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Series 1: Extraocular Muscle Anatomy and 

Normal Ocular Alignment 

• Part 1.1: The Extraocular Muscles 

o Sub Part 1.1.1: The four recti muscles 

o Sub Part 1.1.2: The two oblique muscles 

o Sub Part 1.1.3: Innervation of the extraocular muscles 

• Part 1.2: Actions of the Extraocular Muscles 

o Sub Part 1.2.1: Primary and secondary actions of the recti muscles 

o Sub Part 1.2.2: Actions of the oblique muscles 

o Sub Part 1.2.3: Yoke muscle pairs and cardinal positions of gaze 

• Part 1.3: Normal Ocular Alignment 

o Sub Part 1.3.1: Defining normal ocular alignment 

o Sub Part 1.3.2: Binocular vision and fusion 

o Sub Part 1.3.3: Development of ocular alignment in infancy 

 

Introduction 

Confident assessment of the child with a suspected ocular alignment problem begins with a clear 

understanding of the extraocular muscles and the physiological basis of normal ocular 

alignment, the essential foundation for everything examined throughout the remainder of this 

course. 

The aim of this Series is to equip you with a thorough understanding of the normal anatomy of 

the extraocular muscles and normal ocular alignment. 

This Series begins with the extraocular muscles, before examining their actions. It concludes 

with normal ocular alignment. 
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Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 1.1: describe the four recti and two oblique extraocular muscles 

• SLO 1.2: describe the innervation of the extraocular muscles 

• SLO 1.3: describe the primary and secondary actions of the recti and oblique muscles 

• SLO 1.4: describe yoke muscle pairs and the cardinal positions of gaze 

• SLO 1.5: define normal ocular alignment and describe binocular vision and fusion, and 

• SLO 1.6: describe the development of ocular alignment in infancy. 

 

1.1 The Extraocular Muscles 

1.1.1 the four recti muscles 

Muscles arising from a common tendinous ring 

The four recti muscles, the superior, inferior, medial, and lateral rectus, discussed in relation to 

orbital anatomy in an earlier related course, all arise from the annulus of Zinn, a common 

fibrous tendinous ring surrounding the optic nerve at the orbital apex. 

Each rectus muscle inserts onto the sclera at a specific distance from the corneal limbus, 

discussed in relation to limbal anatomy in an earlier related course, with the medial rectus 

inserting closest to the limbus and the superior rectus inserting furthest, an anatomical pattern 

relevant to certain surgical considerations. 

Fill in the blank: The four recti muscles all arise from the annulus of Zinn, a common fibrous 

tendinous ring surrounding the optic nerve at the orbital ________. 

1.1.2 the two oblique muscles 

Muscles with a distinct, indirect course to the globe 

The superior oblique muscle originates near the annulus of Zinn but passes through the 

trochlea, a fibrocartilaginous pulley in the superomedial orbit, before turning posteriorly to 

insert on the superotemporal sclera, discussed earlier in this Part. 

The inferior oblique muscle, by contrast, originates from the anteromedial orbital floor and 

passes beneath the inferior rectus to insert on the posterolateral sclera, meaning both oblique 
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muscles follow a genuinely distinct, indirect course compared with the more direct path of the 

recti muscles discussed earlier in this Series. 

Fill in the blank: The superior oblique muscle passes through the trochlea, a fibrocartilaginous 

pulley in the superomedial orbit, before turning posteriorly to insert on the superotemporal 

________. 

1.1.3 innervation of the extraocular muscles 

Three cranial nerves supplying six muscles 

The lateral rectus is innervated by the abducens (sixth) nerve, discussed in relation to ocular 

motor pathway anatomy in an earlier related course, and the superior oblique by the trochlear 

(fourth) nerve, while the remaining four muscles, medial, superior, and inferior rectus, and 

inferior oblique, are all innervated by the oculomotor (third) nerve. 

This innervation pattern, discussed earlier in this Part, is frequently summarised by the 

mnemonic "LR6, SO4, remainder 3", a useful memory aid directly relevant to interpreting the 

specific pattern of muscle weakness produced by an isolated third, fourth, or sixth nerve palsy. 

Fill in the blank: The innervation pattern of the extraocular muscles is frequently summarised 

by the mnemonic LR6, SO4, remainder ________. 
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Figure 1.1: Diagram illustrating the origins and insertions of the four recti and two oblique 

extraocular muscles. 

Pilot questions 1.1 

1. Name the four recti muscles and their common origin. (Linked to SLO 1.1) 

2. Describe the course of the superior oblique muscle. (Linked to SLO 1.1) 

3. Describe the origin and course of the inferior oblique muscle. (Linked to SLO 1.1) 

4. State which nerve innervates the lateral rectus and superior oblique. (Linked to SLO 1.2) 

5. State the mnemonic summarising extraocular muscle innervation. (Linked to SLO 1.2) 

 

 

1.2 Actions of the Extraocular Muscles 

1.2.1 primary and secondary actions of the recti muscles 

Actions varying with the muscle's angle of pull 

The medial and lateral rectus muscles, discussed earlier in this Series, produce pure adduction 

and abduction respectively as their sole action, given their essentially horizontal line of pull, 
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while the superior and inferior rectus each produce a combination of elevation or depression 

together with secondary adduction and torsional actions. 

This more complex action pattern of the vertical recti, discussed earlier in this Part, reflects the 

angle between the muscle's line of pull and the visual axis, meaning their primary vertical action 

becomes most isolated and purely expressed specifically when the eye is positioned in 

abduction. 

Fill in the blank: The vertical recti's primary vertical action becomes most isolated and purely 

expressed specifically when the eye is positioned in ________. 

1.2.2 actions of the oblique muscles 

Torsional and vertical actions from an angled insertion 

The superior oblique, discussed earlier in this Series, produces intorsion as its primary action, 

together with secondary depression and abduction, while the inferior oblique produces 

extorsion as its primary action, together with secondary elevation and abduction. 

As with the vertical recti discussed in the previous sub-Part, the specific vertical action of each 

oblique muscle becomes most purely isolated when the eye is positioned in adduction, given the 

specific angle of insertion relative to the visual axis in that particular gaze position. 

Fill in the blank: As with the vertical recti, the specific vertical action of each oblique muscle 

becomes most purely isolated when the eye is positioned in ________. 

1.2.3 yoke muscle pairs and cardinal positions of gaze 

Coordinated muscle pairs producing conjugate eye movement 

Yoke muscles, discussed in relation to the ocular motor pathway in an earlier related course, are 

the specific pairs of muscles, one in each eye, that work together to produce conjugate movement 

into a given direction of gaze, such as the right lateral rectus and left medial rectus working 

together for dextroversion, gaze to the right. 

The cardinal positions of gaze, discussed in relation to ductions and versions testing in an 

earlier related course, are the six positions in which the action of a single specific muscle in each 

eye is most purely isolated, providing the essential clinical framework for testing and interpreting 

ocular motility. 

Fill in the blank: The cardinal positions of gaze are the six positions in which the action of a 

single specific muscle in each eye is most purely ________. 
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Table 1.2: Primary action of each extraocular muscle. 

Muscle Primary action Nerve 

Medial rectus Adduction Oculomotor (III) 

Lateral rectus Abduction Abducens (VI) 

Superior oblique Intorsion Trochlear (IV) 

Pilot questions 1.2 

1. Describe the primary actions of the medial and lateral rectus. (Linked to SLO 1.3) 

2. Explain when the vertical action of the superior and inferior rectus is most isolated. 

(Linked to SLO 1.3) 

3. Describe the primary actions of the superior and inferior oblique. (Linked to SLO 1.3) 

4. Define yoke muscles and give an example pair. (Linked to SLO 1.4) 

5. Define the cardinal positions of gaze. (Linked to SLO 1.4) 

 

 

 

1.3 Normal Ocular Alignment 

1.3.1 defining normal ocular alignment 

Both eyes directed together toward the object of regard 

Normal ocular alignment, or orthophoria, discussed throughout this Series, describes both 

eyes being directed simultaneously toward the same object of regard, reflecting the coordinated, 

balanced action of the extraocular muscles and their yoke pairings discussed earlier in this 

Series. 

This alignment, discussed earlier in this sub-Part, must be maintained consistently across every 

direction of gaze and viewing distance, meaning genuinely normal alignment requires both 

accurate individual muscle function and precise, coordinated neural control of the entire ocular 

motor system. 

Fill in the blank: Normal ocular alignment must be maintained consistently across every 

direction of gaze and viewing distance, requiring both accurate individual muscle function and 

precise, coordinated neural ________ of the entire ocular motor system. 
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1.3.2 binocular vision and fusion 

Combining two retinal images into a single percept 

Binocular vision, discussed in relation to normal alignment earlier in this Part, depends on both 

eyes forming a slightly different image of the same visual scene, given their laterally separated 

position, with the brain then combining these two images through the process of fusion into a 

single, unified visual percept. 

Adequate fusion, discussed earlier in this sub-Part, additionally supports stereopsis, genuine 

binocular depth perception, representing the highest level of binocular visual function, meaning 

any significant, sustained disruption of normal ocular alignment risks impairing this valuable 

capacity, discussed further in relation to strabismus in a later Series of this course. 

Fill in the blank: Adequate fusion additionally supports stereopsis, genuine binocular depth 

perception, meaning any significant, sustained disruption of normal ocular alignment risks 

impairing this valuable ________. 

1.3.3 development of ocular alignment in infancy 

A capacity that matures over the first months of life 

Ocular alignment, discussed throughout this Series, is not necessarily fully consistent at birth, 

with mild, intermittent misalignment relatively common in the earliest weeks of life, generally 

resolving spontaneously as the visual system, discussed in relation to the visual pathway in an 

earlier related course, continues its normal postnatal maturation. 

By approximately four to six months of age, discussed earlier in this sub-Part, ocular alignment 

should be consistently normal, meaning persistent misalignment beyond this developmental 

window warrants careful evaluation for genuine strabismus, discussed further in a later Series of 

this course, rather than being dismissed as a normal developmental variant. 

Fill in the blank: By approximately four to six months of age, ocular alignment should be 

consistently normal, meaning persistent misalignment beyond this developmental window 

warrants careful ________. 

Table 1.3: Key concepts in normal ocular alignment. 

Concept Description Relevance 

Orthophoria Both eyes directed together toward the 

object of regard The definition of normal alignment 
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Fusion Combination of two retinal images into 

a single percept 
Supports stereopsis and comfortable 

binocular vision 

Developmental window Alignment should be consistent by four 

to six months 
Persistent misalignment beyond this 

warrants evaluation 

Pilot questions 1.3 

1. Define orthophoria. (Linked to SLO 1.5) 

2. Describe what is required to maintain normal ocular alignment. (Linked to SLO 1.5) 

3. Define fusion and its role in binocular vision. (Linked to SLO 1.5) 

4. Define stereopsis. (Linked to SLO 1.5) 

5. Describe the typical developmental window for consistent ocular alignment in infancy. 

(Linked to SLO 1.6) 

 

 

Series Summary 

This opening Series established the anatomical and physiological foundation of ocular motility, 

beginning with the extraocular muscles, the four recti and two oblique muscles and their 

innervation, before examining actions of the extraocular muscles, primary and secondary 

actions, and yoke muscle pairs across the cardinal positions of gaze. 

We concluded with normal ocular alignment, orthophoria, fusion and stereopsis, and the 

development of alignment in infancy. Having worked through this Series, you should now be 

equipped to understand amblyopia, its pathophysiology and types, examined in the next Series of 

this course. 

 

Glossary of Terms 

• Annulus of Zinn: the common fibrous tendinous ring from which the four recti muscles 

arise. 

• Trochlea: the fibrocartilaginous pulley through which the superior oblique tendon 

passes. 

• Intorsion: inward rotation of the eye, the primary action of the superior oblique. 

• Extorsion: outward rotation of the eye, the primary action of the inferior oblique. 

• Yoke muscles: paired muscles, one in each eye, working together to produce conjugate 

gaze. 
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• Cardinal positions of gaze: the six gaze positions in which a single muscle's action is 

most purely isolated. 

• Orthophoria: normal ocular alignment, with both eyes directed together toward the 

object of regard. 

• Binocular vision: vision combining input from both eyes into a single visual experience. 

• Fusion: the brain's combination of the two eyes' retinal images into a single percept. 

• Stereopsis: genuine binocular depth perception, the highest level of binocular function. 

• Dextroversion: conjugate gaze to the right, produced by a specific yoke muscle pair. 

• Strabismus: misalignment of the eyes, discussed further in a later Series of this course. 

 

Concept Check Questions [Series 1] 

Objective questions 

1. The four recti muscles all arise from the annulus of Zinn, a common fibrous tendinous 

ring surrounding the optic nerve at the orbital ________. 

2. The innervation pattern of the extraocular muscles is frequently summarised by the 

mnemonic LR6, SO4, remainder ________. 

3. The vertical recti's primary vertical action becomes most isolated and purely expressed 

specifically when the eye is positioned in ________. 

4. Adequate fusion additionally supports stereopsis, genuine binocular depth perception, 

meaning any significant, sustained disruption of normal ocular alignment risks impairing 

this valuable ________. 

5. By approximately four to six months of age, ocular alignment should be consistently 

normal, meaning persistent misalignment beyond this developmental window warrants 

careful ________. 

Short-answer questions 

6. Name the four recti muscles and their common origin. 

7. State which nerve innervates the lateral rectus and superior oblique. 

8. Describe the primary actions of the superior and inferior oblique. 

9. Define fusion and its role in binocular vision. 

10. Describe the typical developmental window for consistent ocular alignment in infancy. 

 

 

Long-answer questions 
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11. Discuss the four recti and two oblique extraocular muscles and their innervation. (Linked 

to SLO 1.1, SLO 1.2) 

12. Discuss the primary and secondary actions of the recti and oblique muscles. (Linked to 

SLO 1.3) 

13. Discuss yoke muscle pairs and the cardinal positions of gaze. (Linked to SLO 1.4) 

14. Discuss normal ocular alignment, binocular vision, and fusion. (Linked to SLO 1.5) 

15. Discuss the development of ocular alignment in infancy. (Linked to SLO 1.6) 

 

 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Apex. 

2. 3. 

3. Abduction. 

4. Capacity. 

5. Evaluation. 

Short-answer questions 

6. Medial, lateral, superior, and inferior rectus; all arise from the annulus of Zinn. 

7. Lateral rectus by the abducens (sixth) nerve; superior oblique by the trochlear (fourth) 

nerve. 

8. Superior oblique produces intorsion primarily; inferior oblique produces extorsion 

primarily. 

9. The brain's combination of the two eyes' images into a single percept; it supports 

comfortable binocular vision and stereopsis. 

10. By approximately four to six months of age, alignment should be consistently normal. 

Long-answer questions 

11. Basic response: The four recti muscles arise from the annulus of Zinn, while the two 

oblique muscles follow a distinct, indirect course via the trochlea or orbital floor. 

Value-added response: Innervation follows the LR6, SO4, remainder 3 pattern, directly relevant 

to interpreting cranial nerve palsy patterns. 
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12. Basic response: The medial and lateral rectus produce pure horizontal action, while the 

vertical recti and oblique muscles each produce combined vertical and torsional actions. 

Value-added response: These secondary actions become most isolated in specific positions of 

abduction or adduction, forming the basis of cardinal position testing. 

13. Basic response: Yoke muscles are paired muscles across both eyes producing conjugate 

movement in a specific direction. 

Value-added response: The cardinal positions of gaze isolate the action of a single muscle in 

each eye, providing the essential framework for motility testing. 

14. Basic response: Normal ocular alignment, orthophoria, requires coordinated muscle 

function directing both eyes toward the same object of regard. 

Value-added response: This supports fusion of the two retinal images and, ultimately, 

stereopsis, the highest level of binocular function. 

15. Basic response: Ocular alignment is not necessarily fully consistent at birth, with mild 

misalignment common in early infancy. 

Value-added response: By four to six months, alignment should be consistently normal, 

meaning persistence beyond this window warrants evaluation for genuine strabismus. 

 

 

Answers to Pilot Questions [Series 1] 

Part 1.1 

1. Medial, lateral, superior, and inferior rectus; all arise from the annulus of Zinn. 

2. It originates near the annulus of Zinn, passes through the trochlea, then turns posteriorly 

to insert on the superotemporal sclera. 

3. Originates from the anteromedial orbital floor and passes beneath the inferior rectus to 

insert on the posterolateral sclera. 

4. Lateral rectus by the abducens (sixth) nerve; superior oblique by the trochlear (fourth) 

nerve. 

5. LR6, SO4, remainder 3. 
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Part 1.2 

1. Medial rectus produces pure adduction; lateral rectus produces pure abduction. 

2. When the eye is positioned in abduction. 

3. Superior oblique produces intorsion; inferior oblique produces extorsion. 

4. Paired muscles, one in each eye, working together for conjugate gaze; for example, right 

lateral rectus and left medial rectus for dextroversion. 

5. The six gaze positions in which a single specific muscle's action in each eye is most 

purely isolated. 

Part 1.3 

1. Normal ocular alignment, with both eyes directed together toward the object of regard. 

2. Accurate individual muscle function and precise, coordinated neural control of the ocular 

motor system. 

3. The brain's combination of the two eyes' retinal images into a single percept; it underlies 

comfortable, effective binocular vision. 

4. Genuine binocular depth perception, the highest level of binocular visual function. 

5. By approximately four to six months of age, alignment should be consistently normal. 

 

 

References and Attributions [Series 1] 
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• von Noorden, G. K., & Campos, E. C. (2002). Binocular Vision and Ocular Motility (6th 

ed.). Mosby. 
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Blackwell. 

 

Figures, Plates, Tables, and Boxes 

• Figure 1.1: Diagram illustrating the origins and insertions of the four recti and two 

oblique extraocular muscles. AI-generated using the prompt: "A single clean, accurate 

anatomical diagram of the orbit and globe from the side, with labelled recti muscles 
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running directly from the annulus of Zinn to their scleral insertions, and the superior 

oblique shown passing through a labelled trochlea, textbook anatomical diagram style, 

neutral background, no photographic realism, no other panels." 

• Table 1.2: Primary action of each extraocular muscle. AI-generated using the prompt: 

"Create a clean anatomical reference table titled Primary Action of Each Extraocular 

Muscle, listing muscle, primary action, and nerve. Ophthalmology reference table style 

with outside border, no photographic elements." 

• Table 1.3: Key concepts in normal ocular alignment. AI-generated using the prompt: 

"Create a clean clinical reference table titled Key Concepts in Normal Ocular Alignment, 

listing concept, description, and relevance. Ophthalmology reference table style with 

outside border, no photographic elements."
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Course code: OPT 609 

Course title: Paediatric Ophthalmology 

Course credit load: 1 Unit 

Series 2: Amblyopia: Pathophysiology and Types 

• Part 2.1: Definition and Pathophysiology of Amblyopia 

o Sub Part 2.1.1: Defining amblyopia 

o Sub Part 2.1.2: The critical period of visual development 

o Sub Part 2.1.3: Cortical mechanisms underlying amblyopia 

• Part 2.2: Types of Amblyopia by Cause 

o Sub Part 2.2.1: Strabismic amblyopia 

o Sub Part 2.2.2: Refractive (anisometropic and ametropic) amblyopia 

o Sub Part 2.2.3: Deprivation amblyopia 

• Part 2.3: Clinical Recognition and Significance of Amblyopia 

o Sub Part 2.3.1: Clinical features suggesting amblyopia 

o Sub Part 2.3.2: Grading severity of amblyopia 

o Sub Part 2.3.3: Importance of early detection 

 

Introduction 

In the last Series, we established extraocular muscle anatomy and normal ocular alignment, the 

coordinated physical system that must function correctly for a child to develop clear, comfortable 

binocular vision. We now turn to amblyopia, one of the most important and, importantly, most 

genuinely treatable causes of reduced vision in childhood, examining its underlying 

pathophysiology and the distinct types of amblyopia recognised in clinical practice, each arising 

from a genuinely different disruption to the developing visual system. 

The aim of this Series is to equip you with a thorough understanding of amblyopia, its definition, 

pathophysiology, and the distinct types of amblyopia encountered in paediatric ophthalmic 

practice. 
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This Series begins with the definition and pathophysiology of amblyopia, before examining 

types of amblyopia by cause. It concludes with clinical recognition and significance of 

amblyopia. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 2.1: define amblyopia and describe the critical period of visual development 

• SLO 2.2: describe the cortical mechanisms underlying amblyopia 

• SLO 2.3: describe strabismic amblyopia 

• SLO 2.4: describe refractive and deprivation amblyopia 

• SLO 2.5: describe clinical features suggesting amblyopia and how severity is graded, and 

• SLO 2.6: explain the importance of early detection of amblyopia. 

 

2.1 Definition and Pathophysiology of Amblyopia 

2.1.1 defining amblyopia 

Reduced vision without an identifiable structural cause 

Amblyopia, discussed in relation to normal binocular development in the previous Series of this 

course, is defined as reduced best-corrected visual acuity in one, or occasionally both, eyes 

resulting from abnormal visual experience during early childhood, in the genuine absence of any 

identifiable structural ocular abnormality that could otherwise fully explain the visual deficit. 

This distinguishes amblyopia from other causes of reduced vision, since the eye itself, when 

carefully examined, generally appears entirely normal despite the patient's genuinely reduced 

measured acuity. 

The reduced acuity of amblyopia, discussed earlier in this sub-Part, reflects a genuine problem of 

visual cortical processing rather than any defect within the eye's own optical or retinal 

apparatus, meaning amblyopia represents, at its core, a disorder of visual development within the 

brain itself, discussed further in relation to cortical mechanisms later in this Part. This distinction 

carries direct clinical significance, since it explains both amblyopia's characteristic response to 

appropriately timed treatment and its correspondingly limited responsiveness once treatment is 

significantly delayed. 
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Fill in the blank: Amblyopia is defined as reduced best-corrected visual acuity resulting from 

abnormal visual experience during early childhood, in the genuine absence of any identifiable 

structural ocular ________. 

2.1.2 the critical period of visual development 

A finite window of heightened visual plasticity 

The critical period of visual development, discussed in relation to cortical visual maturation, 

describes the finite window during early childhood, generally extending from birth through 

approximately seven to eight years of age, during which the developing visual cortex retains 

genuine, substantial capacity for plastic reorganisation in response to visual experience. Visual 

input received during this specific period directly shapes the ongoing structural and functional 

development of the visual cortical pathways, discussed in relation to the afferent visual pathway 

in an earlier related course. 

Abnormal visual experience occurring within this critical period, discussed earlier in this sub-

Part, whether from strabismus, refractive error, or physical visual obstruction, discussed further 

in the next Part of this Series, can therefore produce lasting, potentially permanent amblyopia, 

while visual disruption occurring genuinely after the critical period has closed generally does 

not produce the same degree of persistent visual deficit, since the mature visual cortex has by 

then lost much of its earlier plasticity. 

Fill in the blank: Visual input received during the critical period directly shapes the ongoing 

structural and functional development of the visual cortical ________. 

2.1.3 cortical mechanisms underlying amblyopia 

Competitive suppression favouring one eye's input 

The specific cortical mechanism underlying amblyopia, discussed throughout this Part, generally 

involves competitive suppression, in which the visual cortex, receiving persistently unequal or 

conflicting input from the two eyes during the critical period, progressively favours signal from 

the stronger, dominant eye at the direct expense of the weaker, affected eye's cortical 

representation. This process reflects the developing visual system's genuine capacity to actively 

reorganise its own connections in response to relative signal quality, rather than simply 

representing passive disuse of the weaker eye. 

Over time, this competitive process, discussed earlier in this sub-Part, produces measurable, 

demonstrable reduction in the cortical representation allocated to the amblyopic eye, meaning 

amblyopia genuinely reflects an active, ongoing neural process rather than a fixed, unchanging 
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structural abnormality, a distinction directly explaining why appropriately timed treatment, 

discussed further later in this course, can genuinely reverse a meaningful proportion of this 

visual deficit. 

Fill in the blank: Over time, competitive suppression produces measurable, demonstrable 

reduction in the cortical representation allocated to the amblyopic eye, meaning amblyopia 

genuinely reflects an active, ongoing neural ________. 

Figure 2.1: A schematic diagram illustrating competitive cortical suppression, showing reduced 

cortical representation of the weaker, amblyopic eye compared with the dominant eye. 

Pilot questions 2.1 

• Define amblyopia. (Linked to SLO 2.1) 

• Explain why the affected eye in amblyopia generally appears structurally normal. (Linked 

to SLO 2.1) 

• Define the critical period of visual development and its approximate duration. (Linked to 

SLO 2.1) 

• Explain why abnormal visual experience within the critical period can produce lasting 

amblyopia. (Linked to SLO 2.1) 

• Describe the cortical mechanism of competitive suppression underlying amblyopia. 

(Linked to SLO 2.2) 
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2.2 Types of Amblyopia by Cause 

2.2.1 strabismic amblyopia 

Suppression of one eye's input to avoid diplopia 

Strabismic amblyopia, discussed in relation to abnormal ocular alignment further in a later 

Series of this course, develops when persistent misalignment of one eye produces two genuinely 

different, non-corresponding retinal images, prompting the developing visual cortex to actively 

suppress input from the consistently deviating eye in order to avoid the otherwise disorienting, 

unresolved experience of double vision. This represents the most common recognised cause of 

amblyopia in most paediatric ophthalmic practice settings. 

The specific eye affected, discussed earlier in this sub-Part, generally corresponds to whichever 

eye consistently deviates, meaning a child with alternating strabismus, in which each eye takes 

turns fixating, characteristically carries a considerably lower risk of significant amblyopia 

compared with a child whose strabismus consistently affects the same single eye, since 

alternating fixation provides each eye with roughly equal opportunity for normal visual 

development. 

Fill in the blank: A child with alternating strabismus, in which each eye takes turns fixating, 

characteristically carries a considerably lower risk of significant amblyopia, since alternating 

fixation provides each eye with roughly equal opportunity for normal visual ________. 

2.2.2 refractive (anisometropic and ametropic) amblyopia 

Blur-driven amblyopia from unequal or high refractive error 

Anisometropic amblyopia, discussed in relation to refractive error principles in an earlier 

related course, develops when a significant difference in refractive error exists between the two 

eyes, meaning the eye with greater refractive error receives a persistently, chronically blurred 

retinal image relative to its better-corrected fellow eye, prompting the same competitive cortical 

suppression mechanism discussed earlier in this Series. Because this form of amblyopia produces 

no visible ocular misalignment or other outwardly apparent sign, discussed further later in this 

Series, it frequently remains genuinely undetected until formal visual acuity testing is eventually 

performed. 

Ametropic amblyopia, by contrast, develops when both eyes share a similarly significant, 

uncorrected refractive error, producing bilateral, though generally symmetric, blur-driven 

amblyopia affecting both eyes together, rather than the specifically unilateral or asymmetric 

pattern characteristic of anisometropic amblyopia discussed earlier in this sub-Part. Both forms 
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of refractive amblyopia respond well to appropriately timed spectacle correction, discussed 

further later in this Series. 

Fill in the blank: Ametropic amblyopia develops when both eyes share a similarly significant, 

uncorrected refractive error, producing bilateral, though generally symmetric, blur-driven 

amblyopia affecting both eyes ________. 

2.2.3 deprivation amblyopia 

The most severe form, from physical obstruction of vision 

Deprivation amblyopia, discussed in relation to visual pathway function throughout this course, 

results from a physical obstruction to normal visual input reaching the developing eye, such as a 

congenital cataract, discussed in an earlier related course, ptosis obscuring the visual axis, or a 

corneal opacity, each preventing formation of a clear retinal image during the critical 

developmental period discussed earlier in this Series. 

This form of amblyopia, discussed earlier in this sub-Part, is generally regarded as the most 

severe and, unfortunately, the most difficult to reverse of the recognised amblyopia types, since 

complete or near-complete visual deprivation produces a considerably more profound degree of 

cortical suppression than the milder, incomplete image degradation characteristic of strabismic or 

refractive amblyopia discussed earlier in this Part, meaning prompt recognition and removal of 

the underlying obstruction carries genuine urgency. 

Fill in the blank: Deprivation amblyopia is generally regarded as the most severe and difficult 

to reverse of the recognised amblyopia types, meaning prompt recognition and removal of the 

underlying obstruction carries genuine ________. 

Table 2.2: Comparing types of amblyopia by cause. 

Type Underlying mechanism Relative severity 

Strabismic Suppression to avoid diplopia from 

misalignment Moderate; the most common type 

Refractive 

(aniso/ametropic) 
Chronic blur from unequal or high 

refractive error Generally mild to moderate 

Deprivation Physical obstruction of the visual 

axis 
Most severe; most difficult to 

reverse 

Pilot questions 2.2 

1. Describe strabismic amblyopia and its underlying mechanism. (Linked to SLO 2.3) 
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2. Explain why alternating strabismus carries lower amblyopia risk than consistent 

unilateral strabismus. (Linked to SLO 2.3) 

3. Describe anisometropic amblyopia. (Linked to SLO 2.4) 

4. Distinguish ametropic from anisometropic amblyopia. (Linked to SLO 2.4) 

5. Describe deprivation amblyopia and explain why it is regarded as the most severe type. 

(Linked to SLO 2.4) 

 

 

2.3 Clinical Recognition and Significance of Amblyopia 

2.3.1 clinical features suggesting amblyopia 

Often subtle, sometimes entirely asymptomatic to the family 

Clinical features suggesting amblyopia, discussed throughout this Series, include reduced visual 

acuity in one eye on formal testing, discussed further in a later Series of this course, a preference 

for viewing with one particular eye, and, where strabismic amblyopia is the underlying cause, 

discussed earlier in this Series, visible ocular misalignment observed by the family or examiner. 

Given that amblyopia, discussed earlier in this Part, frequently produces no obvious outward sign 

whatsoever, particularly in its refractive forms discussed earlier in this Series, many affected 

children are entirely asymptomatic from the family's own perspective, meaning routine vision 

screening, discussed further later in this Series, represents the primary means by which the 

majority of amblyopia cases are ultimately identified. 

Fill in the blank: Given that amblyopia frequently produces no obvious outward sign 

whatsoever, many affected children are entirely asymptomatic from the family's own ________. 

2.3.2 grading severity of amblyopia 

Quantifying the degree of visual acuity deficit 

Amblyopia severity, discussed earlier in this Series, is generally graded according to the specific 

degree of best-corrected visual acuity reduction measured in the affected eye relative to the 

unaffected fellow eye, discussed in relation to visual acuity testing principles established earlier 

in this course, with mild, moderate, and severe categories commonly recognised in clinical 

practice. 
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This graded severity assessment, discussed earlier in this sub-Part, carries direct relevance to 

treatment planning and expected treatment intensity, since more severe amblyopia generally 

requires a correspondingly more intensive treatment approach, discussed further later in this 

course, and carries a somewhat more guarded overall visual prognosis compared with milder 

degrees of deficit. 

Fill in the blank: Graded severity assessment carries direct relevance to treatment planning, 

since more severe amblyopia generally requires a correspondingly more intensive treatment 

approach and carries a somewhat more guarded overall visual ________. 

2.3.3 importance of early detection 

Treatment effectiveness declines as the critical period closes 

The critical period of visual development, discussed earlier in this Series, means treatment 

effectiveness for amblyopia is genuinely, substantially greater when initiated earlier in 

childhood, while the developing visual cortex retains meaningful capacity for plastic 

reorganisation, compared with treatment attempted later, once this window has substantially 

closed. 

This time-sensitive relationship, discussed earlier in this sub-Part, provides the fundamental 

rationale underlying routine paediatric vision screening programmes, discussed earlier in this 

Part, since early identification and prompt treatment initiation directly maximises the genuine 

likelihood of achieving meaningful, lasting visual improvement before the underlying 

developmental window is substantially lost. 

Fill in the blank: Early identification and prompt treatment initiation directly maximises the 

genuine likelihood of achieving meaningful, lasting visual improvement before the underlying 

developmental window is substantially ________. 

Table 2.3: Key principles of amblyopia recognition and treatment timing. 

Principle Description Clinical implication 

Often asymptomatic Many cases produce no outward 

sign to the family 
Routine screening is essential for 

detection 

Severity grading Categorised as mild, moderate, or 

severe 
Guides treatment intensity and 

prognosis 

Time-sensitive 

treatment 
Effectiveness declines as the critical 

period closes 
Early detection and treatment 

maximise outcome 
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Pilot questions 2.3 

1. List clinical features that may suggest amblyopia. (Linked to SLO 2.5) 

2. Explain why many children with amblyopia are asymptomatic from the family's 

perspective. (Linked to SLO 2.5) 

3. Describe how amblyopia severity is generally graded. (Linked to SLO 2.5) 

4. Explain why treatment effectiveness for amblyopia declines with age. (Linked to SLO 

2.6) 

5. Explain the rationale underlying routine paediatric vision screening. (Linked to SLO 2.6) 

 

 

 

Series Summary 

This Series examined amblyopia: pathophysiology and types, beginning with the definition 

and pathophysiology of amblyopia, its definition, the critical period of visual development, and 

the underlying cortical mechanism of competitive suppression, before examining types of 

amblyopia by cause, strabismic, refractive, and deprivation amblyopia. 

We concluded with clinical recognition and significance of amblyopia, its clinical features, 

severity grading, and the genuine importance of early detection. Having worked through this 

Series, you should now be equipped to understand strabismus, esotropia, exotropia, and 

amblyopia risk examined in the next Series of this course. 

 

Glossary of Terms 

1. Amblyopia: reduced visual acuity from abnormal visual experience in childhood without 

identifiable structural cause. 

2. Critical period: the finite window of early childhood during which the visual cortex 

retains substantial plasticity. 

3. Competitive suppression: the cortical mechanism by which the visual cortex favours the 

dominant eye's input over the weaker eye's. 

4. Strabismic amblyopia: amblyopia resulting from cortical suppression of a consistently 

misaligned eye. 

5. Alternating strabismus: misalignment in which each eye takes turns fixating, carrying 

lower amblyopia risk. 
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6. Anisometropic amblyopia: amblyopia resulting from a significant refractive error 

difference between the two eyes. 

7. Ametropic amblyopia: bilateral, symmetric amblyopia from similarly significant 

uncorrected refractive error in both eyes. 

8. Deprivation amblyopia: the most severe amblyopia type, from physical obstruction of 

the visual axis. 

9. Best-corrected visual acuity: visual acuity measured with optimal refractive correction 

in place. 

10. Vision screening: routine testing used to detect amblyopia and other visual problems, 

often before symptoms appear. 

11. Visual prognosis: the expected outcome of vision, relevant to amblyopia severity and 

treatment timing. 

12. Cortical plasticity: the developing brain's capacity to reorganise neural connections in 

response to experience. 

 

Concept Check Questions [Series 2] 

Objective questions 

1. Amblyopia is defined as reduced best-corrected visual acuity resulting from abnormal 

visual experience during early childhood, in the genuine absence of any identifiable 

structural ocular ________. 

2. Over time, competitive suppression produces measurable, demonstrable reduction in the 

cortical representation allocated to the amblyopic eye, meaning amblyopia genuinely 

reflects an active, ongoing neural ________. 

3. A child with alternating strabismus characteristically carries a considerably lower risk of 

significant amblyopia, since alternating fixation provides each eye with roughly equal 

opportunity for normal visual ________. 

4. Deprivation amblyopia is generally regarded as the most severe and difficult to reverse of 

the recognised amblyopia types, meaning prompt recognition and removal of the 

underlying obstruction carries genuine ________. 

5. Early identification and prompt treatment initiation directly maximises the genuine 

likelihood of achieving meaningful, lasting visual improvement before the underlying 

developmental window is substantially ________. 

Short-answer questions 

• Define amblyopia. 

• Define the critical period of visual development and its approximate duration. 
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• Describe strabismic amblyopia and its underlying mechanism. 

• Distinguish ametropic from anisometropic amblyopia. 

• Explain why many children with amblyopia are asymptomatic from the family's 

perspective. 

Long-answer questions 

1. Discuss the definition and pathophysiology of amblyopia, including the critical period 

and cortical mechanisms. (Linked to SLO 2.1, SLO 2.2) 

2. Discuss strabismic amblyopia. (Linked to SLO 2.3) 

3. Discuss refractive and deprivation amblyopia. (Linked to SLO 2.4) 

4. Discuss the clinical features and severity grading of amblyopia. (Linked to SLO 2.5) 

5. Discuss the importance of early detection of amblyopia. (Linked to SLO 2.6) 

 

 

Answers to Concept Check Questions [Series 2] 

Objective questions 

6. Abnormality. 

7. Process. 

8. Development. 

9. Urgency. 

10. Lost. 

Short-answer questions 

11. Reduced best-corrected visual acuity from abnormal early visual experience without an 

identifiable structural ocular cause. 

12. The finite early childhood window of visual cortical plasticity, extending from birth 

through approximately seven to eight years of age. 

13. Cortical suppression of a consistently misaligned eye to avoid diplopia; the most common 

recognised type. 

14. Ametropic is bilateral and symmetric from shared high refractive error; anisometropic is 

unilateral or asymmetric from a difference between the eyes. 

15. Because amblyopia frequently produces no obvious outward sign, particularly in its 

refractive forms. 
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Long-answer questions 

16. Basic response: Amblyopia reflects reduced acuity from abnormal early visual 

experience, developing within the critical period of cortical plasticity. 

Value-added response: Competitive suppression progressively favours the dominant eye's 

cortical representation, explaining both the disorder and its potential reversibility with timely 

treatment. 

17. Basic response: Strabismic amblyopia develops when persistent misalignment prompts 

cortical suppression of the deviating eye to avoid diplopia. 

Value-added response: Alternating strabismus carries lower amblyopia risk than consistent 

unilateral deviation, since both eyes share fixation opportunity. 

18. Basic response: Anisometropic amblyopia results from unequal refractive error 

producing chronic unilateral blur, while ametropic amblyopia results from bilateral high 

refractive error. 

Value-added response: Deprivation amblyopia, from physical visual obstruction, represents the 

most severe and difficult to reverse form. 

19. Basic response: Amblyopia clinical features may include reduced acuity, eye preference, 

or visible misalignment, though many cases remain asymptomatic to the family. 

Value-added response: Severity grading into mild, moderate, and severe categories guides 

treatment intensity and prognosis. 

20. Basic response: Treatment effectiveness declines as the critical period of cortical 

plasticity closes, generally by around seven to eight years of age. 

Value-added response: This provides the fundamental rationale for routine vision screening, 

maximising the chance of meaningful improvement through early detection. 
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Answers to Pilot Questions [Series 2] 

Part 2.1 

11. Reduced best-corrected visual acuity from abnormal early visual experience without an 

identifiable structural ocular cause. 

12. Because the reduced acuity reflects a cortical processing problem rather than any defect 

in the eye's own optical or retinal apparatus. 

13. The finite early childhood window of cortical plasticity, extending from birth through 

approximately seven to eight years of age. 

14. Because the visual cortex retains substantial plasticity during this period, allowing 

abnormal input to produce lasting reorganisation and deficit. 

15. The visual cortex progressively favours signal from the stronger, dominant eye at the 

expense of the weaker eye's cortical representation. 

Part 2.2 

1. Cortical suppression of a consistently misaligned eye to avoid diplopia; it is the most 

common recognised amblyopia cause. 

2. Because alternating fixation gives both eyes roughly equal opportunity for normal visual 

development. 

3. Amblyopia from a significant difference in refractive error between the two eyes, causing 

chronic blur in the more affected eye. 

4. Ametropic is bilateral and symmetric from shared refractive error in both eyes; 

anisometropic is unilateral or asymmetric from a difference between the eyes. 

5. Physical obstruction of the visual axis; it is most severe because complete or near-

complete deprivation produces more profound cortical suppression. 

Part 2.3 

6. Reduced acuity on testing, eye preference, and, in strabismic cases, visible ocular 

misalignment. 

7. Because amblyopia, particularly its refractive forms, frequently produces no obvious 

outward sign. 

8. Categorised as mild, moderate, or severe based on the degree of best-corrected acuity 

reduction relative to the fellow eye. 

9. Because the developing visual cortex loses meaningful plasticity as the critical period 

closes with age. 

10. Early identification and treatment maximise the chance of meaningful visual 

improvement before the developmental window is substantially lost. 
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Figures, Plates, Tables, and Boxes 

1. Figure 2.1: A schematic diagram illustrating competitive cortical suppression, showing 

reduced cortical representation of the weaker, amblyopic eye compared with the 

dominant eye. AI-generated using the prompt: "A single clean, accurate schematic 

diagram of the visual cortex surface with two labelled regions, one larger region labelled 

dominant eye representation and one smaller, shrunken region labelled amblyopic eye 

representation, textbook neuroscience diagram style, neutral background, no 

photographic realism, no other panels." 

2. Table 2.2: Comparing types of amblyopia by cause. AI-generated using the prompt: 

"Create a clean clinical reference table titled Comparing Types of Amblyopia by Cause, 

listing type, underlying mechanism, and relative severity. Ophthalmology reference table 

style with outside border, no photographic elements." 

3. Table 2.3: Key principles of amblyopia recognition and treatment timing. AI-generated 

using the prompt: "Create a clean clinical reference table titled Key Principles of 

Amblyopia Recognition and Treatment Timing, listing principle, description, and clinical 

implication. Ophthalmology reference table style with outside border, no photographic 

elements."
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Course code: OPT 609 

Course title: Paediatric Ophthalmology 

Course credit load: 1 Unit 

Series 3: Strabismus: Esotropia, Exotropia, and 

Amblyopia Risk 

• Part 3.1: Principles of Abnormal Ocular Alignment 

o Sub Part 3.1.1: Defining strabismus 

o Sub Part 3.1.2: Classification of strabismus 

o Sub Part 3.1.3: Comitant versus incomitant strabismus 

• Part 3.2: Esotropia and Exotropia 

o Sub Part 3.2.1: Esotropia 

o Sub Part 3.2.2: Exotropia 

o Sub Part 3.2.3: Comparing esotropia and exotropia 

• Part 3.3: Amblyopia Risk in Strabismic Children 

o Sub Part 3.3.1: Factors determining amblyopia risk in strabismus 

o Sub Part 3.3.2: Recognising strabismus in children 

o Sub Part 3.3.3: The importance of early referral 

 

Introduction 

In the last Series, we established amblyopia, its pathophysiology and the distinct types 

recognised in clinical practice. We now turn to strabismus, the abnormal ocular alignment that 

represents one of the most important recognised causes of amblyopia established in the previous 

Series, examining the general principles governing abnormal alignment, the specific patterns of 

esotropia and exotropia, and, drawing directly on both this Series and the previous one, the 

specific factors determining amblyopia risk in the strabismic child. 

The aim of this Series is to equip you with a thorough understanding of abnormal ocular 

alignment, including exotropia and esotropia, and the risk of amblyopia in children with 

strabismus. 
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This Series begins with the principles of abnormal ocular alignment, before examining 

esotropia and exotropia. It concludes with amblyopia risk in strabismic children. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 3.1: define strabismus and describe its classification 

• SLO 3.2: distinguish comitant from incomitant strabismus 

• SLO 3.3: describe esotropia 

• SLO 3.4: describe exotropia and compare it with esotropia 

• SLO 3.5: describe the factors determining amblyopia risk in strabismic children, and 

• SLO 3.6: explain the importance of recognising strabismus and early referral. 

 

3.1 Principles of Abnormal Ocular Alignment 

3.1.1 defining strabismus 

A deviation from the normal, coordinated fixation established earlier 

Strabismus, discussed in relation to orthophoria and normal ocular alignment in an earlier Series 

of this course, refers to any misalignment of the visual axes, in which the two eyes fail to remain 

directed together toward the same object of regard, reflecting a genuine breakdown in the 

coordinated extraocular muscle balance discussed throughout that earlier Series. This 

misalignment may be constant, present at every examination, or intermittent, appearing only 

under specific circumstances such as fatigue or particular viewing distances. 

The specific direction of deviation, discussed further later in this Series, forms the basis of the 

most commonly used clinical terminology, with deviation toward the nose termed esotropia and 

deviation away from the nose termed exotropia, while vertical deviations, upward or downward, 

are termed hypertropia or hypotropia respectively, though the latter two patterns lie somewhat 

outside the specific scope of this Series. 

Fill in the blank: Strabismus refers to any misalignment of the visual axes, in which the two 

eyes fail to remain directed together toward the same object of ________. 
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3.1.2 classification of strabismus 

Manifest versus latent, and further descriptive categories 

Strabismus is broadly classified as a tropia, a manifest deviation genuinely present under 

ordinary binocular viewing conditions, or a phoria, a latent deviation controlled by normal 

fusional mechanisms, discussed in relation to fusion in an earlier Series of this course, and only 

becoming apparent when binocular fusion is specifically disrupted, such as during cover testing. 

Further important classification, discussed earlier in this Part, distinguishes whether strabismus is 

unilateral, consistently affecting the same single eye, or alternating, with each eye taking turns 

deviating, a distinction carrying direct relevance to amblyopia risk discussed in the previous 

Series of this course and further in the final Part of this Series. 

Fill in the blank: Strabismus is broadly classified as a tropia, a manifest deviation, or a phoria, a 

latent deviation controlled by normal fusional ________. 

3.1.3 comitant versus incomitant strabismus 

Whether the deviation angle stays constant across gaze positions 

Comitant strabismus, discussed in relation to yoke muscle coordination in an earlier Series of 

this course, describes a deviation whose angle remains genuinely constant regardless of the 

specific direction of gaze tested, generally reflecting the most common childhood strabismus 

patterns, discussed further later in this Series, arising from a genuinely balanced, though 

misdirected, overall muscle imbalance. 

Incomitant strabismus, by contrast, describes a deviation whose angle varies meaningfully 

depending on the specific direction of gaze, generally reflecting an isolated muscle weakness or 

restriction, discussed in relation to cranial nerve palsy patterns in an earlier related course, 

meaning incomitant strabismus in a child warrants particularly careful further evaluation for an 

underlying neurological or mechanical cause. 

Fill in the blank: Incomitant strabismus describes a deviation whose angle varies meaningfully 

depending on the specific direction of gaze, generally reflecting an isolated muscle weakness or 

restriction, warranting careful further evaluation for an underlying neurological or mechanical 

________. 
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Figure 3.1: A schematic diagram comparing comitant strabismus, with a constant deviation angle 

across gaze positions, and incomitant strabismus, with a varying angle. 

Pilot questions 3.1 

• Define strabismus. (Linked to SLO 3.1) 

• Distinguish constant from intermittent strabismus. (Linked to SLO 3.1) 

• Distinguish a tropia from a phoria. (Linked to SLO 3.1) 

• Distinguish unilateral from alternating strabismus. (Linked to SLO 3.2) 

• Distinguish comitant from incomitant strabismus and explain the clinical significance of 

incomitance. (Linked to SLO 3.2) 

 

3.2 Esotropia and Exotropia 

3.2.1 esotropia 

Inward deviation, the most common childhood strabismus pattern 

Esotropia, discussed in relation to strabismus classification earlier in this Series, describes 

inward, nasally directed deviation of one or both eyes, representing the most common form of 

manifest strabismus encountered in early childhood, generally first noticed by the family as one 
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eye appearing to turn toward the nose, particularly when the child is fatigued or focusing intently 

on a near object. 

Recognised causes of esotropia, discussed earlier in this sub-Part, include accommodative 

esotropia, developing in association with significant uncorrected hyperopic refractive error, 

discussed in relation to refractive amblyopia in the previous Series of this course, and infantile 

esotropia, presenting within the first six months of life, generally with a larger deviation angle 

and less clear refractive association. 

Fill in the blank: Recognised causes of esotropia include accommodative esotropia, developing 

in association with significant uncorrected hyperopic refractive error, and infantile esotropia, 

presenting within the first six months of ________. 

3.2.2 exotropia 

Outward deviation, often intermittent and distance-related 

Exotropia, discussed earlier in this Series in relation to deviation direction, describes outward, 

temporally directed deviation of one or both eyes, generally presenting somewhat later in 

childhood than esotropia discussed earlier in this Part, and frequently beginning as an 

intermittent deviation, particularly noticeable during distance fixation or when the child is tired, 

unwell, or daydreaming. 

Over time, discussed earlier in this sub-Part, intermittent exotropia carries a genuine, recognised 

tendency to progressively worsen in both frequency and overall angle of deviation if left 

untreated, occasionally becoming a genuinely constant deviation, meaning careful monitoring of 

any child with intermittent exotropia remains clinically important even where the deviation does 

not yet appear constant. 

Fill in the blank: Intermittent exotropia carries a genuine, recognised tendency to progressively 

worsen in both frequency and overall angle of deviation if left ________. 

3.2.3 comparing esotropia and exotropia 

Contrasting typical onset, presentation, and course 

Esotropia and exotropia, discussed throughout this Part, differ not only in the specific direction 

of deviation but also in their typical clinical course, with esotropia generally presenting as a more 

consistently manifest deviation from a comparatively earlier age, while exotropia more 

characteristically begins as an intermittent, distance-related pattern before potentially progressing 

over time, discussed earlier in this Series. 
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Both patterns, discussed throughout this Part, nonetheless share the same fundamental 

underlying risk of producing amblyopia where deviation is consistently unilateral, discussed in 

the previous Series of this course, meaning careful recognition and prompt referral remain 

equally important regardless of which specific direction of deviation is ultimately identified in a 

given child. 

Fill in the blank: Both esotropia and exotropia share the same fundamental underlying risk of 

producing amblyopia where deviation is consistently ________. 

Table 3.2: Comparing esotropia and exotropia. 

Feature Esotropia Exotropia 

Direction of deviation Inward, toward the nose Outward, away from the nose 

Typical onset pattern Often earlier, may be constant Often later, frequently intermittent 

initially 

Common association Uncorrected hyperopia 

(accommodative type) Distance fixation, fatigue, illness 

Pilot questions 3.2 

1. Define esotropia. (Linked to SLO 3.3) 

2. Distinguish accommodative from infantile esotropia. (Linked to SLO 3.3) 

3. Define exotropia and describe its typical early presentation. (Linked to SLO 3.4) 

4. Explain why intermittent exotropia requires careful monitoring even when not yet 

constant. (Linked to SLO 3.4) 

5. Compare esotropia and exotropia in terms of typical onset and clinical course. (Linked to 

SLO 3.4) 

 

 

3.3 Amblyopia Risk in Strabismic Children 

3.3.1 factors determining amblyopia risk in strabismus 

Consistency of fixation as the primary determinant of risk 

The single most important factor determining amblyopia risk in a strabismic child, discussed in 

relation to strabismic amblyopia in the previous Series of this course, is whether the deviation 

consistently affects the same single eye, producing genuinely unequal visual experience between 
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the two eyes, or genuinely alternates between eyes, providing roughly equal opportunity for 

each eye's normal visual development. 

Further relevant factors, discussed earlier in this sub-Part, include the child's specific age at 

strabismus onset, given the critical period of visual development discussed in the previous Series 

of this course, and the presence of any coexisting refractive error, discussed in relation to 

anisometropic amblyopia in the previous Series of this course, since combined strabismic and 

refractive risk factors can compound overall amblyopia severity. 

Fill in the blank: Further relevant factors include the child's specific age at strabismus onset and 

the presence of any coexisting refractive error, since combined strabismic and refractive risk 

factors can compound overall amblyopia ________. 

3.3.2 recognising strabismus in children 

Family observation together with clinical examination 

Strabismus, discussed throughout this Series, is frequently first noticed by family members, 

observing one eye consistently or intermittently turning inward or outward, particularly evident 

in photographs, where an asymmetric corneal light reflex, discussed further in a later Series of 

this course, may be more easily appreciated than during brief, everyday observation. 

Clinical confirmation, discussed earlier in this sub-Part, generally involves specific bedside 

testing, discussed further in a later Series of this course, allowing objective documentation of the 

deviation and distinguishing genuine strabismus from pseudostrabismus, a common, entirely 

benign appearance of apparent misalignment resulting from specific facial features such as a 

broad nasal bridge or prominent epicanthal folds. 

Fill in the blank: Clinical confirmation generally involves specific bedside testing, allowing 

objective documentation of the deviation and distinguishing genuine strabismus from 

pseudostrabismus, a common, entirely benign ________. 

3.3.3 the importance of early referral 

Applying the critical period principle to strabismic children 

Given the direct relationship between amblyopia treatment effectiveness and the child's age, 

discussed extensively in the previous Series of this course, prompt referral of any child with 

suspected strabismus, discussed throughout this Series, represents an essential clinical priority, 

since delayed recognition directly reduces the eventual likelihood of achieving meaningful visual 

improvement. 
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This principle, discussed earlier in this sub-Part, applies regardless of whether the specific 

strabismus pattern identified is esotropia or exotropia, discussed earlier in this Series, or whether 

the deviation appears constant or merely intermittent, since any child with genuine strabismus 

carries meaningful amblyopia risk warranting timely specialist assessment. 

Fill in the blank: The importance of prompt referral applies regardless of the specific strabismus 

pattern identified, since any child with genuine strabismus carries meaningful amblyopia risk 

warranting timely specialist ________. 

Table 3.3: Key factors relevant to amblyopia risk and early referral in strabismus. 

Factor Higher risk pattern Lower risk pattern 

Fixation pattern Consistently unilateral deviation Alternating deviation 

Age at onset Earlier onset, within the critical 

period 
Later onset, closer to critical period 

closure 
Coexisting refractive 

error Present, compounding overall risk Absent 

 

Pilot questions 3.3 

1. Describe the single most important factor determining amblyopia risk in strabismus. 

(Linked to SLO 3.5) 

2. List further factors relevant to amblyopia risk in a strabismic child. (Linked to SLO 3.5) 

3. Describe how strabismus is typically first recognised. (Linked to SLO 3.6) 

4. Define pseudostrabismus. (Linked to SLO 3.6) 

5. Explain why prompt referral is important for any child with suspected strabismus. 

(Linked to SLO 3.6) 

 

 

Series Summary 

This Series examined strabismus: esotropia, exotropia, and amblyopia risk, beginning with 

principles of abnormal ocular alignment, the definition and classification of strabismus, and 

comitant versus incomitant patterns, before examining esotropia and exotropia, their typical 

features and comparison. 
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We concluded with amblyopia risk in strabismic children, the factors determining risk, 

recognition of strabismus, and the importance of early referral. Having worked through this 

Series, you should now be equipped to understand visual acuity testing and the Hirschberg test in 

children examined in the next Series of this course. 

 

Glossary of Terms 

1. Strabismus: any misalignment of the visual axes in which the two eyes fail to remain 

directed together. 

2. Tropia: a manifest strabismic deviation present under ordinary binocular viewing 

conditions. 

3. Phoria: a latent deviation controlled by normal fusional mechanisms, apparent only 

when fusion is disrupted. 

4. Comitant strabismus: strabismus whose deviation angle remains constant regardless of 

gaze direction. 

5. Incomitant strabismus: strabismus whose deviation angle varies with gaze direction, 

suggesting muscle weakness or restriction. 

6. Esotropia: inward, nasally directed ocular deviation. 

7. Accommodative esotropia: esotropia developing in association with significant 

uncorrected hyperopia. 

8. Infantile esotropia: esotropia presenting within the first six months of life. 

9. Exotropia: outward, temporally directed ocular deviation. 

10. Intermittent exotropia: exotropia present only under certain circumstances, with a 

tendency to progress if untreated. 

11. Pseudostrabismus: a benign appearance of apparent misalignment resulting from facial 

features rather than true deviation. 

12. Early referral: prompt specialist assessment of suspected strabismus, essential given 

amblyopia's time-sensitive treatment window. 

 

Concept Check Questions [Series 3] 

Objective questions 

1. Strabismus refers to any misalignment of the visual axes, in which the two eyes fail to 

remain directed together toward the same object of ________. 
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2. Incomitant strabismus generally reflects an isolated muscle weakness or restriction, 

warranting careful further evaluation for an underlying neurological or mechanical 

________. 

3. Recognised causes of esotropia include accommodative esotropia and infantile esotropia, 

presenting within the first six months of ________. 

4. Both esotropia and exotropia share the same fundamental underlying risk of producing 

amblyopia where deviation is consistently ________. 

5. Prompt referral is important regardless of the specific strabismus pattern identified, since 

any child with genuine strabismus carries meaningful amblyopia risk warranting timely 

specialist ________. 

Short-answer questions 

• Distinguish a tropia from a phoria. 

• Distinguish comitant from incomitant strabismus. 

• Distinguish accommodative from infantile esotropia. 

• Describe the typical early presentation of exotropia. 

• Define pseudostrabismus. 

Long-answer questions 

1. Discuss the definition and classification of strabismus. (Linked to SLO 3.1) 

2. Discuss comitant versus incomitant strabismus. (Linked to SLO 3.2) 

3. Discuss esotropia and exotropia and how they are compared. (Linked to SLO 3.3, SLO 

3.4) 

4. Discuss the factors determining amblyopia risk in strabismic children. (Linked to SLO 

3.5) 

5. Discuss recognising strabismus in children and the importance of early referral. (Linked 

to SLO 3.6) 

 

Answers to Concept Check Questions [Series 3] 

Objective questions 

6. Regard. 

7. Cause. 

8. Life. 

9. Unilateral. 

10. Assessment. 
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Short-answer questions 

11. A tropia is a manifest deviation present under ordinary conditions; a phoria is a latent 

deviation controlled by fusion. 

12. Comitant strabismus maintains a constant angle across gaze directions; incomitant 

strabismus varies with gaze direction. 

13. Accommodative esotropia is associated with uncorrected hyperopia; infantile esotropia 

presents within the first six months of life with a larger angle. 

14. Often intermittent, particularly noticeable during distance fixation, fatigue, or illness. 

15. A benign appearance of apparent misalignment resulting from facial features such as a 

broad nasal bridge or prominent epicanthal folds. 

Long-answer questions 

16. Basic response: Strabismus is any misalignment of the visual axes, classified as constant 

or intermittent, and as a tropia or phoria. 

Value-added response: Further classification as unilateral or alternating carries direct relevance 

to amblyopia risk assessed in the final Part of this Series. 

17. Basic response: Comitant strabismus maintains a constant deviation angle across gaze 

positions, generally reflecting balanced overall muscle imbalance. 

Value-added response: Incomitant strabismus varies with gaze direction, generally reflecting 

isolated muscle weakness or restriction warranting further neurological evaluation. 

18. Basic response: Esotropia is inward deviation, often accommodative or infantile in 

origin, while exotropia is outward deviation, often beginning intermittently. 

Value-added response: Both patterns share the same fundamental amblyopia risk where 

deviation is consistently unilateral, meaning both warrant equally prompt recognition. 

19. Basic response: The most important determinant of amblyopia risk is whether deviation 

consistently affects the same eye or alternates between eyes. 

Value-added response: Age at onset and coexisting refractive error further influence overall 

risk and severity. 

20. Basic response: Strabismus is often first noticed by family members, particularly in 

photographs, and confirmed through specific clinical testing distinguishing it from 

pseudostrabismus. 
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Value-added response: Prompt referral is essential given the direct relationship between 

treatment effectiveness and the child's age within the critical period. 

 

 

Answers to Pilot Questions [Series 3] 

Part 3.1 

11. Any misalignment of the visual axes in which the two eyes fail to remain directed 

together toward the same object of regard. 

12. Constant strabismus is present at every examination; intermittent strabismus appears only 

under specific circumstances such as fatigue. 

13. A tropia is a manifest deviation present under ordinary conditions; a phoria is a latent 

deviation controlled by fusion. 

14. Unilateral consistently affects the same eye; alternating strabismus has each eye taking 

turns deviating. 

15. Comitant maintains a constant angle across gaze; incomitant varies with gaze, suggesting 

an isolated muscle weakness or restriction requiring further evaluation. 

Part 3.2 

1. Inward, nasally directed ocular deviation, the most common form of manifest childhood 

strabismus. 

2. Accommodative esotropia is associated with uncorrected hyperopia; infantile esotropia 

presents within the first six months with a larger angle. 

3. Outward, temporally directed deviation, frequently beginning as an intermittent deviation 

noticeable during distance fixation or fatigue. 

4. Because it carries a genuine tendency to progressively worsen in frequency and angle if 

left untreated. 

5. Esotropia often presents earlier and may be constant; exotropia often presents later and 

begins intermittently before potentially progressing. 

Part 3.3 

6. Whether the deviation consistently affects the same single eye or alternates between eyes. 

7. Age at strabismus onset and the presence of any coexisting refractive error. 

8. Often first noticed by family members, particularly evident in photographs showing an 

asymmetric corneal light reflex. 
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9. A benign appearance of apparent misalignment resulting from facial features rather than 

true ocular deviation. 

10. Because delayed recognition directly reduces the eventual likelihood of achieving 

meaningful visual improvement, given the time-sensitive critical period. 
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Figures, Plates, Tables, and Boxes 

1. Figure 3.1: A schematic diagram comparing comitant strabismus, with a constant 

deviation angle across gaze positions, and incomitant strabismus, with a varying angle. 

AI-generated using the prompt: "A single clean, accurate schematic diagram with two 

rows of small face icons looking in different gaze directions, one row labelled comitant 

showing a constant, equal eye deviation in every position, the other labelled incomitant 

showing a deviation that visibly increases in certain gaze directions, textbook clinical 

diagram style, neutral background, no photographic realism, no other panels." 

2. Table 3.2: Comparing esotropia and exotropia. AI-generated using the prompt: "Create a 

clean clinical reference table titled Comparing Esotropia and Exotropia, listing feature, 

esotropia, and exotropia. Ophthalmology reference table style with outside border, no 

photographic elements." 

3. Table 3.3: Key factors relevant to amblyopia risk and early referral in strabismus. AI-

generated using the prompt: "Create a clean clinical reference table titled Key Factors 

Relevant to Amblyopia Risk and Early Referral in Strabismus, listing factor, higher risk 

pattern, and lower risk pattern. Ophthalmology reference table style with outside border, 

no photographic elements."
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Course code: OPT 609 

Course title: Paediatric Ophthalmology 

Course credit load: 1 Unit 

Series 4: Visual Acuity Testing and the 

Hirschberg Test in Children 

• Part 4.1: Principles of Visual Acuity Testing in Children 

o Sub Part 4.1.1: Challenges specific to testing children 

o Sub Part 4.1.2: Age-appropriate visual acuity tests 

o Sub Part 4.1.3: Interpreting visual acuity results in children 

• Part 4.2: Practical Techniques for Visual Acuity Testing 

o Sub Part 4.2.1: Preferential looking and fixation preference testing in infants 

o Sub Part 4.2.2: Picture and symbol charts for young children 

o Sub Part 4.2.3: Letter charts for older children 

• Part 4.3: The Hirschberg Test 

o Sub Part 4.3.1: Principle of the Hirschberg test 

o Sub Part 4.3.2: Technique and interpretation of the Hirschberg test 

o Sub Part 4.3.3: Clinical value and limitations of the Hirschberg test 

 

 

Introduction 

In the last Series, we established strabismus, esotropia, exotropia, and amblyopia risk. We now 

turn to the essential practical clinical skills of visual acuity testing in children, adapting the 

general testing principles established in earlier related coursework to the specific developmental 

constraints of the paediatric patient, and the Hirschberg test, a simple, genuinely accessible 

bedside technique for recognising and characterising ocular misalignment directly relevant to the 

strabismus discussed throughout the previous Series of this course. 
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The aim of this Series is to equip you with a thorough, practical understanding of testing visual 

acuity in children and recognising and characterising ocular misalignment by Hirschberg test. 

This Series begins with the principles of visual acuity testing in children, before examining 

practical techniques for visual acuity testing. It concludes with the Hirschberg test. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 4.1: describe the challenges specific to visual acuity testing in children 

• SLO 4.2: describe age-appropriate visual acuity tests and how results are interpreted 

• SLO 4.3: describe preferential looking and fixation preference testing in infants 

• SLO 4.4: describe picture, symbol, and letter chart testing for children of different ages 

• SLO 4.5: describe the principle, technique, and interpretation of the Hirschberg test, and 

• SLO 4.6: explain the clinical value and limitations of the Hirschberg test. 

 

4.1 Principles of Visual Acuity Testing in Children 

4.1.1 challenges specific to testing children 

Limited attention, cooperation, and verbal capacity 

Visual acuity testing in children, discussed in relation to standard adult testing principles in an 

earlier related course, presents genuine additional challenges beyond those encountered in adult 

practice, since young children frequently possess limited attention span, uncertain cooperation, 

and, particularly in infants and toddlers, no meaningful verbal capacity to describe or confirm 

what they can genuinely see on a standard chart. 

These challenges, discussed earlier in this sub-Part, mean the examiner must select an age-

appropriate testing method, discussed further in the next sub-Part, and remain genuinely patient 

and adaptable throughout the examination, since a single failed or inconclusive attempt should 

never be assumed to represent the child's true, best achievable visual performance. 

Fill in the blank: Visual acuity testing challenges in children mean the examiner must select an 

age-appropriate testing method and remain genuinely patient and adaptable, since a single failed 

attempt should never be assumed to represent the child's true, best achievable visual ________. 
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4.1.2 age-appropriate visual acuity tests 

Matching the test to the child's developmental stage 

Different visual acuity testing methods, discussed throughout this Series, are appropriate at 

different developmental stages, with preferential looking, discussed further in the next Part of 

this Series, generally used in infants, picture or symbol matching tests suited to toddlers and 

young preschool children, and standard letter charts, discussed in relation to adult acuity testing 

in an earlier related course, appropriate once the child is old enough to reliably recognise letters. 

Selecting the genuinely correct test for a given child's developmental stage, discussed earlier in 

this sub-Part, directly determines whether meaningful, reliable results can be obtained at all, 

since attempting a test genuinely beyond a young child's current cognitive or verbal capacity 

generally produces an unreliable, falsely reduced result reflecting testing difficulty rather than 

any genuine visual impairment. 

Fill in the blank: Attempting a visual acuity test genuinely beyond a young child's current 

cognitive or verbal capacity generally produces an unreliable, falsely reduced result reflecting 

testing difficulty rather than any genuine visual ________. 

4.1.3 interpreting visual acuity results in children 

Comparing against age-specific expected norms 

Interpreting visual acuity results in children, discussed throughout this Part, requires comparison 

against age-specific expected norms, since normal visual acuity in a very young child is 

genuinely, physiologically lower than adult normal acuity, gradually improving over the first 

several years of life as the visual system, discussed in relation to the critical period in an earlier 

Series of this course, continues its normal postnatal maturation. 

A meaningful difference in measured acuity between the two eyes, discussed earlier in this sub-

Part, carries direct clinical significance regardless of the child's specific absolute acuity level, 

since such an interocular difference represents a genuinely important, potentially amblyogenic 

finding, discussed in relation to strabismic and refractive amblyopia in earlier Series of this 

course, warranting careful further evaluation. 

Fill in the blank: A meaningful difference in measured visual acuity between the two eyes 

carries direct clinical significance regardless of the child's specific absolute acuity level, since 

such an interocular difference represents a genuinely important, potentially amblyogenic 

________. 
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Table 4.1: Age-appropriate visual acuity testing methods. 

Age group Typical test method Key consideration 

Infants Preferential looking Relies on visual behaviour rather 

than verbal response 

Toddlers/young 

preschool Picture or symbol matching Requires no letter recognition or 

reading ability 

Older children Standard letter chart Similar to adult testing once 

literacy is established 

Pilot questions 4.1 

• List challenges specific to visual acuity testing in children. (Linked to SLO 4.1) 

• Explain why a single failed testing attempt should not be assumed to represent a child's 

true visual performance. (Linked to SLO 4.1) 

• Describe the general age-appropriate progression of visual acuity testing methods. 

(Linked to SLO 4.2) 

• Explain why age-specific norms are essential when interpreting paediatric visual acuity 

results. (Linked to SLO 4.2) 

• Explain the clinical significance of a meaningful interocular acuity difference in a child. 

(Linked to SLO 4.2) 

 

4.2 Practical Techniques for Visual Acuity Testing 

4.2.1 preferential looking and fixation preference testing in infants 

Exploiting an infant's natural preference for pattern 

Preferential looking, discussed in relation to infant visual development, exploits the well 

documented observation that infants naturally prefer to look toward a patterned stimulus, such 

as a series of black and white stripes, rather than a plain, unpatterned surface, allowing the 

examiner to infer the infant's approximate visual acuity by progressively narrowing the stripe 

width until the infant no longer shows a clear looking preference. 

Fixation preference testing, discussed earlier in this sub-Part, provides a further useful, simpler 

technique specifically for detecting unequal vision between the two eyes, generally performed 

by covering one eye and observing whether the child objects, or by comparing how readily the 

child fixates and maintains fixation with each eye when alternately occluded, discussed in 

relation to strabismus recognition in the previous Series of this course. 
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Fill in the blank: Preferential looking exploits the well documented observation that infants 

naturally prefer to look toward a patterned stimulus rather than a plain, unpatterned ________. 

4.2.2 picture and symbol charts for young children 

Matching or naming familiar shapes rather than letters 

Picture charts, discussed in relation to age-appropriate testing earlier in this Series, use 

simplified, easily recognisable images, such as a house, star, or apple, that a young child can 

identify verbally or by pointing, providing a genuinely accessible testing method well before 

formal letter recognition has developed. 

Symbol charts, discussed earlier in this sub-Part, such as the Lea symbols or HOTV test, use a 

small, standardised, genuinely limited set of simple shapes or letters that the child can match to a 

corresponding key card held in their own hand, rather than requiring the child to name the 

symbol aloud, a particularly useful approach for shy or less verbally confident children. 

Fill in the blank: Symbol charts use a small, standardised, genuinely limited set of simple 

shapes or letters that the child can match to a corresponding key card held in their own 

________. 

4.2.3 letter charts for older children 

Standard testing once literacy is reliably established 

Once a child is genuinely reliably literate, discussed in relation to picture and symbol testing 

earlier in this Part, standard letter charts, discussed in relation to adult visual acuity testing in an 

earlier related course, can generally be used in essentially the same manner as for adult patients, 

with each eye tested individually and the fellow eye appropriately occluded. 

Even at this more advanced testing stage, discussed earlier in this sub-Part, maintaining the 

child's genuine engagement and cooperation throughout testing remains important, since fatigue 

or waning interest can still meaningfully affect measured acuity, meaning brief, encouraging 

testing sessions frequently produce more reliable results than an unnecessarily prolonged, 

exhausting single attempt. 

Fill in the blank: Even once a child is testing with a standard letter chart, maintaining genuine 

engagement and cooperation remains important, since fatigue or waning interest can still 

meaningfully affect measured ________. 
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Figure 4.2: A clinician performing preferential looking testing on an infant, using a striped 

pattern card to assess visual acuity. 

Pilot questions 4.2 

1. Describe the principle of preferential looking testing. (Linked to SLO 4.3) 

2. Describe fixation preference testing and its purpose. (Linked to SLO 4.3) 

3. Describe picture chart testing and its advantage for young children. (Linked to SLO 4.4) 

4. Describe symbol chart testing, including an example. (Linked to SLO 4.4) 

5. Describe letter chart testing in older children and why maintaining engagement remains 

important. (Linked to SLO 4.4) 

 

4.3 The Hirschberg Test 

4.3.1 principle of the hirschberg test 

Comparing the corneal light reflex between the two eyes 

The Hirschberg test, discussed in relation to strabismus recognition in the previous Series of 

this course, is based on the simple principle that a light source held directly in front of a patient's 
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face produces a small, visible reflection on the cornea of each eye, with the reflection's specific 

position relative to the pupil directly reflecting the underlying alignment of that eye. 

In a child with normal, symmetric ocular alignment, discussed in relation to orthophoria in an 

earlier Series of this course, this corneal light reflex should appear in essentially the same, 

centred position within each pupil, meaning any meaningful, visible asymmetry in reflex 

position between the two eyes directly indicates the presence of genuine ocular misalignment. 

Fill in the blank: A light source held directly in front of a patient's face produces a small, visible 

reflection on the cornea of each eye, with the reflection's specific position relative to the pupil 

directly reflecting the underlying alignment of that ________. 

4.3.2 technique and interpretation of the hirschberg test 

Estimating the degree of deviation from reflex displacement 

The Hirschberg test, discussed earlier in this Part, is performed by holding a penlight 

approximately arm's length from the child's face while the child fixates on the light source, then 

carefully observing the position of the corneal reflex within each pupil, with each millimetre of 

reflex displacement from the pupil centre generally corresponding to approximately seven 

degrees of ocular deviation. 

A reflex displaced toward the nasal side of the pupil, discussed earlier in this sub-Part, indicates 

exotropia, discussed in the previous Series of this course, since the eye is deviated outward, 

while a reflex displaced toward the temporal side indicates esotropia, since the eye is deviated 

inward, a genuinely straightforward and intuitive relationship once the underlying principle is 

understood. 

Fill in the blank: Each millimetre of corneal light reflex displacement from the pupil centre 

generally corresponds to approximately seven degrees of ocular ________. 

4.3.3 clinical value and limitations of the hirschberg test 

A genuinely valuable screening tool with recognised imprecision 

The Hirschberg test, discussed throughout this Part, offers substantial clinical value given its 

genuine simplicity, requiring only a basic penlight and minimal patient cooperation, making it 

particularly useful in young children or infants who cannot reliably perform more sophisticated 

alignment testing methods discussed further in a later Series of this course. 

The test's recognised limitations, discussed earlier in this sub-Part, include its relatively 

imprecise, estimated nature compared with more formal alignment measurement techniques, and 
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its potential to be affected by the child's own angle kappa, a normal anatomical variation in the 

visual axis relative to the pupillary axis, meaning the Hirschberg test is best regarded as a 

valuable initial screening tool rather than a definitive, precisely quantitative measurement. 

Fill in the blank: The Hirschberg test is best regarded as a valuable initial screening tool rather 

than a definitive, precisely quantitative ________. 

Table 4.3: Interpreting corneal light reflex position in the Hirschberg test. 

Reflex position Interpretation Approximate deviation 
Centred in the pupil Normal alignment No deviation 

Displaced nasally Exotropia Approximately 7 degrees per 

millimetre of displacement 

Displaced temporally Esotropia Approximately 7 degrees per 

millimetre of displacement 

 

Pilot questions 4.3 

1. Describe the underlying principle of the Hirschberg test. (Linked to SLO 4.5) 

2. Describe the correct technique for performing the Hirschberg test. (Linked to SLO 4.5) 

3. Explain how nasal versus temporal reflex displacement is interpreted. (Linked to SLO 

4.5) 

4. Describe the clinical value of the Hirschberg test, particularly in young children. (Linked 

to SLO 4.6) 

5. List the recognised limitations of the Hirschberg test. (Linked to SLO 4.6) 

 

 

Series Summary 

This Series examined visual acuity testing and the Hirschberg test in children, beginning with 

principles of visual acuity testing in children, its specific challenges, age-appropriate tests, and 

result interpretation, before examining practical techniques for visual acuity testing, 

preferential looking, picture and symbol charts, and letter charts. 
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We concluded with the Hirschberg test, its underlying principle, technique and interpretation, 

and clinical value and limitations. Having worked through this Series, you should now be 

equipped to understand leukocoria and retinoblastoma examined in the final Series of this course. 

 

Glossary of Terms 

1. Preferential looking: a test exploiting infants' natural preference for patterned over plain 

stimuli to estimate acuity. 

2. Fixation preference testing: a technique detecting unequal vision by observing fixation 

behaviour with each eye alternately occluded. 

3. Picture chart: a visual acuity test using simplified, recognisable images for young 

children. 

4. Symbol chart: a visual acuity test, such as Lea symbols or HOTV, using a limited set of 

matchable shapes or letters. 

5. Letter chart: a standard visual acuity test used once a child is reliably literate. 

6. Interocular acuity difference: a meaningful difference in measured acuity between the 

two eyes, carrying amblyogenic significance. 

7. Hirschberg test: a bedside test estimating ocular alignment from corneal light reflex 

position. 

8. Corneal light reflex: the small reflection produced by a light source on the cornea, used 

to assess alignment. 

9. Angle kappa: a normal anatomical variation in the visual axis relative to the pupillary 

axis, affecting Hirschberg interpretation. 

10. Nasal displacement (reflex): corneal reflex displacement toward the nose, indicating 

exotropia. 

11. Temporal displacement (reflex): corneal reflex displacement toward the temple, 

indicating esotropia. 

12. Screening tool: a test providing an initial, generally imprecise assessment, as distinct 

from a definitive measurement. 

 

Concept Check Questions [Series 4] 

Objective questions 

1. Attempting a visual acuity test genuinely beyond a young child's current cognitive or 

verbal capacity generally produces an unreliable, falsely reduced result reflecting testing 

difficulty rather than any genuine visual ________. 
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2. A meaningful difference in measured visual acuity between the two eyes carries direct 

clinical significance, since such an interocular difference represents a genuinely 

important, potentially ________ finding. 

3. Preferential looking exploits the well documented observation that infants naturally 

prefer to look toward a patterned stimulus rather than a plain, unpatterned ________. 

4. Each millimetre of corneal light reflex displacement from the pupil centre generally 

corresponds to approximately seven degrees of ocular ________. 

5. The Hirschberg test is best regarded as a valuable initial screening tool rather than a 

definitive, precisely quantitative ________. 

Short-answer questions 

• List challenges specific to visual acuity testing in children. 

• Describe the general age-appropriate progression of visual acuity testing methods. 

• Describe fixation preference testing and its purpose. 

• Describe symbol chart testing, including an example. 

• Explain how nasal versus temporal corneal reflex displacement is interpreted. 

Long-answer questions 

1. Discuss the challenges of visual acuity testing in children and how results are interpreted. 

(Linked to SLO 4.1, SLO 4.2) 

2. Discuss preferential looking and fixation preference testing in infants. (Linked to SLO 

4.3) 

3. Discuss picture, symbol, and letter chart testing for children of different ages. (Linked to 

SLO 4.4) 

4. Discuss the principle, technique, and interpretation of the Hirschberg test. (Linked to 

SLO 4.5) 

5. Discuss the clinical value and limitations of the Hirschberg test. (Linked to SLO 4.6) 

 

Answers to Concept Check Questions [Series 4] 

Objective questions 

6. Impairment. 

7. Amblyogenic. 

8. Surface. 

9. Deviation. 

10. Measurement. 
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Short-answer questions 

11. Limited attention span, uncertain cooperation, and, in infants and toddlers, no meaningful 

verbal capacity. 

12. Preferential looking in infants, picture or symbol matching in toddlers/young children, 

and standard letter charts in older, literate children. 

13. Covering one eye and observing whether the child objects, or comparing fixation with 

each eye alternately occluded; it detects unequal vision. 

14. Symbol chart testing uses matchable shapes such as Lea symbols or HOTV letters, 

allowing the child to point rather than name aloud. 

15. Nasal displacement indicates exotropia; temporal displacement indicates esotropia. 

Long-answer questions 

16. Basic response: Testing children presents unique challenges of attention, cooperation, 

and verbal capacity, requiring age-appropriate method selection. 

Value-added response: Results must be interpreted against age-specific norms, with interocular 

acuity differences carrying particular amblyogenic significance. 

17. Basic response: Preferential looking exploits infants' natural preference for patterned 

stimuli to estimate acuity. 

Value-added response: Fixation preference testing complements this by specifically detecting 

unequal vision between the eyes. 

18. Basic response: Picture charts use recognisable images for young children, while symbol 

charts use matchable shapes for those not yet reading. 

Value-added response: Letter charts become appropriate once literacy is reliably established, 

tested similarly to adult patients. 

19. Basic response: The Hirschberg test compares corneal light reflex position between the 

eyes, with displacement indicating misalignment. 

Value-added response: Nasal displacement indicates exotropia and temporal displacement 

indicates esotropia, with each millimetre representing roughly seven degrees of deviation. 

20. Basic response: The Hirschberg test offers genuine value given its simplicity and 

minimal cooperation requirement, particularly useful in young children. 
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Value-added response: Its imprecision and susceptibility to angle kappa mean it functions best 

as a screening tool rather than a definitive measurement. 

 

 

Answers to Pilot Questions [Series 4] 

Part 4.1 

11. Limited attention span, uncertain cooperation, and no meaningful verbal capacity in 

young children. 

12. Because a range of factors, including fatigue or unfamiliarity with the test, can produce a 

falsely reduced result unrelated to true vision. 

13. Preferential looking for infants, picture or symbol matching for toddlers and young 

children, letter charts for older, literate children. 

14. Because normal acuity is physiologically lower in very young children, gradually 

improving over the first several years of life. 

15. It represents a potentially amblyogenic finding warranting careful further evaluation 

regardless of the child's absolute acuity level. 

Part 4.2 

1. It uses infants' natural preference for looking toward a patterned stimulus over a plain 

one, narrowing stripe width to estimate acuity. 

2. Covering one eye and observing objection, or comparing fixation with each eye occluded 

in turn; it detects unequal vision between the eyes. 

3. Uses simplified, recognisable images a child can identify verbally or by pointing, useful 

before letter recognition develops. 

4. Uses a limited set of matchable shapes, such as Lea symbols or HOTV, allowing the 

child to match rather than name aloud. 

5. Tested similarly to adults with each eye occluded in turn; engagement matters because 

fatigue can still affect measured acuity. 

Part 4.3 

6. A light source produces a corneal reflection whose position relative to the pupil reflects 

the eye's underlying alignment. 

7. Holding a penlight at arm's length while the child fixates, observing the corneal reflex 

position within each pupil. 
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8. Nasal displacement indicates exotropia (outward deviation); temporal displacement 

indicates esotropia (inward deviation). 

9. It requires only a basic penlight and minimal cooperation, making it particularly useful in 

young children or infants. 

10. Relative imprecision compared with formal measurement, and susceptibility to normal 

variation from angle kappa. 
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Figures, Plates, Tables, and Boxes 

1. Table 4.1: Age-appropriate visual acuity testing methods. AI-generated using the prompt: 

"Create a clean clinical reference table titled Age-Appropriate Visual Acuity Testing 

Methods, listing age group, typical test method, and key consideration. Ophthalmology 

reference table style with outside border, no photographic elements." 

2. Figure 4.2: A clinician performing preferential looking testing on an infant, using a 

striped pattern card to assess visual acuity. AI-generated using the prompt: "A single 

clean, realistic clinical illustration of a clinician holding a card displaying vertical black 

and white stripes in front of a seated infant on a caregiver's lap, calm clinical setting, no 

text overlays, no other panels, respectful depiction, no identifying facial features." 

3. Table 4.3: Interpreting corneal light reflex position in the Hirschberg test. AI-generated 

using the prompt: "Create a clean clinical reference table titled Interpreting Corneal Light 

Reflex Position in the Hirschberg Test, listing reflex position, interpretation, and 

approximate deviation. Ophthalmology reference table style with outside border, no 

photographic elements."
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Course code: OPT 609 

Course title: Paediatric Ophthalmology 

Course credit load: 1 Unit 

Series 5: Leukocoria and Retinoblastoma 

• Part 5.1: Leukocoria 

o Sub Part 5.1.1: Defining leukocoria 

o Sub Part 5.1.2: Causes of leukocoria 

o Sub Part 5.1.3: Clinical approach to the child with leukocoria 

• Part 5.2: Retinoblastoma: Epidemiology and Clinical Features 

o Sub Part 5.2.1: Epidemiology of retinoblastoma 

o Sub Part 5.2.2: Genetics and heritable versus non-heritable retinoblastoma 

o Sub Part 5.2.3: Clinical features of retinoblastoma 

• Part 5.3: Management of Retinoblastoma 

o Sub Part 5.3.1: Diagnostic evaluation of retinoblastoma 

o Sub Part 5.3.2: Treatment approaches for retinoblastoma 

o Sub Part 5.3.3: Prognosis and follow-up 

 

 

Introduction 

In the last Series, we established visual acuity testing and the Hirschberg test in children. We 

now conclude this course with leukocoria, the abnormal white pupillary reflex representing one 

of the most important, genuinely urgent presenting signs in paediatric ophthalmology, and 

retinoblastoma, its most feared, though genuinely treatable, underlying cause, examining its 

epidemiology, genetics, clinical features, and management. 

The aim of this Series is to equip you with a thorough understanding of the causes of leukocoria, 

and the epidemiology, clinical features, and management of retinoblastoma. 
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This Series begins with leukocoria, before examining retinoblastoma: epidemiology and 

clinical features. It concludes with management of retinoblastoma. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 5.1: define leukocoria and describe its causes 

• SLO 5.2: describe the clinical approach to a child presenting with leukocoria 

• SLO 5.3: describe the epidemiology of retinoblastoma 

• SLO 5.4: describe the genetics of retinoblastoma, including heritable and non-heritable 

forms 

• SLO 5.5: describe the clinical features of retinoblastoma, and 

• SLO 5.6: describe the diagnostic evaluation, management, and prognosis of 

retinoblastoma. 

 

5.1 Leukocoria 

5.1.1 defining leukocoria 

An abnormal white pupillary reflex replacing the normal red reflex 

Leukocoria, discussed in relation to the normal red reflex established in an earlier related 

course, refers to an abnormal white pupillary reflex, replacing the normal reddish-orange 

reflection ordinarily observed on direct ophthalmoscopy or in flash photography, and 

representing a genuinely important clinical sign warranting prompt, thorough ophthalmic 

evaluation regardless of the specific suspected underlying cause. 

Leukocoria, discussed earlier in this sub-Part, is frequently first noticed by family members, 

particularly in flash photographs where the abnormal white reflection may appear considerably 

more obvious than during brief, everyday observation of the child's eyes, meaning careful 

attention to any parental concern regarding an unusual eye appearance in photographs carries 

genuine clinical importance. 

Fill in the blank: Leukocoria refers to an abnormal white pupillary reflex, replacing the normal 

reddish-orange reflection ordinarily observed on direct ophthalmoscopy or in flash ________. 
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5.1.2 causes of leukocoria 

A differential spanning benign to genuinely malignant disease 

Recognised causes of leukocoria, discussed throughout this Part, include congenital cataract, 

discussed in relation to childhood cataract in an earlier related course, retinopathy of 

prematurity, and persistent fetal vasculature, a developmental anomaly resulting from 

incomplete regression of the embryonic hyaloid vascular system, each representing genuinely 

important, though generally non-malignant, causes. 

Further recognised causes, discussed earlier in this sub-Part, include Coats disease, an idiopathic 

retinal vascular abnormality producing exudative retinal detachment, and, critically, 

retinoblastoma, discussed further later in this Series, the most important malignant cause 

requiring urgent recognition, meaning every child presenting with leukocoria warrants careful 

evaluation specifically excluding this genuinely life-threatening diagnosis. 

Fill in the blank: Every child presenting with leukocoria warrants careful evaluation specifically 

excluding retinoblastoma, the most important malignant cause, given its genuinely life-

threatening ________. 

5.1.3 clinical approach to the child with leukocoria 

Prompt, thorough evaluation given the malignant possibility 

The clinical approach to any child presenting with leukocoria, discussed throughout this Part, 

requires prompt dilated fundus examination, discussed in relation to direct ophthalmoscopy 

technique in an earlier related course, generally performed by an ophthalmologist given the 

genuine importance of thorough retinal visualisation in distinguishing between the various 

possible causes discussed earlier in this Series. 

Given the genuine possibility of underlying malignancy, discussed earlier in this sub-Part, 

appropriate imaging, generally ocular ultrasound and, where indicated, further cross-sectional 

imaging, discussed in relation to imaging principles in an earlier related course, together with 

urgent specialist ophthalmic referral, represents the appropriate, genuinely safe response to any 

child presenting with this important clinical sign. 

Fill in the blank: Given the genuine possibility of underlying malignancy, appropriate imaging 

together with urgent specialist ophthalmic referral represents the appropriate, genuinely safe 

response to any child presenting with ________. 
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Table 5.1: Comparing common causes of leukocoria. 

Cause Nature Key distinguishing feature 

Congenital cataract Benign, structural lens opacity Opacity confined to the lens on 

examination 

Persistent fetal 

vasculature Benign developmental anomaly Residual hyaloid vascular remnant 

on examination 

Retinoblastoma Malignant intraocular tumour Retinal mass; requires urgent 

evaluation and referral 

Pilot questions 5.1 

• Define leukocoria. (Linked to SLO 5.1) 

• Explain why leukocoria is frequently first noticed in photographs. (Linked to SLO 5.1) 

• List causes of leukocoria. (Linked to SLO 5.1) 

• Explain why retinoblastoma must always be specifically excluded in a child with 

leukocoria. (Linked to SLO 5.2) 

• Describe the appropriate clinical approach to a child presenting with leukocoria. (Linked 

to SLO 5.2) 

 

 

5.2 Retinoblastoma: Epidemiology and Clinical Features 

5.2.1 epidemiology of retinoblastoma 

The most common primary intraocular malignancy of childhood 

Retinoblastoma, discussed in relation to leukocoria earlier in this Series, represents the most 

common primary intraocular malignancy of childhood, though a genuinely rare condition 

overall, generally presenting before the age of five years, with the vast majority of cases 

diagnosed within the first two to three years of life. 

Retinoblastoma, discussed earlier in this sub-Part, may be unilateral, affecting a single eye, or 

bilateral, affecting both eyes, with bilateral disease, discussed further in the next sub-Part, 

generally presenting at a somewhat younger age than unilateral disease, reflecting important 

underlying genetic differences between these two presentation patterns. 
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Fill in the blank: Retinoblastoma may be unilateral or bilateral, with bilateral disease generally 

presenting at a somewhat younger age than unilateral disease, reflecting important underlying 

genetic differences between these two presentation ________. 

5.2.2 genetics and heritable versus non-heritable retinoblastoma 

Mutation of the RB1 tumour suppressor gene 

Retinoblastoma, discussed earlier in this Part, results from mutation of the RB1 tumour 

suppressor gene, discussed in relation to genetic predisposition, with heritable retinoblastoma 

resulting from a germline mutation present in every cell of the body, generally producing 

bilateral, discussed earlier in this sub-Part, or multifocal disease, and carrying risk of 

transmission to future offspring. 

Non-heritable retinoblastoma, discussed earlier in this sub-Part, results from two separate, 

somatic mutations occurring specifically within retinal tissue alone, generally producing 

unilateral, unifocal disease without the same genetic transmission risk, meaning accurate 

distinction between heritable and non-heritable disease carries direct relevance to genetic 

counselling and family screening recommendations. 

Fill in the blank: Accurate distinction between heritable and non-heritable retinoblastoma 

carries direct relevance to genetic counselling and family screening ________. 

5.2.3 clinical features of retinoblastoma 

Leukocoria as the most common presenting sign 

Leukocoria, discussed earlier in this Series, represents the most common presenting sign of 

retinoblastoma, discussed throughout this Part, though further recognised clinical features 

include strabismus, discussed in relation to abnormal ocular alignment in an earlier Series of 

this course, resulting from the tumour disrupting normal central fixation, and, less commonly, a 

genuinely red, painful eye. 

In more advanced disease, discussed earlier in this sub-Part, further recognised features include 

proptosis, discussed in relation to orbital involvement, and, in genuinely late presentation, 

systemic symptoms reflecting metastatic spread, meaning the specific clinical presentation, 

discussed throughout this Part, frequently reflects the underlying stage of disease at the time of 

eventual clinical recognition. 

Fill in the blank: The specific clinical presentation of retinoblastoma frequently reflects the 

underlying stage of disease at the time of eventual clinical ________. 
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Figure 5.2: Diagram comparing the normal red reflex with the abnormal white reflex 

(leukocoria) characteristic of retinoblastoma. 

Pilot questions 5.2 

1. Describe the epidemiology of retinoblastoma, including typical age of presentation. 

(Linked to SLO 5.3) 

2. Distinguish unilateral from bilateral retinoblastoma in terms of typical age of 

presentation. (Linked to SLO 5.3) 

3. Describe the genetics of heritable retinoblastoma. (Linked to SLO 5.4) 

4. Describe the genetics of non-heritable retinoblastoma and how it differs from heritable 

disease. (Linked to SLO 5.4) 

5. List clinical features of retinoblastoma. (Linked to SLO 5.5) 

 

5.3 Management of Retinoblastoma 

5.3.1 diagnostic evaluation of retinoblastoma 

Dilated examination combined with imaging 

Diagnostic evaluation of suspected retinoblastoma, discussed throughout this Series, generally 

requires examination under anaesthesia, allowing thorough, detailed dilated fundus 
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examination of a young child who could not otherwise cooperate with the necessarily prolonged, 

meticulous assessment required, together with careful documentation of tumour size, location, 

and extent. 

Further essential diagnostic evaluation, discussed earlier in this sub-Part, includes ocular 

ultrasound, discussed in relation to ultrasound principles in an earlier related course, frequently 

demonstrating characteristic tumour calcification, and, where more extensive disease is 

suspected, MRI, discussed in an earlier related course, to assess for optic nerve invasion or 

extraocular extension, each carrying direct relevance to subsequent staging and treatment 

planning. 

Fill in the blank: Further essential diagnostic evaluation includes ocular ultrasound, frequently 

demonstrating characteristic tumour calcification, and, where more extensive disease is 

suspected, MRI, to assess for optic nerve invasion or extraocular ________. 

5.3.2 treatment approaches for retinoblastoma 

Treatment individualised according to disease extent 

Treatment of retinoblastoma, discussed throughout this Series, is genuinely individualised 

according to tumour size, location, and laterality, discussed earlier in this Series, with smaller, 

localised tumours frequently amenable to focal therapy, including cryotherapy, laser 

photocoagulation, or plaque brachytherapy, aiming to preserve the affected eye and, wherever 

possible, useful vision. 

More extensive disease, discussed earlier in this sub-Part, generally requires systemic or intra-

arterial chemotherapy, discussed in relation to targeted treatment delivery, aiming to reduce 

tumour bulk and allow subsequent focal treatment, with enucleation, surgical removal of the 

affected eye, reserved for genuinely advanced disease where eye-preserving treatment is not 

considered safely achievable. 

Fill in the blank: More extensive retinoblastoma generally requires systemic or intra-arterial 

chemotherapy, with enucleation reserved for genuinely advanced disease where eye-preserving 

treatment is not considered safely ________. 

5.3.3 prognosis and follow-up 

Excellent survival with prompt, appropriate treatment 

With prompt recognition and appropriate treatment, discussed throughout this Series, overall 

survival from retinoblastoma is genuinely excellent in most well resourced treatment settings, 
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reflecting the condition's characteristic responsiveness to modern treatment approaches discussed 

earlier in this Part when disease is identified at a relatively early stage. 

Ongoing, structured follow-up, discussed earlier in this sub-Part, remains essential following 

treatment, given the recognised risk of further tumour development in heritable disease, 

discussed earlier in this Series, and, in survivors of heritable retinoblastoma specifically, an 

increased lifetime risk of certain secondary malignancies, meaning lifelong surveillance carries 

genuine, ongoing clinical importance. 

Fill in the blank: Ongoing, structured follow-up remains essential following retinoblastoma 

treatment, given the recognised risk of further tumour development in heritable disease and an 

increased lifetime risk of certain secondary ________. 

Table 5.3: Comparing treatment approaches for retinoblastoma by disease extent. 

Disease extent Typical treatment approach Goal 

Small, localised tumour Focal therapy (cryotherapy, laser, 

plaque brachytherapy) Eye and vision preservation 

More extensive 

intraocular disease 
Systemic or intra-arterial 

chemotherapy 
Reduce tumour bulk before focal 

treatment 

Advanced disease Enucleation Removal of the affected eye where 

preservation is not safe 

 

Pilot questions 5.3 

1. Describe the diagnostic evaluation of suspected retinoblastoma. (Linked to SLO 5.6) 

2. Explain why examination under anaesthesia is generally required in suspected 

retinoblastoma. (Linked to SLO 5.6) 

3. Describe focal treatment approaches for small, localised retinoblastoma. (Linked to SLO 

5.6) 

4. Describe when enucleation is generally reserved as a treatment option. (Linked to SLO 

5.6) 

5. Explain why ongoing follow-up remains important after retinoblastoma treatment. 

(Linked to SLO 5.6) 
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Series Summary 

This final Series examined leukocoria and retinoblastoma, beginning with leukocoria, its 

definition, causes, and the appropriate clinical approach, before examining retinoblastoma: 

epidemiology and clinical features, its epidemiology, genetics, and presenting clinical features. 

We concluded with management of retinoblastoma, diagnostic evaluation, treatment 

approaches, and prognosis and follow-up. Having worked through this Series, and indeed this 

entire course, you should now possess a comprehensive introductory foundation in paediatric 

ophthalmology, from extraocular muscle anatomy and normal ocular alignment through 

amblyopia, strabismus, visual acuity testing and the Hirschberg test, and, finally, leukocoria and 

retinoblastoma addressed throughout OPT 609. 

 

Glossary of Terms 

1. Leukocoria: an abnormal white pupillary reflex, replacing the normal red reflex. 

2. Persistent fetal vasculature: a developmental anomaly from incomplete regression of 

the embryonic hyaloid vascular system. 

3. Coats disease: an idiopathic retinal vascular abnormality producing exudative retinal 

detachment and leukocoria. 

4. Retinoblastoma: the most common primary intraocular malignancy of childhood. 

5. RB1 gene: the tumour suppressor gene whose mutation causes retinoblastoma. 

6. Heritable retinoblastoma: retinoblastoma from a germline RB1 mutation, generally 

producing bilateral or multifocal disease. 

7. Non-heritable retinoblastoma: retinoblastoma from two somatic mutations confined to 

retinal tissue, generally unilateral. 

8. Examination under anaesthesia: a technique allowing thorough dilated fundus 

examination of a young child. 

9. Focal therapy: localised treatment, such as cryotherapy or laser, used for small 

retinoblastoma tumours. 

10. Intra-arterial chemotherapy: targeted chemotherapy delivery used to reduce 

retinoblastoma tumour bulk. 

11. Enucleation: surgical removal of the eye, reserved for advanced retinoblastoma where 

preservation is not safe. 

12. Secondary malignancy: a further cancer risk relevant to long-term survivors of heritable 

retinoblastoma. 
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Concept Check Questions [Series 5] 

Objective questions 

1. Leukocoria refers to an abnormal white pupillary reflex, replacing the normal reddish-

orange reflection ordinarily observed on direct ophthalmoscopy or in flash ________. 

2. Every child presenting with leukocoria warrants careful evaluation specifically excluding 

retinoblastoma, given its genuinely life-threatening ________. 

3. Retinoblastoma may be unilateral or bilateral, with bilateral disease generally presenting 

at a somewhat younger age, reflecting important underlying genetic differences between 

these two presentation ________. 

4. More extensive retinoblastoma generally requires systemic or intra-arterial 

chemotherapy, with enucleation reserved for genuinely advanced disease where eye-

preserving treatment is not considered safely ________. 

5. Ongoing, structured follow-up remains essential following retinoblastoma treatment, 

given the recognised risk of further tumour development and an increased lifetime risk of 

certain secondary ________. 

Short-answer questions 

• Define leukocoria. 

• List causes of leukocoria. 

• Describe the genetics of heritable versus non-heritable retinoblastoma. 

• List clinical features of retinoblastoma. 

• Describe focal treatment approaches for small, localised retinoblastoma. 

Long-answer questions 

1. Discuss the definition, causes, and clinical approach to leukocoria. (Linked to SLO 5.1, 

SLO 5.2) 

2. Discuss the epidemiology of retinoblastoma. (Linked to SLO 5.3) 

3. Discuss the genetics of retinoblastoma, including heritable and non-heritable forms. 

(Linked to SLO 5.4) 

4. Discuss the clinical features of retinoblastoma. (Linked to SLO 5.5) 

5. Discuss the diagnostic evaluation, management, and prognosis of retinoblastoma. (Linked 

to SLO 5.6) 
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Answers to Concept Check Questions [Series 5] 

Objective questions 

6. Photography. 

7. Nature. 

8. Patterns. 

9. Achievable. 

10. Malignancies. 

Short-answer questions 

11. An abnormal white pupillary reflex replacing the normal red reflex. 

12. Congenital cataract, persistent fetal vasculature, Coats disease, and, critically, 

retinoblastoma. 

13. Heritable arises from a germline mutation, generally bilateral; non-heritable arises from 

two somatic mutations confined to retinal tissue, generally unilateral. 

14. Leukocoria, strabismus, and, less commonly, a red, painful eye; advanced disease may 

show proptosis or systemic symptoms. 

15. Cryotherapy, laser photocoagulation, or plaque brachytherapy, aiming to preserve the eye 

and useful vision. 

Long-answer questions 

16. Basic response: Leukocoria is an abnormal white pupillary reflex with causes ranging 

from benign cataract or persistent fetal vasculature to malignant retinoblastoma. 

Value-added response: Prompt dilated examination, imaging, and urgent referral represent the 

appropriate response given the possibility of malignancy. 

17. Basic response: Retinoblastoma is the most common primary intraocular childhood 

malignancy, generally presenting before age five. 

Value-added response: Bilateral disease tends to present at a younger age than unilateral 

disease, reflecting distinct underlying genetic mechanisms. 

18. Basic response: Heritable retinoblastoma results from a germline RB1 mutation, 

generally producing bilateral or multifocal disease with transmission risk. 

Value-added response: Non-heritable disease results from two somatic mutations confined to 

retinal tissue, generally producing unilateral disease without the same genetic implications. 
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19. Basic response: Leukocoria represents the most common presenting sign of 

retinoblastoma, with strabismus a further recognised feature. 

Value-added response: More advanced disease may present with proptosis or systemic 

symptoms, reflecting the underlying stage at diagnosis. 

20. Basic response: Diagnostic evaluation requires examination under anaesthesia, 

ultrasound, and, where indicated, MRI to assess extent. 

Value-added response: Treatment is individualised by disease extent, ranging from focal 

therapy through chemotherapy to enucleation, with excellent survival and ongoing follow-up 

given secondary malignancy risk in heritable disease. 

 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 

11. An abnormal white pupillary reflex, replacing the normal reddish-orange reflection. 

12. Because the abnormal white reflection may appear more obvious in flash photographs 

than during brief, everyday observation. 

13. Congenital cataract, persistent fetal vasculature, Coats disease, and retinoblastoma. 

14. Because retinoblastoma is a genuinely life-threatening malignant cause requiring urgent 

recognition and treatment. 

15. Prompt dilated fundus examination, appropriate imaging, and urgent specialist 

ophthalmic referral. 

Part 5.2 

1. The most common primary intraocular malignancy of childhood, generally presenting 

before age five, mostly within the first two to three years. 

2. Bilateral disease generally presents at a younger age than unilateral disease. 

3. Results from a germline RB1 mutation present in every cell, generally producing bilateral 

or multifocal disease with transmission risk. 

4. Results from two separate somatic mutations confined to retinal tissue, generally 

producing unilateral disease without the same transmission risk. 

5. Leukocoria, strabismus, and, less commonly, a red, painful eye, with proptosis or 

systemic symptoms in advanced disease. 
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Part 5.3 

6. Examination under anaesthesia, ocular ultrasound, and, where indicated, MRI to assess 

extent and invasion. 

7. Because young children cannot cooperate with the prolonged, meticulous examination 

required for thorough assessment. 

8. Cryotherapy, laser photocoagulation, or plaque brachytherapy, aiming to preserve the eye 

and useful vision. 

9. For genuinely advanced disease where eye-preserving treatment is not considered safely 

achievable. 

10. Because of the risk of further tumour development in heritable disease and increased 

lifetime risk of secondary malignancies. 
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Figures, Plates, Tables, and Boxes 

1. Table 5.1: Comparing common causes of leukocoria. AI-generated using the prompt: 

"Create a clean clinical reference table titled Comparing Common Causes of Leukocoria, 

listing cause, nature, and key distinguishing feature. Ophthalmology reference table style 

with outside border, no photographic elements." 

2. Figure 5.2: Diagram comparing the normal red reflex with the abnormal white reflex 

(leukocoria) characteristic of retinoblastoma. AI-generated using the prompt: "A single 

clean, clinically accurate two-panel illustration of a child's eye, one panel labelled normal 

showing a reddish-orange pupillary reflection, the other labelled leukocoria showing a 
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white pupillary reflection, medical textbook diagram style, neutral background, no 

photographic realism, no other panels." 

3. Table 5.3: Comparing treatment approaches for retinoblastoma by disease extent. AI-

generated using the prompt: "Create a clean clinical reference table titled Comparing 

Treatment Approaches for Retinoblastoma by Disease Extent, listing disease extent, 

typical treatment approach, and goal. Ophthalmology reference table style with outside 

border, no photographic elements." 

 


