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Course code: OPT 605 

Course title: Lens and Cataract 

Course credit load: 1 Unit 

Series 1: Lens Anatomy 

• Part 1.1: Gross Anatomy and Location of the Lens 

o Sub Part 1.1.1: Intraocular location of the lens 

o Sub Part 1.1.2: Gross structure of the lens 

o Sub Part 1.1.3: The lens capsule 

• Part 1.2: Microscopic Anatomy of the Lens 

o Sub Part 1.2.1: The lens epithelium 

o Sub Part 1.2.2: Lens fibres and nucleus formation 

o Sub Part 1.2.3: Optical clarity of the normal lens 

• Part 1.3: Zonular Suspension of the Lens 

o Sub Part 1.3.1: Anatomy of the zonular fibres 

o Sub Part 1.3.2: The ciliary body-zonule-lens relationship 

o Sub Part 1.3.3: Functional significance of zonular suspension 

 

Introduction 

Confident understanding of cataract, examined throughout the remainder of this course, begins 

with a clear grasp of normal lens anatomy, its intraocular location behind the iris, its optical 

clarity, and its suspension in a retroiridic position by the zonular fibres. This opening Series 

establishes this essential anatomical foundation. 

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

its intraocular location behind the iris, the optical clarity of the normal lens, and its suspension in 

the retroiridic position by the zonules. 

This Series begins with the gross anatomy and location of the lens, before examining the 

microscopic anatomy of the lens. It concludes with the zonular suspension of the lens. 
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Series Learning Outcomes 

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

• SLO 1.1: describe the intraocular location and gross structure of the lens 

• SLO 1.2: describe the lens capsule 

• SLO 1.3: describe the lens epithelium and the formation of lens fibres and nucleus 

• SLO 1.4: explain the optical clarity of the normal lens 

• SLO 1.5: describe the anatomy of the zonular fibres and the ciliary body-zonule-lens 

relationship, and 

• SLO 1.6: explain the functional significance of zonular suspension of the lens. 

 

1.1 Gross Anatomy and Location of the Lens 

1.1.1 intraocular location of the lens 

A transparent structure positioned directly behind the iris 

The lens occupies a retroiridic position, situated directly behind the iris, discussed in relation to 

iris anatomy in an earlier related course, and anterior to the vitreous humour, discussed in 

relation to posterior segment anatomy in an earlier related course, occupying the space known as 

the patellar fossa. 

This specific anatomical position places the lens within the pathway of light entering the eye 

through the pupil, discussed in relation to iris function in an earlier related course, meaning the 

lens's precise location and clarity directly influence overall image formation upon the retina. 

Fill in the blank: The lens occupies a retroiridic position, situated directly behind the iris and 

anterior to the vitreous humour, occupying the space known as the patellar ________. 

1.1.2 gross structure of the lens 

The lens is a transparent, biconvex structure, discussed in relation to refractive anatomy in an 

earlier related course, with a more curved posterior surface than anterior surface, contributing 

additional refractive power, discussed in relation to overall ocular refraction in an earlier related 

course, beyond that provided by the cornea alone. 
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The lens is described according to its anterior pole, posterior pole, and equator, the 

circumferential region where the anterior and posterior surfaces meet, with the equatorial region 

carrying particular relevance to zonular attachment, discussed further later in this Series. 

Fill in the blank: The lens is described according to its anterior pole, posterior pole, and 

equator, the circumferential region where the anterior and posterior surfaces ________. 

1.1.3 the lens capsule 

The lens capsule, a transparent, elastic basement membrane surrounding the entire lens, 

discussed earlier in this Part, is notably thicker at the equatorial and anterior regions than at the 

posterior pole, a distinction relevant to certain surgical cataract extraction techniques discussed 

further in a later Series of this course. 

The capsule's elasticity, discussed in relation to its structural composition, allows it to transmit 

forces generated by the ciliary muscle and zonular fibres, discussed further later in this Series, to 

the underlying lens substance, playing an essential mechanical role in the process of 

accommodation, discussed further in a later Series of this course. 

Fill in the blank: The lens capsule's elasticity allows it to transmit forces generated by the 

ciliary muscle and zonular fibres to the underlying lens substance, playing an essential 

mechanical role in the process of ________. 
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Figure 1.1: Diagram illustrating the intraocular location of the lens in its retroiridic position, 

posterior to the iris and anterior to the vitreous. 

Pilot questions 1.1 

1. Describe the intraocular location of the lens. (Linked to SLO 1.1) 

2. Define the patellar fossa. (Linked to SLO 1.1) 

3. Describe the gross shape of the lens and its anterior and posterior surface curvature. 

(Linked to SLO 1.1) 

4. Define the equator of the lens and its relevance. (Linked to SLO 1.1) 

5. Describe the lens capsule and its regional thickness variation. (Linked to SLO 1.2) 

 

 

1.2 Microscopic Anatomy of the Lens 

1.2.1 the lens epithelium 

A single layer of cells confined to the anterior lens surface 

The lens epithelium, discussed in relation to lens capsule anatomy earlier in this Series, 

comprises a single layer of cuboidal cells located immediately beneath the anterior lens capsule, 
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notably absent from the posterior lens surface, reflecting the distinct embryological origin of 

these two lens surfaces. 

Epithelial cells located at the lens equator, discussed earlier in this Series, retain proliferative 

capacity throughout life, continuously differentiating into new lens fibres, discussed further in 

the next sub-Part, meaning the lens continues to grow, layer by layer, throughout a person's 

entire lifespan. 

Fill in the blank: Epithelial cells located at the lens equator retain proliferative capacity 

throughout life, continuously differentiating into new lens fibres, meaning the lens continues to 

grow, layer by layer, throughout a person's entire ________. 

1.2.2 lens fibres and nucleus formation 

As epithelial cells at the lens equator differentiate into lens fibres, discussed earlier in this Part, 

they progressively elongate, lose their cellular organelles, including their nucleus, and become 

densely packed with crystallin proteins, the specific proteins responsible for the lens's 

characteristic transparency and refractive properties. 

This continuous process of new fibre formation progressively displaces older fibres toward the 

lens centre, producing a distinct nucleus, comprising the oldest, most centrally located fibres, 

surrounded by the cortex, comprising more recently formed, peripherally located fibres, 

discussed further in relation to cataract classification in a later Series of this course. 

Fill in the blank: The continuous process of new fibre formation progressively displaces older 

fibres toward the lens centre, producing a distinct nucleus surrounded by the ________. 

1.2.3 optical clarity of the normal lens 

Normal lens transparency, discussed throughout this Series, depends on the highly organised, 

regular arrangement of lens fibres, discussed earlier in this Part, together with the specific, 

precisely regulated composition of crystallin proteins, discussed earlier in this Part, minimising 

light scattering as it passes through the lens substance. 

The lens additionally lacks blood vessels and nerves, discussed in relation to avascular tissue in 

an earlier related course, deriving nutrition instead from the surrounding aqueous humour, 

discussed in an earlier related course, with disruption of this delicate, carefully regulated system, 

discussed further in a later Series of this course, ultimately producing the loss of transparency 

characteristic of cataract. 
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Fill in the blank: The lens lacks blood vessels and nerves, deriving nutrition instead from the 

surrounding ________. 

Table 1.2: Key regions of the lens and their microscopic features. 

Region Composition Key feature 

Epithelium Single layer of cuboidal cells Confined to the anterior surface; 

proliferates at the equator 

Cortex More recently formed, peripheral lens 

fibres Surrounds the nucleus 

Nucleus Oldest, most centrally located lens 

fibres Densely packed with crystallin proteins 

 

Pilot questions 1.2 

1. Describe the location and distribution of the lens epithelium. (Linked to SLO 1.3) 

2. Explain the significance of continued epithelial proliferation at the lens equator. (Linked 

to SLO 1.3) 

3. Describe the process by which lens fibres form. (Linked to SLO 1.3) 

4. Distinguish the lens nucleus from the lens cortex. (Linked to SLO 1.3) 

5. Explain how normal lens transparency is maintained. (Linked to SLO 1.4) 

 

 

1.3 Zonular Suspension of the Lens 

1.3.1 anatomy of the zonular fibres 

Fine fibrils suspending the lens in position 

The zonular fibres, also termed the suspensory ligament of the lens, comprise fine, delicate 

fibrils extending from the ciliary body, discussed in relation to ciliary body anatomy in an 

earlier related course, to insert onto the lens capsule at and around the lens equator, discussed 

earlier in this Series. 

These fibres are generally organised into distinct bundles, some inserting onto the anterior lens 

capsule, some onto the posterior lens capsule, and some directly at the equator, together 
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providing circumferential, three-dimensional support maintaining the lens in its normal, centred 

position. 

Fill in the blank: Zonular fibres are generally organised into distinct bundles, inserting onto the 

anterior lens capsule, the posterior lens capsule, and directly at the equator, providing 

circumferential, three-dimensional ________. 

1.3.2 the ciliary body-zonule-lens relationship 

The ciliary body, discussed earlier in this Part, provides the anatomical origin for the zonular 

fibres, with the ciliary muscle, discussed in relation to accommodation physiology in a later 

Series of this course, capable of altering the tension transmitted through these fibres to the lens 

capsule through its contraction and relaxation. 

This coordinated relationship between the ciliary body, zonular fibres, and lens capsule, 

discussed throughout this Part, forms the essential anatomical basis for accommodation, 

discussed further in a later Series of this course, the eye's capacity to adjust its focus for objects 

at varying distances. 

Fill in the blank: The coordinated relationship between the ciliary body, zonular fibres, and lens 

capsule forms the essential anatomical basis for accommodation, the eye's capacity to adjust its 

focus for objects at varying ________. 

1.3.3 functional significance of zonular suspension 

Zonular suspension, discussed throughout this Part, serves the essential function of maintaining 

the lens in a stable, centred position within the eye, ensuring consistent, reliable alignment with 

the visual axis, discussed in relation to the visual pathway in an earlier related course, regardless 

of head position or eye movement. 

Disruption of the zonular fibres, whether through trauma, discussed in relation to ocular trauma 

in an earlier related course, or systemic connective tissue disorders, discussed further in a later 

Series of this course, can produce lens subluxation or dislocation, displacement of the lens from 

its normal anatomical position, meaningfully impairing visual function. 

Fill in the blank: Disruption of the zonular fibres, whether through trauma or systemic 

connective tissue disorders, can produce lens subluxation or dislocation, displacement of the lens 

from its normal anatomical ________. 
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Figure 1.3: Diagram illustrating the zonular fibres extending from the ciliary body to insert onto 

the lens capsule at the equator. 

Pilot questions 1.3 

1. Describe the anatomy of the zonular fibres. (Linked to SLO 1.5) 

2. Describe the different insertion points of the zonular bundles. (Linked to SLO 1.5) 

3. Describe the relationship between the ciliary body, zonular fibres, and lens capsule. 

(Linked to SLO 1.5) 

4. Explain the functional significance of zonular suspension. (Linked to SLO 1.6) 

5. Describe the consequences of zonular fibre disruption. (Linked to SLO 1.6) 

 

 

Series Summary 

This opening Series established the anatomical foundation of the lens, beginning with the gross 

anatomy and location of the lens, its retroiridic position, gross structure, and capsule, before 

examining the microscopic anatomy of the lens, the epithelium, fibre and nucleus formation, 

and optical clarity. 
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We concluded with the zonular suspension of the lens, the anatomy of the zonular fibres, the 

ciliary body-zonule-lens relationship, and the functional significance of this suspension. Having 

worked through this Series, you should now possess the essential anatomical foundation needed 

to understand cataract, its definition, epidemiology, and aetiopathogenesis, examined in the next 

Series of this course. 

 

Glossary of Terms 

• Retroiridic position: the anatomical location of the lens directly behind the iris. 

• Patellar fossa: the space occupied by the lens, anterior to the vitreous. 

• Lens equator: the circumferential region where the anterior and posterior lens surfaces 

meet. 

• Lens capsule: the transparent, elastic basement membrane surrounding the lens. 

• Lens epithelium: the single layer of cuboidal cells beneath the anterior lens capsule. 

• Crystallin proteins: the specific proteins responsible for lens transparency and refractive 

properties. 

• Lens nucleus: the oldest, most centrally located lens fibres. 

• Lens cortex: the more recently formed, peripherally located lens fibres surrounding the 

nucleus. 

• Zonular fibres: the suspensory ligament of the lens, extending from the ciliary body to 

the lens capsule. 

• Ciliary muscle: the muscle capable of altering zonular tension, forming the basis of 

accommodation. 

• Lens subluxation: partial displacement of the lens from its normal anatomical position. 

• Lens dislocation: complete displacement of the lens from its normal anatomical position. 

 

Concept Check Questions [Series 1] 

Objective questions 

1. The lens occupies a retroiridic position, situated directly behind the iris and anterior to 

the vitreous humour, occupying the space known as the patellar ________. 

2. The lens capsule's elasticity allows it to transmit forces generated by the ciliary muscle 

and zonular fibres to the underlying lens substance, playing an essential mechanical role 

in the process of ________. 

3. Epithelial cells located at the lens equator retain proliferative capacity throughout life, 

meaning the lens continues to grow, layer by layer, throughout a person's entire 

________. 
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4. The lens lacks blood vessels and nerves, deriving nutrition instead from the surrounding 

________. 

5. The coordinated relationship between the ciliary body, zonular fibres, and lens capsule 

forms the essential anatomical basis for accommodation, the eye's capacity to adjust its 

focus for objects at varying ________. 

Short-answer questions 

6. Describe the intraocular location of the lens. 

7. Describe the lens capsule and its regional thickness variation. 

8. Distinguish the lens nucleus from the lens cortex. 

9. Describe the different insertion points of the zonular bundles. 

10. Describe the consequences of zonular fibre disruption. 

Long-answer questions 

11. Discuss the intraocular location and gross structure of the lens. (Linked to SLO 1.1, SLO 

1.2) 

12. Discuss the lens epithelium and the formation of lens fibres and nucleus. (Linked to SLO 

1.3) 

13. Discuss the optical clarity of the normal lens. (Linked to SLO 1.4) 

14. Discuss the anatomy of the zonular fibres and the ciliary body-zonule-lens relationship. 

(Linked to SLO 1.5) 

15. Discuss the functional significance of zonular suspension of the lens. (Linked to SLO 

1.6) 

 

 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Fossa. 

2. Accommodation. 

3. Lifespan. 

4. Aqueous humour. 

5. Distances. 

Short-answer questions 
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6. The lens is located directly behind the iris and anterior to the vitreous, in the retroiridic 

position. 

7. A transparent, elastic basement membrane surrounding the lens, notably thicker at the 

equatorial and anterior regions than the posterior pole. 

8. The nucleus comprises the oldest, most central fibres; the cortex comprises more recently 

formed, peripheral fibres. 

9. Anterior lens capsule, posterior lens capsule, and directly at the equator. 

10. It can produce lens subluxation or dislocation, meaningfully impairing visual function. 

Long-answer questions 

11. Basic response: The lens is a biconvex, transparent structure in the retroiridic position, 

described by its anterior pole, posterior pole, and equator. 

Value-added response: Its position directly behind the iris and pupil places it in the pathway of 

incoming light, directly influencing image formation. 

12. Basic response: The lens epithelium is confined to the anterior surface, with equatorial 

cells proliferating throughout life to form new lens fibres. 

Value-added response: These fibres elongate, lose their organelles, and fill with crystallin 

proteins, progressively displacing older fibres to form the nucleus surrounded by the cortex. 

13. Basic response: Lens transparency depends on the highly organised arrangement of 

fibres and precisely regulated crystallin protein composition. 

Value-added response: The lens's avascular, unenervated nature, deriving nutrition from 

aqueous humour, further supports this optical clarity. 

14. Basic response: Zonular fibres extend from the ciliary body to insert onto the lens 

capsule at the anterior, posterior, and equatorial regions. 

Value-added response: The ciliary muscle can alter zonular tension through contraction and 

relaxation, forming the anatomical basis for accommodation. 

15. Basic response: Zonular suspension maintains the lens in a stable, centred position 

aligned with the visual axis regardless of head or eye movement. 

Value-added response: Disruption of these fibres, from trauma or connective tissue disorders, 

can produce lens subluxation or dislocation, impairing vision. 
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Answers to Pilot Questions [Series 1] 

Part 1.1 

1. Directly behind the iris and anterior to the vitreous, in a retroiridic position. 

2. The space occupied by the lens, anterior to the vitreous. 

3. Biconvex, with a more curved posterior surface than anterior surface. 

4. The circumferential region where the anterior and posterior surfaces meet; relevant to 

zonular attachment. 

5. A transparent, elastic basement membrane, thicker at the equatorial and anterior regions 

than the posterior pole. 

Part 1.2 

1. A single layer of cuboidal cells beneath the anterior capsule, absent from the posterior 

surface. 

2. It allows continuous lifelong lens growth through new fibre formation. 

3. Equatorial epithelial cells elongate, lose organelles, and fill with crystallin proteins. 

4. The nucleus comprises the oldest, most central fibres; the cortex comprises more recently 

formed, peripheral fibres. 

5. Through the organised arrangement of lens fibres and regulated crystallin protein 

composition, minimising light scattering. 

Part 1.3 

1. Fine, delicate fibrils extending from the ciliary body to insert onto the lens capsule at and 

around the equator. 

2. Anterior lens capsule, posterior lens capsule, and directly at the equator. 

3. The ciliary muscle alters tension transmitted through the zonular fibres to the lens capsule 

via contraction and relaxation. 

4. It maintains the lens in a stable, centred position aligned with the visual axis regardless of 

head or eye position. 

5. It can produce lens subluxation or dislocation, meaningfully impairing visual function. 
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Figures, Plates, Tables, and Boxes 

• Figure 1.1: Diagram illustrating the intraocular location of the lens in its retroiridic 

position, posterior to the iris and anterior to the vitreous. AI-generated using the prompt: 

"A single clean, accurate anatomical cross-sectional diagram of the anterior segment of 

the eye, labelling the cornea, iris, lens in its retroiridic position, and anterior vitreous, 

textbook anatomical diagram style, neutral background, no photographic realism, no 

other panels." 

• Table 1.2: Key regions of the lens and their microscopic features. AI-generated using the 

prompt: "Create a clean anatomical reference table titled Key Regions of the Lens and 

Their Microscopic Features, listing region, composition, and key feature. Ophthalmology 

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

• Figure 1.3: Diagram illustrating the zonular fibres extending from the ciliary body to 

insert onto the lens capsule at the equator. AI-generated using the prompt: "A single 

clean, accurate anatomical diagram of the anterior segment showing the ciliary body with 

labelled fine fibrils extending outward to attach to the lens capsule at its equator, 

textbook anatomical diagram style, neutral background, no photographic realism, no 

other panels."
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Course code: OPT 605 

Course title: Lens and Cataract 

Course credit load: 1 Unit 

Series 2: Cataract: Definition, Epidemiology, 

and Aetiopathogenesis 

• Part 2.1: Definition of Cataract 

o Sub Part 2.1.1: Defining cataract 

o Sub Part 2.1.2: Normal lens transparency versus cataractous change 

o Sub Part 2.1.3: Terminology used in describing cataract 

• Part 2.2: Epidemiology of Cataract 

o Sub Part 2.2.1: Global burden of cataract 

o Sub Part 2.2.2: Risk factors for cataract 

o Sub Part 2.2.3: Cataract as a cause of blindness 

• Part 2.3: Aetiopathogenesis of Cataract 

o Sub Part 2.3.1: Mechanisms of lens protein damage 

o Sub Part 2.3.2: Oxidative stress and cataract formation 

o Sub Part 2.3.3: Age-related and other pathogenic pathways 

 

Introduction 

In the last Series, we established lens anatomy. We now turn to cataract, applying this 

anatomical foundation to understand its definition, its substantial global epidemiological 

burden, and the underlying aetiopathogenesis, the mechanisms by which the normally 

transparent lens loses its clarity. 

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

epidemiology, and aetiopathogenesis. 
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This Series begins with the definition of cataract, before examining the epidemiology of 

cataract. It concludes with the aetiopathogenesis of cataract. 

 

Series Learning Outcomes 

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

• SLO 2.1: define cataract and distinguish normal lens transparency from cataractous 

change 

• SLO 2.2: describe the terminology used in describing cataract 

• SLO 2.3: describe the global epidemiological burden and risk factors for cataract 

• SLO 2.4: describe cataract as a cause of blindness 

• SLO 2.5: describe the mechanisms of lens protein damage and the role of oxidative stress 

in cataract formation, and 

• SLO 2.6: describe age-related and other pathogenic pathways contributing to cataract 

formation. 

 

2.1 Definition of Cataract 

2.1.1 defining cataract 

Any opacity of the normally transparent lens 

Cataract is defined as any opacity of the normally transparent crystalline lens, discussed in 

relation to normal lens clarity in the previous Series of this course, regardless of the specific 

location, extent, or underlying cause of that opacification. 

This broad definition encompasses opacities ranging from minor, clinically insignificant 

changes causing no meaningful visual impairment to dense, complete lens opacification 

producing profound visual loss, meaning the mere presence of cataract does not automatically 

imply significant visual impact. 

Fill in the blank: Cataract is defined as any opacity of the normally transparent crystalline lens, 

regardless of the specific location, extent, or underlying cause of that ________. 

2.1.2 normal lens transparency versus cataractous change 
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Normal lens transparency, discussed in relation to crystallin protein organisation in the previous 

Series of this course, depends on precisely regulated protein structure and regular fibre 

arrangement, with cataractous change reflecting disruption of this normally highly organised 

system. 

Cataractous change, discussed throughout this Series, may result from protein aggregation, 

discussed further later in this Series, producing localised areas of increased light scattering, or 

from more generalised structural disorganisation of the lens fibre architecture, discussed in 

relation to normal fibre organisation earlier in this course. 

Fill in the blank: Normal lens transparency depends on precisely regulated protein structure and 

regular fibre arrangement, with cataractous change reflecting disruption of this normally highly 

organised ________. 

2.1.3 terminology used in describing cataract 

Cataract is generally described according to its laterality, unilateral or bilateral, and age of 

onset, discussed further later in this Series, together with its specific anatomical location within 

the lens, discussed further in a later Series of this course. 

Further important descriptive terminology includes maturity, referring to the extent of lens 

opacification, ranging from immature, with residual clear lens cortex, through mature, with 

complete lens opacification, to hypermature, reflecting further advanced lens protein 

degeneration, discussed further in a later Series of this course. 

Fill in the blank: Cataract terminology includes maturity, referring to the extent of lens 

opacification, ranging from immature, through mature, to ________. 

Table 2.1: Terminology used in describing cataract. 

Term Meaning Relevance 

Laterality Unilateral or bilateral involvement Guides consideration of underlying 

cause 

Age of onset Congenital, juvenile, or age-related Guides consideration of underlying 

cause 

Maturity Immature, mature, or hypermature Reflects extent of lens opacification 

 

Pilot questions 2.1 
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• Define cataract. (Linked to SLO 2.1) 

• Explain why the mere presence of cataract does not automatically imply significant visual 

impact. (Linked to SLO 2.1) 

• Explain what normal lens transparency depends on. (Linked to SLO 2.1) 

• List the terminology used to describe cataract by laterality and age of onset. (Linked to 

SLO 2.2) 

• Distinguish immature, mature, and hypermature cataract. (Linked to SLO 2.2) 

 

2.2 Epidemiology of Cataract 

2.2.1 global burden of cataract 

The single most common cause of treatable visual impairment worldwide 

Cataract, discussed throughout this Series, represents the single most common cause of treatable 

visual impairment and blindness worldwide, with the burden disproportionately concentrated in 

low- and middle-income countries, reflecting genuine disparities in access to surgical treatment, 

discussed further in a later Series of this course. 

This substantial global burden, discussed earlier in this Part, reflects both the genuinely common 

nature of age-related cataract, discussed further later in this Series, and the specific challenges of 

ensuring adequate surgical service availability across diverse healthcare settings, a challenge of 

particular relevance within the Nigerian and broader West African context. 

Fill in the blank: Cataract represents the single most common cause of treatable visual 

impairment and blindness worldwide, with the burden disproportionately concentrated in low- 

and middle-income ________. 

2.2.2 risk factors for cataract 

The predominant recognised risk factor for cataract is advancing age, discussed further in 

relation to age-related pathogenic pathways later in this Series, with cataract prevalence rising 

substantially with each successive decade of life beyond middle age. 

Further recognised risk factors include diabetes mellitus, discussed in relation to metabolic 

influences on lens clarity, ultraviolet light exposure, prolonged corticosteroid use, and 

smoking, together with certain systemic conditions, discussed further in a later Series of this 

course, each contributing to accelerated lens opacification. 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

Fill in the blank: Further recognised risk factors for cataract include diabetes mellitus, 

ultraviolet light exposure, prolonged corticosteroid use, and smoking, each contributing to 

accelerated lens ________. 

2.2.3 cataract as a cause of blindness 

Cataract's status as a leading cause of blindness, discussed throughout this Part, carries 

particular significance given that, unlike many other major causes of blindness, cataract-related 

visual loss is generally genuinely reversible through surgical intervention, discussed further in a 

later Series of this course. 

This reversibility, discussed earlier in this sub-Part, means the persistently substantial global 

burden of cataract blindness reflects genuine barriers to surgical access, rather than any inherent 

limitation of available treatment, meaning addressing these access barriers represents a genuine, 

achievable public health priority. 

Fill in the blank: Cataract-related visual loss is generally genuinely reversible through surgical 

intervention, meaning the persistently substantial global burden of cataract blindness reflects 

genuine barriers to surgical ________. 

Table 2.2: Key epidemiological features of cataract. 

Feature Finding Significance 

Global burden Leading cause of treatable visual 

impairment worldwide 
Disproportionately affects low- and 

middle-income countries 

Predominant risk factor Advancing age Prevalence rises substantially with 

each decade 

Reversibility Generally correctable through 

surgery 
Persistent blindness reflects access 

barriers, not treatment limitations 

Pilot questions 2.2 

1. Describe the global burden of cataract. (Linked to SLO 2.3) 

2. Explain why the burden of cataract is disproportionately concentrated in low- and 

middle-income countries. (Linked to SLO 2.3) 

3. List risk factors for cataract. (Linked to SLO 2.3) 

4. Explain the significance of advancing age as a risk factor for cataract. (Linked to SLO 

2.3) 

5. Explain why cataract blindness is considered generally preventable or reversible. (Linked 

to SLO 2.4) 
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2.3 Aetiopathogenesis of Cataract 

2.3.1 mechanisms of lens protein damage 

Progressive disruption of the delicate crystallin protein structure 

Cataract formation fundamentally reflects damage to lens crystallin proteins, discussed in 

relation to normal lens transparency in the previous Series of this course, with protein 

aggregation and cross-linking producing localised regions of increased light scattering that 

ultimately manifest clinically as visible lens opacity. 

Further contributing mechanisms include post-translational modification of crystallin proteins, 

discussed in relation to protein structure earlier in this Series, and progressive loss of normal 

protein solubility, together disrupting the precisely regulated molecular organisation essential to 

normal lens transparency. 

Fill in the blank: Cataract formation fundamentally reflects damage to lens crystallin proteins, 

with protein aggregation and cross-linking producing localised regions of increased light 

________. 

2.3.2 oxidative stress and cataract formation 

Oxidative stress, resulting from an imbalance between reactive oxygen species generation and 

the lens's intrinsic antioxidant defence capacity, discussed in relation to lens metabolism, 

represents a genuinely central mechanism underlying most recognised forms of cataract 

formation. 

Cumulative oxidative damage to lens proteins, lipids, and DNA, discussed earlier in this Part, 

progressively impairs normal lens epithelial and fibre cell function, discussed in relation to lens 

epithelium in the previous Series of this course, contributing substantially to the characteristic 

age-related decline in lens transparency discussed further in the next sub-Part. 

Fill in the blank: Cumulative oxidative damage to lens proteins, lipids, and DNA progressively 

impairs normal lens epithelial and fibre cell function, contributing substantially to the 

characteristic age-related decline in lens ________. 
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2.3.3 age-related and other pathogenic pathways 

Age-related cataract, discussed throughout this Series, reflects the cumulative effect of 

oxidative stress, discussed earlier in this Part, and progressive protein modification, discussed 

earlier in this Series, occurring over many years of ongoing lens metabolic activity. 

Further recognised pathogenic pathways include osmotic mechanisms, particularly relevant to 

diabetic cataract formation, discussed in relation to diabetes as a risk factor earlier in this Series, 

and genetic mechanisms, relevant to certain congenital and systemic disease-associated 

cataracts, discussed further in a later Series of this course. 

Fill in the blank: Further recognised pathogenic pathways include osmotic mechanisms, 

particularly relevant to diabetic cataract formation, and genetic mechanisms, relevant to certain 

congenital and systemic disease-associated ________. 

Figure 2.3: Diagram illustrating the progressive pathway from oxidative stress through crystallin 

protein aggregation to visible lens opacity. 

 

Pilot questions 2.3 

1. Describe the mechanism of lens protein damage in cataract formation. (Linked to SLO 

2.5) 
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2. Define oxidative stress and its relevance to cataract formation. (Linked to SLO 2.5) 

3. Describe how cumulative oxidative damage contributes to age-related cataract. (Linked 

to SLO 2.6) 

4. Describe the osmotic mechanism relevant to diabetic cataract formation. (Linked to SLO 

2.6) 

5. Describe the relevance of genetic mechanisms to certain cataract types. (Linked to SLO 

2.6) 

 

 

Series Summary 

This Series examined cataract: definition, epidemiology, and aetiopathogenesis, beginning 

with the definition of cataract, its distinction from normal lens transparency, and descriptive 

terminology, before examining the epidemiology of cataract, its global burden, risk factors, and 

status as a cause of blindness. 

We concluded with the aetiopathogenesis of cataract, the mechanisms of lens protein damage, 

oxidative stress, and age-related and other pathogenic pathways. Having worked through this 

Series, you should now be equipped to understand cataract classification, symptoms, and 

ophthalmoscopic features examined in the next Series of this course. 

 

Glossary of Terms 

1. Cataract: any opacity of the normally transparent crystalline lens. 

2. Immature cataract: a cataract with residual clear lens cortex. 

3. Mature cataract: a cataract with complete lens opacification. 

4. Hypermature cataract: an advanced cataract reflecting further lens protein 

degeneration. 

5. Protein aggregation: the clumping together of crystallin proteins, contributing to light 

scattering. 

6. Oxidative stress: an imbalance between reactive oxygen species generation and 

antioxidant defence capacity. 

7. Reactive oxygen species: chemically reactive molecules capable of damaging cellular 

proteins, lipids, and DNA. 

8. Post-translational modification: chemical alteration of a protein after its initial 

synthesis. 
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9. Osmotic mechanism (cataract): a pathogenic pathway relevant to diabetic cataract 

formation. 

10. Age-related cataract: cataract resulting from the cumulative effect of oxidative stress 

and protein modification over time. 

11. Laterality: whether a cataract affects one eye (unilateral) or both eyes (bilateral). 

12. Genetic mechanism (cataract): an inherited pathway relevant to certain congenital or 

systemic disease-associated cataracts. 

 

Concept Check Questions [Series 2] 

Objective questions 

1. Cataract is defined as any opacity of the normally transparent crystalline lens, regardless 

of the specific location, extent, or underlying cause of that ________. 

2. Cataract terminology includes maturity, referring to the extent of lens opacification, 

ranging from immature, through mature, to ________. 

3. Cataract represents the single most common cause of treatable visual impairment and 

blindness worldwide, with the burden disproportionately concentrated in low- and 

middle-income ________. 

4. Cataract formation fundamentally reflects damage to lens crystallin proteins, with protein 

aggregation and cross-linking producing localised regions of increased light ________. 

5. Further recognised pathogenic pathways include osmotic mechanisms, particularly 

relevant to diabetic cataract formation, and genetic mechanisms, relevant to certain 

congenital and systemic disease-associated ________. 

Short-answer questions 

• Define cataract. 

• Distinguish immature, mature, and hypermature cataract. 

• List risk factors for cataract. 

• Explain why cataract blindness is considered generally preventable or reversible. 

• Define oxidative stress and its relevance to cataract formation. 

Long-answer questions 

1. Discuss the definition of cataract, its distinction from normal lens transparency, and 

descriptive terminology. (Linked to SLO 2.1, SLO 2.2) 

2. Discuss the global burden and risk factors for cataract. (Linked to SLO 2.3) 

3. Discuss cataract as a cause of blindness. (Linked to SLO 2.4) 
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4. Discuss the mechanisms of lens protein damage and the role of oxidative stress in 

cataract formation. (Linked to SLO 2.5) 

5. Discuss age-related and other pathogenic pathways contributing to cataract formation. 

(Linked to SLO 2.6) 

 

Answers to Concept Check Questions [Series 2] 

Objective questions 

6. Opacification. 

7. Hypermature. 

8. Countries. 

9. Scattering. 

10. Cataracts. 

Short-answer questions 

11. Any opacity of the normally transparent crystalline lens. 

12. Immature has residual clear cortex; mature has complete opacification; hypermature 

reflects further advanced protein degeneration. 

13. Advancing age, diabetes mellitus, ultraviolet exposure, corticosteroid use, and smoking. 

14. Because cataract-related visual loss is generally correctable through surgery, unlike many 

other major causes of blindness. 

15. An imbalance between reactive oxygen species generation and antioxidant defence 

capacity; it represents a central mechanism underlying most cataract formation. 

Long-answer questions 

16. Basic response: Cataract is any opacity of the normally transparent lens, distinguished 

from normal transparency by disrupted protein structure and fibre organisation. 

Value-added response: Descriptive terminology, including laterality, age of onset, and maturity, 

provides a consistent framework for characterising cataract presentations. 

17. Basic response: Cataract represents the leading global cause of treatable visual 

impairment, disproportionately affecting low- and middle-income countries. 

Value-added response: Advancing age is the predominant risk factor, with diabetes, ultraviolet 

exposure, corticosteroids, and smoking also contributing. 
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18. Basic response: Cataract blindness is considered a genuine public health priority given 

its status as a leading cause of blindness. 

Value-added response: Because cataract is generally surgically reversible, its persistent burden 

reflects access barriers rather than any inherent treatment limitation. 

19. Basic response: Cataract formation reflects crystallin protein aggregation and cross-

linking, driven substantially by oxidative stress from reactive oxygen species imbalance. 

Value-added response: This cumulative damage impairs normal lens epithelial and fibre cell 

function, contributing to progressive lens opacification. 

20. Basic response: Age-related cataract reflects cumulative oxidative stress and protein 

modification over years of lens metabolic activity. 

Value-added response: Osmotic mechanisms are particularly relevant to diabetic cataract, while 

genetic mechanisms are relevant to certain congenital and systemic disease-associated cataracts. 

 

 

Answers to Pilot Questions [Series 2] 

Part 2.1 

11. Any opacity of the normally transparent crystalline lens. 

12. Because it may range from clinically insignificant change to profound visual loss. 

13. Precisely regulated protein structure and regular fibre arrangement. 

14. Laterality: unilateral or bilateral; age of onset: congenital, juvenile, or age-related. 

15. Immature has residual clear cortex; mature has complete opacification; hypermature 

reflects further advanced degeneration. 

Part 2.2 

1. It is the single most common cause of treatable visual impairment and blindness 

worldwide. 

2. Because of disparities in access to surgical treatment across healthcare settings. 

3. Advancing age, diabetes mellitus, ultraviolet exposure, corticosteroid use, and smoking. 

4. Prevalence rises substantially with each successive decade of life beyond middle age. 

5. Because cataract-related visual loss is generally correctable through surgical intervention. 
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Part 2.3 

6. Crystallin protein aggregation and cross-linking produce localised regions of increased 

light scattering. 

7. An imbalance between reactive oxygen species generation and antioxidant defence 

capacity; it is central to most cataract formation. 

8. It progressively impairs lens epithelial and fibre cell function, contributing to age-related 

decline in transparency. 

9. It is particularly relevant to diabetic cataract formation. 

10. They are relevant to certain congenital and systemic disease-associated cataracts. 
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Figures, Plates, Tables, and Boxes 

1. Table 2.1: Terminology used in describing cataract. AI-generated using the prompt: 

"Create a clean clinical reference table titled Terminology Used in Describing Cataract, 

listing term, meaning, and relevance. Ophthalmology reference table style with outside 

border, no photographic elements." 

2. Table 2.2: Key epidemiological features of cataract. AI-generated using the prompt: 

"Create a clean clinical reference table titled Key Epidemiological Features of Cataract, 

listing feature, finding, and significance. Ophthalmology reference table style with 

outside border, no photographic elements." 

3. Figure 2.3: Diagram illustrating the progressive pathway from oxidative stress through 

crystallin protein aggregation to visible lens opacity. AI-generated using the prompt: "A 

single clean, accurate schematic flow diagram with three labelled sequential stages, 
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Oxidative Stress, Crystallin Protein Aggregation, and Lens Opacity, connected by 

directional arrows, textbook pathology diagram style, neutral background, no 

photographic realism, no other panels."
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Course code: OPT 605 

Course title: Lens and Cataract 

Course credit load: 1 Unit 

Series 3: Cataract Classification, Symptoms, and 

Ophthalmoscopic Features 

• Part 3.1: Classification of Cataract by Age of Onset and Cause 

o Sub Part 3.1.1: Congenital cataract 

o Sub Part 3.1.2: Developmental and juvenile cataract 

o Sub Part 3.1.3: Acquired cataract: age-related, traumatic, and secondary 

• Part 3.2: Morphological Classification of Cataract 

o Sub Part 3.2.1: Nuclear cataract 

o Sub Part 3.2.2: Cortical cataract 

o Sub Part 3.2.3: Posterior subcapsular cataract 

• Part 3.3: Symptoms and Ophthalmoscopic Features of Cataract 

o Sub Part 3.3.1: Symptoms attributable to cataract 

o Sub Part 3.3.2: Assessing lens changes by direct ophthalmoscopy 

o Sub Part 3.3.3: Relating morphological type to symptom pattern and 

ophthalmoscopic appearance 

 

Introduction 

In the last Series, we established the definition, epidemiology, and aetiopathogenesis of cataract. 

We now turn to cataract classification, by age of onset and cause, and by lens morphology, 

together with the practical clinical skills of recognising symptoms attributable to cataract and 

identifying abnormal lens features by direct ophthalmoscopy. 

The aim of this Series is to equip you with a thorough understanding of cataract classification, 

symptoms attributable to cataract, and abnormal lens features by direct ophthalmoscopy. 
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This Series begins with classification of cataract by age of onset and cause, before examining 

morphological classification of cataract. It concludes with symptoms and ophthalmoscopic 

features of cataract. 

 

Series Learning Outcomes 

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

• SLO 3.1: describe congenital, developmental, and juvenile cataract 

• SLO 3.2: describe acquired cataract, including age-related, traumatic, and secondary 

cataract 

• SLO 3.3: describe nuclear and cortical cataract 

• SLO 3.4: describe posterior subcapsular cataract 

• SLO 3.5: list symptoms attributable to cataract, and 

• SLO 3.6: explain abnormal lens features assessed by direct ophthalmoscopy. 

 

3.1 Classification of Cataract by Age of Onset and Cause 

3.1.1 congenital cataract 

Cataract present from birth 

Congenital cataract, discussed in relation to cataract definition in the previous Series of this 

course, is present from birth, resulting from a range of causes including genetic inheritance, 

intrauterine infection, discussed in relation to systemic disease in a later Series of this course, or 

metabolic disorders. 

Prompt recognition and, where indicated, surgical management of significant congenital cataract, 

discussed further in a later Series of this course, carries particular urgency given the risk of 

amblyopia, irreversible visual developmental impairment, if visually significant lens opacity is 

not addressed within the critical period of visual development. 

Fill in the blank: Prompt recognition and management of significant congenital cataract carries 

particular urgency given the risk of amblyopia if visually significant lens opacity is not addressed 

within the critical period of visual ________. 
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3.1.2 developmental and juvenile cataract 

Developmental cataract, discussed in relation to congenital cataract earlier in this Part, 

develops during infancy or early childhood rather than being present at birth, while juvenile 

cataract develops somewhat later, generally during childhood or adolescence, both sharing 

overlapping potential causes with congenital cataract. 

Careful clinical distinction between congenital, developmental, and juvenile cataract, discussed 

throughout this Part, based on the specific age of clinical onset, carries genuine relevance to 

identifying the most likely underlying cause and appropriate further systemic evaluation, 

discussed further in a later Series of this course. 

Fill in the blank: Careful clinical distinction between congenital, developmental, and juvenile 

cataract, based on the specific age of clinical onset, carries genuine relevance to identifying the 

most likely underlying ________. 

3.1.3 acquired cataract: age-related, traumatic, and secondary 

Age-related cataract, discussed in relation to aetiopathogenesis in the previous Series of this 

course, represents the most common form of acquired cataract, developing later in adult life, 

while traumatic cataract, discussed in relation to ocular trauma in an earlier related course, 

results from direct or indirect injury to the lens. 

Secondary cataract, discussed in relation to underlying systemic and ocular disease, develops as 

a consequence of another underlying condition, such as uveitis, discussed in relation to 

intraocular inflammation in an earlier related course, or prolonged corticosteroid use, discussed 

in relation to cataract risk factors earlier in this course, rather than arising as a primary, isolated 

lens process. 

Fill in the blank: Secondary cataract develops as a consequence of another underlying 

condition, such as uveitis or prolonged corticosteroid use, rather than arising as a primary, 

isolated lens ________. 

Table 3.1: Classification of cataract by age of onset and cause. 

Category Age of onset Example cause 

Congenital Present at birth Genetic, intrauterine infection, 

metabolic disorder 

Developmental/juvenile Infancy through adolescence Overlapping causes with congenital 

cataract 
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Acquired (age-related, 

traumatic, secondary) Later childhood through adulthood Ageing, injury, or underlying 

systemic/ocular disease 

Pilot questions 3.1 

• Define congenital cataract and list example causes. (Linked to SLO 3.1) 

• Explain why prompt management of significant congenital cataract is urgent. (Linked to 

SLO 3.1) 

• Distinguish developmental from juvenile cataract. (Linked to SLO 3.1) 

• Describe age-related and traumatic cataract. (Linked to SLO 3.2) 

• Define secondary cataract and give an example cause. (Linked to SLO 3.2) 

 

3.2 Morphological Classification of Cataract 

3.2.1 nuclear cataract 

Progressive opacification and hardening of the central lens 

Nuclear cataract, discussed in relation to lens nucleus anatomy in an earlier Series of this 

course, involves progressive opacification and yellowing, or, in more advanced cases, browning, 

of the central lens nucleus, generally the most common morphological pattern associated with 

typical age-related cataract. 

Progressive nuclear sclerosis, discussed earlier in this Part, may additionally produce a 

temporary myopic shift in refractive error, resulting from increased nuclear refractive index, 

occasionally noted by patients as a paradoxical, transient improvement in near vision before 

overall visual quality eventually declines. 

Fill in the blank: Progressive nuclear sclerosis may additionally produce a temporary myopic 

shift in refractive error, resulting from increased nuclear refractive ________. 

3.2.2 cortical cataract 

Cortical cataract, discussed in relation to lens cortex anatomy in an earlier Series of this course, 

involves opacification of the peripheral lens cortex, characteristically producing wedge-shaped 

or spoke-like opacities radiating from the lens periphery toward the centre. 

Cortical cataract, discussed earlier in this Part, frequently produces significant glare and 

disability under bright lighting conditions, particularly relevant to night driving symptoms, 
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discussed further later in this Series, reflecting light scattering as it passes through the affected 

peripheral lens cortex regions. 

Fill in the blank: Cortical cataract frequently produces significant glare and disability under 

bright lighting conditions, reflecting light scattering as it passes through the affected peripheral 

lens cortex ________. 

3.2.3 posterior subcapsular cataract 

Posterior subcapsular cataract, discussed in relation to lens capsule anatomy in an earlier 

Series of this course, involves opacification located just anterior to the posterior lens capsule, 

generally producing disproportionately significant visual impairment relative to its often 

relatively small physical size. 

This disproportionate visual impact reflects the specific location of posterior subcapsular cataract 

directly within the path of light converging toward the retina, discussed earlier in this Part, 

meaning this morphological type carries particular association with prolonged corticosteroid 

use, discussed in relation to secondary cataract earlier in this Series, and significant near vision 

or reading difficulty. 

Fill in the blank: Posterior subcapsular cataract carries particular association with prolonged 

corticosteroid use and significant near vision or reading ________. 
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Figure 3.2: Diagram comparing the appearance of nuclear, cortical, and posterior subcapsular 

cataract on retroillumination. 

Pilot questions 3.2 

1. Describe nuclear cataract. (Linked to SLO 3.3) 

2. Explain the myopic shift associated with nuclear sclerosis. (Linked to SLO 3.3) 

3. Describe cortical cataract and its characteristic opacity pattern. (Linked to SLO 3.3) 

4. Describe posterior subcapsular cataract and explain its disproportionate visual impact. 

(Linked to SLO 3.4) 

5. Explain the association between posterior subcapsular cataract and corticosteroid use. 

(Linked to SLO 3.4) 

 

3.3 Symptoms and Ophthalmoscopic Features of Cataract 

3.3.1 symptoms attributable to cataract 

A gradual, progressive decline in visual function 

Symptoms attributable to cataract include progressive, generally painless blurring of vision, 

discussed throughout this Series, glare or light sensitivity, particularly under bright ambient 
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lighting or oncoming headlights, and difficulty with night driving, discussed in relation to 

cortical cataract earlier in this Series. 

Further recognised symptoms include altered colour perception, particularly yellowing or 

dulling of colour vision, discussed in relation to nuclear cataract earlier in this Series, monocular 

diplopia, double vision in a single eye, and, occasionally, a transient improvement in near vision 

reflecting the myopic shift discussed earlier in this Series. 

Fill in the blank: Further recognised symptoms of cataract include altered colour perception, 

particularly yellowing or dulling of colour vision, and monocular diplopia, double vision in a 

single ________. 

3.3.2 assessing lens changes by direct ophthalmoscopy 

Direct ophthalmoscopy, discussed in relation to ophthalmoscopy technique in an earlier related 

course, allows assessment of lens changes through observation of the red reflex, with cataract 

typically producing a dulled, reduced, or partially obscured red reflex depending on the specific 

location and density of lens opacification. 

Focal lens opacities, discussed earlier in this Series, may additionally appear as dark, silhouetted 

areas against the otherwise normal red reflex, discussed earlier in this Part, when viewed at an 

appropriate examination distance, with the specific pattern and location of these silhouettes 

providing useful information regarding the likely underlying morphological type. 

Fill in the blank: Focal lens opacities may appear as dark, silhouetted areas against the 

otherwise normal red reflex, with the specific pattern and location of these silhouettes providing 

useful information regarding the likely underlying morphological ________. 

3.3.3 relating morphological type to symptom pattern and ophthalmoscopic 

appearance 

Nuclear cataract, discussed earlier in this Series, generally produces a gradually progressive, 

generalised reduction in visual acuity together with the characteristic myopic shift, discussed 

earlier in this Series, while cortical cataract characteristically produces disproportionate glare 

symptoms, discussed earlier in this Series. 

Posterior subcapsular cataract, discussed earlier in this Series, characteristically produces 

disproportionate near vision difficulty and glare relative to its physical size, meaning correlating 

the specific symptom pattern reported by the patient with the ophthalmoscopic appearance 

observed on examination supports accurate clinical characterisation of the underlying cataract 

morphology. 
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Fill in the blank: Correlating the specific symptom pattern reported by the patient with the 

ophthalmoscopic appearance observed on examination supports accurate clinical characterisation 

of the underlying cataract ________. 

Table 3.3: Relating cataract morphological type to characteristic symptom pattern. 

Morphological type Characteristic symptom Ophthalmoscopic clue 

Nuclear Gradual generalised blurring, 

transient myopic shift 
Central yellow-brown haze on red 

reflex 

Cortical Disproportionate glare, night 

driving difficulty 
Wedge-shaped peripheral spoke 

opacities 

Posterior subcapsular Disproportionate near vision 

difficulty and glare Small central posterior plaque 

Pilot questions 3.3 

1. List symptoms attributable to cataract. (Linked to SLO 3.5) 

2. Describe how cataract is assessed using the red reflex on direct ophthalmoscopy. (Linked 

to SLO 3.6) 

3. Describe how focal lens opacities may appear on direct ophthalmoscopy. (Linked to SLO 

3.6) 

4. Relate nuclear cataract to its characteristic symptom pattern. (Linked to SLO 3.6) 

5. Relate cortical and posterior subcapsular cataract to their characteristic symptom patterns. 

(Linked to SLO 3.6) 

 

 

Series Summary 

This Series examined cataract classification, symptoms, and ophthalmoscopic features, 

beginning with classification of cataract by age of onset and cause, congenital, developmental, 

juvenile, and acquired cataract, before examining morphological classification of cataract, 

nuclear, cortical, and posterior subcapsular types. 

We concluded with symptoms and ophthalmoscopic features of cataract, the symptoms 

attributable to cataract, assessing lens changes with direct ophthalmoscopy, and relating 

morphological type to symptom pattern and appearance. Having worked through this Series, you 

should now be equipped to understand the physiology of accommodation, presbyopia, and lens 

abnormalities in systemic disease examined in the next Series of this course. 
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Glossary of Terms 

1. Congenital cataract: cataract present from birth. 

2. Amblyopia: irreversible visual developmental impairment resulting from untreated 

visual axis obstruction in childhood. 

3. Secondary cataract: cataract developing as a consequence of another underlying 

systemic or ocular condition. 

4. Nuclear cataract: progressive opacification and yellowing or browning of the central 

lens nucleus. 

5. Myopic shift: a temporary increase in refractive myopia associated with nuclear 

sclerosis. 

6. Cortical cataract: opacification of the peripheral lens cortex, producing wedge-shaped 

spoke opacities. 

7. Posterior subcapsular cataract: opacification just anterior to the posterior lens capsule, 

causing disproportionate visual impairment. 

8. Monocular diplopia: double vision perceived in a single eye, a recognised cataract 

symptom. 

9. Red reflex: the reddish-orange reflection seen through the pupil on ophthalmoscopy, 

used to assess lens clarity. 

10. Glare: excessive visual disability under bright lighting, characteristic of cortical cataract. 

11. Nuclear sclerosis: progressive hardening and opacification of the lens nucleus with age. 

12. Retroillumination: an examination technique viewing lens opacities silhouetted against 

the red reflex. 

 

Concept Check Questions [Series 3] 

Objective questions 

1. Prompt recognition and management of significant congenital cataract carries particular 

urgency given the risk of amblyopia if visually significant lens opacity is not addressed 

within the critical period of visual ________. 

2. Progressive nuclear sclerosis may additionally produce a temporary myopic shift in 

refractive error, resulting from increased nuclear refractive ________. 

3. Posterior subcapsular cataract carries particular association with prolonged corticosteroid 

use and significant near vision or reading ________. 

4. Further recognised symptoms of cataract include monocular diplopia, double vision in a 

single ________. 
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5. Focal lens opacities may appear as dark, silhouetted areas against the otherwise normal 

red reflex, providing useful information regarding the likely underlying morphological 

________. 

Short-answer questions 

• Define congenital cataract and list example causes. 

• Define secondary cataract and give an example cause. 

• Describe cortical cataract and its characteristic opacity pattern. 

• List symptoms attributable to cataract. 

• Describe how cataract is assessed using the red reflex on direct ophthalmoscopy. 

Long-answer questions 

1. Discuss congenital, developmental, and juvenile cataract. (Linked to SLO 3.1) 

2. Discuss acquired cataract, including age-related, traumatic, and secondary cataract. 

(Linked to SLO 3.2) 

3. Discuss nuclear and cortical cataract. (Linked to SLO 3.3) 

4. Discuss posterior subcapsular cataract. (Linked to SLO 3.4) 

5. Discuss symptoms attributable to cataract and abnormal lens features assessed by direct 

ophthalmoscopy. (Linked to SLO 3.5, SLO 3.6) 

 

 

Answers to Concept Check Questions [Series 3] 

Objective questions 

6. Development. 

7. Index. 

8. Difficulty. 

9. Eye. 

10. Type. 

Short-answer questions 

11. Cataract present from birth; causes include genetic inheritance, intrauterine infection, and 

metabolic disorders. 

12. Cataract developing as a consequence of another underlying condition, such as uveitis or 

prolonged corticosteroid use. 
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13. Opacification of the peripheral lens cortex, producing wedge-shaped or spoke-like 

opacities radiating toward the centre. 

14. Progressive blurring, glare, difficulty with night driving, altered colour perception, and 

monocular diplopia. 

15. Cataract typically produces a dulled, reduced, or partially obscured red reflex depending 

on opacification location and density. 

Long-answer questions 

16. Basic response: Congenital cataract is present at birth from genetic, infective, or 

metabolic causes, requiring urgent management given amblyopia risk. 

Value-added response: Developmental and juvenile cataract develop somewhat later, sharing 

overlapping causes, with age of onset guiding further systemic evaluation. 

17. Basic response: Age-related cataract is the most common acquired form, while traumatic 

cataract results from direct or indirect lens injury. 

Value-added response: Secondary cataract develops from another underlying condition such as 

uveitis or corticosteroid use, rather than as a primary lens process. 

18. Basic response: Nuclear cataract produces central lens opacification and yellowing, with 

a characteristic transient myopic shift. 

Value-added response: Cortical cataract produces wedge-shaped peripheral opacities causing 

disproportionate glare symptoms. 

19. Basic response: Posterior subcapsular cataract produces a small opacity just anterior to 

the posterior capsule, directly in the light path. 

Value-added response: This produces disproportionate visual impairment relative to its size, 

particularly associated with corticosteroid use. 

20. Basic response: Cataract symptoms include progressive blurring, glare, altered colour 

perception, and monocular diplopia. 

Value-added response: Direct ophthalmoscopy assesses the red reflex, with the specific pattern 

of opacity silhouette helping identify the underlying morphological type. 

 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

Answers to Pilot Questions [Series 3] 

Part 3.1 

11. Cataract present from birth; causes include genetic inheritance, intrauterine infection, and 

metabolic disorders. 

12. Because untreated visually significant lens opacity risks irreversible amblyopia within the 

critical period of visual development. 

13. Developmental cataract develops during infancy or early childhood; juvenile cataract 

develops later, during childhood or adolescence. 

14. Age-related cataract is the most common acquired form, developing later in adult life; 

traumatic cataract results from direct or indirect lens injury. 

15. Cataract developing from another underlying condition, such as uveitis or prolonged 

corticosteroid use. 

Part 3.2 

1. Progressive opacification and yellowing or browning of the central lens nucleus. 

2. Increased nuclear refractive index produces a temporary myopic shift, sometimes noted 

as a paradoxical improvement in near vision. 

3. Opacification of the peripheral lens cortex, producing wedge-shaped or spoke-like 

opacities radiating toward the centre. 

4. Opacification just anterior to the posterior capsule; its disproportionate impact reflects its 

location directly within the path of converging light. 

5. It is particularly associated with prolonged corticosteroid use. 

Part 3.3 

6. Progressive blurring, glare, night driving difficulty, altered colour perception, monocular 

diplopia, and transient near vision improvement. 

7. By observing the red reflex, which appears dulled, reduced, or partially obscured 

depending on opacification location and density. 

8. As dark, silhouetted areas against the otherwise normal red reflex. 

9. Nuclear cataract produces gradually progressive, generalised blurring with a 

characteristic myopic shift. 

10. Cortical cataract produces disproportionate glare; posterior subcapsular cataract produces 

disproportionate near vision difficulty and glare. 
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References and Attributions [Series 3] 

11. Kanski, J. J., & Bowling, B. (2015). Clinical Ophthalmology: A Systematic Approach 

(8th ed.). Elsevier. 

12. Riordan-Eva, P., & Augsburger, J. J. (Eds.). (2017). Vaughan and Asbury's General 

Ophthalmology (19th ed.). McGraw-Hill. 

13. Khurana, A. K. (2019). Comprehensive Ophthalmology (7th ed.). Jaypee Brothers 
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Science Course Section 11. 

 

Figures, Plates, Tables, and Boxes 

1. Table 3.1: Classification of cataract by age of onset and cause. AI-generated using the 

prompt: "Create a clean clinical reference table titled Classification of Cataract by Age of 

Onset and Cause, listing category, age of onset, and example cause. Ophthalmology 

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

2. Figure 3.2: Diagram comparing the appearance of nuclear, cortical, and posterior 

subcapsular cataract on retroillumination. AI-generated using the prompt: "A single 

clean, accurate three-panel schematic diagram of the lens on retroillumination, one panel 

labelled nuclear showing central yellow-brown haze, one labelled cortical showing 

wedge-shaped peripheral spokes, and one labelled posterior subcapsular showing a small 

central posterior plaque, textbook ophthalmology diagram style, neutral background, no 

photographic realism, no other panels." 

3. Table 3.3: Relating cataract morphological type to characteristic symptom pattern. AI-

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

Cataract Morphological Type to Characteristic Symptom Pattern, listing morphological 

type, characteristic symptom, and ophthalmoscopic clue. Ophthalmology reference table 

style with outside border, no photographic elements."
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Course code: OPT 605 

Course title: Lens and Cataract 

Course credit load: 1 Unit 

Series 4: Physiology of Accommodation, Presbyopia, 

and Lens Abnormalities in Systemic Disease 

• Part 4.1: Physiology of Accommodation 

o Sub Part 4.1.1: The accommodation reflex 

o Sub Part 4.1.2: Mechanism of accommodation: the Helmholtz theory 

o Sub Part 4.1.3: The near triad and its components 

• Part 4.2: Presbyopia 

o Sub Part 4.2.1: Pathophysiology of presbyopia 

o Sub Part 4.2.2: Clinical features and progression of presbyopia 

o Sub Part 4.2.3: Correction of presbyopia 

• Part 4.3: Lens Abnormalities in Systemic Disease 

o Sub Part 4.3.1: Lens abnormality in Marfan's syndrome 

o Sub Part 4.3.2: Lens abnormality in other connective tissue and metabolic 

disorders 

o Sub Part 4.3.3: Clinical relevance of recognising systemic disease-associated lens 

abnormality 

 

Introduction 

In the last Series, we established cataract classification, symptoms, and ophthalmoscopic 

features. We now turn to the physiology of accommodation, the eye's remarkable capacity to 

adjust focus for near objects, presbyopia, the age-related decline in this capacity every person 

eventually experiences, and lens abnormalities in important systemic disease, particularly 

Marfan's syndrome, where zonular and lens abnormality carries genuine diagnostic significance. 
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The aim of this Series is to equip you with a thorough understanding of the physiology of 

accommodation and presbyopia, and lens abnormality found in important systemic diseases such 

as Marfan's syndrome. 

This Series begins with the physiology of accommodation, before examining presbyopia. It 

concludes with lens abnormalities in systemic disease. 

 

Series Learning Outcomes 

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

• SLO 4.1: describe the accommodation reflex and the mechanism of accommodation 

• SLO 4.2: describe the near triad and its components 

• SLO 4.3: describe the pathophysiology of presbyopia 

• SLO 4.4: describe the clinical features, progression, and correction of presbyopia 

• SLO 4.5: describe the lens abnormality found in Marfan's syndrome and other connective 

tissue or metabolic disorders, and 

• SLO 4.6: explain the clinical relevance of recognising systemic disease-associated lens 

abnormality. 

 

4.1 Physiology of Accommodation 

4.1.1 the accommodation reflex 

A coordinated response to near visual demand 

The accommodation reflex, discussed in relation to ciliary body and zonular anatomy in an 

earlier Series of this course, describes the coordinated physiological response triggered when a 

near object comes into visual focus, allowing the eye to maintain clear image formation across 

varying viewing distances. 

This reflex, discussed earlier in this Part, is generally triggered by retinal blur detection, 

discussed in relation to visual pathway function in an earlier related course, initiating a 

coordinated neural signal that produces the specific mechanical changes within the eye discussed 

further in the next sub-Part. 
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Fill in the blank: The accommodation reflex is generally triggered by retinal blur detection, 

initiating a coordinated neural signal that produces the specific mechanical changes within the 

________. 

4.1.2 mechanism of accommodation: the helmholtz theory 

The Helmholtz theory of accommodation, the most widely accepted explanatory model, 

proposes that contraction of the ciliary muscle, discussed in relation to ciliary body anatomy in 

an earlier Series of this course, reduces tension on the zonular fibres, discussed earlier in this 

course, allowing the inherently elastic lens to assume a more rounded, increased refractive power 

shape. 

Conversely, ciliary muscle relaxation increases zonular tension, discussed earlier in this Part, 

flattening the lens and reducing its refractive power, appropriate for focusing on more distant 

objects, meaning accommodation reflects a genuinely reciprocal, dynamic relationship between 

ciliary muscle tone and lens shape. 

Fill in the blank: Conversely, ciliary muscle relaxation increases zonular tension, flattening the 

lens and reducing its refractive power, appropriate for focusing on more distant ________. 

4.1.3 the near triad and its components 

The near triad, discussed in relation to the accommodation reflex earlier in this Part, describes 

the three coordinated physiological responses occurring together when fixating on a near object, 

accommodation itself, discussed throughout this Part, together with convergence and pupillary 

constriction. 

Convergence, medial rotation of both eyes toward the near target, discussed in relation to 

extraocular muscle function in an earlier related course, and pupillary constriction, discussed in 

relation to pupillary reflex examination in an earlier related course, together optimise both 

binocular alignment and depth of field for clear near vision. 

Fill in the blank: The near triad describes the three coordinated physiological responses 

occurring together when fixating on a near object: accommodation, convergence, and pupillary 

________. 
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Figure 4.1: Diagram illustrating the near triad: accommodation, convergence, and pupillary 

constriction occurring together during near fixation. 

Pilot questions 4.1 

• Define the accommodation reflex. (Linked to SLO 4.1) 

• Describe what typically triggers the accommodation reflex. (Linked to SLO 4.1) 

• Describe the Helmholtz theory of accommodation. (Linked to SLO 4.1) 

• Describe the relationship between ciliary muscle relaxation and lens shape. (Linked to 

SLO 4.1) 

• List the three components of the near triad. (Linked to SLO 4.2) 

 

4.2 Presbyopia 

4.2.1 pathophysiology of presbyopia 

An inevitable, progressive age-related decline in accommodative capacity 

Presbyopia, discussed in relation to accommodation physiology earlier in this Series, reflects the 

progressive, age-related decline in the eye's accommodative capacity, resulting principally from 
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progressive loss of lens elasticity, discussed in relation to lens fibre and capsule properties in an 

earlier Series of this course, as new lens fibres continue accumulating throughout life. 

Further contributing factors include progressive changes in lens shape and possible age-related 

changes in ciliary muscle function, discussed earlier in this Series, together producing a 

genuinely universal, inevitable decline in near focusing ability that every person eventually 

experiences regardless of their baseline refractive status. 

Fill in the blank: Presbyopia reflects the progressive, age-related decline in the eye's 

accommodative capacity, resulting principally from progressive loss of lens ________. 

4.2.2 clinical features and progression of presbyopia 

Presbyopia, discussed earlier in this Part, typically becomes clinically apparent during the fifth 

decade of life, presenting with progressive difficulty focusing on near objects, discussed in 

relation to accommodation physiology earlier in this Series, generally first noticed during 

reading or other close work. 

Presbyopia progresses gradually over subsequent years, discussed earlier in this Part, generally 

stabilising by approximately 60 years of age, reflecting the essentially complete loss of 

accommodative reserve by this stage, meaning further significant progression beyond this age is 

not typically expected on the basis of presbyopia alone. 

Fill in the blank: Presbyopia progresses gradually over subsequent years, generally stabilising 

by approximately 60 years of age, reflecting the essentially complete loss of accommodative 

________. 

4.2.3 correction of presbyopia 

Correction of presbyopia, discussed throughout this Part, generally involves reading spectacles, 

or, for patients with pre-existing distance refractive error, bifocal or multifocal spectacle lenses, 

discussed in relation to refractive correction principles in an earlier related course, combining 

distance and near correction within a single lens. 

Further recognised correction options include multifocal or monovision contact lenses, 

discussed in relation to contact lens principles, and, less commonly, surgical approaches, 

discussed further in a later Series of this course, with the specific correction approach generally 

selected according to individual patient preference and specific visual requirements. 

Fill in the blank: Correction of presbyopia generally involves reading spectacles, or bifocal or 

multifocal spectacle lenses, combining distance and near correction within a single ________. 
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Table 4.2: Key features of presbyopia. 

Feature Description Clinical relevance 

Pathophysiology Progressive loss of lens elasticity An inevitable, universal age-related 

process 

Typical onset Fifth decade of life First noticed during reading or 

close work 

Correction Reading, bifocal, or multifocal 

spectacles 
Selected according to patient 

preference and needs 

Pilot questions 4.2 

1. Describe the pathophysiology of presbyopia. (Linked to SLO 4.3) 

2. Describe the typical age of onset of presbyopia. (Linked to SLO 4.4) 

3. Describe the progression of presbyopia and when it generally stabilises. (Linked to SLO 

4.4) 

4. Describe correction options for presbyopia. (Linked to SLO 4.4) 

5. Explain why presbyopia is considered a universal, inevitable process. (Linked to SLO 

4.3) 

 

4.3 Lens Abnormalities in Systemic Disease 

4.3.1 lens abnormality in marfan's syndrome 

A characteristic pattern of zonular weakness and lens subluxation 

Marfan's syndrome, an inherited connective tissue disorder, discussed in relation to zonular 

fibre anatomy in an earlier Series of this course, characteristically produces zonular fibre 

weakness, resulting from the underlying fibrillin protein abnormality affecting connective tissue 

integrity throughout the body. 

This zonular weakness, discussed earlier in this Part, characteristically produces lens 

subluxation, discussed in relation to zonular disruption in an earlier Series of this course, most 

classically directed in a superotemporal direction, representing a genuinely important, specific 

diagnostic clue toward the underlying systemic condition. 

Fill in the blank: Zonular weakness in Marfan's syndrome characteristically produces lens 

subluxation, most classically directed in a superotemporal direction, representing a genuinely 

important, specific diagnostic clue toward the underlying systemic ________. 
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4.3.2 lens abnormality in other connective tissue and metabolic disorders 

Further recognised systemic conditions associated with lens or zonular abnormality include 

homocystinuria, a metabolic disorder producing lens subluxation, classically directed 

inferonasally, in distinct contrast to the superotemporal direction characteristic of Marfan's 

syndrome discussed earlier in this Part. 

Further recognised associations include Weill-Marchesani syndrome, producing a small, 

spherical lens, or microspherophakia, discussed in relation to normal lens shape in an earlier 

Series of this course, representing a further recognised, though distinct, pattern of systemic 

disease-associated lens abnormality. 

Fill in the blank: Homocystinuria produces lens subluxation classically directed inferonasally, 

in distinct contrast to the superotemporal direction characteristic of Marfan's ________. 

4.3.3 clinical relevance of recognising systemic disease-associated lens 

abnormality 

Recognising the specific direction of lens subluxation, discussed throughout this Part, and other 

characteristic patterns of lens abnormality carries genuine diagnostic value, since these findings 

may represent an important early clue toward an underlying, potentially previously unrecognised 

systemic condition. 

Prompt recognition of these findings, discussed throughout this Series, particularly in Marfan's 

syndrome, given its recognised association with potentially life-threatening cardiovascular 

complications, discussed in relation to systemic connective tissue involvement, means the 

ophthalmic examination can genuinely contribute to broader, potentially life-saving systemic 

clinical assessment. 

Fill in the blank: Prompt recognition of systemic disease-associated lens findings, particularly 

in Marfan's syndrome given its recognised association with potentially life-threatening 

cardiovascular complications, means the ophthalmic examination can genuinely contribute to 

broader systemic clinical ________. 

Table 4.3: Comparing lens subluxation direction in Marfan's syndrome and 

homocystinuria. 

Condition Typical subluxation direction Additional feature 

Marfan's syndrome Superotemporal Connective tissue disorder with 

cardiovascular risk 
Homocystinuria Inferonasal Metabolic disorder 
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Weill-Marchesani 

syndrome 
Variable; associated with 

microspherophakia Small, spherical lens 

Pilot questions 4.3 

1. Describe the lens abnormality characteristic of Marfan's syndrome. (Linked to SLO 4.5) 

2. State the typical direction of lens subluxation in Marfan's syndrome. (Linked to SLO 4.5) 

3. Describe the lens abnormality characteristic of homocystinuria and how it differs from 

Marfan's syndrome. (Linked to SLO 4.5) 

4. Define microspherophakia and its associated condition. (Linked to SLO 4.5) 

5. Explain the clinical relevance of recognising systemic disease-associated lens 

abnormality. (Linked to SLO 4.6) 

 

 

Series Summary 

This Series examined physiology of accommodation, presbyopia, and lens abnormalities in 

systemic disease, beginning with the physiology of accommodation, the accommodation reflex, 

the Helmholtz theory, and the near triad, before examining presbyopia, its pathophysiology, 

clinical features, progression, and correction. 

We concluded with lens abnormalities in systemic disease, the characteristic zonular weakness 

and lens subluxation of Marfan's syndrome, homocystinuria, and other conditions, and the 

genuine clinical relevance of recognising these findings. Having worked through this Series, you 

should now be equipped to understand cataract management and proptosis examined in the final 

Series of this course. 

 

Glossary of Terms 

1. Accommodation reflex: the coordinated physiological response allowing the eye to 

focus on near objects. 

2. Helmholtz theory: the widely accepted model explaining accommodation via ciliary 

muscle contraction and zonular relaxation. 

3. Near triad: the coordinated response of accommodation, convergence, and pupillary 

constriction during near fixation. 

4. Convergence: medial rotation of both eyes toward a near target. 

5. Presbyopia: the progressive, age-related decline in accommodative capacity. 
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6. Multifocal spectacle lens: a lens combining distance and near correction within a single 

lens. 

7. Marfan's syndrome: an inherited connective tissue disorder causing zonular weakness 

and characteristic lens subluxation. 

8. Lens subluxation: partial displacement of the lens from its normal anatomical position. 

9. Homocystinuria: a metabolic disorder causing lens subluxation, classically in an 

inferonasal direction. 

10. Weill-Marchesani syndrome: a syndrome associated with microspherophakia, a small, 

spherical lens. 

11. Microspherophakia: an abnormally small, spherical lens. 

12. Fibrillin: the connective tissue protein abnormal in Marfan's syndrome, affecting zonular 

integrity. 

 

Concept Check Questions [Series 4] 

Objective questions 

1. The accommodation reflex is generally triggered by retinal blur detection, initiating a 

coordinated neural signal that produces specific mechanical changes within the 

________. 

2. The near triad describes the three coordinated physiological responses occurring together 

when fixating on a near object: accommodation, convergence, and pupillary ________. 

3. Presbyopia reflects the progressive, age-related decline in the eye's accommodative 

capacity, resulting principally from progressive loss of lens ________. 

4. Zonular weakness in Marfan's syndrome characteristically produces lens subluxation, 

most classically directed in a ________ direction. 

5. Homocystinuria produces lens subluxation classically directed inferonasally, in distinct 

contrast to the superotemporal direction characteristic of Marfan's ________. 

Short-answer questions 

• Describe the Helmholtz theory of accommodation. 

• List the three components of the near triad. 

• Describe the typical age of onset and stabilisation of presbyopia. 

• Describe correction options for presbyopia. 

• Describe the lens abnormality characteristic of Marfan's syndrome, including subluxation 

direction. 
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Long-answer questions 

1. Discuss the accommodation reflex and the Helmholtz theory of accommodation. (Linked 

to SLO 4.1) 

2. Discuss the near triad and its components. (Linked to SLO 4.2) 

3. Discuss the pathophysiology, clinical features, progression, and correction of presbyopia. 

(Linked to SLO 4.3, SLO 4.4) 

4. Discuss the lens abnormality found in Marfan's syndrome and other connective tissue or 

metabolic disorders. (Linked to SLO 4.5) 

5. Discuss the clinical relevance of recognising systemic disease-associated lens 

abnormality. (Linked to SLO 4.6) 

 

 

Answers to Concept Check Questions [Series 4] 

Objective questions 

6. Eye. 

7. Constriction. 

8. Elasticity. 

9. Superotemporal. 

10. Syndrome. 

Short-answer questions 

11. Ciliary muscle contraction reduces zonular tension, allowing the elastic lens to assume a 

more rounded, increased refractive power shape. 

12. Accommodation, convergence, and pupillary constriction. 

13. Typically becomes clinically apparent during the fifth decade of life, stabilising by 

approximately 60 years of age. 

14. Reading spectacles, bifocal or multifocal spectacles, multifocal or monovision contact 

lenses, and, less commonly, surgical approaches. 

15. Zonular fibre weakness from fibrillin abnormality, producing lens subluxation classically 

directed superotemporally. 

Long-answer questions 

16. Basic response: The accommodation reflex responds to retinal blur, triggering neural 

signals producing the mechanical changes explained by the Helmholtz theory. 
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Value-added response: Ciliary muscle contraction reduces zonular tension, allowing the lens to 

round and increase refractive power for near focus. 

17. Basic response: The near triad combines accommodation, convergence, and pupillary 

constriction, working together during near fixation. 

Value-added response: Convergence and pupillary constriction optimise binocular alignment 

and depth of field to complement the lens shape change of accommodation. 

18. Basic response: Presbyopia results from progressive loss of lens elasticity, becoming 

apparent in the fifth decade and stabilising by around 60 years. 

Value-added response: Correction ranges from simple reading spectacles to multifocal 

spectacles or contact lenses, selected according to individual preference and needs. 

19. Basic response: Marfan's syndrome causes zonular weakness from fibrillin abnormality, 

producing characteristic superotemporal lens subluxation. 

Value-added response: Homocystinuria causes inferonasal subluxation, while Weill-

Marchesani syndrome is associated with microspherophakia, each with a distinct pattern. 

20. Basic response: Recognising the specific direction and pattern of lens abnormality 

provides an important diagnostic clue toward underlying systemic disease. 

Value-added response: This is particularly significant in Marfan's syndrome given its 

association with potentially life-threatening cardiovascular complications, meaning ophthalmic 

examination can contribute to broader systemic assessment. 

 

Answers to Pilot Questions [Series 4] 

Part 4.1 

11. The coordinated physiological response allowing the eye to focus on near objects. 

12. Retinal blur detection. 

13. Ciliary muscle contraction reduces zonular tension, allowing the lens to round and 

increase refractive power. 

14. Ciliary muscle relaxation increases zonular tension, flattening the lens and reducing 

refractive power for distance focus. 

15. Accommodation, convergence, and pupillary constriction. 
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Part 4.2 

1. Progressive loss of lens elasticity, with contributing changes in lens shape and possible 

ciliary muscle function. 

2. The fifth decade of life. 

3. It progresses gradually over subsequent years, generally stabilising by approximately 60 

years of age. 

4. Reading spectacles, bifocal or multifocal spectacles or contact lenses, and, less 

commonly, surgical approaches. 

5. Because every person eventually experiences it regardless of baseline refractive status. 

Part 4.3 

6. Zonular fibre weakness from fibrillin protein abnormality, producing lens subluxation. 

7. Superotemporal. 

8. It causes inferonasal lens subluxation, in contrast to the superotemporal direction of 

Marfan's syndrome. 

9. An abnormally small, spherical lens, associated with Weill-Marchesani syndrome. 

10. It can represent an important early clue toward underlying, potentially previously 

unrecognised systemic disease, particularly relevant given cardiovascular risk in Marfan's 

syndrome. 

 

 

References and Attributions [Series 4] 
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Figures, Plates, Tables, and Boxes 

1. Figure 4.1: Diagram illustrating the near triad: accommodation, convergence, and 

pupillary constriction occurring together during near fixation. AI-generated using the 

prompt: "A single clean, accurate schematic diagram of two eyes converging toward a 

near object, with labelled arrows indicating lens rounding (accommodation), inward eye 

rotation (convergence), and pupil narrowing (constriction), textbook physiology diagram 

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

2. Table 4.2: Key features of presbyopia. AI-generated using the prompt: "Create a clean 

clinical reference table titled Key Features of Presbyopia, listing feature, description, and 

clinical relevance. Ophthalmology reference table style with outside border, no 

photographic elements." 

3. Table 4.3: Comparing lens subluxation direction in Marfan's syndrome and 

homocystinuria. AI-generated using the prompt: "Create a clean clinical reference table 

titled Comparing Lens Subluxation Direction in Marfan's Syndrome and Homocystinuria, 

listing condition, typical subluxation direction, and additional feature. Ophthalmology 

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



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

Course code: OPT 605 

Course title: Lens and Cataract 

Course credit load: 1 Unit 

Series 5: Cataract Management and Proptosis 

• Part 5.1: Non-Surgical and Surgical Management of Cataract 

o Sub Part 5.1.1: Non-surgical management and timing of intervention 

o Sub Part 5.1.2: Surgical techniques: ECCE and phacoemulsification 

o Sub Part 5.1.3: Intraocular lens implantation 

• Part 5.2: Complications and Outcomes of Cataract Surgery 

o Sub Part 5.2.1: Intraoperative complications 

o Sub Part 5.2.2: Postoperative complications 

o Sub Part 5.2.3: Visual outcomes following cataract surgery 

• Part 5.3: Proptosis 

o Sub Part 5.3.1: Definition of proptosis 

o Sub Part 5.3.2: Causes of proptosis in adults 

o Sub Part 5.3.3: Causes of proptosis in children 

 

Introduction 

In the last Series, we established the physiology of accommodation, presbyopia, and lens 

abnormalities in systemic disease. We now conclude this course with cataract management, 

non-surgical and surgical treatment, cataract extraction with artificial lens implantation, and 

recognised complications and outcomes, together with proptosis, its definition and causes in 

both adults and children, completing the comprehensive foundation established throughout this 

course. 

The aim of this Series is to equip you with a thorough understanding of the treatment of cataract, 

including cataract extraction with artificial lens implantation, and the definition and causes of 

proptosis in adults and children. 
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This Series begins with non-surgical and surgical management of cataract, before examining 

complications and outcomes of cataract surgery. It concludes with proptosis. 

 

Series Learning Outcomes 

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

• SLO 5.1: describe non-surgical management and appropriate timing of cataract 

intervention 

• SLO 5.2: describe cataract surgical techniques, including extracapsular cataract 

extraction and phacoemulsification, and intraocular lens implantation 

• SLO 5.3: describe intraoperative and postoperative complications of cataract surgery 

• SLO 5.4: describe visual outcomes following cataract surgery 

• SLO 5.5: define proptosis and describe its causes in adults, and 

• SLO 5.6: describe the causes of proptosis in children. 

 

5.1 Non-Surgical and Surgical Management of Cataract 

5.1.1 non-surgical management and timing of intervention 

Surgery remains the only definitive treatment 

Non-surgical management of cataract, discussed in relation to cataract definition in an earlier 

Series of this course, is generally limited to optimising refractive correction and lighting 

conditions, since no medical therapy has been demonstrated to reverse or reliably halt established 

cataract progression. 

The timing of surgical intervention is generally guided by the degree of functional visual 

impairment reported by the patient, discussed in relation to cataract symptoms in an earlier 

Series of this course, rather than any fixed visual acuity threshold, meaning surgical timing 

should genuinely reflect the individual patient's specific functional visual needs. 

Fill in the blank: Non-surgical management of cataract is generally limited to optimising 

refractive correction and lighting conditions, since no medical therapy has been demonstrated to 

reverse or reliably halt established cataract ________. 
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5.1.2 surgical techniques: eccc and phacoemulsification 

Extracapsular cataract extraction, or ECCE, involves removal of the lens nucleus and cortex, 

discussed in relation to lens microscopic anatomy in an earlier Series of this course, through a 

relatively larger surgical incision, while preserving the posterior lens capsule to support 

subsequent intraocular lens placement. 

Phacoemulsification, the currently preferred technique in most contemporary practice settings, 

uses ultrasonic energy to fragment and emulsify the lens nucleus, discussed earlier in this Part, 

allowing removal through a considerably smaller incision than traditional ECCE, generally 

supporting faster visual recovery. 

Fill in the blank: Phacoemulsification uses ultrasonic energy to fragment and emulsify the lens 

nucleus, allowing removal through a considerably smaller incision than traditional ECCE, 

generally supporting faster visual ________. 

5.1.3 intraocular lens implantation 

Following cataract extraction, discussed earlier in this Part, an artificial intraocular lens, or 

IOL, is generally implanted within the remaining capsular bag, discussed in relation to lens 

capsule anatomy in an earlier Series of this course, restoring the eye's refractive power lost with 

removal of the natural lens. 

The specific IOL power is calculated preoperatively using biometric measurements of the eye, 

discussed in relation to ocular measurement principles, aiming to achieve a specific, individually 

selected target postoperative refractive outcome tailored to the patient's own visual preferences. 

Fill in the blank: The specific IOL power is calculated preoperatively using biometric 

measurements of the eye, aiming to achieve a specific, individually selected target postoperative 

refractive ________. 

Table 5.1: Comparing extracapsular cataract extraction and phacoemulsification. 

Feature Extracapsular cataract extraction 

(ECCE) Phacoemulsification 

Technique Manual removal through a larger 

incision 
Ultrasonic fragmentation through a 

small incision 

Incision size Relatively larger Considerably smaller 
Typical recovery Somewhat slower Generally faster 
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Pilot questions 5.1 

• Describe the limitations of non-surgical management of cataract. (Linked to SLO 5.1) 

• Explain how the timing of cataract surgery is generally determined. (Linked to SLO 5.1) 

• Describe extracapsular cataract extraction (ECCE). (Linked to SLO 5.2) 

• Describe phacoemulsification and its advantages over ECCE. (Linked to SLO 5.2) 

• Describe intraocular lens implantation and how IOL power is determined. (Linked to 

SLO 5.2) 

 

5.2 Complications and Outcomes of Cataract Surgery 

5.2.1 intraoperative complications 

Recognised risks specific to the surgical procedure itself 

Recognised intraoperative complications of cataract surgery, discussed throughout this Series, 

include posterior capsule rupture, discussed in relation to capsular bag anatomy earlier in this 

Series, potentially complicating planned intraocular lens placement, and vitreous loss, discussed 

in relation to vitreous anatomy in an earlier related course. 

Further recognised intraoperative complications include zonular dehiscence, discussed in 

relation to zonular anatomy in an earlier Series of this course, particularly relevant in eyes with 

pre-existing zonular weakness, discussed in relation to systemic disease-associated lens 

abnormality earlier in this course, and, rarely, significant intraoperative haemorrhage. 

Fill in the blank: Further recognised intraoperative complications of cataract surgery include 

zonular dehiscence, particularly relevant in eyes with pre-existing zonular ________. 

5.2.2 postoperative complications 

Recognised postoperative complications include endophthalmitis, a genuinely serious 

intraocular infection requiring urgent recognition and treatment, and cystoid macular oedema, 

discussed in relation to macular anatomy in an earlier related course, producing reduced central 

visual acuity in the postoperative period. 

Posterior capsule opacification, discussed in relation to residual capsular bag epithelial cells, 

represents a further common, generally delayed postoperative complication, resulting from 

proliferation of residual lens epithelial cells across the posterior capsule, discussed earlier in this 

Series, generally treated with a simple laser capsulotomy procedure. 
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Fill in the blank: Posterior capsule opacification results from proliferation of residual lens 

epithelial cells across the posterior capsule, generally treated with a simple laser ________ 

procedure. 

5.2.3 visual outcomes following cataract surgery 

Visual outcomes following cataract surgery, discussed throughout this Series, are generally 

genuinely excellent, discussed in relation to cataract reversibility earlier in this course, with the 

substantial majority of patients achieving significant, meaningful improvement in visual acuity 

and overall functional quality of life. 

Factors influencing final visual outcome, discussed earlier in this Part, include the presence of 

any coexisting ocular pathology beyond the cataract itself, discussed throughout this course, and 

the occurrence of any recognised surgical complication, meaning careful preoperative 

assessment and counselling remain essential to establishing realistic patient expectations. 

Fill in the blank: Careful preoperative assessment and counselling remain essential to 

establishing realistic patient expectations regarding visual outcomes following cataract 

________. 

Table 5.2: Comparing key intraoperative and postoperative complications of cataract 

surgery. 

Timing Complication Key management point 

Intraoperative Posterior capsule rupture, vitreous 

loss 
May complicate planned IOL 

placement 

Postoperative (early) Endophthalmitis Genuinely serious; requires urgent 

treatment 

Postoperative (delayed) Posterior capsule opacification Generally treated with laser 

capsulotomy 

 

Pilot questions 5.2 

1. List intraoperative complications of cataract surgery. (Linked to SLO 5.3) 

2. Define endophthalmitis and explain why it requires urgent recognition. (Linked to SLO 

5.3) 

3. Define posterior capsule opacification and describe its management. (Linked to SLO 5.3) 

4. Describe the general visual outcomes following cataract surgery. (Linked to SLO 5.4) 

5. List factors influencing final visual outcome after cataract surgery. (Linked to SLO 5.4) 
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5.3 Proptosis 

5.3.1 definition of proptosis 

Abnormal forward protrusion of the globe 

Proptosis, discussed in relation to orbital anatomy in an earlier related course, refers to abnormal 

forward protrusion of the globe beyond its normal anatomical position within the bony orbit, 

generally resulting from an increase in orbital tissue volume within the fixed, non-expansile bony 

orbital space. 

Proptosis may be unilateral, affecting a single eye, or bilateral, affecting both eyes, discussed 

further later in this Part, with this distinction carrying direct relevance to the likely underlying 

cause, since unilateral and bilateral proptosis often reflect genuinely different categories of 

underlying pathology. 

Fill in the blank: Proptosis refers to abnormal forward protrusion of the globe beyond its normal 

anatomical position within the bony orbit, generally resulting from an increase in orbital tissue 

volume within the fixed, non-expansile bony orbital ________. 

5.3.2 causes of proptosis in adults 

Common causes of proptosis in adults include Graves ophthalmopathy, discussed in relation to 

autoimmune orbital disease in an earlier related course, generally producing bilateral, though 

occasionally asymmetric, proptosis, and orbital cellulitis, discussed in relation to orbital 

infection in an earlier related course, generally producing acute, unilateral proptosis. 

Further recognised causes of proptosis in adults include orbital tumours, whether primary or 

metastatic, generally producing unilateral, progressive proptosis, and carotid-cavernous fistula, 

an abnormal vascular connection producing pulsatile proptosis, discussed in relation to vascular 

anatomy, each requiring specific further investigation. 

Fill in the blank: Further recognised causes of proptosis in adults include orbital tumours, 

generally producing unilateral, progressive proptosis, and carotid-cavernous fistula, an abnormal 

vascular connection producing pulsatile ________. 
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5.3.3 causes of proptosis in children 

Common causes of proptosis in children include orbital cellulitis, discussed earlier in this Part, 

again generally producing acute, unilateral proptosis, and rhabdomyosarcoma, the most 

common primary orbital malignancy in childhood, generally producing rapidly progressive, 

unilateral proptosis. 

Further recognised causes of proptosis in children include neuroblastoma metastasis, 

occasionally producing bilateral proptosis, discussed earlier in this Part, and dermoid cysts, 

generally producing more slowly progressive, localised proptosis, meaning careful consideration 

of the specific age group and progression pattern directly informs the appropriate differential 

diagnosis. 

Fill in the blank: Further recognised causes of proptosis in children include neuroblastoma 

metastasis, occasionally producing bilateral proptosis, and dermoid cysts, generally producing 

more slowly progressive, localised ________. 

Table 5.3: Comparing common causes of proptosis in adults and children. 

Population Common Cause Typical Pattern 

Adults Thyroid eye disease 

Bilateral, symmetric, associated with lid 

retraction and soft tissue swelling 

Adults 
Orbital tumors (e.g., cavernous 

hemangioma, lymphoma) 

Unilateral, gradual onset, non-

inflammatory 

Adults Inflammatory pseudotumor  

Unilateral or bilateral, painful, acute 

onset, responds to steroids 

Adults 
Trauma-related orbital 

hemorrhage 

Sudden onset after injury, associated 

with ecchymosis and restricted motility 

Children Orbital cellulitis 

Unilateral, acute, painful, febrile, 

associated with sinus infection 

Children Rhabdomyosarcoma 

Rapidly progressive unilateral proptosis, 

non-painful, may mimic inflammation 

Children Capillary hemangioma 

Gradual onset, may increase with crying, 

often in infants 

Children Neuroblastoma metastasis  

Bilateral, sudden onset, associated with 

ecchymosis (“raccoon eyes”) 

 

ca://s/?q=Thyroid_eye_disease
ca://s/?q=Orbital_tumors
ca://s/?q=Orbital_inflammatory_pseudotumor
ca://s/?q=Orbital_hemorrhage_due_to_trauma
ca://s/?q=Orbital_hemorrhage_due_to_trauma
ca://s/?q=Orbital_cellulitis
ca://s/?q=Rhabdomyosarcoma_orbit
ca://s/?q=Capillary_hemangioma_orbit
ca://s/?q=Orbital_neuroblastoma_metastasis
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Pilot questions 5.3 

1. Define proptosis. (Linked to SLO 5.5) 

2. Distinguish unilateral from bilateral proptosis and explain its diagnostic relevance. 

(Linked to SLO 5.5) 

3. List causes of proptosis in adults. (Linked to SLO 5.5) 

4. Define carotid-cavernous fistula and its characteristic proptosis pattern. (Linked to SLO 

5.5) 

5. List causes of proptosis in children. (Linked to SLO 5.6) 

 

 

Series Summary 

This final Series examined cataract management and proptosis, beginning with non-surgical 

and surgical management of cataract, timing of intervention, ECCE and phacoemulsification, 

and intraocular lens implantation, before examining complications and outcomes of cataract 

surgery, intraoperative and postoperative complications, and visual outcomes. 

We concluded with proptosis, its definition and causes in both adults and children. Having 

worked through this Series, and indeed this entire course, you should now possess a 

comprehensive introductory foundation in the lens and cataract, from lens anatomy through 

cataract definition, epidemiology, and aetiopathogenesis, classification, symptoms, and 

ophthalmoscopic features, the physiology of accommodation and presbyopia, lens abnormalities 

in systemic disease, and, finally, cataract management and proptosis addressed throughout OPT 

605. 

 

Glossary of Terms 

1. Extracapsular cataract extraction (ECCE): manual removal of the lens nucleus and 

cortex through a larger surgical incision. 

2. Phacoemulsification: the currently preferred cataract surgical technique using ultrasonic 

energy to fragment the lens through a small incision. 

3. Intraocular lens (IOL): an artificial lens implanted following cataract extraction to 

restore refractive power. 

4. Posterior capsule rupture: an intraoperative cataract surgery complication potentially 

complicating planned IOL placement. 
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5. Endophthalmitis: a serious intraocular infection representing a genuine postoperative 

cataract surgery emergency. 

6. Cystoid macular oedema: a postoperative complication producing reduced central 

visual acuity. 

7. Posterior capsule opacification: a common, delayed postoperative complication from 

residual lens epithelial cell proliferation. 

8. Laser capsulotomy: a laser procedure treating posterior capsule opacification. 

9. Proptosis: abnormal forward protrusion of the globe beyond its normal anatomical 

position. 

10. Carotid-cavernous fistula: an abnormal vascular connection producing pulsatile 

proptosis. 

11. Rhabdomyosarcoma: the most common primary orbital malignancy in childhood. 

12. Dermoid cyst: a benign orbital lesion generally producing slowly progressive, localised 

proptosis. 

 

Concept Check Questions [Series 5] 

Objective questions 

1. Non-surgical management of cataract is generally limited to optimising refractive 

correction and lighting conditions, since no medical therapy has been demonstrated to 

reverse or reliably halt established cataract ________. 

2. Phacoemulsification uses ultrasonic energy to fragment and emulsify the lens nucleus, 

allowing removal through a considerably smaller incision, generally supporting faster 

visual ________. 

3. Posterior capsule opacification results from proliferation of residual lens epithelial cells 

across the posterior capsule, generally treated with a simple laser ________. 

4. Proptosis refers to abnormal forward protrusion of the globe, generally resulting from an 

increase in orbital tissue volume within the fixed, non-expansile bony orbital ________. 

5. Carotid-cavernous fistula is an abnormal vascular connection producing pulsatile 

________. 

Short-answer questions 

• Explain how the timing of cataract surgery is generally determined. 

• Describe phacoemulsification and its advantages over ECCE. 

• Define endophthalmitis and explain why it requires urgent recognition. 

• Distinguish unilateral from bilateral proptosis and explain its diagnostic relevance. 

• List causes of proptosis in children. 
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Long-answer questions 

1. Discuss non-surgical management and the timing of cataract surgical intervention. 

(Linked to SLO 5.1) 

2. Discuss cataract surgical techniques, including ECCE, phacoemulsification, and 

intraocular lens implantation. (Linked to SLO 5.2) 

3. Discuss intraoperative and postoperative complications of cataract surgery. (Linked to 

SLO 5.3) 

4. Discuss visual outcomes following cataract surgery. (Linked to SLO 5.4) 

5. Discuss the definition and causes of proptosis in adults and children. (Linked to SLO 5.5, 

SLO 5.6) 

 

Answers to Concept Check Questions [Series 5] 

Objective questions 

6. Progression. 

7. Recovery. 

8. Capsulotomy. 

9. Space. 

10. Proptosis. 

Short-answer questions 

11. By the degree of functional visual impairment reported by the patient, rather than a fixed 

visual acuity threshold. 

12. Phacoemulsification uses ultrasonic energy through a small incision, generally supporting 

faster recovery than ECCE's larger incision. 

13. A serious intraocular infection; it requires urgent treatment given the risk of vision loss. 

14. Unilateral affects one eye; bilateral affects both; the distinction carries direct relevance to 

the likely underlying cause. 

15. Orbital cellulitis, rhabdomyosarcoma, neuroblastoma metastasis, and dermoid cysts. 

Long-answer questions 

16. Basic response: Non-surgical management of cataract is limited to optimising correction 

and lighting, since surgery remains the only definitive treatment. 

Value-added response: Surgical timing is generally guided by functional visual impairment 

rather than a fixed acuity threshold, reflecting individual patient needs. 
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17. Basic response: ECCE removes the lens nucleus and cortex through a larger incision, 

while phacoemulsification uses ultrasonic fragmentation through a smaller incision. 

Value-added response: Following extraction, an intraocular lens is implanted with power 

calculated from preoperative biometric measurements to achieve a target refractive outcome. 

18. Basic response: Intraoperative complications include posterior capsule rupture, vitreous 

loss, and zonular dehiscence. 

Value-added response: Postoperative complications range from serious early endophthalmitis 

to common, delayed posterior capsule opacification, generally treated with laser capsulotomy. 

19. Basic response: Visual outcomes following cataract surgery are generally excellent, with 

most patients achieving significant improvement in acuity and quality of life. 

Value-added response: Outcomes depend on coexisting ocular pathology and any surgical 

complications, meaning careful preoperative counselling supports realistic expectations. 

20. Basic response: Proptosis is abnormal forward globe protrusion, with adult causes 

including Graves ophthalmopathy, orbital cellulitis, tumours, and carotid-cavernous 

fistula. 

Value-added response: Childhood causes include orbital cellulitis, rhabdomyosarcoma, 

neuroblastoma metastasis, and dermoid cysts, each with characteristic patterns guiding 

differential diagnosis. 

 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 

11. It is limited to optimising refractive correction and lighting, since no medical therapy 

reverses or halts cataract progression. 

12. By the degree of functional visual impairment reported by the patient, rather than a fixed 

visual acuity threshold. 

13. Manual removal of the lens nucleus and cortex through a relatively larger incision, 

preserving the posterior capsule. 

14. It uses ultrasonic energy to fragment the lens through a smaller incision, generally 

supporting faster visual recovery than ECCE. 
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15. An artificial lens implanted in the capsular bag; power is calculated preoperatively using 

biometric eye measurements. 

Part 5.2 

1. Posterior capsule rupture, vitreous loss, zonular dehiscence, and, rarely, significant 

haemorrhage. 

2. A serious intraocular infection; it requires urgent recognition and treatment given the risk 

of significant vision loss. 

3. Proliferation of residual lens epithelial cells across the posterior capsule; generally treated 

with laser capsulotomy. 

4. Generally excellent, with most patients achieving significant improvement in visual 

acuity and functional quality of life. 

5. Coexisting ocular pathology beyond the cataract, and the occurrence of any surgical 

complication. 

Part 5.3 

6. Abnormal forward protrusion of the globe beyond its normal anatomical position. 

7. Unilateral affects one eye; bilateral affects both; the distinction has direct relevance to the 

likely underlying cause. 

8. Graves ophthalmopathy, orbital cellulitis, orbital tumours, and carotid-cavernous fistula. 

9. An abnormal vascular connection producing pulsatile proptosis. 

10. Orbital cellulitis, rhabdomyosarcoma, neuroblastoma metastasis, and dermoid cysts. 
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Figures, Plates, Tables, and Boxes 

1. Table 5.1: Comparing extracapsular cataract extraction and phacoemulsification. AI-

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

Extracapsular Cataract Extraction and Phacoemulsification, listing feature, extracapsular 

cataract extraction (ECCE), and phacoemulsification. Ophthalmology reference table 

style with outside border, no photographic elements." 

2. Table 5.2: Comparing key intraoperative and postoperative complications of cataract 

surgery. AI-generated using the prompt: "Create a clean clinical reference table titled 

Comparing Key Intraoperative and Postoperative Complications of Cataract Surgery, 

listing timing, complication, and key management point. Ophthalmology reference table 

style with outside border, no photographic elements." 

3. Table 5.3: Comparing common causes of proptosis in adults and children. AI-generated 

using the prompt: "Create a clean clinical reference table titled Comparing Common 

Causes of Proptosis in Adults and Children, listing population, common cause, and 

typical pattern. Ophthalmology reference table style with outside border, no photographic 

elements." 

 


