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ABSTRACT

Strabismus is an ocular condition characterized by misalignment of the eyes, which disrupts binocular vision
and affects 2-4% of the global population, with a higher prevalence in children. This review examines the
definition, classification, pathophysiology, evaluation, and management of strabismus, a condition that
manifests as esotropia, exotropia, hypertropia, or hypotropia. Key risk factors include congenital
abnormalities, neurological disorders, and delayed diagnosis, all of which influence disease progression and
outcomes. The disorder arises from dysfunction in the extraocular muscles or their innervation, impairing
coordinated ocular movements. This misalignment disrupts binocular vision development, often leading to
amblyopia a condition where the brain suppresses visual input from the misaligned eye. Diagnostic tools,
such as the Titmus Stereofly and TNO tests, quantitatively evaluate binocular function, while clinical tests
like the Worth Four-Dot assess fusion anomalies and alignment discrepancies. Management strategies
encompass non- surgical and surgical approaches. Non-surgical methods, including corrective lenses and
vision therapy, aim to restore alignment and enhance fusional capacity, particularly in accommodative cases.
Surgical interventions, such as muscle recession or resection, are employed for moderate to severe cases and
have shown significant improvements in binocular vision and stereopsis. However, treatment outcomes may
vary depending on the age of onset, duration of misalignment, and deviation severity. Timely diagnosis and
individualized treatment are essential for restoring functional binocular vision and minimizing
complications. Further research is necessary to optimize therapeutic approaches and elucidate the interplay
of risk factors in influencing treatment efficacy and patient outcomes.
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INTRODUCTION

Strabismus is a complex ocular disorder marked by
the misalignment of the eyes, disrupting the
harmonious function of binocular vision [1]. This
condition holds profound implications for visual
development, psychosocial well-being, and quality of
life, particularly in pediatric populations [2]. This
literature review provides an in-depth exploration of
strabismus, encompassing its definition,
epidemiology, pathophysiology, diagnostic methods,
and therapeutic interventions. By examining these
facets, the review highlights the clinical and social
ramifications of strabismus and underscores the
necessity of early detection and comprehensive
management.

The prevalence of strabismus underscores its public
health significance, with estimates suggesting that 2-
4% of the population is affected [3]. Among children,
the condition poses a substantial risk for amblyopia
and impaired depth perception, which can hinder
academic performance and social interactions [4].
Risk factors such as congenital abnormalities,
delayed diagnosis, genetic predispositions, and
neurological comorbidities further compound its
impact [5]. The condition’s pathophysiology involves
intricate disruptions in the extraocular muscle
function or neural pathways, leading to chronic
ocular misalignment and potential suppression of
one eye’s input by the brain[6].
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Such disruptions not only impair binocular vision
but also alter visual cortex plasticity, with long-term
consequences for visual acuity [7].

Effective evaluation of strabismus requires a
multifaceted approach. Quantitative tests, including
Titmus Stereofly and TNO, assess stereopsis and
binocular function, while clinical tests, such as the
Worth Four-Dot and Hirschberg tests, aid in
determining alignment anomalies [8]. Advances in
diagnostic imaging, including optical coherence
tomography (OCT) and functional magnetic
resonance imaging (fMRI), provide deeper insights
into the structural and functional changes associated
with strabismus [9]. These tools are critical for
devising individualized treatment plans tailored to
the patient’s specific needs. Therapeutic options
span between non-surgical and surgical modalities.
Corrective lenses, prism adaptation, and structured
vision therapy are often the first line of treatment,
especially for accommodative strabismus [10][11].
These interventions aim to enhance binocular
coordination and reduce ocular strain. For more
severe cases, surgical interventions such as muscle
recession, resection, or transposition offer
significant alignment corrections. Postoperative
improvements in binocular vision and stereopsis are
well-documented, though outcomes can vary
depending on the age of intervention, severity of
misalignment, and preoperative visual function.
Additionally, rehabilitation strategies post-surgery,
including targeted vision therapy, play a crucial role
in optimizing outcomes[12].

This review consolidates current knowledge and
identifies areas requiring further research to
enhance understanding and management of
strabismus[1]. Future studies should focus on
refining surgical techniques, evaluating the long-
term efficacy of therapeutic interventions, and
exploring the genetic and molecular bases of the
condition. By emphasizing early diagnosis and
tailored treatment strategies, this review aims to
mitigate the long-term visual and psychosocial
burdens associated with strabismus.

REVIEW CONTENT

Strabismus Definition

Strabismus is defined as the misalignment of the
visual axes, which prevents the eyes from working
together in binocular vision. It can resultin disrupted
depth perception and, in severe cases, amblyopia
due to suppression of the misaligned eye by the brain
[3], [13]. The condition is categorized into esotropia
(inward deviation), exotropia (outward deviation),
hypertropia (upward deviation), and hypotropia
(downward deviation)[3]. The disorder can be
congenital or acquired and may be associated with
neurological, muscular, or structural dysfunctions.
Strabismus not only disrupts visual coordination but
also affects neural pathways involved in visual
processing, leading to compensatory adaptations in
cortical activity [14]. It remains one of the leading
causes of binocular vision impairment in children
and significantly impacts visual development if left
untreated.

Epidemiology

Strabismus affects approximately 2-4% of the global
population, with higher prevalence observed in
pediatric cohorts[15], [16]. The condition often
emerges in early childhood, with congenital cases
presenting within the first six months of life and
acquired cases developing later due to neurological
conditions, trauma, or systemic illnesses [17].
Amblyopia, a frequent complication of untreated
strabismus, occurs in approximately 50% of affected
individuals and represents a major contributor to
lifelong vision deficits[18]. The psychosocial impact
of strabismus, including stigma, reduced self-esteem,
and challenges in social integration, underscores its
significance as a public health concern. In adults,
untreated or recurring strabismus may result in
debilitating symptoms such as diplopia and impaired
occupational performance, further highlighting the
need for effective management [18], [19], [20].

Epidemiological studies have also revealed
disparities in access to care, with children in low-
resource settings experiencing delayed diagnosis
and limited access to surgical interventions.
Advances in telemedicine and community-based
screening programs have shown promise in
addressing these disparities, particularly in
underserved regions[21].

Classification

The Strabismus can be classified based on several
factors, each providing insights into the underlying
etiology and guiding treatment planning [3], [13]

(1) Direction of Deviation

a. Horizontal Strabismus: Includes esotropia
and exotropia, the most common forms of
strabismus. These deviations often reflect
imbalances in horizontal rectus muscle
function.

b. Vertical Strabismus: Includes hypertropia
and hypotropia, which may indicate
dysfunction in the vertical rectus or oblique
muscles.

c. Torsional Strabismus: Includes intorsion and
extorsion, often associated with oblique
muscle dysfunction or cranial nerve palsies.
These deviations can cause significant
challenges in achieving binocular alignment.

(2) Onset

a. Congenital Strabismus: Present at or shortly
after birth, typically linked to genetic or
developmental abnormalities. Early
intervention is critical to prevent secondary
complications such as amblyopia.

b. Acquired Strabismus: Develops later in life
due to conditions such as trauma,
neurological disorders, systemic illnesses, or
degenerative processes. These cases often
require multidisciplinary management to
address underlying causes.

(3) Comitant vs. Incomitant
a. Comitant Strabismus: The angle of deviation
remains constant in all directions of gaze,

Available Online at www.ijscia.com | Volume 5 | Issue 6 | Nov - Dec 2024 -


http://www.ijscia.com/

b. commonly associated with accommodative
or refractive issues.

c. Incomitant Strabismus: The angle of
deviation varies with the direction of gaze,
often due to paralysis or restriction of an
extraocular muscle. This form is frequently
observed in cranial nerve palsies or
mechanical obstructions, such as orbital
fractures or thyroid eye disease.

(4) Fusional Status

a. Heterophoria: Latent strabismus that
manifests only when binocular fusion is
disrupted. It is typically asymptomatic but
may cause intermittent diplopia or visual
discomfort.

b. Heterotropia: Manifest strabismus visible
without disrupting binocular fusion. This
form often requires active intervention to
restore alignment and prevent amblyopia.

(5) Etiological Factors

a. Primary Strabismus: Arises without an
identifiable systemic or neurological cause,
often linked to genetic predispositions.

b. Secondary Strabismus: Results from systemic
conditions, neurological impairments, or
surgical  complications affecting the
extraocular muscles or their innervation.

This expanded classification framework not only aids
in diagnosis and prognosis but also enhances the
precision of therapeutic interventions. Understanding
the diverse presentations of strabismus allows
clinicians to tailor treatments effectively, improving
visual and functional outcomes for patients.

RISK FACTORS

Key risk factors contributing to the development and

progression of strabismus include [22]:

* Genetic Predisposition: A family history of strabismus
increases susceptibility.

 Congenital Abnormalities: Structural anomalies in
the extraocular muscles or cranial nerves.

 Neurological Disorders: Conditions such as cerebral
palsy, Down syndrome, and traumatic brain injury
that impair eye alignment.

e Refractive  Errors: Uncorrected hyperopia
(farsightedness) is strongly associated with
accommodative esotropia.

e Prematurity and Low Birth Weight: Developmental
immaturity of ocular and neural systems in
premature infants predisposes them to strabismus.

e Systemic Conditions: Diseases like thyroid eye
disease, diabetes, and autoimmune disorders
affecting ocular muscles and nerves.

* Environmental Influences: Limited visual stimulation
during critical developmental periods can delay
visual system maturation.

e Trauma or Surgery: Orbital injuries or
complications from prior surgeries can lead to
paralytic or restrictive strabismus.

Understanding and addressing these risk factors are
crucial for effective prevention, early detection, and
targeted treatment of strabismus.

Pathophysiology

The pathophysiology of strabismus involves
disruptions in the coordination of the extraocular
muscles, which results in the misalignment of visual
axes and impaired binocular function. This condition
is underpinned by abnormalities in the oculomotor
system, including cranial nerve dysfunctions,
mechanical restrictions, and muscular imbalances.
Neural mechanisms, such as disrupted cortical
fusion centers, exacerbate strabismic deviations and
lead to suppression or amblyopia [3].

During normal development, the visual system relies
on sensory input from both eyes to achieve fusion
and stereopsis. In strabismus, abnormal eye
alignment disrupts this process, leading to
competitive cortical plasticity where the brain
suppresses input from the deviating eye to avoid
diplopia [23]. Over time, this suppression can result
in the loss of visual acuity in the affected eye,
commonly referred to as amblyopia.

Mechanical factors, including abnormalities in
extraocular muscle length or tension, also play a
pivotal role. For instance, fibrosis or
underdevelopment of specific muscles can restrict
proper movement and alignment of the eyes.
Additionally, cranial nerve palsies affecting nerves
III, IV, or VI impair the transmission of motor signals,
leading to restricted or excessive ocular movement
[24].

Acquired cases of strabismus often follow traumatic
injuries or systemic illnesses, which can introduce
mechanical restrictions or alter neural pathways.
Conditions like thyroid eye disease and orbital
fractures exemplify the mechanical etiology, while
systemic illnesses like diabetes can cause ischemic
damage to cranial nerves, contributing to acquired
strabismus [25]. Understanding the underlying
mechanisms of strabismus is essential for
developing targeted treatments that address both
the mechanical and neural components of this
complex condition.

DIAGNOSTIC APPROACH

Accurate diagnosis of strabismus requires a

comprehensive evaluation using both quantitative

and clinical methods[26], [27], [28], [29]:

* Quantitative Tests: Titmus Stereofly and TNO tests
assess stereopsis and binocular vision.

e Clinical Tests: Worth Four-Dot and Hirschberg tests
evaluate fusion anomalies and alignment.

e Prism Adaptation Tests: Used to determine surgical
candidacy and predict outcomes in specific types of
strabismus.

e Advanced Imaging: Optical coherence tomography
(OCT) and magnetic resonance imaging (MRI)
provide detailed insights into structural and neural
abnormalities. Functional imaging, such as fMR],
has furthered our understanding of cortical
adaptations in strabismus.
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Early and precise diagnosis is critical for tailoring
interventions and preventing irreversible visual
impairments.

Management of Strabismus
Management of strabismus involves non-surgical
and surgical interventions, often combined with
rehabilitative measures to optimize outcomes[1],
[10],[11],[30]:
* Non-Surgical Approaches;
o Corrective Lenses: Effective for refractive and
accommodative esotropia.
o Vision Therapy: Exercises designed to enhance
binocular coordination and depth perception.
o Prism Therapy: Used to manage diplopia and
improve fusion in mild to moderate cases.

e Surgical Interventions:

o Muscle Recession and Resection: Commonly
performed procedures to restore alignment by
adjusting extraocular muscle tension or length.

o Adjustable Sutures: Allow postoperative
refinement of alignment, improving precision
and reducing the need for repeat surgeries.

o Strabismus Reoperation: Necessary in cases of
recurrence or incomplete correction.

Postoperative care, including structured
rehabilitation programs and regular follow-ups, is
crucial to consolidating surgical benefits and
preventing relapse[31], [32], [33]. Advances in
robotic-assisted surgery and minimally invasive
techniques are promising developments in the field.
Emerging Therapies: Innovative treatments, such as
botulinum toxin injections and gene therapies
targeting molecular pathways implicated in
strabismus, are under exploration. These
approaches hold potential for patients with complex
or refractory cases [34], [35].

CONCLUSION

Strabismus represents a complex interplay of
genetic, neurological, and environmental factors,
making early diagnosis and targeted management
essential for optimal outcomes. Advances in
diagnostic techniques, surgical interventions, and
emerging therapies have significantly improved the
prognosis for affected individual. Future research
should focus on elucidating the genetic basis of
strabismus, refining therapeutic strategies, and
exploring neuroplasticity's role in recovery and
adaptation. By addressing these challenges,
clinicians can enhance both visual and psychosocial
outcomes, ensuring a better quality of life for
patients with strabismus worldwide.
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