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The Visual System and
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A warm welcome to our final edition of the Pre-Med newsletter this academic year. This is a
regular publication to bring you interesting articles that we hope would offer you a step ahead in
your journey towards your dream career. We welcome submissions for material that we can
include in subsequent issues.

Today we will cover the structure of the visual system and how information about what we see is
transmitted to and processed by the brain, and an overview of diseases which can affect the
visual system. Along with this, we will look at how a basic periodontal exam is performed, the
links between periodontitis and Alzhiemer’s disease, and the new research and technologies that
are being developed to revolutionise the future of the diagnosis and treatment of periodontitis.
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The Visual System

How our brain receives and understands information from the
eyes

The visual field can be divided into the left visual field and the
right visual field. The retinas in each eye can also be divided
into the nasal retina (retina closest to the nose) and the
temporal retina (retina closest to the temple). Light coming
from the left visual field stimulates the nasal retina in the left
eye and the temporal retina in the right eye, whereas light
coming from the right visual field stimulates the temporal retina
in the left eye and the nasal retina in the right eye. The electrical
signals produced in the retinas are sent along optic nerve fibres,
which converge to form the two optic nerves. However, the
information in each optic nerve is mixed between the left and
right visual fields. To resolve this issue, optic nerve fibres may
move along the optic chiasm so that information from the right
visual field is in the left optic nerve and information from the left
visual field is in the right optic nerve. Once the information is in
the correct optic nerve, the optic nerves connect to the lateral geniculate nuclei in the thalamus.
From there, the optic nerve fibres move in the optic radiations to the primary visual cortex in the
occipital lobe of the brain.

The flow of information in the brain is described by the ventral-dorsal stream:

● The ventral stream begins with the primary visual cortex, goes through the secondary
visual cortex then through the visual association cortex and the IT cortex. The ventral
stream, sometimes called the "What Pathway", is associated with form recognition
and object representation. It is also associated with storage of long-termmemory.

● The dorsal stream begins with the primary visual cortex, goes through the secondary
visual cortex, then to DM and MT and to the visual association cortex. The dorsal
stream, sometimes called the "Where Pathway" or "How Pathway", is associated with
motion, representation of object locations, and control of the eyes and arms.
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The Visual System

Diseases affecting the visual pathway

Lesions (damaged tissue) in the optic nerve can result in electrical signals from the eye not
reaching the visual cortex, so this information about the visual fields cannot be processed. This
may lead to partial blindness and loss of certain visual fields. A lesion in the left optic nerve
which comes from the left eye results in a loss
of information about the left visual field,
leading to left anopia. A lesion in the optic
chiasmmeans that electrical signal cannot be
exchanged between the two optic nerves,
leading to bitemporal hemianopia. A lesion
in the left optic nerve posterior to (behind)
the optic chiasm will lead to a loss of vision
in the right halves of the visual fields, right
homonymous hemianopia, because the visual
cortices process information from the visual
fields contralateral to them (on opposite sides).

Hemispatial neglect is a condition in which, after damage to one hemisphere of the brain (mostly
after a stroke), a deficit in attention and awareness towards the contralesional visual field to the
side of the damage is observed. Patients can still see in both visual fields, but do not register or
pay attention to what is happening in the contralesional visual field. If you were to throw an
object at a patient or ask them to tell the time on a clock from the visual field that they were
neglecting, they would still be able to catch the object and tell the time because the brain still
processes the information, but they would not know how they did it.

Hemispatial neglect is usually caused by damage in the right parietal lobe, leading to neglect of
the left visual field, because the right hemisphere of the brain is specialised for spatial
perception and memory, whereas the left hemisphere is specialised for language. Although
neglect primarily affects vision, it can also manifest in other senses, including in hearing and
tasting.
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The Visual System

Diagnosis and treatment of diseases affecting the visual system

Measurements of visual field defects can be done by visual field testing, in which the patient
responds to a test based on whether or not they can see a stimulus. It can be performed by
various methods, including confrontation technique, amsler grid, tangent screen, kinetic
perimetry, or static perimetry. Modern computerised perimeters like a humphrey field analyser
(HFA) give more comprehensive and accurate reports than finger testing methods. An MRI of the
brain helps to find the exact site of a lesion and a CT scan is also used for investigating the cause
of visual pathway lesions. Tumours and other compressive lesions could often lead to visual
impairment and/or visual field defects. Careful clinical assessment could aid in accurate
diagnosis of the cause of the visual field defect and loss of vision. Compressive lesions of the
visual pathway, especially lesions affecting optic nerve require a multi-disciplinary approach
involving neurosurgeons, physicians as well as ophthalmologists.

In order to assess not only the type but also the severity of neglect, doctors employ a variety of
tests, most of which are carried out at the patient's bedside. Visual neglect can be assessed by
having the patient draw a copy of a picture, with which they are presented. If the patient is
asked to draw a complex picture they may neglect the entire contralesional
side of the picture. If asked to draw an individual object, such as a clock,
the patient will not draw the contralesional side of that object. Treatment of
hemispatial neglect consists of finding ways to bring the patient's attention
toward the left, usually done incrementally, by going just a few degrees
past midline, and progressing from there. Rehabilitation of neglect is often
carried out by neuropsychologists, occupational therapists, physical
therapists and optometrists. Forms of treatment that have been tested with variable reports of
success include prismatic adaptation, where a prism lens is worn to pull the vision of the patient
towards the left, constrained movement therapy where the "good" limb is constrained in a sling
to encourage use of the contralesional limb. Eye-patching has similarly been used, placing a
patch over the "good" eye.
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Periodontitis

Common periodontal diseases and diagnosis.

Periodontics is a branch of dentistry that specialises in the prevention, diagnosis and treatment
of the gums and bones supporting the teeth. A periodontist is a specialised dental professional
that diagnoses and treats a wide range of periodontal diseases.

General dentists often perform routine periodontal exams to diagnose gum disease. A method
that is frequently used is a Basic Periodontal exam (BPE). In this a BPE probe is inserted into the
gum line to assess for the presence of bleeding, calculus along with the depth of any periodontal
pockets. The BPE probe has a spherical ‘ball’ end along with visible bands along the probe.
During the examination the dentist ‘walks’ the probe around the gum line and records the
highest score for each sextant, (group of teeth). The results are then recorded as a number 0-4. A
score is given based on the following observations:

● 0 : No calculus/overhangs or bleeding. No probing depth >3.5mm
● 1 : No calculus/overhangs, but bleeding after probing. No probing depth >3.5mm
● 2 : Calculus/overhangs present. No probing depths >3.5mm
● 3 : probing depths of 3.5 - 5.5mm present
● 4 : probing depths of 6mm or more present.

A score of 0 suggests good oral hygiene and no treatment is required. A score of 1 suggests
gingivitis and the dentist presents oral hygiene instructions (OHI). A score of 2-3 suggests a build
up of calculus and gum disease respectively, the calculus is then removed during a scale and
polish and OHI are given. A score of 4 suggests serious gum disease and pocketing, more serious
treatment may be considered along with the referral to a specialist (periodontist).

Gingivitis

It is the first stage of gum disease and is reversible. Gingivitis is characterised by swollen, red
bleeding gums. It is caused by a buildup of plaque and bacteria on your teeth causing
inflammation of the surrounding gum tissues. Gingivitis can also cause: sensitivity to hot/cold
foods, tenderness when eating, bad breath and bleeding when brushing your teeth. There are
many factors that increase the risk of gingivitis:

● Smoking: It has been shown that smoking weakens your immune system and
disrupts your oral microflora, by causing specific alterations to lipid A derived 3
OH fatty acid in saliva. Overall, making it more difficult for the immune system
to fight off gum disease.

● Vitamin C deficiency: Vitamin C is essential for the production of collagen
(structural protein) which is an important part of the gums.

● Type 2 diabetes : It is caused by insulin resistance, which causes an increase in
blood sugar levels which stimulates the release of more insulin. Higher insulin
levels have been shown to worsen inflammation, further worsening gingivitis.
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Periodontics

Link between periodontitis and cardiovascular disease.

Untreated gum disease has a range of serious effects on the rest of the body, where it has been shown to
correlate with chronic inflammation and inflammatory responses which can worsen existing medical
conditions. It has been linked to an increase in the risk of strokes and heart failure in cardiovascular
diseases. Several mechanisms have been proposed to explain the link between
periodontitis and worsening cardiovascular diseases.

Firstly, periodontitis has been shown to cause systemic and local inflammation along
with an immune response. This causes an increase in the count of: white blood cells,
C-reactive protein (CRP), fibrinogen, and pro-inflammatory cytokines. Studies have
shown that elevated levels of C -reactive protein have been associated with a threefold
increase in the risk of a heart attack. This is due to the fact that CRP contributes to
atherosclerosis (laying down of cholesterol on the blood vessel walls), by releasing
proinflammatory effects.

Moreover, large amounts of pathogens from the mouth (as a result of severe periodontitis) can enter the
bloodstream and atherosclerotic plaques. When the plaques then build up in the blood vessels the bacteria
could promote an inflammatory response within the plaque, worsening inflammation and cardiovascular
disease.

Although there is correlation between periodontitis and cardiovascular diseases, other factors may lead to
worsening cardiovascular diseases. For example, periodontitis and cardiovascular diseases share many
common risk factors, such as smoking, poor diet and obesity. Therefore, people with periodontitis may
also smoke, are obese and have a poor diet. These factors rather than periodontitis may be a more
significant link for developing atherosclerosis and cardiovascular diseases. Therefore, it could be argued
that lifestyle is the explanation for this association.

Link between periodontitis and alzheimer’s

Analysis of a large study revealed that older adults with signs periodontitis were more likely to develop
Alzheimer's disease during the study period. Moreover, both Alzheimer's diagnosis and deaths were associated
with having antibodies against the bacterium P. gingivalis which is found in the human oral cavity with people
suffering from periodontitis. There have been two mechanisms that have been put forward to
explain the association:

1.) Firstly, The periodontopathic microorganisms and the immune response cause elevated levels
of proinflammatory cytokines. These cytokines and proinflammatory agents then can enter the
bloodstream, resulting in systemic inflammation. These proinflammatory agents are then able to
enter the cerebral region, via the bloodstream, leading to inflammation and the activation of
microglial (immune) cells, leading to neuron damage.

2.) Secondly, pathogenic microorganisms present in the dental plaque biofilm of patients with periodontitis are
able to enter the brain via the bloodstream or via the peripheral nerves. These microorganisms then release
toxins and elicit an inflammatory response within the CNS. It has been shown that inflammation of the CNS
leads to cognitive impairment, such as seen in Alzheimer's disease. As a result of the inflammatory mechanism
in the CNS, cytokines are released which further play a role in neurodegenerative disease.
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Periodontics

Research and development of new technologies to treat and
identify periodontitis.

New device that can be used for the early detection of gum disease

Researchers at the University of Birmingham are currently developing a rapid test for the
detection of early gum disease. They expect the technology to play a vital role in the early
detection of heart disease and diabetes (which is often worsened by periodontitis), for use in
dental practices and surgeries.

Dr Melissa Grant and Professor Albrecht have proposed a new technique that
could provide both the presence and severity of gum disease from a sample of
a patient's saliva. They have devised a specialised dental probe and detector
that provides a quantitative result of whether a patient has gum disease along
with the extent and severity, via the measurement of specific biomarkers
(proteins that are associated with periodontitis).

A prototype is currently being developed and the end aim is for a probe to be
created that can be inserted into the space between the teeth and gums to
extract fluid, this fluid then can be analysed by the probe to identify any
specific biomarkers present. Providing a quantitative test result quickly.

New potential treatment to manage the effects of periodontitis

King’s college London has identified a cell type known as a telocyte that has the ability to
manage the effects of periodontitis. Telocytes have been shown to play an important role in the
M1-M2 macrophage balance (which is important for regulating immune responses with tissue
repair processes).

M1 macrophages are known to encourage inflammation,
whereas, M2 macrophages reduce inflammation. In a
study Telocytes were shown to have the natural ability
to shift M1 macrophages to M2, hence reducing
inflammation and bone loss in periodontitis. Therefore
they may provide a possible treatment strategy for
treating periodontitis, as well as opening up possibilities
for telocytes to be researched and used in the treatment
of other inflammatory diseases such as arthritis and
cancer research.
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Answers:

1.) Telocyte 8.) Atherosclerosis

2.) Ventral-Dorsal 9.) MRI

3.) Biomarkers 10.)Lesion

4.) Eye-patching 11.) Oral-cavity

5.) Left-anopia 12.) Collagen

6.) Thalamus 13.) Sextant

7.) Parietal 14.) Bleeding

Referenced websites:

https://lilasblue.blogspot.com/2021/03/anatomy-of-visual-system.html

https://www.nature.com/articles/s41598-022-24295-2

https://jnnp.bmj.com/content/75/1/13

https://en.wikipedia.org/wiki/Visual_pathway_lesions

https://www.kcl.ac.uk/news/new-research-identifies-potential-treatment-to-manage-effects-of-p
eriodontitis

https://www.birmingham.ac.uk/news/2022/new-device-for-early-detection-of-gum-disease

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7027895/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4488989/

Thank you for reading this Summer term edition of the Caduceus

Written by Saad Hussain and Rubens Leonard
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