Anatomy and Physiology:
The Eyes

CHAPTER 1

THE SENSE OF SIGHT
The sense of sight holds immense importance due to its multifaceted role in human life. It
spans biological, psychological and social dimensions.

From a biological perspective, sight is essential for survival. It allows individuals to
detect potential dangers in their environment, such as predators or hazardous conditions,
enhancing their ability to avoid threats. Additionally, vision facilitates precise navigation and
spatial orientation, enabling effective movement and coordination in complex surroundings.

In terms of information processing, vision provides access to complex visual data,
including a wide range of colours, shapes and movements. This detailed information is vital
for making informed decisions. The human visual system processes this data with remarkable
speed and efficiency, which is particularly critical in scenarios that require quick responses,
such as driving or playing sports.

Socially, sight plays a pivotal role in communication and interaction. A significant por-
tion of human communication is non-verbal, relying on visual cues such as facial expres-
sions, gestures and body language. These visual signals are essential for understanding and
responding to others, thereby fostering social bonds and enhancing empathy. Eye contact and
visual recognition are also key elements in forming and maintaining relationships within a
community.

Sight is integral to learning and development. Visual aids such as books, diagrams and
digital media are fundamental in educational settings, helping individuals to comprehend and
retain information. Additionally, many skills are acquired and refined through visual observa-
tion and imitation, highlighting the importance of sight in personal and professional growth.

The artistic and cultural appreciation enabled by vision enriches human experience.
The ability to see allows individuals to enjoy the beauty of art, nature and architecture, con-
tributing to cultural and personal enrichment. Furthermore, visual perception stimulates cre-
ativity and innovation, impacting fields such as design, technology and the arts.

Economically and practically, vision is vital across numerous professions. Many jobs,
from healthcare to engineering, depend heavily on visual skills for accuracy and efficiency.
Visual inspections are crucial in various industries to ensure quality control and safety, directly
influencing productivity and reducing risks.

The sense of sight is integral to human functioning and well-being. It enhances inter-
action with the environment, supports cognitive and social development and contributes to
cultural and aesthetic experiences. The myriad ways in which sight underpins daily activities,
professional tasks and overall quality of life underscore its profound importance and should
not be underestimated. Table 1.1 provides an overview of the sense of sight.

When vision fails or deteriorates, it significantly impacts various aspects of life, ranging
from practical day-to-day activities to broader social and psychological well-being, and it can
lead to a significant loss of independence. Navigating environments becomes difficult and
often unsafe, resulting in increased dependence on others for transportation and movement.
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Table 1.1 The sense of sight

Biological function Detection of danger: Vision allows for the detection of potential threats in the
and survival environment, such as predators, hazardous terrain or other dangers,
enhancing survival.

Navigation and coordination: Sight enables precise navigation and spatial
orientation; this facilitates movement and coordination in complex environments.

Information processing Complex visual data: The human eye can perceive a vast range of colours,
shapes and movements, providing detailed information about the surroundings.
This data is key for making informed decisions.

Speed and efficiency: Visual processing is highly efficient, allowing for the
rapid interpretation of vast amounts of information. This efficiency is critical
in tasks requiring quick responses, such as driving or sports.

Communication and Non-verbal cues: A significant portion of human communication is non-verbal,
social interaction relying on facial expressions, gestures and body language, all of which are
then interpreted visually.

Social bonding: Eye contact and visual recognition play important roles in
forming and maintaining social bonds, enhancing empathy and fostering

community.
Learning and Educational tools: Visual aids such as books, diagrams and digital media are
development essential tools in education, facilitating learning and comprehension.

Skill acquisition: Many skills, from basic tasks to complex procedures, are
learned and then refined through visual observation and imitation.

Aesthetic and cultural appreciation:

Art and nature: Sight allows individuals to appreciate the beauty of art, nature
and architecture. This can enrich cultural and personal experiences.

Creativity and innovation: Visual perception stimulates creativity and
innovation, influencing fields such as design, technology and the arts.

Economic and Occupational roles: Numerous professions, from healthcare to engineering,
practical implications depend heavily on visual skills for accuracy and efficiency.

Productivity and safety: In many industries, visual inspections ensure quality
control and safety, impacting productivity and reducing risks.

Daily activities that rely heavily on sight, such as reading, cooking and personal grooming,
may become challenging, diminishing a person’s ability to perform these tasks independently.

Health and safety risks are also heightened with vision impairment. Poor vision
increases the risk of falls, collisions and other accidents, both at home and in public spaces.
Additionally, vision impairments can delay the detection of other health issues that have
visible symptoms, complicating overall healthcare and leading to potentially severe conse-
quences if not addressed promptly.

Visual impairment can contribute to cognitive decline, as it limits engagement in stim-
ulating activities that are essential for maintaining cognitive function. Furthermore, vision
loss can lead to depression, anxiety and social isolation due to the challenges and frustrations
associated with decreased independence and reduced ability to engage in previously enjoyed
activities.

Social implications are significant as well. Individuals with vision loss might with-
draw from social activities due to embarrassment or logistical difficulties; this can lead to
feelings of loneliness and isolation.
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The economic and occupational impacts are considerable. Many jobs require good vision,
and deterioration in eyesight can limit job opportunities or necessitate early retirement. Moreover,
the financial burden associated with the cost of assistive devices, medical treatments and necessary
home modifications can be substantial, placing a strain on individuals and families.

Educational barriers are another critical issue. For both children and adults, vision
loss can thwart the ability to read, write and engage with educational materials, potentially
impacting academic performance and lifelong learning.

Vision loss significantly affects the quality of life. Activities such as watching television,
reading and enjoying nature become less accessible, diminishing overall enjoyment. While
assistive technologies can help mitigate some challenges, they may not fully compensate for
the loss of natural vision and can be expensive or difficult to use.

The deterioration or loss of vision has profound and far-reaching effects. It compromises
independence, heightens health and safety risks, affects mental and emotional well-being and
imposes significant social, economic and educational challenges (Clare 2020). Addressing
these impacts requires a combination of medical intervention, assistive technologies and
support systems to help individuals adapt and maintain their quality of life.

Those who offer care and support to people with a visual disturbance have a key role to
play in helping to address the challenges that arise from vision loss or deterioration. To effec-
tively manage these issues, a comprehensive approach involving prevention, early detection,
treatment, rehabilitation and support services is essential.

Prevention and early detection are important steps. Regular eye examinations are vital
for detecting vision issues early, especially in high-risk groups such as the elderly, those with
diabetes and those with a family history of eye diseases. Public health education is equally
important, as it informs people about the significance of eye health, the risks associated with
vision loss and the benefits of protective measures such as wearing sunglasses, managing
chronic conditions and avoiding smoking.

When it comes to medical and surgical interventions, those offering care and support
should discuss appropriate treatments for conditions such as glaucoma, macular degenera-
tion and diabetic retinopathy to slow their progression and manage symptoms. Surgical solu-
tions, such as cataract surgery, can often restore vision and significantly improve the patients’
quality of life.

Addressing the psychological impact of vision loss is also essential. Counselling services
can help patients cope with the emotional and psychological challenges, while support groups
offer a sense of community and shared experience. Integrated mental health services can
address issues including depression and anxiety, ensuring comprehensive care for patients.

Social and educational support systems are necessary to help individuals adapt to their
vision loss. Social services can assist with mobility training, access to transportation and home
adaptations.

Technological aids such as screen readers, text-to-speech software and smartphone
apps that have been designed for the visually impaired are invaluable. Providing training on
these tools is essential for effective use. Adaptive devices such as white canes, guide dogs and
specialised GPS systems also help improve mobility and independence.

A comprehensive care coordination approach is essential, involving an interdisciplinary
team of ophthalmologists, optometrists, care workers, primary care physicians, occupational ther-
apists, psychologists and social workers. This team can address the multifaceted needs of patients
with vision loss. Developing patient-centred care plans, with the patient at the heart of all that is
done, ensures that care is tailored to each individual’s specific needs, preferences and goals.

Those who offer care and support to people can advocate for better public transportation
options, workplace accommodation and policies that support individuals.
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Adopting these strategies can help to mitigate the impact of vision loss and help patients
lead fuller, more independent lives.

The special senses are smell, taste, vision and hearing (these include equilibrium). They
are known as the special senses because their sensory receptors are located within relatively
large sensory organs located in the head - the nose, tongue, eyes and ears. The skin is some-
times considered a sense organ.

THE ANATOMY AND PHYSIOLOGY OF THEEYE

The eyes and their associated structures are intricate sensory organs that facilitate vision.
When there are no visual impairments, light rays are refracted as they pass through the differ-
ent layers of the tear film, cornea, pupil, lens, vitreous humour and finally reach the macula
on the retina. At this point, the light is converted into nerve impulses that travel through the
optic nerve to the occipital lobe in the brain, where images are processed and recognised
(Sanderson 2019). Eye examinations can reveal many systemic health issues.

The sense of sight is based on the eyes and around the eyes, there are a number of
accessory structures that help to keep the eyes safe and working well (see Figure 1.1).

Eyebrows: Eyebrows serve several important functions related to the protection and
expression of the eyes:

« Shade and sun protection: Help to shield the eyes from direct sunlight. By reducing the
amount of light that reaches the eyes, they contribute to better vision in bright conditions
and help to prevent glare, which can be uncomfortable and potentially harmful over pro-
longed periods.

« Barrier against moisture and debris: Eyebrows are effective in diverting sweat, rain and
other moisture away from the eyes. Their arching shape directs these liquids to the sides of

Eyebrow Iris Lacrimal
caruncle

Eyelash Pupil Upper eyelid
(palpebra)

Lateral Lower eyelid Medial
commissure (palpebra) commissure
Palpebral Conjunctiva
fissure (over sclera)

FIGURE 1.1 Accessory structures of the eye
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the face, preventing them from running directly into the eyes. This helps maintain clear
vision and protects the delicate eye surface from potential irritation and contamination by
salts and other substances found in sweat.

« Debris protection: The thick hairs of the eyebrows also act as a physical barrier, catching
and trapping dust, dirt and other small particles that might otherwise fall into the eyes.
This function is important in environments with a lot of airborne debris.

« Expression and communication: Beyond their protective roles, eyebrows play a significant
part in non-verbal communication. Movements and positions of the eyebrows can convey
a wide range of emotions, including surprise, anger, joy and concern. This aspect of eye-
brows is important for social interactions, helping to express feelings and intentions clearly
to others.

Aesthetic and identity: Eyebrows contribute to the aesthetic aspect of the face and are a key
component of individual identity. Their shape, thickness and colour can significantly affect
one’s appearance. Grooming and styling eyebrows have become important aspects for
some people with regard to personal care and fashion, highlighting their role in facial
aesthetics.

Eyebrows are multifunctional features that provide essential protection against environmental
elements, contribute to facial expression and enhance personal identity and aesthetics.

Eyelids (also called palpebrae): They are extensions of the skin that continuously
blink to lubricate the eye’s surface and remove debris. The space located between the eyelids
is called the palpebral fissure.

Eyelashes: The eyelashes are strong hairs that protect the eyes from foreign particles.
They are linked to the tarsal glands; these glands produce a lipid-rich secretion that prevents
the eyelids from sticking together.

Lacrimal caruncle: This is a small, fleshy bump that is situated at the inner corner of
the eye, near the medial canthus (the point where the upper and lower eyelids meet closest to
the nose). This structure is composed of soft tissue and includes a variety of accessory glands,
such as sebaceous glands, sweat glands and sometimes even a few lacrimal (tear) glands.

These glands play a crucial role in maintaining the health and function of the eye. The seba-
ceous glands produce an oily substance that helps to lubricate the eye and prevent the tear film
from evaporating too quickly. The sweat glands contribute to the moisture of the ocular surface.
In some cases, the lacrimal glands present in the lacrimal caruncle also contribute to tear produc-
tion, which is essential for keeping the eye surface moist and free from dust and other irritants.

Commissure: The term commissure in the anatomical context refers to the points
where structures come together or join. In the case of the eyelids, the commissures are
the areas where the upper and lower eyelids meet. These are essential landmarks for both
functional and aesthetic considerations in ophthalmology and plastic surgery. There are two
types of commissures.

LATERAL COMMISSURE (CANTHUS)

« Location: This is the outer corner of the eye, where the upper and lower eyelids meet clos-
est to the temple.

« Function: The lateral commissure plays a role in the lateral extension of the eyelids and
contributes to the overall shape and opening of the eye. It is also involved in the drainage
of tears through the lacrimal system.
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« Anatomical structures: Nearby structures include the lateral palpebral ligament, which
helps in maintaining the position and stability of the lateral commissure.

MEDIAL COMMISSURE (CANTHUS)

« Location: This is the inner corner of the eye, where the upper and lower eyelids meet clos-
est to the nose.

« Function: The medial commissure is crucial for the drainage of tears. It contains the lac-
rimal caruncle and the plica semilunaris (a small fold of conjunctiva). The tear drainage
system, including the puncta (small openings on the eyelid margins that lead to the lac-
rimal sac), is located near this commissure.

« Anatomical structures: It includes the medial palpebral ligament and lacrimal apparatus
components such as the lacrimal sac and nasolacrimal duct, which are essential for tear
drainage into the nasal cavity.

Understanding the commissures’ anatomy is vital for diagnosing and treating various ocular
and periocular conditions (it has clinical significance):

« Infections and inflammation: Conditions such as blepharitis (inflammation of the eyelids)
or dacryocystitis (infection of the lacrimal sac) often involve the medial commissure.

« Trauma and surgery: Knowledge of the commissural anatomy is crucial during reconstruc-
tive surgery, eyelid laceration repairs and cosmetic procedures such as blepharoplasty.

« Tear drainage disorders: Blockage or dysfunction in the tear drainage system, often linked
to the medial commissure, can lead to conditions that include epiphora (excessive tearing).

CONJUNCTIVA

A thin, transparent mucous membrane composed of epithelial cells. It serves a critical role in
protecting and maintaining the health of the eye. This membrane is divided into two
main parts:

« Palpebral conjunctiva: This section lines the inside surface of the eyelids, creating a
protective barrier between the delicate inner tissues of the eyelid and the external environ-
ment. It helps to keep the inner eyelid smooth and moist, ensuring comfortable movement
of the eyelids over the eye’s surface.

« Bulbar conjunctiva: This portion covers the anterior part of the sclera (the white part of the
eye), extending from the edge of the cornea to the area just beyond the visible part of the
sclera. Although it is transparent, it is rich in blood vessels, which can sometimes become
visible when the eye is irritated or inflamed.

The conjunctiva has several important functions:

« It acts as a protective barrier for the eye, protecting it from dust, debris and microorgan-
isms. The conjunctiva’s immune components help to prevent infections.

« The conjunctiva produces mucus and tears that contribute to the tear film, which keeps the
eye surface moist and lubricated, facilitating smooth movement of the eyelids and
reducing friction.
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« It plays a role in the healing process of the eye by producing enzymes and growth factors
that aid in tissue repair.

Overall, the conjunctiva is essential for maintaining the eye’s health and functionality, con-
tributing to both its defence mechanisms and its smooth operation.

LACRIMAL APPARATUS
The lacrimal apparatus ensures a constant flow of tears over the eyes; the aim is to keep the
conjunctiva moist and clean. Tears serve several important functions:

+ Reduce friction

« Remove debris

« Prevent bacterial infection

« Provide nutrients and oxygen to parts of the conjunctiva

The lacrimal apparatus is responsible for producing, distributing and removing tears. It
consists of:

« Lacrimal gland

« Lacrimal canaliculi
« Lacrimal sac

« Nasolacrimal duct

The lacrimal gland (tear gland) produces most of the tear content, about 1 mL per day
(Clare 2020), (see Figure 1.2). Once the lacrimal secretions reach the eye, they mix with prod-
ucts from the accessory and tarsal glands; this creates a mixture that lubricates the eye and
reduces evaporation. The corneal cells’ nutrient and oxygen needs are met by diffusion from
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FIGURE 1.2 The lacrimal apparatus
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these secretions. Additionally, the secretions contain antibacterial enzymes and antibodies to
combat pathogens before they enter the body.

Blinking sweeps tears across the ocular surface, accumulating at the medial commis-
sure. From there, they are drained by the lacrimal canaliculi into the lacrimal sac and then
into the nasal cavity through the nasolacrimal duct.

THE EYE
The eye, a globe, has three layers (Figure 1.3):

1. Fibrous tunic
2. Vascular tunic

3. Neural tunic

Transverse
plane

Anterior cavity
(contains aqueous
humour):

Anterior Light

Scleral venous sinus ~ chamber ¢
Visual axis Cornea
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FIGURE 1.3 The anatomy of the eye



The Eye 9

THE FIBROUS TUNIC

The fibrous tunic is the outermost layer of the eye, comprising the sclera and cornea. It has
three main functions; it provides support and protection, serves as the attachment site for
extrinsic muscles and contains structures that aid in the focusing process.

The majority of the ocular surface is covered by the sclera, known as the ‘white’ of the
eye. The sclera consists of dense fibrous connective tissue with collagen and elastic fibres. Its
surface contains small blood vessels and nerves. The transparent cornea is continuous with
the sclera and consists of a dense matrix of fibres that are arranged to allow the passage of
light without interference.

VASCULAR TUNIC (UVEA)

The vascular tunic is the middle layer of the eye, containing numerous blood vessels, lymph
vessels and smooth muscles essential for eye function. Its functions include:

« Providing a structure for blood and lymph vessels that supply the eye tissues
« Regulating the amount of light entering the eye
« Secreting and reabsorbing aqueous humour
« Controlling the shape of the lens
The vascular tunic is composed of three parts:
o Iris
« Ciliary body
« Choroid

Iris The iris is the central, coloured part of the eye that regulates light entry by adjusting the
size of the pupil. It consists of two layers of pigmented cells, fibres and two layers of smooth
muscle (pupillary muscles):

« Pupillary constrictor muscles
« Pupillary dilator muscles

These muscles are controlled by the autonomic nervous system. The parasympathetic nervous
system causes pupil constriction in response to bright light, while the sympathetic nervous
system causes pupil dilation in dim light. The edge of the iris attaches to the anterior part of
the ciliary body.

Ciliary Body The ciliary body primarily consists of the ciliary muscle, a smooth muscular
ring that projects into the eye’s interior. Its epithelial covering has many folds that are called
ciliary processes, to which the suspensory ligaments of the lens attach.

Choroid The choroid is a vascular layer that separates the fibrous and neural tunics. It lies
beneath the sclera and is attached to the outermost layer of the retina. The choroid contains a
vast capillary network that supplies oxygen and nutrients to the retina.
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NEURAL TUNIC (RETINA)

This is the innermost layer of the eye and consists of a thin outer layer that is known as the
pigmented part and a thicker inner layer called the neural part. The pigmented part of the
retina absorbs light passing through the neural part; this prevents it from reflecting back
and causing visual echoes. The neural part of the retina contains light receptors and
support cells and is responsible for the preliminary processing and integration of visual
information.

ORGANISATION OF THERETINA =

Figure 1.4 illustrates the two types of receptor cells that are found in the outermost layer of the
retina, closest to the pigmented part. These receptor cells are known as photoreceptors, which
detect light.

« Rods: These photoreceptors do not distinguish between colours. They are highly sensitive
and enable vision in very low light levels. Rods are primarily concentrated in a band around
the periphery of the retina, with their density decreasing towards the centre of the eye.

« Cones: These photoreceptors provide colour vision and they produce sharper, clearer
images than rods, but they require more intense light. Cones are mainly located in the
macula lutea, particularly at its centre in an area that is called the fovea.

The elongated outer segments of the rods and cones contain hundreds to thousands of flat-
tened membranous discs. In rods, these discs are separate and form a cylindrical shape. In
cones, the discs are folds of the plasma membrane and the outer segment tapers to a blunt point.

COLOUR VISION AND RETINAL STRUCTURE

There are three types of cones - red, blue and green. Colour discrimination relies on the
integration of information from these three types of cones. The perception of yellow, for
example, occurs when green cones are highly stimulated, red cones are less strongly stimu-
lated and the blue cones have minimal stimulation.

A narrow connecting stalk links the outer segment of a photoreceptor to its inner seg-
ment, which contains all of the typical cellular organelles. The inner segment is also where
synapses with other cells occur and the neurotransmitters are released.

Rods and cones synapse with neurones called bipolar cells, which in turn synapse with a
layer of neurones called ganglion cells. At these synapse points, associated cells can stimulate
or inhibit communication between the two cells, altering the retina’s sensitivity to different
light levels.

« Rods and cones: These are cells located in the retina that detect light.

Bipolar cells: They receive signals from rods and cones at connection points called synapses.
« Ganglion cells: Bipolar cells pass the signals to these neurones through more synapses.

Associated cells: Between these connections, other cells can either boost or reduce
the signals.

Adjusting sensitivity: These associated cells help the retina adapt to different levels of light
by changing how strong the signals are.
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FIGURE 1.4 Cross-section of the retina

In essence, rods and cones pass information to bipolar cells, which then relay it to ganglion
cells. Other cells at these connections influence how well the retina responds to light varia-
tions (see Figure 1.5).

Axons from approximately one million ganglion cells converge at the optic disc, where
they turn, penetrate the wall of the eye and continue to the diencephalon of the brain as the
optic nerve. The central retinal artery and vein pass through the centre of the optic nerve.
The optic disc lacks photoreceptors, making it a blind spot. We do not notice this blind spot,
however, because involuntary eye movements keep the visual image moving, allowing the
brain to fill in the missing information.
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FIGURE 1.5 Rods and cones

EYE CHAMBERS

The eye is divided into two main cavities: a large posterior cavity and a smaller anterior cavity.
The anterior cavity further divides into the anterior chamber and the posterior chamber (see
Figure 1.3).

The anterior chamber contains a fluid called aqueous humour, which circulates bet-
ween the anterior and posterior chambers by passing through the pupil. Aqueous humour
plays a crucial role as a transport medium for nutrients and waste products. The fluid pressure
created by aqueous humour helps maintain the eye’s shape. It is produced by epithelial cells in
the ciliary body and drains through the canal of Schlemm to the sclera for recycling.

The posterior cavity, which is the larger of the two, is filled with a gel-like substance that
is known as vitreous humour. Vitreous humour stabilises the eye’s shape against the forces
exerted by extraocular muscles. Unlike aqueous humour, vitreous humour forms during eye
development and remains unchanged throughout life. A thin layer of aqueous humour bathes
the posterior chamber, supplying nutrients to the retina and aiding in waste removal. The
pressure it exerts also keeps the neural part of the retina against the pigmented part; while
these layers are closely situated to each other, they are not firmly attached to each other, neces-
sitating this external pressure.

FOCUSING IMAGES ON THE RETINA

For a visual image to be clear and usable, it must be focused precisely onto the retina; this is a
task that is accomplished by the eye’s lens. Initially, the light that enters the eye undergoes
refraction and the lens then further adjusts this refraction to ensure that the image is focused
precisely on the retina.

REFRACTION

Refraction occurs when the light transitions from one medium to another of differing density
(see Figure 1.6).
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FIGURE 1.6 Refraction of light passing from air (less dense) to water (dense)

FIGURE 1.7 Focal length

The majority of light refraction in the eye occurs as the light enters the cornea from the
air. Additional refraction happens when light passes from the aqueous humour into the lens.
The lens provides further refraction to focus light precisely onto the retina, and it can adjust
this refraction to accommodate different focal lengths.

FOCAL LENGTH

Focal length refers to the distance between the focal point (such as on the retina) and the
centre of the lens (see Figure 1.7). It depends on:

« The distance from the object to the lens: Objects farther away result in shorter focal lengths.

« The shape of the lens: A more curved (rounder) lens causes greater refraction. A very
curved lens has a shorter focal length compared to a flatter lens.
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FIGURE 1.8 Accommodation to (a) viewing distant (far) object and (b) viewing close (near) object

The lens is positioned behind the cornea; it is held in place by ligaments that are attached to
the ciliary body. It consists of concentric layers of precisely organised cells that are covered by
a fibrous capsule. Many of these capsule fibres are elastic, which would naturally make the
lens spherical if not for the external forces exerted by the ligaments. Inside the lens are lens
fibres, which are specialised cells lacking a nucleus and other organelles. They are filled with
a protein called crystallin, essential for the transparency and focusing ability of the lens.

The process of altering the shape of the lens to focus an image onto the retina is known
as accommodation. This shape change is controlled by the smooth muscles within the ciliary
body, which adjust tension on the suspensory ligaments (see Figure 1.8).

MYOPIA, HYPEROPIA AND PRESBYOPIA ===

In individuals with myopia (short-sightedness), the lens fails to focus the image directly onto
the retina, this causes the focal point to fall in front of it (see Figure 1.9). As a result, those
people with myopia can see nearby objects clearly, but distant objects appear blurred. Myopia
can be effectively corrected using corrective lenses, such as glasses or contact lenses.

In individuals with hyperopia (long-sightedness), the image is focused onto a point
behind the retina (Figure 1.10); therefore, these people can see things at a distance but not
those close to them.

Presbyopia is the gradual inability to focus on close objects as people age, primarily due
to the reduced elasticity of the lens (see Chapter 8 of this book). This loss affects everyone but
varies in onset and impact on vision. Most people notice the onset of presbyopia between 40
and 50 years of age. Corrective glasses, often referred to as reading glasses but beneficial for all
near-vision tasks, effectively treat presbyopia.
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FIGURE 1.10 Long-sighted (hyperopic) eye (a) uncorrected and (b) corrected by a convex lens

PROCESSING OF VISUAL INFORMATION
Ganglion cells, monitoring rods in the retina (M cells), transmit information about the general
form of objects, motion and shadows in low-light conditions. Up to 1000 rods may feed into a
single M cell, resulting in a loss of specific information; activation of an M cell indicates light
has hit a broad area rather than a precise point. However, M cells compensate for this by
varying activity based on the pattern of stimulation within their receptive field (area of retina).
For example, stimulation at the edge versus the centre of their field elicits different responses.
In contrast, cone cells exhibit minimal convergence. In the fovea, the ratio of cones to
ganglion cellsis 1: 1. Ganglion cells monitoring cones (P cells) are more abundant than M cells
and, because of minimal convergence, they provide precise, location-specific information.
Therefore, cones convey more detailed information about visual images compared to rods.

CENTRAL PROCESSING OF VISUAL INFORMATION

After light stimulates the photoreceptor cells in the retina (rods and cones), the resulting sig-
nals are transmitted via specialised neurones called ganglion cells. These ganglion cell axons
converge at the back of the eye and exit through the optic disc, collectively forming the optic
nerves, known as cranial nerve II.

Upon exiting the eye, these optic nerves travel towards the brain, where their pathways
intersect at a crucial junction that is known as the optic chiasm. At the optic chiasm, fibres
from each optic nerve split into two groups: one group stays on the same side of the brain,
while the other group crosses over to the opposite side.
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The fibres that remain on the same side continue to the lateral geniculate nucleus
(LGN), located in the thalamus - an important sensory relay centre in the brain. From the
LGN, visual information is further relayed to the occipital cortex of the cerebral hemisphere
on the same side of the brain. The occipital cortex is responsible for processing visual stimuli
and forming visual perceptions.

Simultaneously, functions such as pupillary reflexes - automatic adjustments of the
pupil in response to changes in light intensity — are managed in the diencephalon (which
includes the thalamus) and brainstem. These regions coordinate involuntary eye movements
and responses to visual stimuli.

CONCLUSION

The human eye is composed of impressive anatomical and physiological complexity, reflecting
an intricate design that allows for the perception of light and the formation of images.
Understanding the anatomy and physiology of the eye provides insight into how we perceive
the world around us.

At the anatomical level, the eye comprises several key structures, each playing a vital
role in vision. The cornea and lens focus incoming light onto the retina, where photoreceptor
cells, rods and cones convert light into neural signals. These signals are then processed by the
retina’s complex network of neurones and transmitted via the optic nerve to the brain, where
visual perception occurs.

Physiologically, vision involves a series of coordinated events starting from the refraction
of light as it enters the eye, the accommodation of the lens to adjust focus and the phototrans-
duction process in the retina. The rods and cones play a critical role in detecting light intensity
and colour, respectively, enabling both low-light and daylight vision. The brain’s visual cortex
integrates these signals to create a coherent visual representation of our surroundings.

The eye’s ability to adapt to varying light conditions, maintain focus on objects at differ-
ent distances and perceive a wide range of colours highlights its remarkable functional capa-
bilities. Disorders of the eye, such as myopia, hyperopia, cataracts and glaucoma, highlight the
importance of each component in maintaining optimal vision.

When sight becomes impaired, it profoundly impacts an individual’s quality of life.
Vision impairment can result from a variety of causes, including genetic factors, age-related
changes, injuries or diseases. Conditions such as macular degeneration, diabetic retinopathy
and retinal detachment disrupt the normal functioning of the eye’s components, leading to
partial or complete loss of vision. Early detection and advances in treatments and technologies
are key in managing these conditions and preventing further vision loss.

The eye’s anatomy and physiology are central to our understanding of sight. This
knowledge not only enhances our appreciation of this critical sensory organ but also informs
medical and technological advances aimed at preserving and restoring vision. Understanding
the interplay between the structural and functional aspects of the eye continues to be an
important area of study in both health and disease.

GLOSSARY OF TERMS

Accommodation: The process by which the eye's lens changes shape to focus on objects at
various distances.

Aqueous humour: The clear fluid filling the space in the front of the eyeball between the
lens and the cornea.
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Choroid: The vascular layer of the eye containing connective tissues and lying between the
retina and the sclera.

Ciliary body: A ring of tissue behind the iris that is involved in changing the shape of the lens
(accommodation) and producing aqueous humour.

Cone cells: Photoreceptor cells in the retina responsible for colour vision and high spatial
acuity.

Cornea: The transparent front part of the eye that covers the iris, pupil and anterior chamber
and is involved in light refraction.

Fovea: A small depression in the retina where visual acuity is highest, located in the centre of
the macula.

Hyperopia: Also known as farsightedness, a condition where distant objects are seen more
clearly than near objects.

Iris: The coloured part of the eye, which controls the size of the pupil and thus the amount of
light that enters the eye.

Lens: A transparent, biconvex structure in the eye that helps to refract light to be focused on
the retina.

Macula: The central area of the retina responsible for detailed central vision.

Myopia: Also known as near-sightedness, a condition where near objects are seen more
clearly than distant objects.

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

Photoreceptors: Specialised cells in the retina (rods and cones) that convert light into
electrical signals.

Pupil: The opening in the centre of the iris that allows light to enter the eye.

Retina: The light-sensitive layer at the back of the eye that contains photoreceptors and con-
verts light into neural signals.

Rod cells: Photoreceptor cells in the retina responsible for vision in low-light conditions.
Sclera: The white, outer layer of the eyeball, providing structure and protection.

Vitreous humour: The clear gel that fills the space between the lens and the retina in
the eyeball.

MULTIPLE CHOICE QUESTIONS =

1. Which part of the eye is responsible for focusing light onto the retina?
a) Iris
b) Lens
c) Cornea
d) Sclera

2. What is the function of rod cells in the retina?
a) Detecting colour
b) Detecting light intensity and motion
c) Focusing light
d) Producing aqueous humour
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Which part of the eye adjusts the size of the pupil?
a) Lens

b) Cornea

c) Retina

d) Iris

What is the clear, gel-like substance that fills the space between the lens and the retina?

a) Aqueous humour
b) Vitreous humour
c) Sclera

d) Choroid

Where is the highest concentration of cone cells found in the retina?

a) Optic disc

b) Peripheral retina
c) Fovea

d) Macula

Which structure connects the retina to the brain?
a) Ciliary body

b) Optic nerve

¢) Macula

d) Choroid

What is the main function of the cornea?

a) Adjusting the size of the pupil

b) Refracting light to help focus it on the retina
c) Producing tears

d) Nourishing the eye with blood supply

Which condition is also known as farsightedness?
a) Myopia

b) Hyperopia

c) Astigmatism

d) Presbyopia

Which cells in the retina are responsible for colour vision?
a) Rod cells

b) Cone cells

c) Ganglion cells

d) Bipolar cells

Which structure produces the aqueous humour?
a) Retina

b) Ciliary body

c) Lens

d) Choroid



REFERENCES

References 19

Clare, C. (2020). The senses (Chapter 15). In:
Fundamentals of Anatomy and Physiology,
3e (eds. L. Peate and S. Evans). Oxford: Wiley.

Sanderson, A. (2019). Nursing patients with disorders
of the eye and sight impairment (Chapter 14).
In: Alexander’s Nursing Practice, 5e (ed. 1. Peate).
London: Elsevier.



