The Anatomy and
Physiology of the Eyes

CHAPTER 1

INTRODUCTION

The human eye is a highly specialised sensory organ essential for vision, allowing individ-
uals to perceive and interpret their environment. Vision is not only essential for everyday
functioning, including communication, mobility and safety, but it also plays a pivotal role in
non-verbal interactions and overall quality of life. A thorough knowledge of the anatomy and
physiology of the eye is essential for those who are engaged in the clinical assessment, diag-
nosis and management of ocular conditions.

From a clinical perspective, the eye is more than a window to the external environ-
ment; it also reflects a person’s systemic health. Many systemic diseases, including diabetes,
hypertension and autoimmune conditions, manifest with ocular signs before other clinical
features become apparent. Consequently, a thorough understanding of ocular structure
and function is essential for recognising normal versus pathological findings during patient
assessment.

The anatomy of the eye can be broadly divided into three functional layers: the outer
fibrous layer (including the cornea and sclera), the middle vascular layer (including the cho-
roid, ciliary body and iris) and the inner neural layer (the retina). The average thickness of the
retina is 250um, and it consists of 10 layers (Meakin and Seewoodhary 2024). Each compo-
nent contributes to the eye’s ability to capture, focus and transmit light, ultimately converting
visual stimuli into electrical signals that the brain interprets as images. The accessory struc-
tures of the eye, such as the eyelids, conjunctiva, lacrimal apparatus and extraocular muscles,
all play vital roles in protecting the eye, maintaining optical clarity and enabling precise ocular
movements.

Physiologically, vision involves complex processes including refraction, accommodation,
phototransduction and neural transmission via the optic nerve. The integration of these
processes allows for visual acuity, depth perception, colour discrimination and adaptation to
varying light conditions. A detailed knowledge of ocular physiology underpins clinical skills
such as visual acuity testing, pupillary light reflex assessment, slit-lamp examination, fundo-
scopic evaluation and ocular motility assessment.

Box 1.1 provides some interesting and clinically relevant facts about the eye.
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2 CHAPTER 1 The Anatomy and Physiology of the Eyes

BOX 1.1 FACTS ABOUT THE EYE

« The most active muscles in the body are the extraocular muscles, which move the eyes more
than 100,000 times a day.

« The human eye can distinguish millions of colours, owing to three types of cone photorecep-
tors sensitive to red, green and blue light.

« The cornea is the only part of the human body without blood vessels. It receives oxygen directly
from the air and nutrients from tears and aqueous humour.

» Each eye contains around 120 million rods and 6 million cones, allowing humans to adapt to
dim light and perceive fine colour detail.

« The optic nerve contains over one million nerve fibres, transmitting visual information to the
brain at remarkable speed.

« Blinking occurs about 15-20 times per minute, which helps spread tears evenly and keep the
eye surface moist and free of irritants.

+ The eyes heal quickly: Minor corneal abrasions often repair within 24-48 hours under normal
conditions.

 Visual information accounts for approximately 80% of the sensory input the brain receives,
highlighting the importance of eye health in daily functioning.

« Each person’s iris pattern is unique, even more distinct than a fingerprint, making iris recogni-
tion valuable in biometric identification.

« Peripheral vision is highly sensitive to motion, an evolutionary adaptation that helped humans
detect potential threats in their environment.

This chapter provides an overview of the eye’s anatomy and physiology, structured to
support the development of clinical skills. It emphasises the correlation between structural
features and their functional significance, equipping healthcare professionals with the foun-
dational knowledge required for effective ocular examination and patient care. By mastering
the anatomy and physiology of the eyes, clinicians can enhance diagnostic accuracy, identify
early signs of disease and implement appropriate interventions to preserve visual function.

BRIEF OVERVIEW OF COMMON EYE-RELATED CONDITIONS
Those who offer people care and support in both community and hospital settings will fre-
quently meet patients who present with eye problems. While many of these conditions are
minor and can often be easily managed, others can signal serious underlying disease, and
they may even threaten the person’s sight. Understanding the fundamentals of the anatomy
and physiology of the eyes can help staff to recognise key features of these conditions and to
respond appropriately (Table 1.1).

Understanding common eye-related conditions is easier when the underlying anatomy
and physiology are clear. Refractive errors, for example, arise from changes in the cornea or
lens, cataracts develop from opacification of the lens and glaucoma results from impaired
aqueous humour drainage affecting the optic nerve. To appreciate these mechanisms, the next
section will explore the gross anatomy of the eye and its supporting structures, highlighting
the cornea, lens, chambers, extraocular muscles and vascular supply that are central to visual
function and clinical assessment.
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Table 1.1  Some common eye conditions
Condition Anatomy and physiology Typical presentation Clinical relevance
Refractive Abnormal shape of cornea  Blurred vision, eye strain, Recognise signs, under-
errors (myopia, or lens; affects focusing of  headaches, difficulty stand corrective measures
hyperopia, light on retina reading or seeing distant  (glasses/contact lenses),
astigmatism, objects provide patient education
presbyopia)
Conjunctivitis Inflammation of conjunctiva Redness, discharge, Identify type, advise on
(viral, bacte- itching, irritation hygiene, know when
rial, allergic) to refer (e.g. bacterial
requiring antibiotics)
Cataracts Opacification of lens, Gradual painless vision Recognise functional
usually age-related loss, difficulty with night impairment, facilitate
vision, glare referral for assessment
and surgery
Glaucoma Increased intraocular Open-angle: often Understand urgency,
(open-angle, pressure damages asymptomatic; acute detect warning signs,
acute optic nerve angle-closure: sudden support referral for

angle-closure)

Age-related
macular
degeneration

Diabetic
retinopathy

Retinal
detachment

Dry
eye syndrome

Degeneration of macula
affecting central retina

Microvascular damage
to retina due to chronic
hyperglycaemia

Separation of retina from
underlying tissue

Insufficient tear production
or poor tear quality

pain, blurred vision,
halos, nausea

Distorted or blurred
central vision, difficulty
recognising faces,
problems reading

Often asymptomatic
early; may cause floaters,
blurred vision, vision loss

Sudden flashes of light,
floaters, shadow/curtain
over vision

Irritation, burning, gritty
sensation, intermittent
blurred vision

urgent ophthalmology
assessment

Recognise impact on
daily activities, educate
on monitoring, support
timely referral

Support routine retinal
screening, reinforce
diabetes management,
recognise signs of
progression

Recognise as an
emergency, prompt urgent
referral to ophthalmology

Advise on eye care,
artificial tears, monitor for
complications

SIGHT

Vision is arguably the sense that humans rely on most extensively. Through sight, we are
able to gain detailed information about our surroundings, recognise faces, interpret social
cues, navigate environments and perform countless daily activities. Without functional vision,
many routine tasks, such as reading, driving or recognising objects, would be impossible, and

even simple activities would become significantly more challenging.

ACCESSORY STRUCTURESOFTHEEYE =

The sense of sight depends primarily on the eyes themselves, but the eyes are supported and
protected by a range of accessory structures that maintain their function, integrity and health
(see Figure 1.1). These structures not only safeguard the eyes from injury and infection but
also ensure that the optical system operates smoothly.
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FIGURE 1.1  Accessory structures of the eye. Source: Tortora and Derrickson (2009). With permission
of John Wiley & Sons.

EYELIDS (THE PALPEBRAE)

The eyelids are extensions of the skin that cover and protect the anterior surface of the eye.
Their main functions include the following:

« Protection: Shielding the eyes from physical trauma, dust and bright light.

« Lubrication: Through the act of blinking, the eyelids spread tears across the ocular surface.
This action keeps it moist and helps in the removal of small particles.

« Palpebral fissure: This is the visible gap between the upper and lower eyelids; its size and
shape are clinically significant in assessing conditions such as ptosis (drooping eyelid).

EYELASHES

Eyelashes are thick, sensitive hairs that are located along the edges of the eyelids (see Figure
1.2). They serve as an early warning system, triggering a protective blink reflex when foreign
particles are approaching the eye.

« Tarsal (Meibomian) glands: Located within the eyelids, these glands secrete a lipid-rich
substance that assists in preventing the eyelids from sticking together and contributes to
the tear film, helping to maintain a healthy ocular surface.

« Clinically, eyelash abnormalities, such as misdirection (trichiasis), can lead to corneal irri-
tation or injury.
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FIGURE 1.2 The eyelid. Source: Peate and Mitchell (2022). With permission of John Wiley & Sons.

LACRIMAL CARUNCLE

Situated in the medial corner of the eye is the lacrimal caruncle, which is a small mound
of soft tissue that contains accessory glands. These glands contribute to the tear film by
producing a mixture of oils, sweat and mucous, aiding in eye lubrication and the removal
of debris.

COMMISSURES OF THE EYELIDS
The eyelids meet at two points, forming the medial and lateral commissures.

« Medial commissure: Located close to the nose, contains structures such as the puncta
(see Figure 1.3), which drain tears into the nasolacrimal system.

- Lateral commissure: Located at the outer edge of the eye, less involved in tear drainage but
important in maintaining eyelid contour and function.

CONJUNCTIVA

The conjunctiva is a delicate, transparent epithelial layer that lines the inner surface of the
eyelids (palpebral conjunctiva) and covers the anterior sclera up to the edge of the cornea
(bulbar conjunctiva). It has a number of functions, including:

« Protection: Forms a barrier against pathogens and foreign particles.

« Lubrication: Secretes mucus and contributes to the tear film, maintaining a smooth, moist
ocular surface.

« Clinically, conjunctival changes such as redness, swelling or discharge can indicate infec-
tion (conjunctivitis), allergy or systemic disease.
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FIGURE 1.3 Tear drainage through the puncta. Source: Peate and Mitchell (2022). With permission of
John Wiley & Sons.

These accessory structures collectively protect the eyes, maintain optimal moisture and
support clear vision. They create an environment in which the delicate optical components
can function in an effective manner. An understanding of these structures allows for the rec-
ognition of abnormalities, assists with clinical assessments and provides patient education on
eye care and hygiene.

LACRIMAL APPARATUS

The eyes are constantly exposed to the environment, making them vulnerable to debris, micro-
organisms and desiccation (dryness). To maintain a healthy ocular surface and clear vision,
a continuous flow of tears is essential (Murray 2018). Tears serve multiple functions, such as
the following:

+ Reduce friction between the eyelids and the cornea during blinking.
« Remove debris such as dust, foreign particles and cellular waste.
« Protect against infection through antibacterial enzymes and antibodies.

« Provide nutrients and oxygen to the avascular corneal and conjunctival cells.

COMPONENTS OF THE LACRIMAL APPARATUS

The lacrimal apparatus is responsible for the production, distribution and drainage of tears. It
consists of four main structures (see Figure 1.4):

LACRIMAL GLAND

« Located in the superolateral portion of the orbit (see Figure 1.5), it is the lacrimal gland
that produces the majority of the aqueous component of tears, approximately 1 mL per day
(Clare 2020).
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FIGURE 1.4 The lacrimal apparatus. Source: Peate et al. (2014). With permission of John
Wiley & Sons.
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FIGURE 1.5 The orbit. Source: Peate and Mitchell (2022). With permission of John Wiley & Sons.

« Its secretions mix with oils from the tarsal glands and mucus from accessory glands, which
creates a tear film that lubricates the eye, prevents excessive evaporation and maintains
optical clarity.

« The tear film also supplies essential nutrients and oxygen to the corneal epithelial cells
through diffusion, and in doing so supports their metabolic needs.

« Antibacterial enzymes such as lysozyme and immunoglobulins provide an immune
defence, neutralising pathogens before they can enter the body.
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LACRIMAL CANALICULI
« These are small channels that are located at the medial ends of the upper and lower eyelids.

« They collect tears from the ocular surface and then convey them towards the lacrimal sac.

LACRIMAL SAC
- Situated in a groove that is formed by the lacrimal bone at the medial orbital wall.

« Acts as a temporary reservoir for tears before drainage into the nasal cavity.

NASOLACRIMAL DUCT
« Drains tears from the lacrimal sac into the inferior meatus of the nasal cavity.

« This explains why crying can often produce a runny nose.

TEARDISTRIBUTION AND DRAINAGE =

« Blinking plays a key role in spreading the tear film evenly across the cornea and conjunc-
tiva, ensuring uniform lubrication and removal of particulate matter.

« Tears accumulate in the lacrimal lake at the medial commissure. From there, they enter the
lacrimal puncta, travel through the canaliculi into the lacrimal sac and finally pass via the
nasolacrimal duct into the nasal cavity.

« It is essential that this system functions effectively for good ocular health. Blockage or
infection at any point, such as in the nasolacrimal duct, can lead to epiphora (excessive
tearing) or dacryocystitis (infection of the lacrimal sac).

A solid understanding of the lacrimal apparatus helps those who care for people to:
« Recognise abnormal tearing or dry eye syndromes.
« Assess and assist in the management of nasolacrimal duct obstruction.

« Offer patients information and advice concerning hygiene and tear substitutes for
lubrication.

« Identify signs of infection or inflammation that may require referral to ophthalmology.

By integrating anatomy, physiology and clinical relevance, this description highlights both the
structural components and the functional importance of the lacrimal apparatus, providing
staff with the knowledge needed for patient assessment and care.

THE EYE
THE WALL OF THE EYE

The wall of the eye is made up of three distinct layers (Mulay 2025), each with specialised
structures and functions that together maintain vision and ocular health (Figure 1.6):
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FIGURE 1.6 Anatomy of the eye. Source: Tortora and Derrickson (2009). With permission of
John Wiley & Sons.

« Fibrous tunic (outer layer)
« Vascular tunic (middle layer, also called the uvea)

« Neural tunic (inner layer, the retina)

Fibrous tunic

The fibrous tunic forms the outermost protective layer of the eye. It consists of two main struc-
tures: the sclera and the cornea. Its key functions are to:

« Provide structural support and some degree of protection against external injury
« Serve as an attachment site for the extrinsic muscles that move the eye
« Incorporate transparent structures that allow light to be focused onto the retina

The sclera, often referred to as the white of the eye, covers most of the ocular surface. It is
made of dense fibrous connective tissue that is rich in collagen and elastic fibres, giving the
eye both rigidity and flexibility. There are numerous small blood vessels and sensory nerves
that run across its surface, contributing to ocular nourishment and sensitivity.

The cornea is the transparent, dome-shaped continuation of the sclera at the front of the
eye. Its highly organised arrangement of collagen fibres allows it to remain optically clear, per-
mitting light to pass through with minimal scattering. Because of this clarity and curvature,
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10 CHAPTER 1 The Anatomy and Physiology of the Eyes

the cornea plays a major role in focusing light onto the retina. Importantly, it is avascular
(lacking blood vessels) and instead receives nutrients from the aqueous humour and tears.

Vascular tunic (Uvea)

The vascular tunic forms the middle layer of the eye. It contains abundant blood vessels, lym-
phatic vessels and smooth muscle fibres, all of which contribute to ocular function. Its main
roles include:

« Supporting ocular tissues by providing a rich blood and lymph supply
« Regulating the amount of light entering the eye
« Producing and reabsorbing aqueous humour to maintain intraocular pressure
« Altering the shape of the lens to allow focusing at different distances
The vascular tunic is composed of three regions:
1. Iris
2. Ciliary body
3. Choroid

Iris: The iris is the coloured, circular structure visible at the front of the eye. Its central
opening, the pupil, allows light to enter. By adjusting the pupil size, the iris can regulate the
amount of light that reaches the retina (Mulay 2025). The iris is made up of pigmented cells
and smooth muscle fibres that are arranged into two muscle groups:

« Pupillary constrictor muscles, which reduce pupil diameter (miosis) in response to
bright light.

« Pupillary dilator muscles, which enlarge the pupil (mydriasis) in dim light.

These actions are controlled by the autonomic nervous system. Parasympathetic stimulation
produces constriction, while sympathetic activation produces dilation. Although often pre-
sented as opposites, the parasympathetic and sympathetic systems usually work in a dynamic
balance. One may dominate depending on the situation: parasympathetic during rest and
sympathetic during stress or exertion. This balance enables the body to adapt quickly and
effectively to changing internal and external demands. At its peripheral margin, the iris is
anchored to the ciliary body.

Table 1.2 provides examples of parasympathetic and sympathetic effects on the body and eye.

Table 1.2 Examples of parasympathetic and sympathetic effects on the body and eye

System/function Parasympathetic (rest and digest) Sympathetic (fight or flight)

Heart Slows heart rate Increases heart rate

Eye Pupil constriction (miosis), near vision  Pupil dilation (mydriasis), far vision

Digestive Stimulates digestion and secretions Slows digestion

Energy/metabolism  Stores energy (glycogen synthesis) Mobilises energy (glucose and
fatty acids)

Excretion Stimulates bladder and gut activity Reduces elimination

Alertness Calm, restorative state Heightened alertness and

responsiveness
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Ciliary body: The ciliary body is a ring-shaped structure situated behind the iris. It con-
sists largely of the ciliary muscle, a smooth muscle that alters the shape of the lens during
accommodation (focusing on near or distant objects).

The inner surface of the ciliary body is folded into ciliary processes, to which the
suspensory ligaments (zonular fibres) of the lens are attached. Contraction and relaxation of
the ciliary muscle change the tension on these ligaments, thereby adjusting the curvature of
the lens. The ciliary epithelium also produces the aqueous humour that circulates through the
anterior chamber of the eye. Figure 1.7 shows the anatomy of the ciliary body.

Choroid: The choroid lies between the sclera and the retina, forming the largest component

of the vascular tunic. It contains a dense capillary network that delivers oxygen and nutrients
to the retina, particularly the highly metabolically active photoreceptor cells. The choroid also

Schlemm’s canal

Trabecular meshwork ——Cornea

Iridocorneal angle
Pars plicata Iris

Ciliary muscle

Pars plana . T
Ciliary epithelium

Non-pigmented epithelium
Stroma with fenestrated capillaries

Pigmented epithelium

Basement membrane

Non-pigmented epithelium

Tight junction prevents
free diffusion between
non-pigmented cells

Pigmented epithelium

Fenestrated capillary
Basement membrane
Stroma

Active secretion of aqueous

FIGURE 1.7 The ciliary body. Source: Peate and Mitchell (2022). With permission of
John Wiley & Sons.
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12 CHAPTER 1 The Anatomy and Physiology of the Eyes

contains pigment cells that absorb stray light, helping to improve visual clarity by reducing
internal light scattering.

Neural tunic (Retina)

The neural tunic or retina forms the innermost layer of the eye. It is the specialised sensory
tissue responsible for detecting light and initiating the process of vision. The retina has two
distinct layers:

« The pigmented layer, which lies adjacent to the choroid. This layer absorbs light that passes
through the retina, preventing reflection and scattering within the eye, which could other-
wise result in blurred vision. It also supports the photoreceptor cells metabolically.

« The neural layer, which contains the actual photoreceptor cells (rods and cones), along
with supporting cells, interneurons and ganglion cells. This layer is responsible for cap-
turing light stimuli, performing the initial stages of visual processing and transmitting sig-
nals to the brain via the optic nerve.

Together, these structures ensure that incoming light is focused, regulated, converted into
electrical signals and relayed to the brain for interpretation as visual images.

ORGANISATION OF THERETINA =

The retina is the innermost layer of the eye and is responsible for detecting light and initiating
the process of vision. Its outermost layer, adjacent to the pigmented epithelium, contains the
photoreceptor cells, which convert light into electrical signals. There are two main types of
photoreceptors: rods and cones (see Figure 1.8).

RODS

Rods are highly sensitive to light but they cannot discriminate colours, making them
essential for vision in dim or low-light conditions. They are predominantly located in a
band around the peripheral retina, with density decreasing towards the central retina. Rods
are particularly important for night vision and for detecting motion at the edges of our
visual field.

The outer segment of each rod contains hundreds to thousands of flattened membranous
discs, which are separate structures. They form a cylindrical shape. These discs house the
light-sensitive photopigments that capture photons and initiate phototransduction.

CONES

Cones are responsible for colour vision and also high-acuity vision. They provide sharper,
clearer images than rods. However, they require brighter light to function effectively. Cones
are concentrated in the macula lutea, particularly at the centre in the fovea, which is the
region of highest visual acuity (Gault 2022).

The outer segment of cones consists of folds of the plasma membrane, tapering to a
blunt point. There are three types of cones, each sensitive to a different range of wavelengths:
red, green and blue. Colour perception arises from the integration of signals from these three
types; for example, the perception of yellow results from strong stimulation of green cones,
weaker stimulation of red cones and minimal stimulation of blue cones.
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FIGURE 1.8 Cross-section of the retina. Source: Tortora and Derrickson (2009). With permission of
John Wiley & Sons.

CONNECTING AND INNER SEGMENTS

Each photoreceptor’s outer segment is linked to its inner segment by a narrow stalk. The inner
segment contains the cell’s organelles and is the site of synaptic connections, where neuro-
transmitters are released to communicate with other retinal neurons.

RETINAL SIGNAL TRANSMISSION

Photoreceptors synapse with bipolar cells, which in turn synapse with ganglion cells. At
each synapse, interneurons and horizontal or amacrine cells can modulate the signal, either
enhancing or inhibiting communication. This allows the retina to adjust sensitivity according
to ambient light levels.
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The axons of approximately one million ganglion cells converge at the optic disc, the
point at which they exit the eye to form the optic nerve (Batterbury and Murphy 2018). The
central retinal artery and vein also pass through the optic disc. This area contains no photorecep-
tors, which creates a blind spot in the visual field. However, the blind spot is usually unnoticed
because involuntary eye movements and cortical processing fill in the missing information.

CHAMBERS OF THE EYE

The eye is divided into two primary cavities; each chamber contains specialised fluids that
maintain the shape of the eye, support visual function and provide essential metabolic support
to ocular tissues (see Figure 1.9):

1. Anterior cavity

2. Posterior cavity

ANTERIOR CAVITY

The anterior cavity is the smaller of the two main cavities, and it is located between the cornea
at the front of the eye and the lens at the back. It is further subdivided into:

« Anterior chamber: The space between the cornea and the iris
« Posterior chamber: The space between the iris and the lens

Both chambers are filled with a clear, watery fluid that is called aqueous humour. This fluid
plays a number of crucial roles:

« Nutrient transport: Aqueous humour supplies oxygen and nutrients to the avascular struc-
tures of the eye, such as the lens and cornea.

« Waste removal: It helps remove metabolic waste products from these tissues.

Iris Cornea Anterior

Anterior cavity:
Anterior chamber

Posterior chamber

Scleral venous sinus

Bulbar conjunctiva

m

Sclera

" Ciliary muscle
Ciliary body
Ciliary process

Lens

(il

Vitreous chamber

Zonular fibres Posterior

FIGURE 1.9 The iris and chambers of the eye. Source: Peate and Mitchell (2022). With permission of
John Wiley & Sons.
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« Maintenance of intraocular pressure: The pressure exerted by the aqueous humour helps
preserve the shape of the eye, providing resistance against external forces and the activity
of the extraocular muscles.

Aqueous humour is produced continuously by the epithelial cells of the ciliary body. It circu-
lates from the posterior chamber, through the pupil, into the anterior chamber, and it is even-
tually drained via the canal of Schlemm into the scleral venous system, which allows the fluid
to be recycled. This dynamic production and drainage system is vital for maintaining stable
intraocular pressure.

POSTERIOR CAVITY

The posterior cavity is the larger cavity of the eye, located behind the lens and the ciliary
body. It is filled with a gelatinous substance that is called vitreous humour, which differs from
aqueous humour in several ways:

« Formation: Vitreous humour is produced during embryonic development and persists
throughout life; it is not continuously replaced.

« Structural support: Its gelatinous consistency helps to maintain the spherical shape of the
eye, stabilising the retina and also in preventing distortion from the action of the extraoc-
ular muscles.

« Supporting the retina: A thin layer of aqueous humour infiltrates the posterior cavity,
bathing the retina, supplying nutrients and removing waste. The pressure generated by the
vitreous and aqueous humours helps to keep the neural layer of the retina in contact with
the pigmented layer, which is crucial for normal photoreceptor function. Though these
layers are closely apposed, they are not physically attached, so this pressure is necessary to
maintain their alignment.

Together, the aqueous and vitreous humours provide a dynamic system of support and nour-
ishment, ensuring that the eye maintains its shape, metabolic balance and optimal conditions
for light detection and visual processing.

FOCUSING IMAGES ONTO THE RETINA

For vision to be clear and useful, the eye must focus light precisely onto the retina, where pho-
toreceptors can then convert it into neural signals. This task is primarily achieved by the lens,
which provides adjustable refraction to ensure that images are sharply focused regardless of
the distance of the object being viewed.

REFRACTION OF LIGHT

Refraction is the bending of light as it passes from one medium to another with a different
density (see Figure 1.10). In the eye, refraction occurs in several stages:

1. Cornea: Most of the bending of light occurs when it passes from the air into the cornea
because there is a large difference in optical density between the two, causing the light to
change direction significantly.

2. Lens: Additional, adjustable refraction is provided by the lens, allowing the light to
converge precisely on the retina. The lens fine-tunes the focus to match the focal length
required for clear vision.
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FIGURE 1.10 Refraction of light passing from air (less dense) to water (dense). Source: Tortora and
Derrickson (2009). With permission of John Wiley & Sons.

FIGURE 1.11  Focal length. Source: Peate and Evans (2020). With permission of John Wiley & Sons.

Focal length is defined as the distance between the focal point (on the retina) and the centre
of the lens (Figure 1.11). It depends on two factors:

« Distance of the object from the eye: Objects that are farther away will require less bending
of light, which results in a longer focal length.

« Shape of the lens: A more rounded lens will increase refraction, producing a shorter focal
length, whereas a flatter lens provides less refraction and a longer focal length.

STRUCTURE OF THE LENS

The lens is located behind the cornea and is held in place by suspensory ligaments that are
attached to the ciliary body. It consists of:

« Concentric layers of lens cells: These are organised with precise geometry to maintain
transparency and refractive efficiency.
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FIGURE 1.12 Accommodation to (a) distant and (b) close objects. Source: Tortora and Derrickson
(2009). With permission of John Wiley & Sons.

« Lens fibres: Specialised, elongated cells that have lost their nuclei and organelles, filled
with crystallin proteins, which are critical for the lens’s transparency and focusing power.

« Fibrous capsule: Surrounding the lens, this capsule contains elastic fibres. If unrestrained,
the lens assumes a naturally spherical shape. The tension applied by the suspensory liga-
ments, regulated by the ciliary muscles, modifies this shape to control focusing.

ACCOMMODATION

The process of accommodation refers to the lens changing shape to focus light from objects at
different distances onto the retina (see Figure 1.12).

« Near objects: The ciliary muscles contract, reducing tension on the suspensory ligaments.
This allows the lens to become more rounded, increasing its refractive power.

« Distant objects: The ciliary muscles relax, increasing tension on the ligaments. The lens
flattens, reducing refractive power to focus light from distant objects onto the retina.

Through accommodation, the lens ensures that images remain sharp and clear across a wide
range of viewing distances, enabling precise vision in daily activities.

MYOPIA, HYPEROPIA AND PRESBYOPIA ===

The ability of the eye to focus light accurately onto the retina is essential for clear vision.
When the optical system of the eye fails to focus images correctly, refractive errors occur.
Three common types are myopia, hyperopia and presbyopia.

cOtl.indd 17 4/28/2026 7:24:36 AM



18 CHAPTER 1 The Anatomy and Physiology of the Eyes

MYOPIA (SHORT-SIGHTEDNESS)

In myopia, the eye is unable to focus distant images directly onto the retina. Instead, the focal
point falls in front of the retina (Figure 1.13). As a result:

« Objects close to the eye appear clear.
« Distant objects appear blurred or out of focus.

Myopia is commonly caused by an elongated eyeball or excessive curvature of the cornea.
It can be easily corrected using concave (diverging) lenses, which adjust the focal point so
that distant images are projected accurately onto the retina. Correction can be achieved with
glasses, contact lenses or refractive surgery.

HYPEROPIA (LONG-SIGHTEDNESS)

In hyperopia, the focal point of light falls behind the retina (Figure 1.14). This occurs when the
eye is too short or the cornea has insufficient curvature. As a result:

« Distant objects are generally seen clearly.
+ Near objects appear blurred, making tasks such as reading or sewing difficult.

Hyperopia is corrected using convex (converging) lenses, which shift the focal point for-
wards onto the retina. Correction may involve glasses, contact lenses or refractive procedures
depending on severity.

Normal plane of focus Concave lens

(a) (b)

FIGURE 1.13 (a) Near-sighted (Myopic) eye uncorrected and (b) corrected by a concave lens. Source:
Tortora and Derrickson (2009). With permission of John Wiley & Sons.

Convex lens

\
=

FIGURE 1.14 (a) Long-sighted (Hyperopic) eye uncorrected and (b) corrected by a convex lens.
Source: Tortora and Derrickson (2009). With permission of John Wiley & Sons.
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Table 1.3 Common refractive errors: a comparison

Condition Cause Effect on vision Correction method
Myopia Eye is too long or Near objects clear, dis- Concave (diverging) lenses,
(short-sightedness)  cornea too curved tant objects blurred glasses, contact lenses or
refractive surgery
Hyperopia Eye is too short Distant objects clear, Convex (converging) lenses,
(long-sightedness) or cornea not near objects blurred glasses, contact lenses or
curved enough refractive surgery
Presbyopia Age-related loss of Near objects blurred, diffi- Convex lenses
lens elasticity culty with close tasks (reading glasses)
PRESBYOPIA

Presbyopia is an age-related loss of the eye’s ability to focus on near objects. Unlike myopia
or hyperopia, it is not caused by the shape of the eyeball but by reduced elasticity of the
lens over time. This gradual stiffening decreases the lens’s ability to change shape during
accommodation, making near vision tasks, such as reading, progressively more difficult.

« Presbyopia typically becomes noticeable between 40 and 50 years of age, although the exact
onset varies among individuals.

« It affects everyone to some degree, but the rate of progression and impact on vision differ.

« Correction is achieved using convex lenses, commonly known as reading glasses, which
allow near objects to be focused clearly onto the retina. These glasses are effective for all
near-vision tasks.

Table 1.3 provides a comparison of common refractive errors of the eye.

PROCESSING OF VISUAL INFORMATION

Visual information detected by the retina is transmitted to the brain via ganglion cells, which
process and relay signals from photoreceptors in a highly organised manner. The processing
differs depending on whether the input comes from rods or cones, reflecting their specialised
functions in vision.

ROD PATHWAYS AND M CELLS

Rods, which are highly sensitive to dim light, primarily detect general shapes, motion and
shadows rather than fine detail (Mulay 2025). Signals from rods converge onto a type of gan-
glion cell called a magnocellular cell (M cell).

« Convergence is extensive: As many as 1000 rods may synapse onto a single M cell.

« Because of this convergence, specific location information is lost; an M cell indicates that
light has fallen somewhere within a general area, rather than at a precise point.

« However, M cells can still convey useful information about patterns and movement because
their response varies depending on the location of the stimulus within their receptive field.
For example, an M cell may respond differently if light falls at the centre of its receptive
field versus at the edge, allowing the brain to infer motion and contrast even in low-light
conditions.
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Table 1.4 Comparison of rod and cone pathways in visual processing

Photoreceptor Ganglion cell type Key features Visual function

Rods M cells High convergence, Detect motion, general
low spatial precision shapes, dim-light vision

Cones P cells Low convergence, High-acuity vision, colour
high spatial precision  perception, fine detail

CONE PATHWAYS AND P CELLS

In contrast, cones are responsible for high-acuity, colour vision and are concentrated in the
fovea, where visual resolution is highest (Mulay 2025). Cone signals are transmitted to P cells
(parvocellular ganglion cells).

« Convergence is minimal; in the fovea, the ratio of cones to P cells is approximately 1:1
(Martini and Nath 2018).

« Because of this low convergence, P cells provide precise, location-specific information
about visual stimuli.

« Asaresult, cones supply high-resolution, detailed images and enable colour discrimination,
in contrast to the broader, motion-focused information transmitted by rods and M cells.

This organisation allows the visual system to integrate both detailed and general information,
optimising vision under a wide range of lighting and spatial conditions (see Table 1.4).

CONCLUSION

The human eye is a highly specialised organ, intricately designed to detect light, process
visual information and provide clear and detailed vision across a wide range of conditions.
Its structure is organised into multiple layers and compartments, the fibrous, vascular and
neural tunics, each contributing to protection, nourishment and optical precision. The ante-
rior and posterior cavities, filled with aqueous and vitreous humour, respectively, maintain
the shape of the eye, facilitate nutrient transport and support the retina for optimal photore-
ceptor function.

Vision relies on the coordinated function of photoreceptors, bipolar cells and ganglion
cells, allowing the visual system to integrate information about light intensity, colour and
motion. Rods provide sensitivity in low-light conditions, while cones enable high-acuity,
colour vision in bright light. The lens and cornea work together to focus light accurately onto
the retina, and the process of accommodation ensures that images remain clear across differ-
ent viewing distances.

Common refractive errors, myopia, hyperopia and presbyopia, highlight the importance
of lens shape, ocular length and elasticity in focusing light. Understanding these conditions,
along with the pathways for visual signal processing, is essential for recognising how the eye
converts light into the neural signals that underlie perception.

Overall, the anatomy and physiology of the eye demonstrate a remarkable balance
between structural precision, optical function and neural integration, emphasising the com-
plexity and efficiency of the visual system. Developing an understanding of this provides
a foundation for clinical assessment, diagnosis and interventions aimed at preserving or
restoring vision.
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GLOSSARY OF TERMS

Accommodation: The process by which the lens changes shape to focus on objects at differ-
ent distances.

Aqueous humour: A clear fluid that fills the anterior cavity of the eye, supplying nutrients
to avascular structures and maintaining intraocular pressure.

Blind spot: The area of the retina (optic disc) that contains no photoreceptors, where the
optic nerve exits the eye.

Canal of Schlemm: A circular canal that drains aqueous humour from the anterior chamber
into the bloodstream.

Ciliary body: A structure containing smooth muscle and epithelial cells; it produces aqueous
humour and controls lens shape during accommodation.

Cone cells: Photoreceptors concentrated in the fovea; responsible for high-acuity, colour
vision in bright light.

Cornea: The transparentanterior portion of the fibrous tunic that refractslight entering the eye.

Fovea: The central area of the macula lutea with the highest density of cones, responsible for
sharp central vision.

Ganglion cells: Neurons in the retina that receive input from bipolar cells and transmit
visual information to the brain via the optic nerve.

Hyperopia (long-sightedness): A refractive error in which light is focused behind the
retina, causing difficulty seeing close objects.

Iris: The coloured part of the eye that controls pupil size and regulates the amount of light
entering the eye.

Lens: A transparent, flexible structure that provides adjustable refraction to focus light onto
the retina.

Macula lutea: A small central area of the retina with a high density of cones, responsible for
detailed central vision.

Magnocellular cells (M cells): Retinal ganglion cells that receive input from rods, detecting
motion and dim-light stimuli but providing lower spatial precision.

Myopia (short-sightedness): A refractive error in which light is focused in front of the
retina, causing distant objects to appear blurred.

Optic disc: The point where ganglion cell axons converge to form the optic nerve; corre-
sponds to the blind spot.

Optic nerve: The nerve that carries visual information from the retina to the brain.

Parvocellular cells (P cells): Retinal ganglion cells that receive input from cones, providing
high-acuity, colour and detailed spatial information.

Posterior cavity: The larger cavity of the eye, located behind the lens, filled with
vitreous humour.

Posterior chamber: The portion of the anterior cavity located between the iris and the lens,
filled with aqueous humour.

Presbyopia: Age-related loss of lens elasticity, resulting in decreased ability to focus on
near objects.
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Pupil: The central opening of the iris through which light enters the eye.

Refraction: The bending of light as it passes from one medium to another with a differ-
ent density.

Rods: Photoreceptors that are highly sensitive to dim light but do not detect colour; concen-
trated in the peripheral retina.

Sclera: The white, fibrous outer layer of the eye that provides structural support and attach-
ment for extraocular muscles.

Suspensory ligaments: Fibrous ligaments connecting the lens to the ciliary body, controlling
lens shape during accommodation.

Vitreous humour: A gelatinous substance that fills the posterior cavity, stabilising the shape
of the eye and supporting the retina.

MULTIPLE CHOICE QUESTIONS =

1. The structure that regulates the amount of light entering the eye is:
a) Lens
b) Iris
c) Pupil
d) Ciliary body

2. Which part of the retina contains the highest concentration of cone cells and is
responsible for sharp central vision?
a) Optic disc
b) Macula lutea
c) Peripheral retina
d) Fovea centralis

3. The aqueous humour is secreted by which structure?
a) Iris
b) Ciliary body
c) Cornea
d) Lens

4. The blind spot of the eye corresponds to:
a) Fovea centralis
b) Ciliary body
c) Macula lutea
d) Optic disc

5. The lens of the eye is held in place by:
a) Zonular fibres
b) Ciliary muscles
c) Corneal epithelium
d) Vitreous humour
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6. Which type of photoreceptor is most sensitive to dim light?

a) Rods

b) Cones

c) Bipolar cells
d) Ganglion cells

7. Which part of the eye provides most of its vascular supply?

a) Sclera
b) Cornea
c) Lens

d) Choroid

8. Accommodation of the lens for near vision is achieved by:

a) Contraction of radial muscles of the iris

b) Relaxation of the choroid
c) Contraction of ciliary muscles
d) Contraction of orbicularis oculi

9. Which structure separates the anterior and posterior chambers of the eye?

a) Iris

b) Lens
c) Cornea
d) Sclera

10. The main function of the vitreous humour is to:

a) Produce aqueous humour

b) Maintain intraocular pressure and support retina

c) Focus light on the cornea
d) Control pupil size
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