unstable), 
non-fixation amblyopia (see Fig. 1).

Fig. 1. Fixation evaluation.
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1.2. Methods for Testing Eccentric Fixation

Afterimage Method

This method relies on the idea that if 
an afterimage is created in one eye, its pro-
jection can be transferred to the amblyopic 
eye. A highly dissociative orthoptic test 
uses a battery-powered camera flash to cre-
ate a vertical afterimage in one eye and a 
horizontal afterimage in the other eye. A 
card is placed in front of each eye – with a 
horizontal slit in front of the better-seeing 
eye and a vertical slit in front of the ambly-
opic eye. The subject’s task is to assess the 

position of the afterimage in relation to the 
fixation target.

1.	 Record direction and amount of the 
eccentric fixation, if it exists.

2.	 Record each eye separately.
3.	 Record the test distance.
4.	 Draw a dot to represent the fixation 

point.
5.	 Calculate the magnitude in prism diop-

tres (1cm=1△ at 1m test distance).

Microperimetry

Microperimetry is a non-invasive test 
that evaluates retinal sensitivity and fixa-
tion behaviour by projecting light stimuli 
onto specific retinal locations while simul-
taneously tracking eye movements. Micro-
perimetry is a technique used to assess 
the preferred retinal locus (PRL) and fixa-
tion stability. It allows precise mapping of 

the PRL in amblyopic patients, identify-
ing whether fixation is central or eccen-
tric. During the test, the patient fixates on 
a visual target while light stimuli are pre-
sented across the macula. The test provides 
both functional and structural data, making 
it useful for understanding how amblyopic 
patients use their retina for fixation [23].

Macular Integrity Tester (MIT)

Haidinger’s brushes can be used to 
determine whether amblyopic patients fix-
ate with the fovea or exhibit eccentric fixa-
tion, as the fovea always corresponds to 
the centre of the hourglass pattern and the 
centre of rotation of Haidinger’s brushes. 
Haidinger’s brushes are clinically important 
because they form only on the foveola. In a 
patient with a normal foveola, the brushes 
will rotate around the fixation point. Any 
process that interferes with this orientation 
may lead to the disappearance of the brush 
image, even if the photoreceptor layer is 
intact.

1.	 The test is conducted in a moderately 
dark room.

2.	 The amblyopic eye is covered, or the 
test begins with the better-seeing eye.

3.	 If the patient sees the Haidinger’s 
brushes, fixation assessment continues.

4.	 The patient is instructed to look at the 
central dot and simultaneously assess 
where the “propeller” appears in rela-
tion to the observed point.

5.	 In the case of central fixation, the brushes 
should appear around the black dot.

6.	 The test should be performed for ~ 10 s 
to evaluate fixation stability.
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Fig. 2. MIT equipment.

The optometrist can then measure the 
distance between these two points and con-
vert the millimetre shift into prismatic diop-
tres based on the test distance. The direction 

and magnitude of the eccentric fixation can 
be estimated by asking the patient to report 
the position of the propeller relative to the 
fixation point (see Fig. 2) [24].

Visuoscopy

Visuoscopy is used to assess the pres-
ence of monocular fixation. The assessment 
of eccentric fixation should be performed 
monocularly (covering one eye) with or 
without pupil dilation. It is useful to assess 
the better-seeing eye first to compare with 
the amblyopic eye. During the procedure, 
the patient is asked to look at the centre of 
the target while the eye specialist assesses 

which part of the retina the patient is fix-
ating with. A green filter can be used in 
the beginning to avoid overwhelming the 
patient with bright light. The test should 
be conducted for approximately 5–10 s to 
assess fixation stability. It is important to 
evaluate the type of eccentricity, its direc-
tion, and its stability [24].

Treatment of amblyopia and eccentric 
fixation is usually associated with therapeu-
tic problems [25]. The magnitude and per-
sistence of eccentric fixation are important 
factors in determining both the passive and 
active treatment options needed to restore 
foveal fixation and normal visual acuity, as 
visual acuity is reduced in the periphery, 
and it is not possible to obtain its maxi-
mum value [26]. Most patients are screened 
and treated independently of their fixation 
behaviour, and this raises many questions 
and clinical issues before they reach an age 
when a reliable diagnosis of eccentric fixa-
tion becomes possible. Recent data on the 
prevalence of eccentric fixation is lacking, 

and as we see and treat individuals with 
amblyopia at a much younger age than 
previously, it may seem that eccentric fixa-
tion is less common. In Latvia, amblyopia 
is carefully treated in various clinics, but 
the diagnosis of eccentricity is relatively 
rare. To address these issues, we propose 
an individualised and adaptive therapeu-
tic approach that explicitly accounts for 
fixation characteristics. By incorporating 
detailed assessments of fixation location 
and stability into the treatment protocol, 
visual training can be precisely directed to 
stimulate the foveal or parafoveal region. 
This strategy is designed to promote a grad-
ual shift from eccentric to central fixation, 
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which is essential for achieving optimal 
visual acuity. Early identification and tai-
lored intervention based on fixation behav-
iour may significantly enhance the effec-

tiveness and timing of amblyopia therapy, 
particularly in young children, where neu-
roplasticity is at its peak and intervention 
windows are limited.

1.3. Case Report I: Bilateral Amblyopia with Eccentric Fixation

A 6-year-old female was referred from 
an ophthalmologist for the assessment of 
intermittent exotropia and potential future 
therapies. The mother did not notice the 
child’s strabismus daily; only occasionally 
did one eye “drift” away. However, she 
observed that the child took longer to focus 
and started holding books closer to the eyes. 
The child has poor spatial orientation, often 
loses sight of the parents, is inattentive, 
trips frequently, and seems unsteady. 

Despite standard refractive error, her 

visual acuity was significantly below 
expectations. Binocular vision testing 
revealed intermittent exotropia and con-
vergence insufficiency, indicating align-
ment and motor control issues. Exami-
nation of the ocular structures indicated 
normal findings, but optical coherence 
tomography revealed abnormal macular 
thickness and unstable eccentric fixation. 
Visuoscopy confirmed eccentric fixation, 
contributing to her reduced visual acuity 
and slow motor responses (see Table 1). 

Table 1. Clinical and Functional Findings of the Examined Patient

Information about the patient

Visual acuity
OD sc
OS sc

Distance Near Comments
0.4 0.63 Letter “E” 

(decimal units)0.4 0.63
Binocular functions
Suppression BSV BSV Worth/TNO
Stereoacuity + Titmus Fly
Ocular motility mOI hyperfunction

Convergence 11/15
21

Push-up method, dot card 
(cm)

Cover test XT (OS) XP
Prism cover test 10 9 Δ BI
Visuoscopy OD/OS 1.5-2 Δ, unstable

OD, right eye; OS, left eye; sc, without correction; cc, with correction; BSV, binocular single vision; mOI, 
muscle inferior oblique; XT, exotropia; XP, exophoria; BI, base in

1.4. Case Report II: Unilateral Amblyopia with Eccentric Fixation

A 21-year-old female presented for 
visual function assessment due to persis-
tent visual acuity deficits in her right eye. 
She reported a history of occlusion therapy 
during childhood for amblyopia associated 

with esotropia. Despite early intervention, 
the amblyopia persisted into adulthood. She 
continues to experience difficulties with 
fine depth perception, prolonged visual 
processing time, and reduced confidence in 



40

visually guided tasks, particularly in unfa-
miliar or crowded environments. Refraction 
revealed a moderate myopic with astigma-
tism prescription, and best-corrected visual 
acuity remained significantly reduced in the 
amblyopic eye. 

Binocular vision testing revealed inter-
mittent esotropia, poor stereoacuity. MIT 
and visuoscopy confirmed eccentric fixa-
tion, contributing to her reduced visual 
acuity (see Table  2). These findings sug-

gest that the persistence of amblyopia 
in this case may be due to longstanding 
eccentric fixation and cortical adaptation, 
despite early occlusion therapy and struc-
turally healthy ocular anatomy. This high-
lights the need to reconsider therapeutic 
options in adult patients, including sensory 
and oculomotor rehabilitation strategies, 
to optimise visual function and quality of 
life.

Table 2. Clinical and Functional Findings of the Examined Patient

Information about the patient

Visual acuity
OD cc
OS cc

Distance Near Comments
0.5 0.5

(decimal units)
1.0(-2) 1.0

Binocular functions
Suppression Uncrossed diplopia BSV Worth/TNO
Stereoacuity + Titmus Fly
Ocular motility Normal

Convergence 5
8

Push-up method, dot card 
(cm)

Cover test EP→ET EP→ET
Prism cover test 10 8 Δ BO
Visuoscopy OD 1.75 Δ, unstable

OD, right eye; OS, left eye; cc, with correction; BSV, binocular single vision; EP, esophoria; ET, esotropia; 
BO, base out

1.5. Case Report III: Unilateral Amblyopia with Eccentric Fixation

A 6-year-old female was referred by 
an optometrist for amblyopia management 
and a review of her refractive prescription, 
as her visual acuity had not improved over 
time. The child wears glasses. On occasion, 
she also patches one eye, though inconsis-
tently. She has a history of microesotropia. 
At the time of examination, her visual acu-
ity remained below expected levels despite 
appropriate refractive correction. Visuos-
copy confirmed the presence of unstable 

eccentric fixation in the amblyopic eye (see 
Table 3). This finding explains the lack of 
improvement in visual acuity, as maximum 
visual acuity cannot be achieved when fixa-
tion is displaced from the fovea. The results 
support the hypothesis that the persistence 
of amblyopia is due, at least in part, to 
eccentric fixation, highlighting the need for 
targeted visual therapy aimed at restoring 
central fixation.
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Table 3. Clinical and Functional Findings of the Examined Patient 

Information about the patient

Visual acuity
OD cc
OS cc

Distance Near Comments
0.63 0.8

(decimal units)
0.5 0.5

Binocular functions
Suppression Alternating suppression Alternating suppression Worth/TNO

Stereoacuity No Titmus Fly/Two Lang 
pencil test

Ocular motility Normal

Convergence 5
8

Push-up method, dot card 
(cm)

Cover test ET ET 
Prism cover test 6 2 Δ BO
Visuoscopy OS 1.5 Δ, unstable

OD, right eye; OS, left eye; cc, with correction; ET, esotropia; BO, base out

2. METHOD AND MATERIALS

An oculomotor training program was 
designed to improve saccadic accuracy, fix-
ation stability, and vergence control, target-
ing the improvement of eccentric fixation. 
Over three months, three patients partici-
pated in intensive visual training sessions, 
scheduled once every month. Each session 
was designed to assess progress and opti-
mise training strategies. At each session, 
visual acuity and macular thickness were 
evaluated to monitor progress.

The core training protocol for each 
session included a series of visual tasks 
designed to target saccadic accuracy, 
fixation stability, and vergence control. 
Exercises were adapted from established 
eccentric fixation therapy techniques and 
included:
•	 fixation stability tasks using small, cen-

trally presented stimuli to encourage 
foveal engagement;

•	 saccadic accuracy tasks requiring pre-
cise eye movements between peripheral 
and central targets;

•	 fine eye-hand coordination tasks link-
ing visual input to motor response, rein-
forcing central fixation.

Each participant received an individu-
alized oculomotor training plan based on 
baseline findings from visual acuity mea-
surement, binocular vision assessment, and 
visuoscopy. The location, magnitude, and 
stability of eccentric fixation were the pri-
mary parameters guiding the selection and 
positioning of training stimuli.

The training programs included a vari-
ety of structured visual exercises targeting 
saccadic precision, fixation stability, and 
vergence adaptation. Patients with unstable 
fixation began with larger, high-contrast 
targets before progressing to smaller, lower-
contrast stimuli as control improved. In 
cases of suppression or reduced stereoacu-
ity, partial occlusion of the better-seeing eye 
was introduced during exercises to enhance 
stimulation of the amblyopic eye. Although 
Cases 1 and 2 initially showed a prefer-
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ence for performing the exercises without 
occlusion therapy, partial occlusion of the 
better-seeing eye was incorporated during 
training sessions to enhance stimulation 
of the amblyopic eye and reinforce fixa-
tion control. Progress was reviewed at each 
visit, and task parameters were adjusted to 
optimise therapeutic challenge while main-
taining patient engagement.

A total of 20 structured oculomotor 
exercises were developed for use by the 
study participants. These exercises were 
based on simple saccadic and/or eye–hand 
coordination tasks and were designed to 
be performed at home without the need for 
specialized equipment, thereby facilitating 
the reduction of eccentric fixation in a non-
clinical setting. 

Each day, two exercises were to be 
performed in a random order. The vision 
exercises were arranged so that tasks were 
evenly distributed over the prescribed train-
ing period, preventing any single task from 
being disproportionately represented within 
the overall program. The patient engaged in 
various daily exercises for 15–20 minutes, 
with follow-up training sessions conducted 
approximately once a month. This dura-
tion was chosen to maintain attention and 
ensure high-quality engagement without 
inducing visual fatigue. The combination of 
individualised tasks and strategic occlusion 
allowed for gradual reinforcement of cen-
tral fixation and contributed to measurable 
improvements in visual performance over 
time.

Fig. 3. The examples of exercises for eccentric fixation.

Exercises should be performed regu-
larly, as consistent practice leads to neu-
roplastic changes over time. It is recom-
mended to start with easier tasks (for 
example, kitten) and gradually increase the 
difficulty (dog) as fixation improves (see 
Fig. 3). These exercises are designed to pro-
mote the use of central vision by requiring 

precise hand movements linked to accurate 
visual input, helping shift eccentric fixation 
toward the fovea. Unlike passive therapeu-
tic approaches applied in isolation, these 
active vision exercises have the potential to 
shorten the overall treatment time required 
to achieve optimal visual acuity.

3. RESULTS

Following the completion of the indi-
vidualised oculomotor training program, 
all patients demonstrated notable improve-

ments in visual function (see Table 4). Visual 
acuity in the amblyopic eye improved rela-
tive to baseline measurements, with gains 



43

observed after each session. Fixation stabil-
ity, as assessed through visuoscopy, showed 

measurable enhancement, and the degree of 
eccentric fixation was reduced in three cases.

Table 4. Visual Acuity and Visuoscopy Assessment in Three Cases: Pre- and Post-Therapy

Comparison between results

Case I

Visual acuity
OD sc
OS sc

Before therapy After therapy Comments
0.4 1.0(-2)

(decimal units)
0.4 1.0(-2)

Visuoscopy OU central, unstable
Case II
Visual acuity
OD cc
OS cc

0.5
1.0

0.9(-2)
1.2 (decimal units)

Visuoscopy OD 0.5 Δ, unstable
Case III
Visual acuity
OD cc
OS cc

0.63
0.5

1.0(-2)
0.8

(decimal units)

Visuoscopy OS 0. 5Δ, unstable

OD, right eye; OS, left eye; sc, without correction; cc, with correction;

In comparison with pre-training assess-
ments, where fixation was unstable and 
located significantly off-centre, post-train-
ing evaluations revealed more centralised 
and consistent fixation behaviour. This 
improvement correlated with increased 
reading fluency, better eye-hand coordi-

nation, and greater confidence in visually 
guided tasks, as reported subjectively by 
patients and caregivers.

These findings support the effective-
ness of targeted oculomotor training, even 
in cases where amblyopia has persisted 
despite earlier occlusion therapy.

4. DISCUSSION

Overall, the results of this study dem-
onstrate that individualised oculomotor 
training can be an effective tool in the man-
agement of amblyopia, particularly in cases 
associated with eccentric fixation. Even 
when eccentric fixation is not clearly visible 
during routine examination, its subtle pres-
ence may still interfere with optimal visual 
acuity. This supports previous findings sug-
gesting that fixation may appear central 
while functionally remaining slightly off-
foveal, limiting visual outcomes [27]. 

The success of the saccadic training 
program developed in this study high-
lights its potential clinical value, not only 
for improving fixation stability and visual 
acuity but also for uncovering and address-
ing subclinical fixation anomalies. As such, 
the implementation of oculomotor training 
in clinical optometric practice is recom-
mended as a complementary strategy in 
amblyopia treatment, especially when stan-
dard approaches have plateaued or proven 
insufficient.
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5. CONCLUSION

The assessment of eccentric fixation 
in children holds significant clinical value, 
as it may facilitate the early detection of 
amblyopia even before visual acuity is 
formally measured. Given that peripheral 
vision cannot achieve the same level of 
acuity as foveal vision, the magnitude and 
persistence of eccentric fixation are crucial 
considerations when selecting appropriate 
treatment strategies. In all three cases, train-
ing strategies were adapted at each monthly 
session based on interim assessment of fixa-
tion location and stability, visual acuity, and 
binocular function, ensuring progressive 
challenge and individualised therapy goals. 
These case studies highlight the potential 

effectiveness of oculomotor training as a 
therapeutic approach for bilateral amblyo-
pia with eccentric fixation, suggesting its 
possible role as a complementary or alterna-
tive intervention to conventional methods. 

Furthermore, the traditionally accepted 
relationship between visual impairment 
and the degree of eccentric fixation war-
rants revaluation, as it influences both our 
understanding of amblyopia’s underlying 
mechanisms and the development of more 
targeted therapies. Ultimately, early identi-
fication and intervention remain paramount, 
as timely treatment significantly enhances 
the likelihood of restoring normal visual 
acuity.
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