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PREFACE

The concept of health is always valuable from the past to the
future. Agents such as the development of technology, the rapidly
increasing globalization, and the acceleration of communication all
over the world affect health greatly, as in all areas. Health sciences,
which are developing within themselves, reach more common points
with other disciplines thanks to technological developments and lead
to an increase in multidisciplinary studies. For this reason, new
research areas are constantly emerging in health sciences and new
methods are being developed in diagnosis and treatment.
Innovations in all fields of science, globalization of information
exchange, and easy access also contribute significantly to human
health development. This book includes current research in health
sciences and facilitates access to this information. I would like to
thank the eminent scientists who work not only for themselves but
also for the whole of humanity, and to our team of authors who
supported our book, with the hope that it will pioneer new
developments in health sciences together.

Editor
Prof. Dr. HÜLYA ÇİÇEK
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CHAPTER I
ALZHEIMER’S DISEASE HYPOTHESIS
Asst. Prof. Dr. Dilara BAYRAM
Acıbadem Mehmet Ali Aydınlar University, İstanbul, Türkiye
dilara.byrm@hotmail.com, Orcid :0000-0001-7037-353X
1. Introduction
If we look at the history of Alzheimer’s Disease in the light of the
historical studies conducted by Marc A. Shampo and colleagues, Alois
Alzheimer, a German neuropsychiatrist, was the first to describe the
disease. In 1902, a 51-year-old patient, Auguste Deter, was taken to Dr.
Alzheimer due to progressive amnesia and behavioral disorder. Dr.
Alzheimer examines and monitors the patient and performs an autopsy
following the patient's death in 1906. He finds thinning in the patient's
cortex and different accumulations in and around the cells in the brain
samples. This discovery of Alzheimer's, which defines plaque and fiber,
was presented in medical congresses in the following years and is known
as Alzheimer’s Disease (AD), (Shampo et al., 2013). According to the
Turkish Alzheimer's Association, the AD is defined as "cognitive
impairment, emotional and behavioral changes, physical and functional
declines; and consequently, a degenerative disease that progresses with a
decline in cognitive functions, behavioral problems, and decreased
functionality due to disorders in brain functions" (Özkay et al., 2011).
Dementia is the general name of the disease that causes forgetfulness. AD
is the most common type of dementia. The American Alzheimer's
Association defines dementia as "a general term used for memory loss,
language, problem-solving and other thinking abilities that are severe
enough to interfere with daily life”. Abnormal brain changes cause
disorders grouped under the general term "dementia." These changes
trigger a severe decline in thinking skills, also known as cognitive skills,
that disrupts daily life and independent functions. They also affect
behaviors, emotions, and relationships (Chertkow et al., 2013). According
to the World Health Organization data, there are approximately 55 million
dementia patients worldwide, and this number is expected to increase to 78
million in 2030 and 139 million in 2050 (WHO, 2021). It is estimated that
there are more than 600 thousand AD patients in Turkey. Thus, AD and
other causes of dementia have become a global public health problem (Şen,
2021). Various hypotheses were developed to explain the causes and
progression of AD. These are the amyloid hypothesis, tau protein
hypothesis, inflammation hypothesis, cholinergic hypothesis, oxidative
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stress hypothesis, and others. Additionally, middle-age hypertension, sleep
disorder, and middle-age obesity are among the factors causing the disease.
2. Amyloid Hypothesis
In the light of the studies, John Hardy and David Allsop first introduced
the amyloid hypothesis in 1991. Their study also observed a pathogenic
mutation in the amyloid ß precursor protein (APP) and thus showed the
presence of APP accumulation and faulty metabolism in the human body
as the cause of the most critical events in this disease. According to them,
the pathology of this disease was amyloid accumulation, phosphorylation
of tau protein, formation of neurofibrillary tangle (NFT), and regression of
the patient's cognitive function (Liu et al., 2019). Glenner and Wong first
purified the amyloid protein in 1984. This was revolutionary for the
amyloid hypothesis, as with this development, the progression of this
disease and treatment strategies have become understandable (Liu et al.,
2019). Treatment strategies based on this hypothesis include antiaggregation drugs (including metal chelators) that can be used to reduce or
reset the activity of ß and γ secretase enzymes that produce amyloid,
immune therapy, and drugs that regulate the protease enzyme to remove
accumulations.
Amyloid-targeted monoclonal antibodies are the molecules mainly
used for passive immune therapy in this disease. According to the research
conducted by scientists although solanezumab can bind monomeric soluble
amyloids and vitally reduce free plasma amyloid concentrations by more
than ninety percent, it failed to show a curative effect in patients with AD
in phase III studies (Srivastava et al., 2021). Gantenerumab is a
monoclonal antibody that binds oligomeric and fibrillary amyloids and can
activate microglia-mediated phagocytic clearance of plaques. However,
just like solanezumab, this drug was unsuccessful in phase III. Crenezumab
is a monoclonal antibody that can bind various amyloids, including
monomers, oligomers, and fibrillary. However, as in the other two drugs,
the studies were discontinued, as the drug did not show sufficient curative
effect in phase III trials. Aducanumab is an antibody targeting amyloid
forms. Although aducanumab can significantly decrease amyloid
accumulation, it was announced on March 21, 2019, that the aducanumab
trials were terminated. However, the failure of these trials showed that it is
better to consider amyloid deposits as a pathological feature rather than a
part of a hypothesis. The main target in drugs inhibiting ß secretase (BACE
1) is to reduce the amount of amyloids which has been the focus of
pharmaceutical researchers for years. However, no BACE 1 inhibitor
passed clinical trials until now as they did not show sufficient effect (Du et
al., 2018). Verubecestat reduced the amount of amyloid in cerebrospinal
fluid by approximately ninety percent. However, the research was
terminated on this drug as this molecule showed severe side effects and
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was not effective on cognitive decline in patients in clinical trials (Du et
al., 2018). Another BACE 1 inhibitor, lanabecestat, reduced the amyloid
amount in cerebrospinal fluid by seventy-five percent. However, the
manufacturers announced in June 2018 that they stopped the phase II/phase
III trials due to the inefficiency of the drug. The manufacturer of another
BACE 1 inhibitor, atabecestat announced in May 2018 that research on this
drug was terminated, although it caused a decrease of up to ninety-five
percent in the amyloid levels. The manufacturers released the latest news
on umibecestat, a BACE 1 inhibitor, in July 2019. The phase II/III trials
were terminated as the molecule showed a decline in cognitive function
(Du et al., 2018). Elenbecestat was observed to reduce the amyloid levels
in cerebrospinal fluid up to eighty percent. It is a BACE1 inhibitor, and its
phase III trials have continued since 2019. Although all BACE1 inhibitors
reduce the amyloid levels in the cerebrospinal fluid, the fact that
solanezumab, which can reduce the amount of amyloid in free plasma in
the brain by over ninety percent, was not successful in terms of efficiency
and severe side effects, particularly worsening cognitive function, may
cause people to lose hope (Du et al., 2018).
3. Mitochondrial Cascade Hypothesis
Swerdlow and Khan first developed this hypothesis in 2004. According
to this hypothesis, mitochondria's function, applications, and processes can
affect amyloid accumulation in sporadic AD (Swerdlow and Khan 2004).
There are three main topics in this hypothesis:




An individual's basic mitochondrial function is defined by
genetic inheritance.
Genetic and environmental factors determine the rate of agerelated mitochondrial changes. Additionally, as age increases,
a decline occurs in efficiency and mitochondrial functions.
The rate of mitochondrial function change in individuals
affects AD chronology.

Oxidative stress primarily stems from the increase of reactive oxygen
species (ROS) and/or reactive nitrogen species, including superoxide
radical anions (O2-), hydrogen peroxide (H2O2), and hydroxyl radicals (HO), nitric oxide (NO), and peroxynitrite. Mitochondria, endoplasmic
reticulum, peroxisomes, NADPH oxidases, and monoamine oxidases are
the sources of reactive oxygen species (Swerdlow and Khan 2004).
However, the mitochondria with impaired activity cause the increase in
ROS amount. In AD, neurons increase the amount of these mitochondria
with impaired activity and oxidative damage. Insufficient levels of
antibodies and excessive amounts of ROS compounds in the body cause
oxidative stress. In patients with AD, the tests performed before the disease
showed that the ROS levels reached excessive due reached excessive due
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to mitochondrial damage (Swerdlow and Khan 2004). The term
“mitophagy” was first introduced in 2005, which means the destruction of
dysfunctional mitochondria. Mitophagy plays a key role in normal
physiological aging and neurodegenerative disorders (Lemasters, 2005).
Both in-vitro and in-vivo experiments have proved that enzymes are
involved in the metabolism of molecules that cause oxidative stress,
including dehydrogenases for α-ketoglutarate (α-KG) pyruvate oxidase
enzymes, which are reduced in AD patients. Although the studies
conducted to understand the pathology of AD are mostly focused on
genetic variations and the etiology of the disease, it was seen with these
studies that epigenetic dysfunctions are also a critical element in the
pathology of the disease. Mitochondrial metabolites are needed for
epigenetic modifications, including DNA methylations, and histone
acetylation. It has been observed in the tests performed on the patients that
there is a global reduction in DNA modifications, including 5methylcytosine and 5-hydroxymethylcytosine. S-adenosyl methionine
(SAM) provides a methyl group for histones and DNA methyltransferases
in the cell nucleus. Production and protection of the SAM molecule occur
through the combination of one-carbon metabolism and mitochondrial
energy. The experiments performed revealed that neuronal mitophagy
disrupted in individuals with AD. Mitophagosomes can fuse with
lysosomes during axonal nerve transport and disrupt nerve transmissions.
Stimulation of mitophagy can be a therapeutic goal. Because this
stimulation can reverse memory impairment and nerve conduction during
the microglyph phagocytosis of amyloid plaques accumulated
extracellularly, reduce the insoluble amyloid amount between 1-45% and
the soluble amyloid amount between 1-40%, and eliminate the tau
hyperphosphorylation (Lemasters, 2005; Liu et al., 2019).
4. Tau Hypothesis
The Tau Hypothesis was first introduced in 2009. This hypothesis rests
on the information that the NFTs containing intracellular Tau are critical
pathological features in patients. NFTs are paired helical filaments that are
precipitated. These pathological NFTs contain hyperphosphorylated tau
proteins. The pathological features of tau proteins first appear in discrete
and specific regions of the brain, and then they are transmitted to different
parts of the brain in certain ways. These accumulated tau proteins can
propagate like prions throughout cells (Frost et al., 2009). The main
function of tau proteins is to stabilize microtubules. This is important, as
microtubules are a pathway for nerve conduction. According to this
hypothesis, “tau proteins that are abnormally phosphorylated depolymerize
microtubules and cause transmissions to be affected within or between
neurons." In addition, the mutant forms of tau proteins found in humans
cause enhanced neurotoxicity in Drosophila melanogaster (fruit fly),

4

(Wittmann et al., 2001). Tau proteins can be hyperphosphorylated in
multiple serine and threonine residues. Depending on the activities of
kinases and phosphatases, which are enzymes that target tau proteins,
phosphorylation of tau proteins can gain or lose function. Furthermore, as
a result, the toxicity of tau proteins can increase (Golde, 2014).
5. Inflammation Hypothesis
The distinctive characteristics of AD are neuro-inflammation and
reactive gliosis. Genetic and transcriptomic studies supported the pathways
related to microglia. They were considered central to AD risk and
pathogenesis. Microglia, TREM2, and the complement system are
responsible for synapse pruning in the very early stages. Microglial cells
demonstrate higher activity in AD patients than in the control group, as
they are macrophage cells in the central nervous system. The primary
action in AD evolution is activity-dependent and long-term synaptic
plasticity processes, which are the common and essential cellular support
of learning, and the secretion of numerous pro-inflammatory cytokines by
reactive microglia and asteroids surrounding amyloid plaques (Bolos et al.,
2017). Microglial cells aggregate near senile plaques and neurons with
fibrillary tangles. The concentration of these aggregated microglial cells
was 2-5 times more in AD patients than in healthy people. Another factor
causing inflammation is inflammasomes expressed by microglia and tissue
compatibility complexes. In-vitro studies associated the amyloid pathology
in AD with neuro-inflammation. It was also observed that amyloids
synergistically affect cytokine-induced microglia activation. Thus, studies
have confirmed that amyloids induce in vivo glial activation (Salter and
Stevens 2017).
6. Neurovascular Hypothesis
According to research conducted in 2018, the functions of the vessels
feeding the brain deteriorate over time due to poor living conditions and
certain cardiovascular diseases. Thus, a chronic insufficient blood supply
to the brain; in other words, cerebral hypoperfusion occurs (Riuz-Perez et
al., 2018). The function of the blood-brain barrier is to clear the substances
in the vessels to the brain and maintain the brain's balance. According to
the experiments, if the blood-brain barrier becomes dysfunctional, in other
words, if the substances going to the brain cannot be cleared and disrupt
the balance in the brain, tau hyperphosphorylation and amyloid
accumulation occurs. Because of accumulation, the brain gradually loses
its function. Therefore, AD develops in the older individual (Nelson et al.,
2016). According to the studies, the neurovascular unit consists of neurons
and cells feeding the neurons. Astrocytes, endothelial cells, pericytes, and
smooth muscle cells are the cells that feed the brain. The neurovascular
connection is the relationship between the neurons that transmit impulses
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in the brain and blood flow to the brain. A balance is ensured by
feedforwards and feedbacks formed due to the metabolites and chemicals
formed due to these reactions. Concerning the disruption of this balance,
brain functions start to decline over time (Iadecola, 2013).
7. Calcium ion (Ca+2) Hypothesis
A calcium ion is a molecule responsible for intercellular
communication. Calcium ion is a second messenger and critical for brain
functions and is controlled strictly. Other duties of the calcium ion include
regulating the functions of proteins and enzymes, maintaining the cell's
life, increasing the number of cells, ensuring their differentiation, and
passing them into the apoptosis stage (Cascella, 2021; Calvo-Rodriguez
and Bacskai 2021). This hypothesis was first introduced in the mid-1980s.
This hypothesis states that "Persistent calcium ion imbalance in cells can
disrupt normal neuronal functions, and result in many neurodegenerative
diseases including AD”.
8. Glucose Hypometabolism Hypothesis
As people age, their metabolism slows down, and therefore, less
glucose is transported to the brain, and the oxygen metabolism in the brain
slows down. According to the PET scans of older patients with AD, many
studies showed that the glucose metabolism in the damaged brain tissues
has significantly decreased (Szablewski, 2021; Gibson, 2008). Synaptic
loss is commonly observed in AD. That is the abnormal glucose intake and
digestion levels in damaged brain tissues. Apolipoproteins are the protein
part of the lipoprotein molecules that carry cholesterol. They are important
for membrane permeability in cells. Transportation of cholesterol
molecules with apoenzyme (ApoE) in the central nervous system is of
critical importance in terms of nerve permeability and the protection of
nerve cells. The ApoE has three isoforms that are, ApoE2, ApoE3, and
ApoE4 (Daulatzai, 2017). Apoenzymes can bind proteins that initiate the
amyloid synthesis. Thus, they can reduce the amyloid accumulation.
9. Herpes Simplex Virus Hypothesis
Herpes viruses can live in the host organism for a lifetime and cause
neural delay. The family of herpes viruses, including Herpes Simplex
Virus 1 (HSV1), is known to damage the nervous system of humans.
Although it is not clear how much herpes viruses affect the development
of AD, research continues today. There is no doubt that herpes viruses are
not the only cause of AD. Many genetic, pathogenic, and environmental
factors lead to AD. However, the effects of herpes viruses on AD depend
on the presence or absence of other risk factors in individuals.
Environmental factors may partially increase or decrease the risk of
Alzheimer's through regulating innate and adaptive immune responses to
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herpes viruses (Sjogren et al., 1952). Scientists have made certain
inferences in many experiments, research, and cohort studies on this
subject (Wu et al., 2020). These inferences include:





The human brain accumulates amyloids in certain areas to protect
itself from the herpes virus.
This leads to the amyloid accumulation hypothesis, a general
hypothesis in AD. According to this hypothesis, amyloid
accumulation in the brain causes AD.
Herpes viruses cause interferon signals in the human brain. Thus,
amyloid accumulation is stimulated in the brain.
The ApoE4 gene affects the risk of AD through herpes virus
reactivation. This concludes that individuals with the ApoE4 gene
have a higher risk of developing AD than individuals without the
ApoE4 gene.

Strikingly, herpes viruses are closely associated with ApoE4, the largest
genetic risk factor for AD, and its most classic features, amyloid deposition
and tau hyperphosphorylation (Wainberg et al., 2021).
10. Glymphatic System Hypothesis
The glymphatic system is a vascular network for removing waste that
occurs when the central nervous system works, and it works mostly while
the person is asleep at night. The glymphatic system in humans allows for
the clearance of amyloid accumulation and tau proteins by sending them
to the blood-brain barrier during sleep. Individuals with AD sleep less than
healthy individuals, and thus, the glymphatic system works less, which
leads to amyloid accumulation (Tarasoff-Conway et al., 2015; Silva et al.,
2021).
Aquaporin 4 (AQP4) is a water channel in the brain. They are found in
astrocytes in the central nervous system and epithelial cells in peripheral
organs. They are responsible for ensuring water balance in the brain,
stimulation of neurons, astrocyte migration, and inflammation of neurons.
It is suggested that "AQP4 depolarization increases the progression rate of
AD". Cerebrospinal fluid is carried by the arteries and flows into the
cavities next to the capillaries entering the brain. They are replaced by the
fluid surrounding the brain (interstitial fluid) and the cells surrounding the
glymphatic blood vessels (astrocytes). There are many mechanisms for
releasing soluble amyloid proteins from the interstitial fluid in the brain.
These include destruction by glial cells and nerve cells, transport along the
blood-brain barrier, and transport through the glymphatic system and
lymphatic vessels. When the brains of people who died of AD and the
brains of individuals who died of other reasons were compared, it was
observed that the polarization of AQP4 to astrocytic end-feet decreased
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significantly. In addition, Xu et al., showed that in mice with excessive
amyloid accumulation, AQP4 degradation greatly increased the interstitial
amyloid plaque accumulation, which caused cognitive and motor
impairment in mice (Xu et al., 2015). Individuals with AD have
cerebrospinal fluid properties that increase plaque formation and
interstitial amyloid accumulation, potentially involving an imbalance in the
production and discharge of soluble amyloids. Cerebral amyloid
angiopathy results in increased arterial stiffness and reduces periarterial
cerebrospinal fluid flow and arterial pulse, which are vital for exchanging
cerebrospinal fluid with interstitial fluid. As a result, there is a paradox in
individuals with AD that amyloid accumulation along the brain vessels
reduces glymphatic function. Amyloid proteins promote even more severe
parenchymal accumulation and neuronal death, enabling the individual to
develop AD.
11. Dopaminergic Hypothesis
In a study conducted in 2018, it was found that dopamine and its
analogs reduced oxidative stress and inflammation induced by amyloid
proteins during the triggering of AD and in neurofibrillary tangle
formation. In addition, Dekker et al., demonstrated with clinical evidence
that the values of some dopamine and its derivatives were lower in
individuals with early-onset AD or Down Syndrome (Pan et al., 2019).
Studies in 2014 suggested that dopamine agonists such as rotigotine can
help sick individuals by restoring the cortical plasticity, which may be a
new treatment target in AD. When blood tests were performed, dopamine
concentration levels were much lower in patients with AD than in those
without AD. This is in line with the results found in the localization studies
of dopamine receptors. In people with AD, dopamine receptors are
significantly reduced in the hippocampus region of the frontal cortex of the
side brain (Koch et al., 2014). It was seen that the dopaminergic system
was related to the pathology of AD and that the correction of the
dopaminergic system was the hope of treatment for individuals with AD.
Clinical studies conducted in 2013 showed that the active ingredient
rutigonin, which is a dopamine two agonist, causes an increase in cortical
stimulability and regeneration in central cholinergic transmission in
patients with AD. Therefore, the dopaminergic hypothesis was introduced
as a new hypothesis in the pathophysiology of AD (Martorana and Koch,
2014).
12. Conclusion
Although various hypotheses are being studied today to understand the
Alzheimer’s Disease, the hypotheses widely accepted, studied, and focused
on by scientists are the amyloid accumulation hypothesis, tau
hyperphosphorylation hypothesis, Herpes Virus hypothesis, dopaminergic
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system hypothesis, and the glymphatic system hypotheses. As there are
debates regarding the ethics and experimental studies on humans, there are
missing pieces on the causes of Alzheimer’s Disease, treatment schemes,
and hypotheses. Therefore, studies on Alzheimer’s Disease are limited.
Thus, the procedure for protection from, diagnosis of, delaying death, and
treatment is still unclear for patients with Alzheimer’s Disease.
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1.

Introduction

Hyperthyroidism is result from over-release or synthesis of thyroid
hormones (Khorshidi-Behzadi et al., 2013). Hyperthyroidism affects
0.2% of men and 2% of women. Hyperthyroidism is more common in
middle-aged and young adults. Although toxic nodules and multinodular
goiter increase with age, Graves disease (GD) is approximately eight
times more common in relatively elderly individuals. Thyroid stimulating
hormone (TSH) controls the thyroid gland. TSH is released when
stimulated by thyrotropin-releasing hormone. TSH stimulus increases
when the thyroid hormone level decreases. This provides the secretion
and increased release of thyroid hormone. When the hormone level
returns to normal, TSH secretion and thyroid hormone secretion decrease
(Bailes, 1999). Thyroid hormones, synthesized in the thyroid gland, play
significant roles in metabolism, growth and differentiation. In addition,
thyroid hormones (THs) are important for fetal and postnatal nervous
system development and also play a critical role in maintaining adult
brain health. T4 (Thyroxine) has been determined to be the prohormone
of T3 (Triiodothyronine). Binding of T3 to TRβ (Thyroid Hormone
Receptor-Beta) and TRα provides the functions of thyroid hormones.
These receptors are encoded in separate genes and are specific nuclear
receptors. Each has two isoforms, 1 and 2. The thyroid hormone receptor
has many functions: it is a transcriptional activator in the presence of T3
and a transcriptional repressor in the absence of ligand. 3,3`,5-triiodo-Lthyronine (T3) is the biologically active thyroid hormone (Grymuła et al.,
2007; A. C. Schroeder & Privalsky, 2014). It is produced by removal of
an iodine by deiodinases (DIO). There are three deiodinases, but most of
T3 is derived from Type 1. Type 1 produces thyroid hormone by
transforming T4 to active T3, and Type 1 inactivates thyroid hormone by
transforming T4 to inactive reverse T3 (rT3) or T2. In cardiac cells, there
are no intracellular deiodinases. Therefore, the activity of the heart is
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mostly dependent on T3 transported to myocytes. Both T4 and T3 are
transported in the blood as linked with globulin. The remaining free T3 is
transported to the cell nucleus via various membrane transport proteins to
arrange the expression of selected genes (Osuna, Udovcic, & Sharma,
2017) Type I iodothyronine deiodinase is found mostly in the thyroid,
liver, pituitary and kidney. Type II iodothyronine deiodinase is found in
the central nervous system, thyroid, skeletal muscle, and pituitary. Type
III iodothyronine deiodinase is found more in the placenta, pregnant
uterus, embryonic neonatal brain and neonatal skin and embryonic liver
(Negro, 2008).

Figure 1. Types 1, 2, and 3 deiodinases and thyroid hormones (Negro,
2008)
2.

Causes, Symptoms and Diagnosis of Hyperthyroidism

Common Causes of thyrotoxicosis are toxic adenoma, exogenous
thyroid hormone (intentional, Iatrogenic, or factitious), painless
thyroiditis- postpartum thyroiditis, Graves’ disease and toxic
multinodular goitre-toxic adenoma (Hughes & Eastman, 2021). Less
common causes of thyrotoxicosis are subacute thyroiditis, painless
sporadic thyroiditis, iodine-derived hyperthyroidism, amiodaronederived thyrotoxicosis, drug-induced thyrotoxicosis (lithium, interferon
alfa). Rare causes of thyrotoxicosis are TSH secreting pituitary adenoma,
molar pregnancy, metastatic functional follicular thyroid carcinoma,
gestational thyrotoxicosis, struma ovarii. Thyrotoxicosis is defined as an
excess of thyroid hormone. Thyrotoxicosis can be easily detected by
thyroxine (T4), high serum triiodothyronine (T3) and low serum TSH
level. Symptoms of over hyperthyroidism are palpitations, heat
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intolerance, fatigue, anxiety, irregular menses in women, muscle
weakness and weight loss. Clinical findings may contain tachycardia,
warm moist skin, lid lag and tremor (Sharma, Aronow Ws Fau - Patel,
Patel L Fau - Gandhi, Gandhi K Fau - Desai, & Desai, 2011).
Diagnosis of hyperthyroidism includes weakness, weight loss,
sweating, nervousness, heat intolerance, irritability, tachycardia, fatigue,
warm, moist skin, thin, tremor, stare, free T4, increased T4, failure of
thyroid suppression with T3 administration, diffuse nonpainful goiter,
ophthalmopathy (Caplan, Pagliara, & Wickus, 1979; G. Christianson &
Murray, 2020).
3.

The Effect of Hyperthyroidism on Bone Metabolism

In individuals with untreated hyperthyroidism, bone mineral density
decreased and the tendency of bones to break increased. After the
hyperthyroid state was normalized, bone mineral density returned to
normal mean levels (Ale, Odusan, Afe, Adeyemo, & Ogbera, 2018;
Vestergaard & Mosekilde, 2003). In a study in which osteoporosis was
induced by hyperthyroidism, high glucose levels were associated with
osteoporosis. High glucose metabolism was associated with excessive
acetylation of metabolic enzymes. Therefore, it was evaluated that
acetylation may be significantly associated with high energy metabolism
in rats with hyperthyroidism-induced osteoporosis (Bei et al., 2022).
Calcium absorption decreased in patients with hyperthyroidism. In the
study, 1,25-dihydroxy vitamin D level was also found to be low in
individuals with hyperthyroidism (Haldimann B Fau - Kaptein, Kaptein
Em Fau - Singer, Singer Fr Fau - Nicoloff, Nicoloff Jt Fau - Massry, &
Massry, 1980). In female patients with hyperthyroidism, bone mineral
density was low in the spine, femoral neck, Ward's triangle and
trochanter but this was not observed in males. Serum osteocalcin
increased in patients with untreated Graves' disease and was negatively
connected with Z-values of bone mineral densities of the trochanter,
spine, and femoral neck. As a result, osteoblastic function indices
increased in individuals with hyperthyroidism. This resulted in a decrease
in bone mineral density (LEE et al., 1989). Extreme symptomatic
hyperthyroidism was linked with decreased bone mineral density during
the first 3 years after diagnosis and treatment of the disease. In the later
period, the Z-value of women with previous hyperthyroidism was close to
zero and was not different from women without a history of the disease.
The reason for this was expressed as the recovery of lost bone density
(Karga et al., 2004). In a hyperthyroid assay performed by administering
1 and 3 nM T3, hyperthyroidism reduced osteoprotegerin gene
expression. This reduction was improved with estrogen. Estrogen also
restored the reduction in bone matrix caused by hyperthyroidism. As a
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result, the negative effect of hyperthyroidism on bone was improved with
estrogen (Olimpio et al., 2019).
4.

The Effect of Hyperthyroidism on Consciousness

Hyperthyroid patients experience emotional and cognitive problems.
A study using regional homogeneity and low frequency fluctuation
amplitude was performed to search abnormal spontaneous activity in
hyperthyroidism. Compared with the healthy control group, hyperthyroid
patients showed reduced low frequency fluctuation amplitude in the left
posterior cingulate cortex and the left medial frontal gyrus. In the group
with hyperthyroid, there was a decrease in regional homogeneity in the
left medial frontal gyrus. In addition, there was a positive connection
between amplitude low frequency fluctuation values and HARS Z-scores
(Hamilton Anxiety Rating Scale “HARS” Z-scores) in the left precuneus
(Zhi et al., 2018). Thyroid disease is found to influence cognitive
function and brain metabolism. In the study, there was an improvement in
memory and motor and visuospatial functions after treatment for
hyperthyroidism. There was also increased functional link in the left
fronto-parietal network and the right fronto-parietal network regions. As
a result, after the treatment of hyperthyroidism, the patients' ability to
make functional connections improves (Kumar et al., 2022). Attention
deficit is a common condition in people with untreated hyperthyroidism.
It has been found that persons with untreated hyperthyroidism show
important impairments in executive control networks and the warning.
Interestingly, an important positive link was found between T4 level and
executive network value in patients with hyperthyroidism. As a result, not
only a certain deterioration in attention networks was found in
hyperthyroid patients, but also a positive correlation was shown between
T4 level and executive control network value in hyperthyroid patients
(Yuan et al., 2014). Young rats with euthyroidism were found to have
significantly lower glutathione peroxidase function than both
hyperthyroid groups. There were no important distinctions between the
groups in terms of superoxide dismutase. Compared with aged rats,
young rats experienced a hyperthyroidism-derived drop in nitric oxide
synthases. These results demonstrated that hyperthyroidism-derived
changes in synaptic plasticity are regulated by aging. This regulation was
likely due to changes in nitric oxide synthases levels. This may describe
the increased cognitive impairment in the disease later in life (Tan et al.,
2019). Thyroid hormones have a significant function in regulating sleep,
emotional behavior and energy balance. Neuropeptide S is a neuropeptide
that regulates sleep, nutrition and anxiety. it has been shown that the
synthesis of Neuropeptide S and Neuropeptide S -receptor is regulated by
hyperthyroidism in the rat brain. Neuropeptide S-receptor mRNA,
neuropeptide S, and protein levels have been reduced in the
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hypothalamus of hyperthyroid rats. In conclusion, it has been shown that
changes in food intake behaviors and anxiety observed in
hyperthyroidism may be related to changes in neuropeptide S receptor
and neuropeptide S expression (Gonzalez et al., 2012).
5.

The Effect of Hyperthyroidism on Heart

Hyperthyroidism is a metabolic disease with negative cardiovascular
effects. Hyperthyroidism causes a hyperdynamic circulation due to
decreased peripheral vascular resistance and increased heart rate.
Hyperthyroidism can exacerbate pre-existing heart disease and leads to
new cardiovascular abnormalities such as atrial fibrillation, pulmonary
hypertension and congestive heart failure. Hyperthyroidism leads to
diastolic dysfunction, especially in older individuals. This dysfunction
can be improved if euthyroidism later occurs (Yue et al., 2011). Atrial
fibrillation patients have irregular ventricular rhythm and don`t have P
waves. Atrial fibrillation is the most common arrhythmia in the
worldwide, with its frequency increasing with age. Hyperthyroidism is
one of the proven causes of atrial fibrillation (Bennett, 2013; Reddy,
Taha, Kundumadam, & Khan, 2017). Thyroid disease is found in
approximately 1% of individuals with hypertension. Hyperthyroidism can
cause increased cardiac output, increased systolic blood pressure and
increased levels of angiotensin, renin and aldosterone (Rivas, Pena,
Kopel, Dennis, & Nugent, 2021). In a study, patients with
hyperthyroidism were divided into two groups as hypertensive and nonhypertensive. Elabela level increased in both groups compared to control.
When these groups were compared within themselves, the level of elabela
increased more in the group with hypertension. Linear regression analysis
indicated that serum elabela levels were linked with systolic blood
pressure. As a result, it was stated that the increase in serum elabela
levels may result in alleviating the cardiovascular complications of
hypertension and hyperthyroidism (Buyuksimsek et al., 2020).
6.

Fetal Hyperthyroidism

Causes of hyperthyroidism in pregnancy are Graves’ disease, familial
gestational hyperthyroidism, gestational transient thyrotoxicosis, TSHproducing pituitary adenoma, trophoblastic disease (human chorionic
gonadotropin induced), multinodular toxic goitre, genomic activating
TSH-receptor mutation, solitary toxic thyroid adenoma, subacute
thyroiditis (viral derived), acute thyroiditis (bacterial derived), painless
thyroiditis (autoimmunity), functional thyroid cancer metastases,
factitious intake of thyroid hormone (Cooper & Laurberg, 2013).
With regard to human chorionic gonadotropin, hyperthyroidism
develops as follows: The beta subunit of Human chorionic gonadotropin
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shares structural homology with TSH. Therefore, Human chorionic
gonadotropin may weakly induce the TSH receptor, increase thyroid
hormone production and contribute to the lower TSH level found at the
end of the first trimester. In this condition, which is expressed as
hyperemesis gravidarum, blocked TSH and increased free T4 can be
seen. When the births of individuals with hyperthyroidism were
investigated retrospectively, intrauterine growth restriction, ablatio
placentae, preterm birth, stillbirth and low birth weight could be seen.
Heart failure and severe preeclampsia were also observed. Thyrotropin
(TSH) receptor antibodies (TRAb) should be measured in suspected cases
of GD to establish the diagnosis (Kobaly & Mandel, 2019).
Drugs used in the treatment of hyperthyroidism are generally
propylthiouracil (PTU), thionamides, carbimazole (CBZ) and
methimazole. PTU is currently preferred for use in pregnancy as it has
less teratogenic effect (scalp lesion) than methimazole. However, since
liver damage is seen in people taking PTU, it is recommended that
pregnant women with hyperthyroidism be treated with PTU during the
first trimester and then take methimazole (Earl, Crowther, & Middleton,
2013). Hyperthyroidism (generally because of GD) diagnosed in early
pregnancy should be treated with PTU for the first trimester before
switching to methimazole/CBZ. By using this strategy, the risk of
organogenesis in the first trimester will be avoided and the possibility of
hepatic failure due to PTU exposure will be minimized (Lazarus, 2014).
Women with untreated thyrotoxicosis had a lower gestational age
compared with women who were treated and became euthyroid.
Similarly, mean birth weight was lower in the untreated thyrotoxic group
compared to treated euthyroid women. Improved maternal and fetal
outcomes were associated with diagnosis and treatment of pre-pregnancy
thyrotoxicosis (Stagnaro-Green, 2011).
7.

Neonatal Hyperthyroidism

There are two causes of neonatal thyroid disorders: 1) “Autoimmune
hyperthyroidism (neonatal GD): Transplacental passage of TRAb from
mother to fetus “Transient (generally resolves in 4–5 months after TRAb
clearance)” 2) Nonautoimmune hyperthyroidism: Activating mutation in
the TSH receptor (autosomal dominant), Activating mutation in GNAS
(McCune-Albright syndrome) “Permanent (persists after the neonatal
period)” (Samuels, Namoc, & Bauer, 2018).
Features of hyperthyroidism in the newborn include diarrhea,
hyperkinesia, poor weight gain, ophthalmopathy, vomiting, arrhythmias,
and heart failure, systemic and pulmonary hypertension, jaundice,
hepatosplenomegaly, thrombocytopenia, hyperviscosity syndrome and
craniosynostosis. Hyperthyroid neonates may be treated with adrenergic
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receptor blocking agents/antithyroid drugs, iodine or iodinated contrast
agents and occasionally digoxin and glucocorticoids (Zimmerman, 1999).
Neonatal hyperthyroidism is thought to occur as a result of 7S gamma
globulin, known as a long-acting thyroid stimulant, crossing the placenta.
It has been determined that the child born with neonetal hyperthyroidism
also develops breast hypertrophy (ØRbeck, 1973). Neonatal
hyperthyroidism markedly increased cardiac enlargement but not skeletal
muscle (MOUSSAVI, 1990). Neonatal hyperthyroidism may occur in 15% of infants of mothers with GD while neonatal hyperthyroidism may
occur in 1 out of 25,000-50,000 newborns, regardless of gender.
Hypothyroidism derived from transplacental transmission of TSHreceptor-binding antibodies is even less common and can occur in 1 in
180,000 newborns (García García, Porras Cantarero, Fernández López,
Domínguez Gutiérrez de Ceballos, & Domínguez Pascual, 2013).
8.

Causes of Hyperthyroidism

Graves' disease: Graves' disease is caused by autoantibodies
stimulating thyroid stimulating hormone receptors. The disease can occur
at any age in childhood, but its frequency increases with age, peaking in
adolescence. Antithyroid drug therapy with methimazole (or
carbimazole) is recommended for initial treatment, but recurrence rates
are high. In cases of relapse or antithyroid drug toxicity, alternative
treatments such as thyroidectomy or radioactive iodine may be
considered. While the incidence of Graves' disease is 0.1 per 100,000 in
children, this rate is 3 per 100,000 in adolescents. The frequency of the
disease differs between countries, depending on iodine intake. The
incidence in the United Kingdom and Ireland is 1/100,000 per year (for
children aged 0-15). The incidence in Hong Kong was determined as
14/100,000 in a year (Leger, Kaguelidou, Alberti, & Carel, 2014).
Graves' disease is characterized by the presence of circulating antibodies
to TSH-R (TSAb), ophthalmopathy, and peritibial myxedema. T helper 1
answer is also common (Antonelli et al., 2020). Here, antibodies are
produced from B lymphocyte-derived plasma cells. The characteristic
feature is a blocked TSH level and elevated thyroid hormones
concentrations (T4 and T3) (Cheetham & Boal, 2019).
Toxic adenoma and Toxic Multinodular Goiter: Here, the nodes
are a benign thyroid tumor. Thyrocytes inside tumors produce thyroid
hormones (T4 and T3) without the need for TSH stimulation. This results
in thyrokiscosis (Krohn, Führer, & Paschke, 2004). The recommended
treatment is iodine-131 (P. R. Schroeder & Ladenson, 2009). Toxic
multinodular patients can have obstructive symptoms such as dyspnea
(Alaguvelsamy, Pal Singh, Ramalingam, & Kombupalayam Komarappa
Gounder, 2020).
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Subacute thyroiditis: Known as De Quervain's, it acts in a limited
area and is an inflammatory thyroid disorder. This disease manifests itself
with fever, neck pain and damage to the follicular epithelium. Many
viruses such as adenovirus, influenza and Coxsackie virus have been
found to cause it (Soltanpoor & Norouzi, 2021). It is also thought that this
may be caused by SARS-CoV-2 infection (Semikov et al., 2021).
Iodine-Induced Hyperthyroidism: Exposure to large amounts of
iodine can sometimes lead to thyroid dysfunction. Here, the source of
iodine can be diets, some medications and antiseptic solutions (BurchésFeliciano, Argente-Pla, García-Malpartida, Rubio-Almanza, & MerinoTorres, 2015).
Amiodarone-induced thyrotoxicosis: Amiodarone is a drug used in
patients with heart failure. Since this drug has a toxic effect on thyrocytes
and contains excessive amounts of iodine, it causes thyroid dysfunction.
This effect varies depending on the dose and duration (Maqdasy et al.,
2019).
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1. Introduction
Restoration of lost tooth tissues with esthetic, biocompatible materials
resistant to chewing forces has been one of the most important working
areas of dentistry for many years. With the increase in technological
developments and aesthetic requirements, alternative materials have been
developed to metal-based crowns, which are the most used restoration type
in dentistry.
One of the most important issues for patients and physicians in dental
treatments is aesthetics. All-ceramic restorations provide dentists with the
opportunity to produce more aesthetic restorations compared to metalsupported ceramic restorations, since the light transmittance is closer to the
natural tooth. Yttria -stabilized zirconium combines the fracture resistance
of metal-supported ceramic restorations with the aesthetic advantages of
all-ceramic restorations, and is a good alternative to metal-supported
ceramic restorations thanks to its high mechanical strength and
biocompatibility. When zirconium is used as the infrastructure material in
the conventional method, it should be covered with porcelain for a more
aesthetic effect due to its high opacity, but long-term studies (1) show that
veneer porcelain is separated from the zirconium infrastructure over time.
Extra porcelain veneer to prevent this situation Monolithic zirconia
restorations produced from a single piece are produced with CAD-Cam
systems that do not require stratification. (1)
Monolithic zirconia restorations are partially stabilized with yttrium.
This is the material; It provides high bending resistance. Their high
resistance to fractures provides the advantage of use even in cases where
the interocclusal distance is insufficient. Their ability to show sufficient
resistance and strength even at an occlusal thickness of 0.5 mm allows their
use in posterior restorations. (2)
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2. General Properties of Zirconia
Atomic number of zirconium is 40 and its symbol is ' Zr ' . It is located
in group 4b of the 5th period of the periodic table and is a transition metal
element. It is resistant to high temperatures, wear and corrosion. The purity
of zirconium metal improves its mechanical properties. Since it is a
reactive metal, it forms an oxide layer on its surface when it comes into
contact with air or solution. The oxide layer formed makes zirconium
resistant to corrosion. In 1969, it was first used for medical purposes as a
new material for hip replacement in place of titanium or alumina
prostheses. It has been used in dentistry since the early 1990s. (2)
2.1. Microstructure of Zirconia
Unstable zirconium dioxide zirconia crystals are in three different
crystal microstructures as monoclinic (m), tetragonal (t) and cubic (c). Pure
zirconia is in the monoclinic phase at room temperature and is stable up to
1170°C. Tetragonal phase between 1170 C°-2370 C°; the cubic phase is
observed at temperatures above 2370 °C. (3)
When zirconium dioxide is heated, there is a 5% volumetric decrease
when passing from the monoclinic phase to the tetragonal phase, and a 34% volumetric increase when cooled. Meanwhile, tetragonal monoclinic
phase transformation (t→m) takes place. This transformation occurs
around 950 °C during cooling. As a result of this increase in volume,
compressive stresses occur at the ends of the cracks existing in the
structure. These compressive stresses prevent the propagation of cracks in
the material and increase the resistance of the material. Although the
durability increases as a result of the compressive stresses that occur with
this transformation, the t→m phase transformation should be controlled.
Otherwise, the increase in volume may cause severe fractures within the
restoration. For this reason, zirconia should be kept in the tetragonal phase
at room temperature. (4)
2.2. Mechanical Properties of Zirconia
Zirconia is about 210 MPa. The Vickers hardness was determined to be
approximately 2-3 times that of other dental alloys (1000-1300 VHN). It
has been reported that the flexural strength of zirconia is 800-1500 MPa on
average, and its fracture toughness is in the range of 6.3 - 11.5 MPa.m 1/2.
These values are approximately twice that of alumina based ceramics and
3 times of lithium disilicate based ceramics. (5)
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There are 2 factors that make the zirconia material durable. These
factors are; thermal expansion coefficient difference and internal stress
formation. (6)
Thermal expansion coefficient difference: There is a thermal
expansion coefficient difference between the cubic phase (10.5-6/°C) and
the tetragonal phase (6.5-6/°C) in the zirconia structure. This difference
creates internal pressure by creating micro-cracks in the structure during
temperature changes. This resulting internal pressure allows the energy to
dissipate through larger cracks that may develop in the structure. (6)
Internal stress formation: When using a zirconia -based restoration in
the oral cavity; The cubic phase in the structure begins to stretch under
pressure and the tetragonal phase, which is regularly distributed in the
structure, begins to transform into the monoclinic phase, which is larger in
volume. During this change, the compressive force in the cubic matrix
creates internal tension as the volume in the particles increases by about
4%. These internal stress areas create pressure on the cracks in the
structure, preventing their propagation and improving the mechanical
properties of zirconia. (6)
2.3. Factors Affecting Mechanical Properties of Zirconia
There are various factors affecting the mechanical properties of
zirconia. The increase in particle size results in increased tetragonal
monoclinic phase transformation and low heat degradation. The particle
size must be reduced to avoid low heat degradation. Finer powder particles
and lower sintering temperatures result in smaller particles. However,
keeping the sintering temperature too low may cause the zirconia density
to be low and contain porosities. For this reason, the sintering process
should be done properly (7, 8).
Another factor affecting the low heat degradation of zirconia is the
amount of stabilizer. Yttrium is the most preferred element to stabilize
zirconia in the tetragonal phase. If the yttrium content is increased, the
tetragonal phase stabilization of the zirconia increases, but the
transformation toughness property is lost. Studies have shown that the
aesthetic properties of zirconia stabilized in tetragonal phase with five
moles of yttrium have improved and the material has gained flexural
strength in the range of 500-750 MPa. (2,7)
Zirconia should be at least 6 g/cm3. Density is 5.68 g/cm3 in the
monoclinic phase and 6.1 g/cm3 in the tetragonal phase. Under- density of
the material increases the porosity, accelerates the water penetration and
thus causes low heat decomposition. The most important stages in
adjusting the density of the material are the pressing and sintering stages,
so it is necessary to be careful at these stages. (7)
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Studies show that prolonged exposure to stimuli such as humidity and
temperature will cause saturation of the tm phase transformation on the
ceramic surface and then begin to spread on the inner surface of the
material. This situation reveals harmful results such as
separation/retraction of grains, formation of micro cracks, increase in
roughness, decrease in strength, decrease in fracture toughness and density.
(3,9)
Sintering conditions have a strong influence on both stability and
mechanical properties in the final restoration. Higher sintering
temperatures and longer sintering times can result in larger grain sizes. 3YTZP, currently available for soft machining of dental restorations, can be
sintered at temperatures between 1350 °C and 1550 °C, depending on the
manufacturer. (9)
Juntavee et al. (10) investigated the effects of sintering on the flexural
strength of translucent zirconia restorations as a result of this study; It was
concluded that sintering of monolithic zirconia at high sintering
temperature and long sintering time provides higher flexural strength than
sintering at low temperature and short sintering time.
2.4. Biological Properties of Zirconia
The primary property sought in dental materials used in dentistry is
biocompatibility. Studies have shown that zirconia does not contain
radioactive components, is osteoconductive, and has less bacterial
colonization on Y-TZP compared to titanium. (11) No changes are
observed in the soft and hard tissues surrounding zirconia -containing
restorations. For this reason, zirconia can be preferred as implant and
abutment material. Zirconia is not cytotoxic, carcinogenic or mutagenic. In
in vitro tests; showed lower toxic effects than titanium and similar to
alumina. (6,11)
Different results were observed among clinical studies investigating the
abrasive properties of restorations made using monolithic zirconia. Studies
have shown that it can cause less, more or the same wear on opposing
natural teeth compared to conventional zirconia systems. (11) The surface
irregularities present in the restoration cause wear on the natural teeth
and/or restorations in the opposing arch. For this reason, surface roughness
is minimized as a result of applying glaze to the restoration surfaces.(12)
Lohbauer et al. (13) investigated the vertical loss over a two-year period in
molar and premolar teeth restored with monolithic zirconium . As a result
of their study, they found an average of 200 µm wear on the antagonist
teeth to be acceptable. Stober et al. (14) evaluated the enamel wear caused
by monolithic zirconia ceramics on antagonist teeth under clinical
conditions. Twenty patients with opposing teeth requiring restoration of
their molars and two contralateral antagonistic teeth were included in the

29

study. Subjects with clinical signs and/or symptoms of bruxism were
excluded. Antagonist tooth wear was evaluated with initial plaster models
and six months later with three-dimensional (3D) laser scanning methods.
They concluded that monolithic zirconium ceramics cause more wear on
the enamel of the opposing tooth than natural teeth. Batson et al. (15)
evaluated the success of single-tooth restorations produced with
CAD/CAM in terms of contour, marginal adaptation, occlusion and
reflectance of underlying tooth color, marginal adaptation and gingival
alignment. It was compared with 10 monolithic zirconia, 12 metalsupported ceramic and 10 lithium disilicate restorations. The relationship
between crown types and marginal adaptation, opacity or crown contour of
crowns was not statistically significant. Gingival response did not differ
between crown systems. Zirconium crowns also showed little marginal
inconsistency compared to other restorations. It has been stated that eighty
percent of zirconium crowns do not require an occlusal adjustment.
2.5. Optical Properties and Coloring of Monolithic Zirconia
Vary according to the opacity of the material, its thickness, production
methods and the cement properties used. A traditional monolithic 3Y-TZP
restoration is more opaque than natural teeth. In order to increase the
translucency, methods such as decreasing the Al2O3 ratio in the structure
and increasing the sintering degree were applied. In general, the higher the
yttrium oxide content and the sintering temperature, the higher the cubic
content and translucency. However, this also causes a decrease in material
strength and durability. While the incisal area shows the highest
translucency values in natural teeth, chroma and opacity increase towards
the gingival region. The multi-layered zirconia design aims to mimic this
color transition observed in natural teeth. The first multi-layer monolithic
zirconia to be released; It belongs to Katana (Kuraray Noritake, Japan),
which consists of 3 different grades: Multi Layered Zirconia (ML), Super
Translucent Multi Layered zirconia (STML), Ultra Translucent Multi
Layered zirconia (UTML). (16)
Translucency of the material allows to imitate a more natural tooth
appearance, it also creates the problem that the color of the cement to be
used changes the color tone of the final product. Matsuzaki et al. (17) in a
study they carried out using monolithic zirconia in different colors; They
concluded that monolithic zirconia showed higher translucency than
conventional opaque zirconia and although it did not contain veneer
porcelain, it gave similar color values to porcelain. According to the results
obtained from this study, translucent zirconia is similar to conventional
zirconia in terms of durability. Another study by Malkondu et al; (18) They
stated that the effect of the cement color used on the final color tone in the
thinner cervical region was greater than the effect on the final shade of the
thicker body region. Harada et al. (19) reported that restoration thickness
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has a critical effect on optical properties. Considering the aesthetic bases,
they stated that the minimum restoration thickness required to obtain a
natural tooth appearance is 0.5 mm. According to another study by
Tabatian et al. (20) they concluded that a minimum thickness of 0.9 mm is
needed for high translucent monolithic zirconia ceramics to accurately
capture the desired color tone.
2.6. Clinical Use of Monolithic Zirconia
Zirconia began to be used in dentistry in the early 1990s. Especially the
development of CAD/CAM technology has played an important role in the
spread of zirconia in dentistry. Zirconia in dentistry; oral implant material,
implant abutments, endodontic posts, orthodontic brackets and fixed
restoration treatments; It can be used in the construction of crown and
bridge restorations. (21)
Konstantinidis et al.; (22) Single-member monolithic zirconia crowns
were followed for 1 year on 65 patients. According to the results obtained,
a success rate of 98.9 % was found. No cracks or deterioration in structural
integrity were observed in any of the restorations, and only 2 samples
showed discoloration in the marginal region. The aesthetic and functional
feedback of the patients is positive. According to another study conducted
by Solaruiz et al. (23) in 2021, a 5-year clinical follow-up of 50 member
restorations was performed. According to the results obtained, a success
rate of 98% was found. While all restorations retain their mechanical
integrity, only 6 members are separated from the tooth due to restoration
bond weakness.
Gunge et al.; (24) 148 membership restoration follow-up was
performed on 101 patients. According to the data obtained, only 6 members
failed in the restoration and the clinical success rate was determined as
93.5% .
In an 18-month follow-up study, Chang et al. (25) stated that zirconia
cylinders can be exposed to extreme stress when they are manufactured
with occlusal screws. Inlay restorations made with monolithic zirconia
have been proposed as a clinical alternative to traditional veneer crowns
and implant-supported crowns. The clinical reports obtained in this study
show that monolithic zirconias have a long-term survival expectancy if
treatment planning and case selection is done appropriately.
2.7. Monolithic
Restorations

Tooth

Preparation

in

Zirconia

Ceramic

For the long-term success of monolithic zirconia ceramic restorations,
there are issues to be considered in tooth preparations. For ideal tooth
preparation, a preparation with a thickness of at least 0.5 mm and a chamfer
or shoulder step should be used. Although both step types selected
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according to the studies are clinically acceptable, it is stated that the use of
shoulder type margin allows us to obtain a more durable restoration. (26)
Of the preparation performing supragingival; It is recommended for
digital measurement clarity and full restoration design. Axial tooth cut 0.5
mm-1 mm, axial wall height at least 3-4 mm, marginal preparation 0.5-0.7
mm, occlusal cut 0.5-1.5 mm, taper angle 4-8° and cement spacing is
recommended as 70 µm. The connector area in posterior bridge
restorations should be 9 mm2 for monolithic zirconia ceramics. In zirconia
ceramic restorations that are non -silica oxide ceramics, creating a large
surface area during tooth preparation and providing a preparation form that
will provide retention and resistance will increase the retention in the final
restoration. (27)
2.8. Polishing of Monolithic Zirconia
With the developments in computer-aided design and computer-aided
manufacturing (CAD/CAM) technology, the production of monolithic
zirconia restorations has been made more precise. However, occlusal
adjustment procedures cannot be neglected. Exposure of ceramic
restorations to adjustment processes in the final rehearsal in the clinic may
result in the formation of rough surfaces. The use of a material such as
zirconium, which can be hard and abrasive when not exposed to
appropriate finishing processes, has raised concerns that the use of
monolithic restorations may cause excessive enamel wear on opposing
teeth. Therefore, after the adjustment processes, polishing should be done
to make the surface of the material smooth. (28) Polishing ceramics in a
clinical setting is quick and easy for clinicians, while eliminating repetitive
laboratory steps. In the chewing simulator study, the increase in surface
roughness caused wear of the opposing teeth. In the polishing of
restorations obtained with zirconia, satisfactory results cannot be obtained
by using traditional polishing systems, therefore, the polishing systems of
monolithic zirconia restorations should include systems with harder
particles such as diamond. (28,29)
Mundhe et al. (12) investigated the erosion of the enamel of antagonist
molars and premolars by zirconia and metal-ceramic restorations. As a
result of their study, they found that polished monolithic zirconia crowns
erode antagonist enamel less than metal ceramic crowns but more than
natural enamel. Another result from this study was that regardless of
material or natural enamel, wear was significantly higher for molars
compared to premolar crowns.
Similarly, Esquivel-Upshaw et al. (30), in a randomized controlled
study with a one-year observation period; It was stated that the damage of
polished monolithic zirconium to the opposing enamel did not make a
significant difference with metal-supported ceramic restorations.
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2.9. Cementation of Zirconia Restorations
The success of the connections between the ceramic structures and the
teeth directly affects the success of the restoration. Cementation of
monolithic zirconia crowns and bridges can be done using conventional
cements or resin cements according to the physician's preference. Resin
cements, which are preferred for full ceramics containing dense vitreous
phase, may not be the primary choice for zirconia restorations. The reason
why resin cements are not the ideal choice is that acidification of the inner
surface with hydrofluoric acid before bonding has no effect on the surface
roughness in these systems. Because pickling affects the glassy phase in
the ceramic. However, there is no glass phase in zirconium and aluminabased ceramics. However, resin cements can be used because of their better
marginal compatibility and their ability to increase the fracture resistance
of the restoration to which they are attached. In these cases, the
recommended method to increase the surface resistance of Zirconia is
sandblasting, but this method is not as effective as metal-supported
restorations. (31)
Especially in the bonding of all-ceramic restorations applied in the
anterior region, the issue of opacity comes to the fore. It should be taken
into account that traditional cements are opaque, which adversely affect
the optical properties of the restoration. Since one of the main reasons for
the construction of all-ceramic restorations is optimum aesthetics and the
closest look to nature, it is recommended to use composite resin-based
luting cements that allow natural light to pass through. (31)
Lüthy et al. (32), the bond strength of composite cements containing
glass ionomer and Bis -GMA; It is lower than the bond strength of resin
cements used with sandblasting and phosphate monomer.
3. Conclusion
Monolithic zirconia ceramic restorations are increasingly used in
prosthetic dental treatment due to their advantages as today's state-of-theart materials. It has advantages such as high bending resistance,
adaptability to natural tooth color, less wear on antagonist teeth and
minimum tooth preparation.
İts superior physical and aesthetic properties, biocompatibility, optimal
inner and outer edge compatibility, zirconia substructure and monolithic
zirconia restorations, it takes place in existing ceramic systems and as the
technology develops, the defects in the intermediate stages are eliminated.
Monolithic zirconia is a material with a wide range of potential clinical
applications with its advantages such as biocompatibility, non-porous
structure, no wear on antagonist teeth and no porcelain cracking problem
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encountered in zirconia -based porcelain restorations. Monolithic zirconia
needs to be investigated with more extensive in vitro and in vivo studies.
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1. Introduction
Enamel tissue is different from the other mineralized tissues of human
beings. It’s almost completely mineralized and the hardest tissue in the
human body (Cao, May Lei Mei, & Quan-li Li, 2015). Mature enamel is a
crystalline structure containing up to 96% by weight of hydroxyapatite
(HAP, Ca10(PO4)6(OH)2). The remainder of the enamel consists of
approximately 3% water and 1% organic materials, including proteins and
lipids (Cao et al., 2015; Xiaoke Li, Jinfang Wanga, Andrew Joinerb, 2014).
The crystals in enamel tissue are nanorod-like crystals of hydroxyapatite,
ranging in size from the nanoscale to the microscale. Prisms, with their
highly organized microstructure, and enamel tissue has a unique strength
and wear resistance (Cao et al., 2015).
After organic matrix synthesis and calcification in enamel tissue, the
ameloblasts disappear, as a result, the enamel is not viable and does not
have the potential to repair itself, therefore the outer layer of the tooth is
susceptible to wear and dental caries. The enamel tissue has to deal with
erosion, abrasion, attrition, various physical forces, and acidic changes
resulting due to plaque and saliva throughout its life in the mouth (Cao et
al., 2015). Enamel tissue is in close contact with salivary and plaque fluids,
and HAP crystals are in dynamic equilibrium with these contiguous
aqueous phases.
Demineralization amount depends on the pH and the calcium and
phosphate ion concentrations. Demineralization of HAP begins at pH<5.5
due to acids secreted by bacteria as a product of their carbohydrate
metabolism, or due to acidic foods. Demineralization of dental tissues must
be identified and prevented before they can be restored (Xiaoke Li, Jinfang
Wanga, Andrew Joinerb, 2014).
Recently, improvement was obtained in the diagnosis and treatment of
initial caries lesions, the philosophy of caries treatment in dentistry has
changed, and restoration-based approaches have left their place to
preventive applications (Kalender Berçem, 2017).
For many years, it was thought that only restorative treatment of dental
caries was possible, which led to the limitation of the diagnosis of noncavitated lesions. With the early diagnosis of dental caries, it is possible to

38

reverse the destruction before cavitation occurs and to provide
remineralization of demineralized areas. Recently, in the treatment of
dental caries, prevention, protection, and improvement is targeted and
diagnosis is made with this approach (Uysal Sevil, 2018).
Treatment of initial caries lesions based on making remineralization
more effective versus demineralization. This can be achieved with diet and
minimizing plaque formation with oral hygiene control, reducing the acidforming capacity of the biofilm layer in the plaque, preventing mineral loss
from enamel, and remineralization with fluoride support (Kalender
Berçem, 2017). A great number of remineralizing strategies such as
increasing mineral saturation, antiseptic materials, biomimetic materials,
electric-field-induced remineralization, bio-film modifiers, and natural
products have been developed and used to restore early enamel lesions and
prevent enamel demineralization. In recent years, minimally invasive
approaches aiming to preserve healthy dental tissues as much as possible
have gained great importance in dentistry practices (Uysal Sevil, 2018).
The purpose of protective applications is to prevent demineralization
before it occurs or to restore the hard tissues of the teeth to their former
health by remineralizing the demineralized areas without cavitation (Uysal
Sevil, 2018). Many new alternative materials are being researched to
prevent and remineralize dental caries. Although successful results have
been obtained with the use of these agents, there are limitations such as
possible toxic effects and might be unsafe to use for all age groups
(Kırzıoğlu & Özkul Önol, 2014).
2. Structure of initial caries lesions
Initial caries is the earliest stage of dental caries formation and it is
possible to stop its progression and treat carious lesions at this stage. Initial
carious lesions are limited to the enamel and are also called “smooth
surface caries” or “white spot lesions” (Uzer Çelik Esra, Yazkan Başak,
2011).
Initial caries lesions consist of four layers from the outside to the pulp
tissue. The superficial layer is the hardest, and most difficult to dissolve
the layer of enamel caries. More porous than healthy enamel is in the
structure. Pores are larger than normal enamel pores. This layer is
permeable to ion diffusion. Thus, it becomes hyper mineralized by
remineralization from the outside and accumulation of structures destroyed
from deeper caries layers in this layer.
The body of the lesion forms the largest part of the enamel caries. It
contains 24% fewer minerals by volume than healthy enamel and this
region is quite porous. The large pores on the body of the lesion become
micro pores in the dark layer. These micropores are formed by the
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accumulation of substances in large pores, i.e. remineralization. The
transparent layer separates the carious enamel tissue from the normal
healthy enamel. The lines of Retzius and the transverse lines of the prisms
are completely absent or greatly reduced. The transparent layer is ten times
more porous than normal enamel. Both large pores and micro pores were
detected (Uzer Çelik Esra, Yazkan Başak, 2011).
These lesions are frequently observed in the cervical region. It can also
occur in areas more prone to caries, such as pits and fissures, and on the
flat surfaces of the teeth.
Although the superficial structure of the lesion is more porous than
healthy enamel, a solid, intact surface is obtained when the explorer is
moved over the lesion. The presence of soft enamel tissue on examination
with the explorer indicates that caries has progressed to the dentin.
The differential diagnosis of initial carious lesions and hypo calcified
enamel defects should be made meticulously. Drying of the lesion with an
air syringe, and visual and probe examination are important. Initial caries
lesions appear translucent when the surface is moist, but appear opaque
white when dried with an air syringe. Hypo calcified defects are opaque
white even when the surface is moist. Although the surface of both lesions
is free of cavitation, the surface of the initial caries lesions is softer and
more porous (Uysal Sevil, 2018).
While dental plaque deposition is observed on surfaces with initial
carious lesions, dental plaque deposition is not observed on surfaces with
hypo calcified defects (Al-Khateeb, Exterkate, Angmar-Månsson, & Ten
Cate, 2000).
Visual and probing examination, caries detection dyes, ultrasonic
systems, and laser fluorescence can be used in the clinical diagnosis of
initial caries lesions (Al-Khateeb, Exterkate, Angmar-Månsson, & Ten
Cate, 2009).
3. Treatment of initial caries lesions
3.1 Remineralization of initial carious lesions
Treatment of initial caries lesions is based on making remineralization
more effective than demineralization. This can be achieved by minimizing
plaque formation through diet and oral hygiene control, reducing the acidforming capacity of the biofilm layer in the plaque, preventing mineral loss
from enamel with fluorides, and promoting remineralization (Al-Khateeb
et al., 2000).
New strategies are being developed to determine the most effective and
appropriate preventive programs and treatment modalities. Recently,
important progress has been made in the diagnosis and treatment of caries
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lesions at the initial stage, the philosophy of caries treatment in dentistry
has changed, and restoration and extraction-based approaches have left
their place to preventive applications (Kalender Berçem, 2017).
Initial caries lesions also called “white spot lesions”, are essentially an
enamel demineralization defect characterized by subsurface damage under
a relatively intact enamel surface layer. The enamel demineralization
defect shows less mineral distribution when compared to the adjacent
intact enamel tissue (Kalender Berçem, 2017).
Today, in individuals at risk of caries, a minimally invasive treatment
approach is based on primarily stopping the infection, then ensuring the
remineralization of the demineralized enamel tissue that has not yet
cavitated, and the periodic control of these lesions (Murdoch-Kinch &
McLean, 2003).
Remineralization means that the minerals lost from the tooth surface
are deposited back onto the tooth surface. This remineralization process
refers to the ability of demineralized apatite surfaces to return to their
original condition as a result of contact with highly saturated solutions
(Fejerskov, Nyvad, & Kidd, 2015; Hicks, Garcia-Godoy, & Flaitz, 2004).
The new structures formed during this remineralization process are larger
than the old ones (Rao & Malhotra, 2011).
It has been stated in the studies that it is important that ideal
remineralization agents can form a tissue skeleton resembling enamel
matrix proteins and enamel crystals and store minerals on this skeleton (J.
Kirkham et al., 2007; Jennifer Kirkham et al., 2002).
3.2 Changing and maintaining oral hygiene habits
While a biofilm layer continues to form on the tooth surface, the
demineralization-remineralization balance continues dynamically
(Kalender Berçem, 2017).
In the absence of regular mechanical removal of dental plaque, this
balance shifts towards demineralization resulting in the formation of initial
carious lesions. The development and progression of the caries lesion is a
condition that can be altered by the control of the metabolism of the
microbial mass. By modifying the dissolution kinetics of apatites, biofilm
formation and growth are affected and lesion formation is kept under
control (Kalender Berçem, 2017).
Tooth brushing and flossing are the most effective treatments that
patients can self-administer, and modify the dental plaque content and the
initial enamel caries formation process (Hicks, Garcia-Godoy, & Flaitz,
2003).
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The widely accepted method of plaque removal provides ideal intraoral
conditions, enabling the healing of damaged crystals by mineral storage
and remineralization (Hicks et al., 2004).
Oral hygiene improvement programs are provided in many countries,
mainly starting in schools for oral hygiene education and motivation. It is
known that the habit of daily brushing with toothpaste containing fluoride
reduces the risk of caries (Marthaler, 1990).
In many studies, it has been reported that the progression of active
enamel lesions can be stopped and treated with the improvement of oral
hygiene and the use of fluoride (Kerebel, Le Cabellec, Daculsi, & Kerebel,
1985).
The ideal remineralizing agent should have the following
properties:
1) Diffuses or releases calcium and phosphate into the sub-surface
2) Doesn’t release the excess calcium
3) Works at acidic pH
4) Doesn’t promote calculus formation
5) Works in patients with low salivary flow rate (xerostomia)
6) Increases the remineralizing properties of saliva (Arifa, Ephraim,
& Rajamani, 2019).
4. Mineralization agents
4.1 Materials increasing mineral saturation
4.1.1 Fluoride
Fluoride application is a frequently used method with proven
effectiveness in preventing the formation and progression of dental caries
and reducing the susceptibility of enamel to demineralization (Hutton,
Linscott, & Williams, 1951; Kalender Berçem, 2017).
The fluoride ion concentration in saliva and plaque exerts an anti-caries
effect on tooth enamel by reducing the solubility of the mineral structure,
inhibiting acid production by bacteria in plaque, and increasing
remineralization. While fluoride ion significantly increases the penetration
of Ca and PO4 ions into the lesion, it replaces with OH- ions and forms
fluorapatite. This new crystal form exhibits a more resistant structure
against acids (Hellwig & Lussi, 2001). In addition, fluoride provides a
protective effect on enamel by inhibiting the colonization and bacterial
metabolism of S.mutans, which causes demineralization of dental tissue
(Epstein, Chin, Jacobson, Rishiraj, & Le, 1998). Fluoride inhibits
demineralization formed as a result of reaction with apatite crystals as
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fluorapatite crystals, enamel is more resistant to acid attack than HAP
crystals.
Second, fluoride increases remineralization as it combines calcium and
phosphate ions to accelerate the growth of new fluorapatite crystals.
Third, it interferes with the production of phosphoenol pyruvate (PEP),
inhibiting the activity of acid-producing rot bacteria. It is an important
intermediate of the glycolytic pathway in bacteria.
Additionally
to
enhance
remineralization
and
decrease
demineralization F− is existed in oral mucosa, dental plaque, and hard
tissues of human teeth (Arifa et al., 2019).
For the fluoride ion to maintain the balance of remineralization and
demineralization, it must be in the right place, such as biofilm fluid or
saliva, at the right time when the biofilm is exposed to sugar or the biofilm
is cleared (Cury & Tenuta, 2008).
4.1.2 Silver ion
In the 1960s, it was started to be used with fluoride to support the
beneficial properties of silver ions. However, its feature of causing
discoloration on the teeth stands out as a factor limiting its use (Peng,
Botelho, & Matinlinna, 2012).
It has been reported that the use of a 38% solution of silver diamine
fluoride (SDF) once or twice a year prevents the formation of new caries
by preventing demineralization, stops the progression of existing active
caries lesions, minimizes mineral loss, and has a bactericidal effect on
cariogenic bacteria (May L. Mei, Li, Chu, Lo, & Samaranayake, 2013;
Rosenblatt, Stamford, & Niederman, 2009; Yee et al., 2009).
Unlike other fluoride products that prevent the formation of new caries,
SDF can effectively stop the caries process (M. L. Mei et al., 2017). SDF
has demonstrated its clinical success in stopping coronal caries of primary
teeth in children (C. H. Chu, Lo, & Lin, 2002), and permanent teeth in
young people (Chun Hung Chu, Lee, Zheng, Mei, & Chan, 2014), and root
caries in the elderly (Tan, Lo, Dyson, Luo, & Corbet, 2010).
More Streptococcus Mutans growth was observed on the dentin
surfaces that were not treated with SDF compared to the surfaces treated
with SDF, and the growth of S. Mutans, S. Oralis, and Lactobacillus Casei
on the dental tissue decreased after the use of SDF. It has been shown that
SDF application reduces the lesion depth in demineralized tooth tissue and
reduces the progression rate of existing lesions. In another study calcium
ion concentration of remineralization solution was decreased which points
outs that SDF promotes calcium absorption and calcium concentration in
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demineralization solution was decreased which points outs SDF inhibits
the calcium dissolution from the enamel tissue (Zhao et al., 2018).
4.1.3 Calcium phosphate compounds
Calcium and phosphate ions are major components of the HA
(hydroxyapatite) crystals. These ions’ concentrations in saliva and dental
plaque play important role in demineralization-remineralization processes.
Optimum enamel remineralization can be achieved with a 1.6
calcium/phosphate ratio The Ca/P ratio in plaque fluid is almost 0.3, thus
calcium supplementation may increase enamel remineralization (Arifa et
al., 2019; X. Li, Wang, Joiner, & Chang, 2014).
Theoretically, enamel saturation is related to the concentration of
calcium and phosphate ions and a change in the calcium concentration has
a greater effect than a change in the phosphate concentration (Lynch,
2004).
Calcium is twenty times more potent than phosphate to prevent enamel
dissolution, which was approved by the former in vitro studies (X. Li et al.,
2014; Lynch & Ten Cate, 2005; Tanaka & Kadoma, 2000). Highconcentration solutions are not used as they are not stable. Lowconcentration calcium and phosphate solutions have not been developed
due to ineffectiveness at localizing significant concentrations of ions to
promote enamel remineralization. This has led to the development of new
and higher concentrations of calcium phosphate-base delivery systems
(Cochrane, Cai, Huq, Burrow, & Reynolds, 2010; E. C. Reynolds, Cai,
Shen, & Walker, 2003).
These systems are categorized as one of three types: crystalline,
stabilized amorphous and unstabilized amorphous formulations (Cochrane
et al., 2010).
4.1.3.1 Crystalline calcium phosphate remineralizing systems
Each crystalline type material has a different solubility. The problem
with applying the crystalline type material to promote the remineralization
of the enamel tissue is that it cannot provide remineralization due to the
poor solubility of the calcium and phosphate phases.
When contact with saliva calcium phosphate phases should be released
from the material and dissolved in the fluid so it can diffuse into the
subsurface enamel demineralization lesion (Cochrane et al., 2010).
Dissolution of the calcium phosphate phase in saliva requires that the
saliva is not sufficiently saturated with this crystalline phase. Crystalline
calcium phosphate phases are not dissolved at the normal saliva pH and
the localization of the calcium phosphate phases on the tooth surface is
suspicious (Larsen & Pearce, 2003).
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Brushite is added to dental products to remineralize subsurface enamel
lesions and it is the most soluble crystalline calcium phosphate phase, but
there was no in-vivo evidence of slowing caries progression and the
remineralize subsurface enamel lesions (Sullivan et al., 1997; Y. Zhang,
Din, & Miller, 1995).
Solid calcium sodium phosphosilicates which are referred to as
bioactive glasses are a variation of crystalline calcium phosphate use and
it is marketed under the name of Novamin and is asserted to release
calcium and phosphate ions to help the self–repair process of teeth
intraorally (E. C. Reynolds, 2008). It has been claimed by manufacturers
to be effective in enamel remineralization. There is no published study that
shows the anti-cariogenic activity of Novamin (E. C. Reynolds, 2008).
In the former studies use of mouth-rinse containing calcium-chloride
could increase the plaque calcium concentrations which leads to a decrease
in the porosity, and increased hardness of plaque-covered enamel in-situ
(E. I. F. Pearce, 1982; E. I. Pearce & Nelson, 1988). Further in-vitro studies
showed that greater remineralization of subsurface enamel lesions is
achieved by increasing the calcium concentration while maintaining the
fluoride concentration in the remineralization solution (Bretz et al., 2004).
4.1.3.2 Unstabilized amorphous calcium phosphate systems
Amorphous calcium phosphate (ACP)
Its working principle is based on unstabilized amorphous calcium
phosphate, in which the calcium and phosphate salts are applied separately
orally or in a product with a low water activity (Tung & Eichmiller, 2004).
ACP is marketed under the name of Enamelon.
As the salts mix with saliva, they dissolve, releasing calcium and
phosphate ions. Mixing calcium ions with phosphate ions to produce an
ion activity product that exceeds the solubility product for amorphous
calcium phosphate causes immediate precipitation of ACP or amorphous
calcium fluoride phosphate (ACFP) in the presence of fluoride ions.
When these salts are mixed with saliva they release calcium and
phosphate ions after it is dissolved. These ions produce activity and if there
are fluoride ions, amorphous calcium fluoride phosphate (ACFP), or if
there is no fluoride, amorphous calcium phosphate (ACP) precipitates
immediately. These phases (ACP, ACFP) can quickly transform into
hydroxyapatite or fluorhydroxyapatite since they are very unstable. When
fluoride-containing and ACFP-forming toothpaste were compared, it was
found that ACFP-forming paste was more successful in preventing root
caries progression than fluoride-containing toothpaste, and there was no
difference in terms of coronal caries (Papas et al., 2008). While some of
these published articles suggest that, Unstabilized ACP/ACFP technology
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may be effective in preventing caries progression, some authors have
expressed concerns about the unstable nature of the oral product with this
technology. Nevertheless, further clinical studies of unstabilized
ACP/ACFP technologies are required to demonstrate their efficacy in
preventing coronal caries (Cochrane et al., 2010).
4.1.3.3 Stabilized amorphous calcium phosphate systems
Proteins regulate the calcium and phosphate ions solubility in biological
systems. To provide stabilization of biological fluids containing a high
concentration of calcium and phosphate ions they also contain inhibitory
ions like proteins and pyrophosphate (Feagin, Koulourides, & Pigman,
1969). These stabilizing proteins include caseins in milk (Holt, 1992) and
statherin in saliva (Schlesinger & Hay, 1977). Based on casein
phosphopeptides a biomimetic remineralization system has been
developed which mimics the stabilizing properties of milk caseins and
salivary statherin.
Casein phosphopeptides (CPP) stabilize calcium and phosphate ions
with fluoride ions at the surface of teeth by attaching plaque and pellicle in
stabilized amorphous calcium phosphate technology (RecaldentTM (CPPACP), CASRN691364-49-5). CPP stabilize the calcium, phosphate, and
fluoride ions and they diffuse into enamel subsurface lesions and promote
remineralization in vivo (E. C. Reynolds, 2008).
Tricalcium phosphate
Tricalcium phosphate has two forms, alpha, and beta. The beta form has
less dissolution. It contributes to remineralization by increasing the low pH
ratio of dental plaque with the calcium and phosphates it contains (Savaş
& Küçükyılmaz, 2015).
β-TCP
When compared to fluoride alone, the combination of TCP with
fluoride provides greater enamel remineralization and constructs more
acid-resistant tissue (Arifa et al., 2019; X. Li et al., 2014). When used in
toothpaste, it forms a protective barrier around calcium and thus allows it
to coexist with fluoride ions. During tooth brushing, the barrier dissolves
and releases fluoride and calcium after saliva and TCP come into contact
(Arifa et al., 2019; Hemagaran & Neelakantan, 2014).
It was shown that it releases calcium ions and remineralizes initial
enamel lesions in-vitro. (Karlinsey, Mackey, Walker, & Frederick, 2010;
Karlinsey, MacKey, Walker, & Frederick, 2009; X. Li et al., 2014)
CPP-ACP
Although milk and dairy products are known to have caries-preventing
properties, this effect can be reduced when used naturally since they must
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be consumed in very large quantities for them to appear. For this reason,
researchers focused on studies aimed at using them in personal products by
separating the protective factors in milk to prevent caries (Aimutis, 2004).
As a result, it has been reported that casein phosphopeptide (CPP),
which is the protective factor in milk, is obtained as a result of the
degradation of casein with the trypsin enzyme using the selective
precipitation method (Eric C. Reynolds, Riley, & Adamson, 1994).
Casein is a phosphoprotein that makes up about 80% of milk protein.
The most important feature of casein is that it keeps Ca and PO 4 stable in
protein complexes. As a result of enzymatic reactions, Ca and PO 4 ions
turn into smaller peptides (casein phosphopeptide) and become highly
stable (Cross, Huq, Palamara, Perich, & Reynolds, 2005).
Casein phosphopeptide (CPP) contains the protein sequence of casein
(-Ser(P)-Ser(P)-Glu-Glu) (Iijima et al., 2004; Vogel, 2002). CPP can
stabilize calcium phosphate as the CPP-amorphous calcium phosphate
(ACP) complex (E. C. Reynolds et al., 1995; Eric C. Reynolds, 1998). In
liquids, ACP transforms into stable crystalline phases such as orthocalcium
phosphate or apatite products (Mathew & Takagi, 2001). CPP-ACP binds
to the tooth surface and bacteria in plaque. In this way, CPP-ACP stores
high concentrations of ACP in areas adjacent to the tooth surface. It
increases the calcium phosphate level in plaque by releasing free calcium
and phosphate ions in acidic conditions, thus providing supersaturation to
prevent enamel demineralization and increase remineralization (E. C.
Reynolds et al., 1995).
Casein phosphopeptide also can reduce the number of Streptococcus
Mutans by integrating into the pellicle (Farooq, Moheet, Imran, & Farooq,
2013).
4.2. Antiseptic materials
4.2.1 Chlorhexidine gluconate
Chlorhexidine gluconate is a cationic antimicrobial agent with broad
spectrum action. It is more effective against gram-positive microorganisms
than gram-negative microorganisms. By electrostatic forces, the positively
charged chlorhexidine molecule is attached to the microorganisms, oral
mucosa or phosphate, carboxyl or sulfate groups of the pellicle. It
decreases the metabolic activity of dental plaque by its antimicrobial effect
(Uzer Çelik Esra, Yazkan Başak, 2011; Walsh, Ünsal, Davis, & Yilmaz,
1995). Chlorhexidine disrupts the cell membrane and wall permeability of
many gram (-) and (+) bacteria. It reduces plaque formation by preventing
these plaque-forming bacteria from adhering to the tooth (Edgar & Geddes,
1990).
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Chlorhexidine gluconate mouthwash (0.12-0.2%) is applied as
toothpaste or varnish. Due to long-term use, side effects such as
deterioration in the sense of taste, erythema, urticaria, desquamation of the
oral mucosa, and staining of the teeth may be observed, so short-term
treatments are recommended. Correct application and effective and regular
use of this method is important for ensuring complete oral hygiene and
treatment of initial caries lesions (Kağan Keleş, 2010).
4.2.2 Chitosan
Chitosan is a polysaccharide prepared by de-N-acetylation of chitin.
Chitosan and chitin are commonly found in crustaceans, insects, fungi,
algae, and yeast. Chitosan and its derivatives have natural antibacterial and
antifungal properties (Cicciù, Fiorillo, & Cervino, 2019). Fujiwara et al.
investigated the effect of water-soluble chitosan on oral bacteria, especially
Streptococcus Mutans and Lactobacillus Brevis, and reported that watersoluble chitosan had antibacterial effects on Streptococcus Mutans, which
is related to caries (Fujiwara, Hayashi, & Ohara, 2004). As a result of their
in vitro study, Arnaud et al. reported that chitosan interferes with
demineralization by inhibiting the release of phosphorus, acts as a barrier
against acid attacks, and prevents demineralization by advancing up to the
enamel dentin junction area (Arnaud, De Barros Neto, & Diniz, 2010). In
recent studies, its use with regenerative biomaterials has been evaluated,
chitosan containing amelogenin-derived peptides can inhibit cariogenic
bacteria and promote remineralization of initial caries lesions, chitosan and
amorphous calcium phosphate nanocomplexes can provide
biomineralization in demineralized enamel by forming enamel crystal-like
crystals, It has been reported that it can imitate the template (Ren et al.,
2019; Xiao et al., 2017; X. Zhang et al., 2014).
4.3 Biomimetic remineralization of the enamel
The remineralization process refers to the ability of demineralized
apatite surfaces to return to their original condition as a result of contact
with highly saturated solutions. The new structures formed during this
remineralization process are larger than the old ones. It has been stated in
the studies that it is important that ideal remineralization agents should
have the ability to form a tissue similar to enamel matrix proteins and
enamel crystals and to store minerals in this structure (Berkay Kılıç, 2020).
Remineralization studies are mostly based on the epitaxial deposition
of calcium and phosphate ions over existing apatite crystals (Niu et al.,
2014). Biomimetic remineralization simulates the natural mineralization
process. Although enamel is a non-regenerative tissue, biomimetic
synthesis of enamel-like apatite structures under physiological conditions
is considered an alternative reparative pathway (Niu et al., 2014).
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The biomimetic approach to enamel remineralization has recently been
expanded with the use of self-assembled peptide scaffolds to promote the
remineralization of subsurface lesions (Cochrane et al., 2010; J. Kirkham
et al., 2007)
Concerning this concept, remineralization does not occur in locations
where seed crystallites are absent particularly in completely demineralized
dentin due to the unavailability of seed crystallites in those regions.
It is also intended to fill the demineralized dentin collagen by
biomimetic remineralization with liquid-like ACP nanoprecursor particles
stabilized by biomimetic analogs of non-collagenous proteins (Niu et al.,
2014).
With this crystallization concept, biomimetic analogs of noncollagenous proteins involved in mineralization are retained as
nanoparticles by calcium and phosphate ions.
These prenucleation clusters (≈1 nm in diameter) eventually aggregate
into larger (10–50 nm in diameter) liquid-like ACP nanoparticles. It then
penetrates the intrafibrillar water compartments of a collagen fibril and
undergoes self-assembly and crystallographic alignment to form a
metastable crystalline phase. These crystals eventually coalesce into single
apatite crystallites in the region between the collagen molecules (Usha &
Sathyanarayanan, 2009).
4.3.1 Nano-hydroxyapatite
Synthetic calcium hydroxyapatite [Ca₁₀(PO₄)₆ (OH)₂] is chemically and
biologically similar to the mineral component of human teeth and bone.
Hydroxyapatite, when used in orthopedics, dental and maxillofacial
surgery applications, is one of the few materials that can support bone
development and osseointegration without deterioration and dissolution,
that is, it can be classified as bioactive (Besinis, Van Noort, & Martin,
2012).
Although enamel has a complex structure, it is mainly composed of 2040 nm hydroxyapatite nanoparticles. Synthetic micro-hydroxyapatite
materials, which were first produced, are materials that have been involved
in remineralization studies because of their high biocompatibility and
chemical properties similar to tooth enamel. On the other hand, microhydroxyapatites have less solubility compared to other calcium phosphate
compounds. For this reason, nano-hydroxyapatite has been developed to
increase the rate of Ca and P ions released by increasing the solubility of
hydroxyapatite, and remineralization studies have intensified in this
direction (Selçuk Savaş, 2014).
Hydroxyapatite showed a crystal structure similar to the human tooth.
After researchers understood its effects on dentin sensitivity, treatment of
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initial caries lesions and whitening of HAP was started to add to the
structure of toothpaste (Huang, Gao, Cheng, & Yu, 2011; L. Li et al., 2008;
Yuan et al., 2012).
Recently, it has been reported that the addition of nano-hydroxyapatite
to toothpaste, mouthwashes, and similar agents has a remineralization
potential in initial caries lesions (Yamagishi et al., 2005). The effect of
nano-hydroxyapatite on remineralization is achieved by acting as a
calcium-phosphate reservoir. In this way, supersaturation is provided, and
therefore demineralization decreases and remineralization increases
(Huang et al., 2011)
4.3.2 Amelogenin
The amelogenin protein plays a critical role in the arrangement of
hydroxyapatite crystals during the mineralization of enamel tissue. When
the enamel tissue matures, the proteins are no longer found and therefore
the enamel tissue cannot regenerate (Ruan & Moradian-Oldak, 2015). The
complex enamel structure can be reconstructed using synthetic amelogenin
systems. It has been determined that recombinant porcine amelogenin
protein (rP172) supports the growth of enamel crystals, stabilizes calcium
phosphate clusters, and improves elastic modulus and hardness.
A low-cost and safer alternative to amelogenin, the 56 amino acid
leucine-rich amelogenin peptide has been shown to reduce lesion depth and
promote linear growth of mature enamel crystals along the c-axis, enabling
enamel biomimetic reconstruction (Hossein et al., 2015; Kwak, Litman,
Margolis, Yamakoshi, & Simmer, 2017).
Synthetic amelogenins added to mineralization inhibitors such as
inorganic pyrophosphate or matrix metalloproteinase have been found to
better regulate the size, shape, and orientation of the new mineral layer
(Kwak et al., 2017). It is difficult to obtain and store, and the enamel layer
promoted by amelogenin takes a long time to grow, so it is not suitable for
clinical use. Although amelogenin has been found to increase apatite
nucleation in vitro, there is no evidence that this occurs in vivo as well
(Ruan & Moradian-Oldak, 2015).
4.3.3 Poli amido amin dendrimers (PAMAM)
PAMAM is a branched polymer characterized by its well-defined size
and shape as well as a large number of reactive groups. In a study, it was
reported that the PAMAM/n-HAP molecule forms a good connection with
the collagen network structure with the help of superficial carboxyls, can
induce the formation of dentinal tubules, and based on these, PAMAM/nHAP has a great potential for the treatment of dentin hypersensitivity in
clinical practice (Lin, Lin, Li, Xu, & Mehl, 2016).
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In another study, PAMAM material was used together with the
composite containing ACP nanoparticles for long-term dentin
remineralization and was tested for the treatment of dentin lesions. At the
end of 72 days, it was observed that PAMAM performed remineralization
nucleation and the composite containing nanoparticles in ACP structure
performed acid neutralization and ion release. With the use of these
materials on the demineralized dentin surfaces, these surfaces have gained
the hardness of healthy dentin tissue and the remineralization of the dentin
has taken place (Liang et al., 2016).
4.3.4 Self-assembling peptides (SAP)
These peptide structures spontaneously form one-dimensional
structures in beta leaf structure when suitable environmental conditions are
provided, and over time these beta leaves form fibrils and fibers and are
clamped from edge to edge (Aggeli et al., 2001). In another study
conducted in 2002, it was stated that SAPs are self-organizing structures
and their examples are found in nature (proteins with chaperone structure,
silk tissue, hair keratin)(Jennifer Kirkham et al., 2002).
P11-4 peptides are products that have been studied for biomimetic
remineralization of enamel tissue recently (Alkilzy, Santamaria,
Schmoeckel, & Splieth, 2018). These peptides show an anionic property
by spontaneously fusing. The anionic groups in the side chains of these
P11-4 peptides spontaneously assemble, penetrate the lesions, attract
calcium ions and remineralize the HA structures without the need for any
precursors. Studies have shown that P11 4s have a high affinity for HA
crystals, have a nucleation potential, and are fully compatible with the
binding sites of calcium molecules on the surface and the calcium ion
vacancies in HA crystals (Brunton et al., 2013; J. Kirkham et al., 2007). In
the presence of cations and when the pH of the environment is lower than
7.4, it transforms from its low-density state to the liquid phase (Aggeli et
al., 1997).
4.3.5 Electric field-induced remineralization
Electrophoresis is used in this technique to remineralize the fully
demineralized dentin collagen matrix and also to shorten the mineralization
time achieved in the absence of both calcium phosphates and their analogs
(Wu et al., 2015).
4.4 Biofilm modifiers
4.4.1 Arginine
Arginine is a semi-essential amino acid found in human salivary
proteins or peptides. It is metabolized by non-pathogenic bacteria such as
Streptococcus Sanguinis to produce energy, ammonia, and carbon dioxide
via the arginine deiminase system (Wijeyeweera & Kleinberg, 1989).
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Its production neutralizes the acidic environment created by increasing
the pH and sugar metabolism and provides a more alkaline environment
that reduces cariogenicity. It has been shown that the guanidium group in
its structure carries a positive charge even in basic, neutral, and even
slightly acidic environments. Because of these mechanisms, arginine is
added to toothpaste containing insoluble calcium and sodium
monofluorophosphate. Many randomized clinical studies have been
conducted comparing the fluoride and calcium-containing formulation of
arginine with non-arginine formulations in terms of remineralization
efficiency, and the arginine-containing formulation is more successful.
However, a systematic review evaluating the anti-caries efficacy of
arginine concluded that the available evidence was insufficient to support
arginine-containing toothpaste in the studies conducted (Ástvaldsdóttir et
al., 2016).
4.4.2 Triclosan
Triclosan is a broad spectrum antimicrobial agent, however, its activity
is concentration and formulation dependent. Triclosan has broad-spectrum
activity at low concentrations as it can inhibit both gram-positive and
gram-negative bacteria, as well as many viruses and fungi (Schweizer,
2001). As a result of decreasing biofilm acid production, it positively
affects remineralization by increasing mineral saturation (Riley & Lamont,
2013). Due to its antimicrobial properties and safer profile, it started to be
added to oral mouthwashes and toothpaste in the early 1990s to suppress
the bacterial species that cause gingivitis and dental caries (Riley &
Lamont, 2013; Silva, Giniger, Yun, & Devizio, 2004). Major studies
conducted in the 1990s and 2000s showed that the addition of triclosan to
the toothpaste formulation was statistically associated with the incidence
of coronal and root caries in children and adults. demonstrated significant
reductions.
Silva et al. reported that triclosan may also be effective in
remineralization as a result of an in-situ study. Triclosan-loaded
dendrimers have been shown to have remineralization potential in another
study, but clinical data for this new technology are not yet available (Zhou
et al., 2014).
4.5 Natural products
4.5.1 Theobromine
Theobromine (3,7-dimethyl-xanthine), a white crystalline powder, is an
alkaloid compound that can be found easily in cocoa and chocolate
(Amaechi et al., 2013). It contains theobromine, theophylline, and
caffeine-like compounds and is plenty in chocolate. Its name comes from
the Latin name of the cocoa plant, 'theobromine cacao'.
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Although the relationship between chocolate and dental caries is
known, many studies have reported that there are several caries-inhibiting
substances in chocolate (Syafira, Permatasari, & Wardani, 2013). It has
been shown to enhance the crystalline growth of the enamel (Amaechi et
al., 2013). After its effects on the mineralization of dental hard tissues were
discovered, its caries preventive effect was investigated by many studies
(Strålfors, 1966; Syafira et al., 2013).
Theobromine and sodium fluoride toothpaste were compared in a study
utilizing their remineralization potential by Amaechi et al., and a
significantly higher mineral gain was found with the theobromine and
fluoride toothpaste compared to artificial saliva (Amaechi et al., 2013).
4.5.2 Proanthocyanidin (PA)
PA is a bioflavonoid found in grape seed extract. It can form HA
complexes when mixed with the solution. A study reported increased
remineralization of root caries when CPP was combined with amorphous
calcium fluoride phosphate (CPP-ACFP) (Epasinghe, Yiu, & Burrow,
2015).
4.5.3 Galla chinensis (G. Chinensis)
Galla Chinensis (G. Chinensis) is a traditional Chinese herb that has
been investigated as an anti-cariogenic drug in recent years. It has been
shown that Galla Chinensis prevents demineralization and contributes to
remineralization, and when used together with fluoride, remineralization
activities increase (Cheng & ten Cate, 2010). Galla Chinensis has the
potential to enhance remineralization of the initial enamel lesion. However,
the mechanism of action is still unknown (L. Zhang et al., 2009).
According to a hypothesis that emerged as a result of the studies, they
stated that Galla Chinensis can affect the remineralization of the caries
lesion and that it does this by combining with the organic matrix in the
enamel (L. Zhang et al., 2009). Another hypothesis stated is that G.
Chinensis can directly combine with calcium ions in the environment and
provide calcium as a calcium ion carrier to the lesion area (Cheng, Li, Hao,
& Zhou, 2008; J. P. Chu, Li, Hao, & Zhou, 2007).
5. Result
The most important application in the prevention of dental caries, which
is seen at a very high rate in society, is remineralization treatments. The
success of fluoride in remineralization treatments has been proven by
numerous studies and is still considered the gold standard. However, the
increasing negative opinions due to possible side effects reveal the need to
develop new approaches for remineralization treatments.
Although many promising new strategies have been developed as a
result of scientific research in recent years and some natural products have
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been shown to have remineralization potential, there are also problems
such as accessibility, clinical suitability, ease of use, and cost. In addition,
the evidence from studies may be a substitute for fluoride.
It is not sufficient to introduce new materials or methods. Although
biomimetics, which is thought to provide regeneration of dental hard
tissues, seems to be the future of remineralization treatments in minimally
invasive dentistry, these biomaterials are still under development.
We believe that this review, in which we evaluated the remineralization
materials and methods that are at the stage of development, will guide
researchers for future studies on the subject.
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Abstract
Dental caries is a progressive disease that is considered multifactorial
but is dependant on one primary causative factor- free sugars. It is
important to identify and inhibit the growth of possible and present caries
by applying preventive measures such as maintainence of flouride levels,
the use of oral hygiene products which contain sodium flouride alongside
brushing twice a day. Manipulating the causative factors such as limiting
intake of carbohydrates, preventing cariogenic eating habits in infants and
children can prevent ECC and substantially decrease the risk of future
caries.
Toothbrushing is the primary factor in maintaining oral hygiene. The
main purpose of tooth brushing is to remove plaque accumulation, which
is the main cause of periodontal disease and caries. Children, on the other
hand, may not be as successful as adults in brushing their teeth because
they do not have enough sufficient knowledge and motivation to brush
their teeth and cannot perform plaque removal effectively because of
inadequate motor skills compared to adults. Manual toothbrushes were
produced in colors and designs that would attract the attention of children
but their success remains controversial. Today, automatic toothbrushes,
which are easier to manipulate, have begun to be produced as an alternative
to manual toothbrushes. Studies have proved that these brushes are more
effective in the elimination of plaque and also attract children's attention
while motivating children to brush their teeth.
Keywords: Dental Caries, Automatic Toothbrush, Manual Toothbrush
1. Introduction
Tooth brushing is an important but neglected habit that affects the oral
health of children as well as adults. As the course of time provides an
everchanging means of cleaning and oral hygiene products, we have
adapted the use of toothbrushes with various working mechanisms and
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technological features. Brushes including patterns and designs which
appeal for children and are easier to handle are commercially and readily
available. (Biesbrock et al., 2008) Scientific and technological
developments provide a great influence over toothbrushes since their first
use, which can be better understood when their technical features are
examined. These changes and developments have not only impacted
toothbrushes, but also in the way they are used. With the emergence of
these different methods, research has begun on which is more effective
(Gallie, 2019).
Dental caries is a biofilm- and sugar-mediated, multifactorial, and
dynamic disease that results in demineralization of dental hard tissues. It is
a disease with one of the highest prevalence (approximately 50%) in
children worldwide (Mathur & Dhillon, 2018). Caries can occur
throughout the lifespan on the crowns of both primary and permanent teeth
and on the root surfaces which are exposed in later stages (Pitts et al.,
2017). The dynamic caries process consists of rapidly changing periods of
tooth demineralization and remineralization, which if sufficient
demineralization occurs, causes the initiation of carious lesions in certain
anatomical areas of the teeth. The treatment of dental diseases is laborious
and typically costly in all countries, so prevention is ideal and highly
effective. It is important to balance the pathological and protective factors
that affect the onset and progression of this disease. While protective
factors promote remineralization and cessation of the existing lesion,
pathological factors shift the balance towards dental caries and disease
progression. Dental caries can have serious repercussions on the oral and
general systemic condition. There may be difficulty in eating or drinking
cold foods due to tooth sensitivity. The spread of the infection can lead to
cellulitis, lymphadenopathy, abscess formation, and the progression of
caries in primary teeth may lead to damage in the permanent tooth germs.
(Hajishengallis et al. 2017).
Continuous exposure to metabolic acids which lower pH results in the
demineralization process which progresses towards the lower surface of
enamel and dentin and leads to root caries. The rate of mineral loss is faster
in the inner surface than on the outer surface of the enamel which leads to
a growing inner surface lesion. A clinically observable white spot lesion
can be seen after the mineral loss exceeds a sufficient level (Sampson,
2020). This stage of the caries process is critical because the progression
can be negated by changing caries-causing factors or applying preventive
measures. Restorative measures, however, are typically limited to the
surface. While demineralization at this stage is significant, with changes in
diet and local ecology, the progression of these lesions can be stopped and
remain as inactive lesions that do not progress but can still be observed as
a scar due to the change in the mineral and optical properties of the enamel
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(Pitts et al., 2017). With the formation of small and multiple cavitations,
the surface layer may collapse, causing a physical and clinically observable
cavitation. Restorative intervention is indicated when a lesion exceeds a
size which is physiologically irreversible and is paired with symptoms
and/or the patient's functional or aesthetic needs. The basic principle we
aim for ideal dental health is to maintain the mineral homeostasis of tooth
surfaces (Seow, 2018)
2. Methods of prevention for dental caries
Factors such as free sugars, carbohydrates, oral microorganisms, acids,
different anatomical features of the teeth, salivary flow, consumption
frequency of certain carbohydrates and the role of fluoride are effective in
altering the rate of progression of the caries, so it can be labeled as a
multifactorial condition. Since it is a progressive disease, preventive
applications or restorative procedures are required in the early stages of
caries before demineralization reaches an irreversible point.
Early childhood caries (ECC), formerly known as baby bottle caries, is
defined as a dental disease that affects children between the first eruption
of primary teeth and 6 years of age. ECC is characterized by the presence
of 1 or more carious, missing or filled surface in any primary tooth (Keels,
2019). Educating mothers to establish good oral hygiene routines for
themselves and their offspring during pregnancy is an important first step
in preventing ECC. Caregivers need to be aware of the risk of caries and
preventive measures, and limit free sugar intake for children 2 years and
younger (Anil and Anand, 2017). It is important that babies and children
with clinically erupted teeth have an optimal level of fluoride in their diet
which can be supplemented with fluoridated water, salt, and milk.
Brushing twice a day with a minimum of 1000 ppm fluoride and
appropriately sized toothpaste regarding age (age <3 ~1 mg F, between 36 0.25 mg F) is recommended to increase fluoride levels at home (Tinanoff
et al. , 2019).
Early detection of caries is the critical point in preventing formation of
cavities. In addition to primary preventive approaches, fluoride
applications twice a year and pit and fissure sealant applications to
permanent molars are very effective non-invasive prophylactic measures.
Glass ionomer cements used as base material have advantages such as
fluoride deposits, chemical bonding to enamel and dentin, and low
moisture sensitivity (O'Neill et al., 2017).
3. Tooth cleaning and plaque control
Dental plaque can be described as the sticky biofilm that occurs because
of bacterial metabolic activity in the normal flora of the mouth. Studies
have found the maturation time of plaque to be 48 hours in the oral region
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(Burton et al., 2005). This shows the necessity of brushing after a meal but
more importantly routinely twice a day. Plaque can form on smooth
surfaces as well as on interface between teeth. However, the probability of
formation on interproximal surfaces is higher than on flat surfaces (Doğan
et al., 2004), so it is critical that these hidden surfaces are thoroughly
cleaned. To maintain the healthy state of the teeth and surrounding tissues,
plaque that accumulates on the teeth must be removed effectively. This
mechanical cleaning process done with a toothbrush and interproximal
cleaning tools is called 'plaque control' and is the most effective plaque
removal and caries prevention method (Wright and Tim Wright, 2010).
Various chemical plaque inhibitors such as mouthwash are used to
chemically assist the mechanical cleaning process. Gingivitis is a mild
form of gum disease which appears because of an uncontrolled buildup of
plaque, that is, within 1-3 weeks of neglected brushing (Twetman, 2004).
It is essential to increase the effectiveness rather than the frequency of
brushing to maintain plaque control.
Toothbrushes are an imperative part of oral hygiene maintenance and
can be classified as automatic and manual. They should be durable enough
to reach all parts of the mouth and all surfaces of the teeth without
damaging the oral tissues. Manual brushes are recommended to have a flat
handle and densely packed bristles, where the bristles are all the same
length. In addition, functionality decreases as the brush becomes wet so the
necessity of using 2 brushes can also explained to the patients (Checchi et
al., 2007). Hardness of the bristle is inversely proportional its length and
directly proportional to width of the bristles squared. Children
toothbrushes are smaller than adult brushes and ideally have a bristle width
of 0.1 mm and a bristle length of 8.7 mm.
4. Manual toothbrush methods according to the direction of
movement
Rolling Movement: Roll Method, Modified Stillman Method
Vibratory Movement: Stillman Method, Charters Method, Bass Method
Circular Movement: Fones Method
Vertical Movement: The Leonard Method
Horizontal Movement: Scrub Method
4.1. Modified stillman method
Starting from the posterior teeth, the bristles of the brush should be
placed at 45-degree angle to the long axis of the tooth. The bristles should
be on both the gums and the tooth. The brush should be moved in the mesio
distal and simultaneously coronal direction. Since the bristles do not enter
the gingival groove and irritate it, it prevents the occurrence of gingival
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recession. This method provides an effective cleaning in the interproximal
areas where plaque accumulates the most and is therefore a suitable method
for use by all individuals (Cugini et al., 2006).
4.2. Bass method
Like the Modified Stillman Technique, the brush is placed at a 45degree angle to the long axis of the tooth. Unlike the previous method, the
bristles of the brush are aimed to enter the gingival groove. A back-andforth motion with vibration is applied 20 times without lifting the brush
and provides effective cleaning in interproximal and cervical areas. This is
a suitable method for the use of individuals of all ages.
4.3. Charter's method
In this method, the bristles are placed at a 45-degree angle to the
occlusal plane. To effectively clean each groove on the occlusal surface,
the brush is placed well on the occlusal surface and the brush is briefly
moved back and forth. This method gently removes plaque without
traumatizing the gingival margin. This technique is mostly used in elderly
patients and patients with gingival recession where the papillae have been
lost.
4.4. Roll method
The brush is placed on the tooth at a 45-degree angle to slightly cover
the gingiva and moved in the coronal direction with a rolling motion. It is
recommended for elderly patients and children with low hand manipulation
as the rolling motion is easier (Sharma et al., 2005).
5. Automatic toothbrushes
The effectiveness of brushing decreases as patients do not brush their
teeth thoroughly enough or use the wrong technique. Automatic
toothbrushes improve these two weaknesses making brushing more
effective (Goyal et al., 2005). For this purpose, the first automatic
toothbrush was produced in Switzerland during Second World War (van
der Weijden et al., 2002).
In the past, automatic toothbrushes were recommended to elderly, sick,
disabled and children with poor motor skills. Today, these brushes can
operate with a wide variety of movements and features, enabling a broader
area of use. Automatic brushes can move in an inward-outward, rolling,
and rapid vibrational manner. Despite these features, automatic
toothbrushes could not be used in routine household brushing until 1990
(Sharma et al., 2005). These brushes have been used in patients with mental
retardation as it does not require much manual dexterity. When using these
brushes, it is sufficient for the user to direct the brush on and around the
teeth without the need of any extra movements (Paraskevas et al., 2007).
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Although the superiority of automatic toothbrushes in disabled patients
has been proven, their advantages in healthier individuals remained
controversial. Recent studies have proven the effectiveness of automatic
toothbrushes in comparison to manual brushes regarding plaque removal.
The development and innovation surrounding automatic toothbrushes is
increasing with every passing day. Today, automatic toothbrushes are
available in many shapes and features. (Ccahuana‐Vasquez et al., 2019).
The shape of the brush head varies with its size, movement, and frequency,
and can be equipped with many features such as an automatic timer. They
can be classified as sonic, ionic, or mechanical and their movements can
be classified as rotating, counter-rotating, horizontal and vibratoryrotating. (Danser et al., 2000). Despite their superior features and easier
use, there is a greater preference for manual brushes. A reason for this
could be a lack of information from dentists and their costly prices.
5.1. Mechanically Operating Brushes
Heads of automatic toothbrushes are either provide mechanical rotary or
vibrational movements. The bristles of the brush clean the plaque on the
tooth surface quick and continuously with applied pressure (Penick, 2004).
5.2. Sonic-Action Brushes
The heads of the sonic-action automatic brushes are also rotational, but
in addition, these brushes also have the feature of emitting physical sound
waves. Manufacturers argue that sound waves help plaque removal
because of its vibrational movement. However, there is no study that
proves this claim.
5.3. Ionic Brushes
It is argued that automatic toothbrushes with ionic properties function
by reversing the polarity of the teeth. While teeth are anionic, dietary foods
are known to be cationic. Due to the principle that opposite poles attract,
these foods cling to teeth. Automatic brushes with ionic properties
temporarily reverse the negative charge on the teeth. Meanwhile, the other
positively charged part of the brush eliminates the plaque. However, these
claims have not yet been clinically tested and approved
Toothbrushing is an important behavior that affects children's oral
health. From past to present, people have used various cleaning tools to
maintain oral hygiene. The application of the methods used in adults differs
in children because the ability to use their motor skills and abilities are not
fully developed.
The harmony between the mind and body is called 'coordination'.
Coordination is the ability to perform smooth, targeted, and controlled
movements. This ability allows us to perform simple movements related to
everyday life such as running, writing, eating, and jumping. Brushing teeth
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is one of the simple daily activities that require motor coordination (Bilgin,
2007). The regular interaction of the muscular and sensory systems in a
bidirectional manner is also dependent on coordination. When a small child
wants to hold an object, they will first start with a rough and inadequate
grasping ability. During this period of erratic and uncontrolled muscle
movement, the child cannot control the toothbrush very effectively. As
time passes and development of motor skills continue, the ability to grasp
and brush independently gradually increases (Latash, 2012; Gallahue and
Donnelly, 2003).
Some studies in the literature argue that the brush used does not have
an effective role in plaque removal. Rather than the type of brush,
children's ability to perform everyday motor activities such as tying their
shoelaces and cutting their food with a knife is associated greater with
effective brushing. In addition, the acquisition of fine motor skills, other
skills like the ability to play a musical instrument are directly correlated to
the ability of effective plaque removal. Certain life-related skills and the
degree of the child’s ability to fulfill their responsibilities are related to the
effectiveness of dental cleaning and show the readiness of the child to
brush their teeth independently (Kerr et al., 2019). In children under the
age of five, the muscles that enable the formation of general motor
movements develop faster compared to fine ones. Fine motor muscles
become fully functional only at the age of 10-12 (Erden and Akman, 2005).
Babies are completely dependent on their parents for oral cleaning, so
the first toothbrush produced were cotton covers which are used by
attaching to the parents' finger. In older children, although the dependency
on the parent is less, the motor skills may still not be fully developed, or
the child may be more reluctant to clean their teeth compared to adults.
Plastic brushes with ring-shaped bristles at the tip have been produced for
use in very young children (Doğan et al., 2004). These brushes are easy to
manipulate and stimulate the gums. Brushes with softer and different
lengths of bristles are also produced in order not to damage the developing
teeth and to adapt to the different surface characteristics of children's teeth.
There are also toothbrushes with different modifications, such as adjusting
the bristles to 45 degrees, differences in the grip area, and placement of
mini pads on the brush area to protect the gums. In recent years, while
producing toothbrushes for children, more effort has been spent producing
painting, color, and cartoon character design as it attracts the childs
attention (McDonald et al., 2004).
In studies conducted on children, it has been observed that when manual
and automatic toothbrushes are used, automatic ones significantly reduce
the level of plaque, and reduce periodontal diseases significantly. They
also work more effectively in hard-to-reach areas (Rosema et al., 2008).
Automatic brushes were found to be more effective in plaque elimination
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compared to manual toothbrushes in a study done on 5–10-year-old
children (Bizarr and Ribeiro, 2009). Recent studies comparing two
automatic and one manual toothbrush also revealed that manual
toothbrushes exert more force on the gingiva compared to automatic ones
(Heasman et al., 1999. A study by Danser et al. reported that the speed of
the brush did not affect the force exerted, so it was not related to the
irritation of the gums. It was reported that automatic toothbrushes abrade
the gums more than manual ones (Penick, 2004). The compliance of
children also increases when they use automatic toothbrushes (Izerman et
al., 2002).
6.

Conclusion

Children are not as successful as adults in maintaining oral hygiene.
This makes it necessary to produce different toothbrushes for children
because they have limited knowledge and do not have fully developed
motor coordination. Toothbrushes are the most important tool for plaque
removal and mechanical cleaning. For children who cannot use manual
toothbrushes, it is recommended to use automatic toothbrushes instead.
These brushes are recommended for children by dentists due to their
advantages such as the effectiveness of plaque removal and in hard-toreach areas, and easy manipulation. Many argue that these automatically
operated brushes are more effective than manual toothbrushes in plaque
elimination and in turn, help reduce gingivitis. In addition, automatic
toothbrushes can also help motivate a child by gaining their attention.
In other studies, it is argued that the brush type is not very important in
ensuring plaque elimination. These studies emphasize that the
development level of motor skills of the child is imperative for effective
brushing rather than the brush used. It is also argued that the ability to do
basic everyday skills and acquisition of finer skills such as cursive writing
and playing an instrument are related to effective cleaning. As studies on
this topic are very limited, further investigation is required.
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1. Introduction
Interproximal enamel reduction (IPR), which is the process of the
reduction of the mesiodistal dimensions of tooth enamel and also called
‘Interdental stripping’, is a method frequently applied during orthodontic
treatment. With this procedure, space can be gained in the arch, a better
occlusal relationship can be obtained by harmonizing the mesiodistal width
of the mandibular and maxillary teeth, and also long-term retention and
aesthetic benefits can be achieved (Rossouw and Tortorella, 2003).
2. Indications and contraindications of IPR
Stroud et al, reported that cases where interproximal reduction would
be indicated are Class I or mild Class II dental malocclusion cases with
good oral hygiene, orthognathic profile, and arch tooth length mismatch
(Stroud et al., 1998). Main indications for IPR in adult patients; crowding
cases where the lack of space in the dental arch is between 4 and 8 mm,
cases with Bolton Index incompatibility, cases with deformity and
aesthetic disorders at the tooth enamel level, cases of macrodontia, cases
where retention and stability should be provided after orthodontic
treatment, elimination of black gingival triangles and regulation of gingival
contour necessary cases (Lapenaite and Lopatiene, 2014). With the IPR
procedure, the interproximal contact relationship of the teeth is
transformed into a surface relationship rather than a contact relationship,
and this promises a good prognosis. Another indication for IPR is cosmetic
reshaping. For example, it is often used to reshape canines to mimic lateral
incisors (Proffit et al., 2007). IPR is also used to prevent potential crowding
during retention (Paskow, 1970). In addition to using IPR to gain space in
adult patients with crowding for which tooth extraction is not an option
(Sheridan,1997), selective IPR is also used in the early mixed dentition
period for preservation of the leeway space, space gaining and space
maintenance (Graber and Vanarsdall ,1994). It can be used alone in mixed
dentition to remove limited crowding and to allow teeth to self-align. IPR,
which will be applied on posterior primary teeth, is an effective method to
prevent possible crowding that may occur during the eruption of permanent
teeth (Paskow, 1970; Proffit et al., 2007). Contraindications of IPR are;
cases with crowding greater than 8 mm, poor oral hygiene, cases with
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active periodontal disease, cases with hypersensitivity to cold, rectangular
anterior teeth (Zachrisson et al., 2011; Jadhav et al., 2011), cases with a
high caries index and multiple restorations and young patients with a large
pulp chamber (Singh and Juneja, 2007; Jadhav et al., 2011; Phulari 2011).
3. Advantages and disadvantages of IPR
While IPR provides space for better alignment of the teeth, promises a
more stable retention and produces more aesthetic results, it also has
disadvantages that cannot be ignored. The most important disadvantage of
IPR is that; it is an irreversible procedure, besides its advantages such as
eliminating the need for tooth extraction and avoiding the possible
undesirable consequences of tooth extraction, shortening the treatment
time and increasing the stabilization of the treatment result. Since the IPR
process is an irreversible process, the decision to apply this process should
be made by careful analysis. Anatomy of the tooth to which IPR will be
applied should be considered. The mesio-distal widths of the tooth
measured from the contact points of the adjacent teeth and the mesio-distal
width of the roots measured from the cement-enamel junction level should
be evaluated by taking a periapical film (Frındel, 2010). The enamel
thickness of the tooth should be thick enough to allow a safe IPR
application. It is recommended that up to 50% of interproximal enamel can
be removed during IPR (Rossouw and Tortorella, 2003). The appropriate
amount should be 0.5 mm (0.25 mm each side) for each tooth whereas up
to 0.75 mm for posterior teeth. Even if the amount of enamel reduction is
the same, space gained from IPR can vary according to the shape of teeth.
For instance, more space can be obtained by reducing triangular shaped
teeth than rectangular shaped teeth (Chee et al., 2014). Since the enamel
surface will become rough and the susceptibility to plaque accumulation
will increase with the IPR procedure, good oral hygiene of the patient
should be ensured (Frındel, 2010).
Uncontrolled application of IPR can lead to hypersensitivity to
temperature changes in the tooth (Singh and Juneja, 2007; Phulari, 2011)
and irreversible damage to the dental pulp due to the reduced amount of
enamel (Kanoupakis et al., 2011; Spies et al., 2011). In addition,
incorrectly planned and excessively applied IPR may cause excessive
space formation and affect posterior intercuspation and aesthetics (Proffit
et al., 2007).
4. Planning of IPR
IPR planning as a part of treatment is the most critical step. While
planning IPR, planning should be done by considering factors such as the
anatomy of the tooth , position of the tooth, enamel thickness of the tooth
and oral hygiene of the patient (Frındel, 2010).
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4.1.Anatomy of teeth
Anatomy of the tooth to which IPR will be applied should be
considered. The mesio-distal widths of the tooth measured from the contact
points of the adjacent teeth and the mesio-distal width of the roots
measured from the cement-enamel junction level should be evaluated by
taking a periapical film. The triangular shaped teeth are in contact as a point
of contact and this creates visible "black triangles". IPR applied to
triangular teeth can save a significant amount of space for the arch (Figure
1. a-b). It should be considered that the IPR performed on teeth that do not
have a triangular form may cause periodontal problems by causing the
roots to approach each other (Frındel, 2010).

b

a
a

a

Figure 1. a-b) The triangular shaped teeth are in contact as a point of
contact and this creates visible "black triangles". IPR applied to
triangular teeth can save a significant amount of space for the arch.
The enamel thickness of the tooth should be thick enough to allow a
safe IPR application. It is recommended that up to 50% of interproximal
enamel can be removed during IPR (Rossouw and Tortorella, 2003). The
appropriate amount should be 0.5 mm (0.25 mm each side) for each tooth
whereas up to 0.75 mm for posterior teeth. Even if the amount of enamel
reduction is the same, space gained from IPR can vary according to the
shape of teeth. For instance, more space can be obtained by reducing
triangular shaped teeth than rectangular shaped teeth (Chee et al., 2014).
4.2. Position of teeth
Before applying IPR, the mesio-distal tip of teeth should be taken into
account and corrected in order to achieve equal enamel reduction at the
contact points (Figure 2.a). In addition, the reduction process should be
perpendicular to the interdental papillae. In the presence of rotations, these
teeth must first be aligned, as access to the interproximal region will be
difficult (Figure 2. b-c) (Pindoria et al., 2016).
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Figure 2. a) Before applying IPR, the mesio-distal tip of teeth should be
taken into account and corrected in order to achieve equal enamel
reduction at the contact points. b-c) Before IPR ıs performed, rotatıng
teeth must be fıxed to ease access to contact points.
4.3. Enamel thickness
Before starting the IPR procedure, it is necessary to evaluate how much
enamel will be removed. For this, the orthodontist needs to know the
thickness of the existing enamel. Studies have shown that the enamel
thickness is less than 1 mm, although it thickens from the distal surface of
the canine. There is no relationship between tooth shape and enamel
thickness (Frındel, 2010). Since dentin is projected in a straight line from
the cervical line, projecting a line from the cervical line perpendicular to
the occlusal plane can be helpful in determining enamel thickness (Jadhav
et al., 2011). Special gauges with a precision of one-tenth of a millimeter
and digital calipers can also be used to measure enamel thickness
(Chudasama and Sheridan, 2007).
It is recommended to remove up to 50% of the interproximal enamel
during IPR, this amount is approximately 0.5 mm per tooth (0.25 mm on
each side) and can be increased up to 0.75 mm for posterior teeth (de
Harfin, 2000; Proffit et al., 2007; Florman et al., 2014). The amount of preexisting interproximal abrasion should also be considered when
determining the amount of enamel to be removed. Radiographs can be used
to determine the amount of enamel present (Grine et al., 2001).
The Bolton Ratio can be used to determine the amount and location of
the IPR when the tooth sizes are different (Sheridan, 1987). The Golden
Ratio advocated by Ricketts can also be used to determine the amount and
location of IPR (Ricketts, 1982; Florman et al., 2014). Another guide to be
used in IPR planning is Peck Index.2. According to this index, which uses
the mesiodistal to fasciolingual size ratio (md/fl ratio) for good alignment
of the lower incisors, it is stated that the appropriate md/fl ratio should be
88-92% for the central incisors and 90-95% for the central incisors to
ensure good alignment of the lower incisors (Puneky et al., 1984; Freitas et
al., 2006).
4.4. Oral hygiene
Since IPR enamel creates rough areas on the enamel surface, it becomes
more prone to plaque accumulation . This polishing process that removes
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roughness, but more importantly, good oral hygiene is of great importance
for IPR application (Radlanski et al., 1988).
Zachrisson et al. examined the presence of caries, post-probing
bleeding, pocket depth, and gingival recession after 10 years in 61 patients
who applied IPR to their mandibular incisors. They reported that caries and
periodontal disease problems did not increase in these patients, and that
IPR application did not cause any iatrogenic damage (Zachrisson et al.,
2007).
Evidence that IPR increases caries risk is insufficient. While some
studies show that IPR does not increase the risk of caries and periodontal
disease, there are studies that show that IPR increases the risk of caries
(Rossouw and Tortorella, 2003; Florman et al., 2014). Regarding the risks
of periodontal disease, it is accepted that IPR will not cause further bone
loss if there is no gingivitis. However, when inflammation is present in the
converging tooth roots as a result of the IPR procedure, bone loss will
spread rapidly (Rossouw and Tortorella, 2003; Zachrisson, 2004).
5. Armamentarıum of IPR
Two basic approaches can be used for IPR application, either manual
or mechanical. İn mechanical approaches; air rotor or electric rotor
equipment can be used for IPR implementation. When using air-rotor
contra-angle handpieces, it is difficult to change the speed and the torque
remains low at low speed. Therefore, electric rotor equipment that allows
low speed and high torque at the same time offers more advantages
(Florman et al., 2014). Tungsten-carbide or diamond burs, diamond-coated
discs can be used as enamel abrasive in this equipment. Abrasive diamondcoated disks are available in varying thicknesses and grits (Figure 3a).
They can be single- or double-sided can effectively facilitate IPR and may
be less time-consuming to use compared to hand strips. They can be
dangerous using on a high speed rotating instrument in close proximity to
a patient’s tongue, cheeks and lips (Pindoria et al., 2016).
Another rotary instruments are burs (Figure 3b). They can be tungstencarbide or diamond. Chudasama and Sheridan recommend to use tungsten
carbide burs for posterior and lateral sectors and diamond burs for anterior
(Chudasama and Sheridan, 2007). Diamond and carbide burs do not
provide enough flexibility. They leave the roughest enamel surface after
IPR compared to diamond discs and metal strips (Lapenaite and Lopatiene,
2014).
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Figure 3. a) Abrasive diamond-coated disks b) Burs c) Strips can be
used in an air rotor or electric rotor equipment d) Strips can be used in
special strip holder.
Another option for applying IPR is abrasive strips. They are
manufactured in different sizes and varying grits. The strip can be used in
an operator’s hand or in special strip holder (Figure 3c-d). The strips are
available colour-coded with varying widths and grits. They can be single
or double-sided to allow selection of specific surfaces for reduction. They
can be used when the teeth are so rotated that a disk is not appropriate. But
they are impractical, unproductive and time-consuming when used for
buccal teeth (Lapenaite and Lopatiene, 2014). Handpiece mounted strips
are also available for use for IPR. By using strips of various thicknesses
from thin to thick, IPR is performed gradually in the desired amount. When
using these strips, excessive pressure should be avoided in order to prevent
the strip from breaking and ledging the enamel surface (Pindoria et al.,
2016).
Each method used for IPR has advantage and disadvantage, and which
method is used for IPR is decided according to the severity of crowding
and to which tooth to apply (Lapenaite and Lopatiene, 2014). The tooth to
which the IPR will be applied should be evaluated in terms of enamel
thickness, contact point location, mesio-distal tip, shape and size, rotation
and restoration (Pindoria et al., 2016).
6. How to apply IPR?
Researchers have determined the basic principles for the
implementation of IPR (Fillion , 1993; Chudasama and Sheridan, 2007);
-Rotated teeth must be fully aligned before performing IPR,
-All scheduled IPR should not be done in a single appointment,
-Teeth should be separated before IPR is applied,
-IPR should always be performed from posterior to anterior to prevent
loss of space due to the anterior component of chewing forces,
- Adjacent soft tissues should always be protected,
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- The areas where IPR is applied should be shaped in accordance with
the shape of the teeth,
-The remaining enamel surface should be smooth and polished,
- Finally, according to Sheridan , a fluoride solution should be
prescribed to the patient to increase the remineralization potential
(Sheridan and Chudasama, 2008).
Before starting the IPR, if there is too much crowding and rotation of
the teeth in the arch, the teeth are separated first in order to facilitate access
to the contact points of the teeth (Jarvis, 1990; de Harfin, 2000).
In the IPR procedure, the pre-calculated amount of enamel is removed
by placing the ultra-thin diamond disc under the contact points of the teeth
and moving it towards the occlusal (Philippe, 1991). It should be noted that
the distance of the contact point from the bone apex is 4.5-5 mm. Shorter
distances may cause periodantal problems, while longer distances may
cause black triangles to appear (Jarvis, 1990). After enamel reduction, it is
important to regulate the shape of the tooth and create smooth polished
surfaces. For this, it is recommended to use a burs, ultra-thin diamond disc,
thin strips, polishing pastes and 35% phosphoric acid (Jarvis, 1990; de
Harfin, 2000).
Once the remodeling has been done, steps must be taken to protect the
enamel from increased caries risks. To this end, various methods are
recommended: 8% stannous fluoride application for 4 minutes, fluoride
mouthwashes for 45 days, and 0.05% neutral sodium fluoride mouthwash
once a day (Zachrisson et al., 2011). There are also studies reporting that
spontaneous remineralization occurs after nine months on untreated
surfaces, so the necessity of placing fluoride or casein phosphopeptide
amorphous calcium phosphate (CPP-ACP) is controversial (El-Mangoury
et al., 1991).
7. Conclusion
Interproximal reduction is an orthodontic treatment approach that is
effectively used to gain space, improve aesthetics and provide stability
when applied with careful treatment planning and appropriate procedures.
Using the advantages of IPR as a result of orthodontic treatment has
become a common approach in orthodontics. Being aware of the
complications that may occur while applying IPR, it is of great importance
to choose the appropriate planning and method.
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1.

Introduction

Cardiovascular diseases are the leading cause of death globally.
According to data from the World Health Organization, 17.9 million
people died due to cardiovascular diseases in 2019, accounting for 32% of
all deaths. About 85% of these deaths are attributed to myocardial
infarction (MI) and stroke (World Healh Organization, 2021). In addition,
data on the global burden of disease indicate that ischemic heart diseases
and stroke cause severe morbidity, with the highest burden on the
Disability Adjusted Life Years (DALY) Index in individuals over 50 years
of age (GBD, 2020). About 75% of deaths due to cardiovascular diseases
occur in low- and middle-income countries; In addition, noncommunicable diseases accounted for 38% of 17 million premature deaths
under the age of 70 in 2019 (World Health Organization, 2021).
Atherosclerosis plays an important role in the pathophysiology of
cardiovascular diseases, including myocardial infarction and stroke, which
have a large rate among the causes of death. Atherosclerosis is
characterized by the accumulation of lipids and fibrous elements in the
innermost intima layer of medium and large arteries, endothelial
dysfunction and calcification, and atheromatous plaque formation (JebariBenslaiman et al., 2022). When the atheroma plaque ruptures or triggers
thrombus formation, a picture that limits or completely blocks blood flow
in the vascular lumen occurs. This table is according to the affected area;
It causes cardiovascular diseases such as myocardial infarction, angina
pectoris, sudden cardiac death, ischemic stroke, hypertension, aortic
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aneurysm, intermittent claudication, and peripheral arterial disease (Shah,
2019; Libby et al., 2019).
Modifiable and non-modifiable risk factors play a role in the
development of atherosclerotic cardiovascular diseases. While age, gender,
family history, and genetics are non-modifiable risk factors;
hyperlipidemia, hypertension, smoking, diabetes, obesity, unhealthy eating
habits, and lack of physical activity are modifiable risk factors. The
development of atherosclerotic cardiovascular diseases begins in
childhood. Therefore, lifestyle habits should be evaluated from childhood.
It is important to prevent atherosclerotic cardiovascular diseases with
individual and community public health practices. The key role at this
point is the awareness of society (Bays et al., 2019; CDC, 2008).
In this review, the physiopathology of atherosclerotic cardiovascular
diseases, risk factors, and practices to increase social awareness and social
awareness are discussed.
2.

Physiopathology of Atherosclerotic Cardiovascular Diseases

The vascular system has a three-layer structure tunica intima, tunica
media, and tunica adventitia. The innermost intima layer of the vascular
structure; consists of endothelial cells arranged in a single row on the
luminal side, and elastic fiber and collagen supporting these cells. It is
associated with the media composed of endothelial cells, vascular smooth
muscle cells, and collagen tissue. The adventitia layer consists of
connective tissue and is the outermost layer (Jebari-Benslaiman et al.,
2022).
Endothelial cells are in a position to provide a balance between blood
and tissues as sensors and signal transducers. Endothelial cells, regulation
of vascular smooth muscle tone by releasing vasodilator and
vasoconstrictor substances; formation of immune response by producing
pro-inflammatory and anti-inflammatory molecules; provides a smooth
luminal surface and cellular proliferation with procoagulant and
anticoagulant activity. In short, endothelial cells provide balance with both
agonist and antagonist effects (Jebari-Benslaiman et al., 2022; Sun et al.,
2020).
Hypercholesterolemia is one of the main triggers of atherosclerosis.
Atherosclerotic plaques are not evenly distributed in the arteries; It mostly
occurs at the bend or branch points of arteries where laminar blood flow is
reduced and have low shear stress in the arterial system. Shear stress is a
mechanical stimulus that acts on the intima by blood flow. This stimulus,
in turn, activates intima endothelial cells to produce nitric oxide (NO) and
prostacyclin, leading to vasodilation. low shear stress; It increases
endothelial permeability and storage of LDL cholesterol (low-density
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lipoprotein), stimulates endothelial proliferation, and accelerates oxidative
stress. This leads to endothelial dysfunction (Dasagrandhi et al., 2022;
Alfarisi et al., 2020).
Endothelial dysfunction can be explained by decreased bioavailability
of nitric oxide. Nitric oxide; decreases platelet aggregation, tissue
oxidation, and inflammation as well as provides smooth muscle relaxation
with vasodilation; supports cell growth and proliferation. In addition, it
maintains metabolic homeostasis. In the presence of cardiovascular risk
factors such as hyperlipidemia, hypertension, diabetes, and smoking, nitric
oxide decreases as a result of increased oxidative stress (Jebari-Benslaiman
et al., 2022). LDL cholesterol can not be oxidized in the bloodstream as it
carries powerful antioxidants such as vitamin E and carotenoids. After
entering the subendothelial space, the accumulated LDL cholesterol is
oxidized and becomes a potent chemokine, stimulating the inflammatory
response. The onset of atherosclerosis by the accumulation of oxidized
LDL cholesterol in the subendothelial space; cytokines (TNF-α and
interleukins IL-1, IL-6, and IL-8), adhesion molecules (VCAM-I and
ICAM-I (intracellular adhesion molecule-1)) and chemokines (MCP-1
(macrophage chemotactic protein-1) )) initiates the acute and chronic
inflammatory process by activating it. Endothelial dysfunction inhibits the
endothelial nitric oxide synthase (eNOS) enzyme, preventing nitric oxide
production (Jebari-Benslaiman et al., 2022; Dasagrandhi et al., 2022).
Circulating monocytes adhere to endothelial cells and migrate into the
subendothelial space, activating adhesion molecules such as vascular cell
adhesion molecule-1 (VCAM-1) and selectins. After entering the
subendothelial space, monocytes acquire macrophage properties. Oxidized
LDL cholesterol is digested by macrophages and becomes foam cells
(Bergheanu et al., 2017). Fatty streaks are formed by the accumulation of
foam cells filled with lipid droplets in the intima layer. The lipid droplets
contain oxidized LDL cholesterol esters. As the foam cells in the fatty line
progress, fibrous plaque development begins in the intima layer by
activating interleukins such as IL-1, IL-6, and IL-8, T-lymphocytes, and
macrophages (Dasagrandhi et al., 2022).
The fibrous plaque consists of a fibrous cap and a necrotic core.
Secretion of matrix metalloproteinases (MMPs) such as MMP2 and MMP9
from endothelial cells and macrophages activates the migration and
proliferation of vascular smooth muscle cells and fibroblasts located in the
tunica adventitia. As a result of this activation, extracellular matrix
components such as collagen and elastin are secreted and plaque size and
stability increase. In addition, the accumulation of oxidized LDL
cholesterol and necrotic residual cells and the migration of vascular smooth
muscle cells, T cells, macrophages, and mast cells surround the plaque with
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connective tissue, forming a fibrous cap and protecting the lesion
(Dasagrandhi et al., 2022).
The role of the fibrous cap is to provide structural support to the necrotic
core that will trigger thrombosis (Jebari-Benslaiman et al., 2022). The
necrotic core forms the core of fibrous plaques with a lipid-laden
hypocellular structure. During the transition from the fatty streak to the
atheromatous plaque, initially, the extracellular lipid intermingles between
the smooth muscle cells of the intima. As extracellular lipid accumulation
progresses, the atheroma forms the plaque core. This nucleus has necrotic
content consisting of dead foam cells and macrophages. For this reason, it
is called a necrotic nucleus (Melaku & Dabi, 2021, Seidman et al., 2014).
In the necrotic nucleus that develops hypoxia, angiogenesis is activated and
neoangiogenesis is initiated by vascular endothelial growth factor (VEGF).
Since vascularization from the adventitia layer will increase intra-plaque
bleeding or erythrocyte and cholesterol accumulation, it leads to more
enlargement of the necrotic nucleus and thinning of the fibrous cap due to
the oxidative environment within the plaque (Dasagrandhi et al., 2022).
Plaque calcification is manifested by increased mineralization and
osteogenic differentiation through vascular smooth muscle cells and
cytokines activated by macrophages, beginning with a local reduction in
collagen fibers in inflammatory areas. This is one of the factors that trigger
plaque perforation and thrombosis with fibrous cap damage, leading to
further narrowing of the vascular lumen (Shioi & Ikari, 2018).
Atheroma plaques can be examined in two ways stable (stable) and
unstable (unstable) plaques according to the thickness of the fibrous cap.
Stable plaques are plaques that have a thick fibrous cap, typically progress
slowly, and do not change abruptly in size and structure. As the plaque size
increases, the vascular lumen narrows, resulting in inhibition/reduction of
tissue perfusion (Seidman et al., 2014).
In unstable plaques, however, the fibrous cap is markedly thinned by
the growth of necrotic nuclei and by metalloproteinases (MMP) released
after cell necrosis. This results in fibrous cap perforation or erosion,
resulting in the prothrombic content of the necrotic core triggering the
coagulation process to cover the wound. This condition, which causes
thrombus formation, can acutely narrow the vascular lumen significantly
(Seidman et al., 2014).
This complete or nearly complete narrowing of the vascular lumen can
lead to acute conditions such as myocardial infarction or stroke. The
separation of the thrombus from the lumen of the vessel and its
transformation into an embolism circulating in the cardiovascular system
may lead to conditions that prevent blood flow, leading to organ
dysfunction, local ischemia, or infarction (Jebari-Benslaiman et al., 2022).
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3.

Social Awareness in Atherosclerotic Cardiovascular Diseases

Social awareness should be increased in order to reduce the modifiable
risk factors involved in the development of atherosclerotic cardiovascular
diseases. In the studies, the knowledge and awareness levels of individuals
in different societies and age groups about cardiovascular disease risk
factors were mentioned (Bays et al., 2019; CDC, 2008).
The study of Daponte-Codina et al. (2022) examined the awareness
level of adults over 25 years old in European countries such as Germany,
Spain, Croatia, Bulgaria, Czechia, and Sweden, where basic factors such
as cardiovascular disease epidemiology, economic status, population
density, and geographical location. While 4.2% of women and 19.2% of
men who participated in the study considered cardiovascular diseases as an
important health problem, it was determined that 16.5% of women and
49.9% of men were aware of these diseases as the most common cause of
death worldwide. The rate of meeting with a doctor and having a diagnostic
test about cardiovascular disease risk factors was lower for women, and
16.3% of men and 15.3% of women were able to identify the main
symptoms of myocardial infarction. In both genders, the level of awareness
was found to be significantly higher as socioeconomic status and age
increased. Approximately half of the individuals participating in the study
did not state that they would call the emergency service in an emergency
such as a myocardial infarction. Parallel to the experience, the rate of
calling the emergency service was found to be higher in individuals who
were known to have had a myocardial infarction, or that a family member
had previously had a myocardial infarction. Risk factors for the
development of cardiovascular diseases were most frequently answered as
stress in both genders. However, as a risk factor; women reported obesity,
while men reported higher rates of smoking, alcohol use, and lack of
exercise. In the answers given about the prevention of cardiovascular
diseases, individuals of both genders with higher socioeconomic status and
education levels stated that they performed regular physical activity and
did not smoke. In addition, it has been reported that women with lower
socioeconomic status and education levels attach importance to fruit and
vegetable consumption to prevent cardiovascular diseases. Differences in
this awareness can be attributed to the subjective perception of personal
risk or the non-adoption of preventive activities. In addition, it can be
thought that gender inequalities may be more pronounced with
socioeconomic status and education level. As a result of the study, not
calling the emergency service in the presence of myocardial infarction
symptoms was seen as a situation that may cause delays in getting
appropriate health care services due to a lack of knowledge and awareness
(Daponte-Codina et al., 2022).
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Similar results were obtained in the study of Akgül Gündoğdu et al.
(2021), in which they studied adults in a city in Turkey. When
cardiovascular disease risk knowledge scores according to age are
examined, it is stated that individuals over 65 years of age have a higher
level of knowledge, which may be related to the chronic disease experience
that increases with age. In addition, in this study, attention is drawn to the
need for information from younger individuals. In addition, in this study,
as the level of economic status decreased, the level of knowledge also
decreased. Women's participation in cardiovascular disease screening
programs was found to be lower. In the study, cardiovascular disease
characteristics, risk factors, and knowledge levels of men were determined
to be higher than women (Akgül Gündoğdu et al., 2021). While there is a
common misconception in society that cardiovascular diseases are seen in
men, it is known that polycystic ovary syndrome, early menopause,
hypertension during pregnancy, and diabetes during pregnancy increase
the risk of cardiovascular disease as risk factors specific to women (Bolijn
et al., 2020). It has been suggested that education programs should be
prepared in order to change this situation with correct information and
spread it in society (Akgül Gündoğdu et al., 2021).
Man et al. (2019) examined the awareness of risk factors of individuals
of different ethnic origins and who were not diagnosed with cardiovascular
disease in Asia. Individuals participating in the study stated that 43.1%
were unaware of hypertension, 40.9% of hyperlipidemia, and 30.7% of
diabetes as risk factors for the development of cardiovascular diseases.
When examined within the framework of the characteristics of individuals,
diabetes of obese individuals, hypertension of smokers, hyperlipidemia
awareness of individuals with low education and economic status in
addition to smoking were found to be lower. Approximately one-third of
individuals with cardiovascular risk factors; The low awareness of other
risk factors such as diabetes, hyperlipidemia, and hypertension has been
interpreted as worrying. This lack of awareness can also lead to the need
for a lifestyle change and treatment-seeking to go unnoticed. As a result of
the study, it is recommended to give priority to public health practices in
order to increase awareness (Man et al., 2019).
A systematic review and meta-analysis study was conducted to examine
the knowledge and attitudes of young adults (18-34 years) towards
cardiovascular diseases. Individuals stated that 55% defined smoking and
eating habits,49% stress, 39% inadequacy of physical activity, 33%
hyperlipidemia, 27% obesity, 26% genetic factors, 25% hypertension, and
10% old age as risk factors. The fact that smoking and eating habits are the
most frequently identified risk factors among young adults has been
interpreted as increasing education and awareness in the general population
thanks to media, advertisements, and visual health warnings. The fact that
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stress is seen as a risk factor more than obesity is probably related to the
perception of stress as a health problem and obesity as an appearance
problem. Lack of physical activity, one of the other most common
responses, has been associated with obesity, hypertension, hyperlipidemia,
and stress. Among the risk factors, advanced age was seen as the lowest
perceived risk factor. This may be attributed to the widespread
understanding that although atherosclerosis progresses slowly starting
from childhood, it is not seen as a cause for concern among young people,
since it usually causes serious health problems at advanced ages. As a
result of the study, it was stated that there is a lack of awareness among
young adults about cardiovascular risk factors, therefore there is a need to
increase the knowledge level of society through social media, online
platforms, and education programs (Trejo et al., 2018).
4. Individual and Social Applications in
Cardiovascular Diseases

Atherosclerotic

Mortality rates due to atherosclerotic cardiovascular diseases have
decreased significantly in developed countries from the 1950s to the
present, together with the increase in the quality of health services.
(Herrington et al., 2016) On the other hand, the limited access of
individuals to health care resources in middle- and low-income countries
may delay the diagnosis of diseases and increase mortality (GDB, 2016).
The decrease in mortality rates due to atherosclerotic cardiovascular
diseases in developed countries may be due to changes in behavioral risk
factors due to community-based policies or individual practices, or both
(Libby et al., 2019; T.C. Sağlık Bakanlığı Türkiye Halk Sağlığı Kurumu,
2015). Non-modifiable risk factors such as age, gender, family history, and
genetics are effective in the emergence of atherosclerotic cardiovascular
diseases (Visseren et al., 2021). In addition, the role of modifiable risk
factors such as smoking and alcohol use, unhealthy diet, obesity, lack of
physical activity, psychological stress, sleep problems, hyperlipidemia,
diabetes, and hypertension in its physiopathology suggests that
cardiovascular diseases can be prevented and controlled with social
awareness (GDB, 2016).
In order to prevent atherosclerotic cardiovascular diseases and to plan
effective practices for risky individuals, first of all, individual risk factors
should be calculated. In this direction, scoring systems such as SCORE,
SCORE 2, Framingham Risk Score, Reynolds, QRISK3, and PROCAM
have been developed (Rossello et al., 2019). In these scoring systems, there
are risk factors related to atherosclerotic cardiovascular diseases such as
age, gender, ethnicity, family history, genetics, smoking, obesity,
hypertension, diabetes, physical inactivity, psychosocial factors, exposure
to environmental pollution, hyperlipidemia, low HDL cholesterol (High-
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Density Lipoprotein), high C-reactive protein (CRP). In addition,
diagnostic methods such as coronary artery calcium score, contrastenhanced computed tomography, coronary angiography, carotid
ultrasound, ankle arm index, and echocardiography can be found (Visseren
et al., 2021; Wong et al., 2022). Scoring systems estimate the
cardiovascular mortality rate over a lifetime or 10-year period. By means
of risk assessment and access to objective information on possible
prognosis, it is ensured that high-risk individuals who should benefit from
preventive practices are identified. Each scoring system has certain
limitations and therefore a different scoring system can be used for each
individual (Rossello et al., 2019).
Primary care and public health services play a fundamental role in the
prevention of atherosclerotic cardiovascular diseases, both in the
identification of high-risk individuals and in the planning of interventions
(Piepoli et al., 2020). Individual and social practices should be planned to
reduce the risk of atherosclerotic cardiovascular disease and prevent its
occurrence. Multidisciplinary cooperation should be carried out while
planning individual applications. A personalized program should be
adopted according to the cognitive and emotional characteristics,
educational status, socioeconomic factors, diagnosis of cardiovascular
diseases, or psychosocial impact on symptoms in order to encourage
individuals to change their lifestyle and support adherence to drug therapy
(Visseren et al., 2021).
In addition to face-to-face meetings with health professionals and risky
individuals for the prevention of atherosclerotic cardiovascular diseases,
interest in media-based (such as telephone, internet, and mass media) ehealth applications is increasing. For individuals, e-health applications are
becoming interesting with the possibility of behavioral and selfmonitoring, ease of communication and training with health professionals,
and more flexibility and individuality. Interviews with individuals can take
place within the framework of nutrition, weight management, physical
activity, compliance with drug use, smoking cessation, and stress
management (Piepoli et al., 2020).
A diet known as the Mediterranean diet is recommended for the
prevention of atherosclerotic cardiovascular diseases. The Mediterranean
diet includes high consumption of fruits, vegetables, legumes, whole
grains, fish, and olive oil, and less alcohol and less consumption of red
meat, dairy products, and saturated fatty acids. Adherence to the
Mediterranean diet is associated with a 10% reduction in the incidence and
mortality of cardiovascular diseases and an 8% reduction in all-cause
mortality. In the prevention of atherosclerotic cardiovascular diseases,
consumption of unsaturated fat and especially processed meat should be
minimized, less than 5 grams of salt should be consumed daily, 2-3
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servings of vegetables and fruits should be consumed per day, fish should
be consumed 1-2 times a week, and sugar consumption should be reduced.
In addition, 5-10% weight loss in obese individuals can provide positive
results for blood lipid level, blood pressure, and glycemic control. In
individual applications, patients should be supported in terms of acquiring
appropriate eating habits and reaching normal weight (Bays et al., 2019;
Visseren et al., 2021; Piepoli et al., 2020).
Physical activity is directly associated with positive health outcomes.
Regular moderate to high aerobic physical activity; There is an inverse
dose-response relationship between the morbidity and mortality of
coronary artery disease, ischemic stroke, and heart failure. On the other
hand, there is a positive dose-response relationship between cardiovascular
mortality and Type 2 diabetes in individuals with a sedentary lifestyle. In
healthy adults, 150 to 300 minutes of moderate or 75 to 150 minutes of
high physical activity per week reduces the risk of all causes of death.
There are studies showing that high aerobic physical activity can improve
insulin resistance and high blood pressure, especially in obese individuals.
The most effective practices for increasing physical activity are based on
behavior change interventions, teaching individuals the skills to
incorporate physical activity into their daily routines and to lead an active
lifestyle. It has been reported that physical activity increases in the adult
age group by counseling individuals to set goals in the physical activity
plan and to monitor their progress levels on their own. Virtual coaching
can be provided to individuals by using technological communication tools
such as computers and telephones, and behavioral change can be
encouraged with personalized advice and support messages to individuals
at scheduled times. Providing direct feedback to individuals with wearable
activity monitor devices such as pedometers and accelerometers for
determining and reaching physical activity goals can increase their
physical activity levels. Telephone and internet-based applications for
education and motivation can facilitate effective remote guidance to
individuals to increase physical activity (Bays et al., 2019; Visseren et al.,
2021; Piepoli et al., 2020).
Statin therapy is commonly used in individuals aged 40-75 years who
are found to be at moderate or high risk for atherosclerotic cardiovascular
diseases. In addition, antihypertensive and antiplatelet therapy can be
added to this treatment (Visseren et al., 2021; Arnet et al., 2019). This drug
therapy can be administered alone or in combination. Regular compliance
of individuals to this treatment is extremely important. Many individuals
may experience non-adherence to treatment for reasons such as multiple
drug use, the complexity of drug therapy, the possibility of communication
problems with healthcare professionals, rejection of the disease or
treatment, physical disabilities, and cognitive and mental difficulties. It is
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estimated that approximately half of atherosclerotic cardiovascular
diseases can be prevented with treatment compliance (Visseren et al.,
2021). In addition to face-to-face interventions, it is known that the use of
technological devices such as mobile phones has positive effects on
parameters such as blood pressure and LDL cholesterol, which increase the
level of compliance of individuals with drug use (Piepoli et al., 2020). Cell
phone apps can improve both medication adherence and behavioral
changes. It is easy to use and cost-effective (Visseren et al., 2021).
Smoking is one of the leading causes of preventable death worldwide,
and individuals who have never smoked but are passively exposed to
smoke are also at increased risk. Although there is a widespread opinion
that electronic cigarettes are harmless in society; contain nicotine, which
can damage the brain and affect learning, memory, and attention. In
addition, individuals who use electronic cigarettes may expose themselves
and those around them to harmful substances such as heavy metals, volatile
organic compounds, and ultrafine particles that can reach deep into the
lungs (Piepoli et al., 2020). Adults should be evaluated for smoking and
viewed as a life-threatening sign to facilitate cessation for smokers. To
reduce the risk of atherosclerotic cardiovascular disease, individuals
should be advised to abstain from smoking. Behavioral interventions and
pharmacotherapy treatment by a specially trained health professional are
recommended to increase smoking cessation rates in smokers. Nonsmokers are informed about passive exposure to smoke and how to avoid
exposure to this smoke (Arnet et al., 2019).
Coping with psychosocial stress, depression, and anxiety and providing
individual stress management are important in the prevention of
atherosclerotic cardiovascular diseases. Diagnosis of psychosocial risk
factors, in addition to cardiac rehabilitation, practices such as
psychotherapy, multimodal behavioral interventions, and drug therapy can
facilitate behavioral change, increase the quality of life and positively
affect prognosis (Piepoli et al., 2020). Society practices are also very
important to reduce the risk of atherosclerotic cardiovascular disease and
prevent its occurrence. Unlike individuals who are individually identified
as high risk, individuals with lower risk in the general population may have
a greater burden of disease. This requires large-scale public health
interventions aimed at community-based lifestyle change. Social risk
factors differ between countries. In general, it is tried to reduce the risk of
atherosclerotic cardiovascular disease by encouraging healthy individual
choices with social-based nutrition, reducing smoking, increasing physical
activity, and environmental regulations (Visseren et al., 2021).
A healthy diet is a balanced consumption of vegetables and fruits,
mostly plant-based, with an appropriate calorie intake for individuals,
reducing saturated fat, processed foods, and sugars. Reducing sugar and

98

sweetener intake and phasing out industrially produced trans fats are
recommended. It is recommended that policies be implemented to control
the sale of these foods and high-calorie beverages to children. In addition,
positive (such as fruit, vegetable, fiber, and protein content) and negative
(such as saturated fat, sugar, and salt) labeling can be applied to food
packages that lead to healthy choices. These recommendations recommend
providing consumers with accurate information, making healthy choices
more accessible, and applying financial deterrents, such as taxes on highsugar products (Piepoli et al., 2020).
To encourage physical activity in society, practices must be adapted to
the environments in which individuals live, work, read, and play. In a
social-based policy approach, targeting those who are less active in terms
of physical activity, taking into account characteristics such as age, gender,
socioeconomic status, and geographical location, planning in connection
with individual practices can contribute positively (Piepoli et al., 2020).
The World Health Organization states that regular physical activity can
prevent non-communicable diseases such as cardiovascular diseases and
stroke; in addition, hypertension and obesity can be controlled; states
mental well-being, quality of life, and comfort will increase. In this
direction, a 4-stage guide was published as “Active societies, Active
environments, Active people and Active systems” in the global action plan
“More Active People for A Healthier World” aimed at promoting physical
activity. Active societies suggest that social norms and attitudes change by
increasing the level of knowledge in society and that individuals of all ages
understand the benefits of regular physical activity. Active environments
recommend creating environments that support and protect the right of all
individuals of all ages to have equal access to safe places in their cities and
communities where they can engage in regular physical activity according
to their abilities (World Health Organization, 2018). In addition, increasing
the activities that can be done indoors (such as gyms) and open areas (such
as parks, paths, and green areas) of stairs, walking and bicycle paths with
environmental regulations can increase physical activity among children
and adults (Piepoli et al., 2020). Active people recommend access to
opportunities and programs in a variety of settings that help individuals of
all ages and abilities engage in regular physical activity individually or
with families or communities. Finally, Active systems recommend
coordination in national and international actions and establishing
partnerships such as leadership, management, and information systems in
order to increase physical activity and reduce social norms and attitudes in
society (World Health Organization, 2018).
Cigarette smoking is becoming more and more common in society and
the age of starting smoking is also decreasing. Despite a few anti-smoking
policies, smoking still continues in society. This situation draws attention
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to the necessity of following cigarette control policies and tobacco industry
activities more strictly. As society-based practices, it is recommended to
ban smoking in certain areas, restrict marketing and advertising, organize
media campaigns for smoking cessation, and increase the prices of tobacco
products, seen as the most effective strategy (Piepoli et al., 2020).
Environmental factors such as air pollution and noise are closely related
to atherosclerotic cardiovascular diseases. In densely populated areas to
reduce noise and air pollution; applying noise-reducing surfaces to the
roads, widespread use of electric transportation vehicles, reducing the
speed of transportation vehicles, especially at night, planning air and train
routes away from the city center, and reducing the number of night trips,
implementing strict industry waste control policies, increasing the green
area in the surrounding, cheaper with public transportation applications
such as providing travel and using sound-reducing windows in residences
are recommended (Piepoli et al., 2020; Münzel et al., 2020).
5.

Conclusion

In this review, the physiopathology of atherosclerotic cardiovascular
diseases and the importance of individual and social practices and social
awareness in the modifiable risk factors that play a role in their
development were examined. Social awareness plays a key role in the
prevention and control of atherosclerotic cardiovascular diseases. A
multidisciplinary approach that encourages lifestyle changes for all
existing risk factors rather than a single risk factor should be developed for
the individual and societal determination and prevention of atherosclerotic
cardiovascular disease risk.
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The ear can basically be divided into 3 parts as outer, middle, and inner.
The outer ear consists of the auricle and the external acoustic canal. The
pinna is located on both sides of the head and its function is to collect sound
waves and transmit them to the external acoustic canal. Due to the
configuration of the outer ear, it can selectively increase the sound pressure
between 30 and 100 times for frequencies around 3 kHz. Therefore, people
are more sensitive to hearing sounds in this frequency range (Demanez &
Demanez, 2003).
The external acoustic canal is a sigmoid-shaped structure that starts
from the deep part of the concha of the auricle and ends at the eardrum.
The anterior 1/3 of the external auditory canal is formed by the cartilage
and the remaining 2/3 by the temporal bone. It transmits the sound waves
collected in the auricle to the tympanic membrane. This tube runs inward
from under the auricle and transmits vibrations to the ear cavity and
amplifies frequencies in the 3 kHz to 12 kHz range.
The eardrum, called the tympanic membrane, is located at the end of
the external auditory canal and separates the outer ear from the middle ear.
This thin, cone-shaped structure transmits the vibrations in the air coming
from the outer ear to the oval window with the help of the bone chain in
the middle ear, so it has an important role in converting the vibrations in
the outer air into fluid vibrations in the inner ear(Malmierca, 2003).
The middle ear is located between eardrum and cochlea. There are 3
groups of chain bones in the middle ear with the tympanic cavity connected
to the nasopharyngeal cavity by the Eustachian tube. The primary function
of the middle ear is to efficiently transfer acoustic energy from
compression waves in air to fluid–membrane waves within the cochlea.
The middle ear contains three small chains of bones known as malleus,
incus, and stapes. While the sound waves coming through the airway make
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the eardrum vibrate, at the same time, the long arm of the malleus, which
is attached to the eardrum, vibrates so that the chain bone reaction begins
(figure 1). After the malleus, these vibrations are transmitted to the oval
window over the incus and stapes. The vibrating surface of the tympanic
membrane (eardrum) is many times the surface area of the stapes footplate
(the third ossicular bone that attaches to the oval window); Also, the shape
of the articulated ossicular chain is like a lever, the long arm is the long
process of the malleus, the fulcrum is the body of the incus and the short
arm is the lenticular process of the incus (Clopton & Voigt, 2014). The
collected pressure of the sound vibration hitting the eardrum is therefore
concentrated on this much smaller area of the stapes, increasing the
pressure force. Some studies show that the leverage ratio is indeed variable
depending on the frequency. It is about 2 between 0.1 and 1 kHz, rises to
about 5 at 2 kHz, and drops steadily above that frequency (Koike et al.,
2002). The measurement of this leverage ratio is more complex than the
ratio of the malleus's long arm to the incus's lenticular process. The
eardrum is actually attached to the malleus stalk for a distance of about 0,5
cm. In addition, the eardrum itself moves very chaotically at frequencies
>3 kHz (Manoussaki et al., 2008). The linear attachment of the eardrum to
the malleus actually softens this chaotic movement and allows the ear to
respond linearly to a wide range of frequencies rather than a point
frequency. Middle ear efficiency peaks at a frequency of about 1 kHz. The
combined transmission function of the outer and middle ear gives humans
the highest sensitivity to frequencies between 1 kHz and 3 kHz.
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Figure 1: Schematic drawing of ear anatomy; Sound waves collected
in the auricle move towards the outer ear canal and vibrate the eardrum.
These mechanical vibrations are amplified by the bony chain in the
middle ear and transmitted to the inner ear through the oval window.
Mechanical vibrations are converted into action potentials in the inner ear
and transmitted to the central nervous system by the vestibulocochlear
nerve. (Thanks for dear Busegül Türkiş M.D for her nice drawing.)
In the middle ear, there are two muscles called the tensor tympani and
stapedius. When high-frequency sound waves are transmitted to the middle
ear through the eardrum, they contract, blocking the vibrations of the
malleus, incus, and stapes, thus reducing the transmission of sound to the
inner ear. This action is known as the acoustic reflex.
The cochlea is a spiral, fluid-filled, conical bony chamber in which
mechanical sound waves propagate from the base (oval window) to the
apex (top of the spiral). With the mechanical force in the middle ear, the
fluids in the cochlea move the hair cells by movement. The movement of
the hairy cells causes the ion channels to open, and the mechanical energy
is converted into an action potential due to the ion transition. The cochlea
is a thin, coiled bone structure lined with epithelial tissue on the inner
surface. Its internal structure is divided into 3 chambers by 2 membranous
structures.
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Vestibular and tympanic canal: They are the upper and lower parts of
the 2 compartments, the continuation of each other, and contain perilymph.
The upper located vestibular canal is separated from the cochlear canal by
Reisner's membrane, and the bottom-placed tympanic canal is separated
from the cochlear canal by the basilar membrane. At the top of the cochlea,
the vestibular canal becomes the tympanic canal by reversing the direction
of the fluid. This area is called helicotrema.
The oval window is pushed by mechanical vibrations in the middle ear,
the fluid called perilymph that is vibrated in the vestibular canal passes into
the tympanic canal. The pressure created by the energy transmitted to the
tympanic canal is absorbed by the flexible, membranous structure called
the round window so energy can be transmitted through the fluid structures
in the inner ear. Since the fluid is nearly incompressible and the bony walls
of the cochlea are rigid, the movements of a fluid in a closed container
must be absorbed by such a flexible structure in order for mechanical
energy to be transmitted through the fluid.
The cochlear canal is a complex structure. The cochlear canal is
surrounded by the basilar membrane, stria vascularis, and Reissner's
membrane. The stria vascularis is a rich bed of capillaries and secretory
cells; Reissner's membrane is a thin membrane that separates the
endolymph from the perilymph; The basilar membrane is a rigid and
mobile structure and carries the hairy cells and the organ of Corti, which
provide action potential conversion of mechanical energy.
Sound waves transmitted from the stapes to the oval window vibrate the
perilymph in the vestibular canal. The bony chain in the middle ear is
essential for the efficient transmission of sound waves to the cochlea
because the cochlear environment is a fluid-membrane system and
transporting sound between fluid-membrane waves requires more pressure
than air. A pressure increase is achieved by reducing the area ratio of the
eardrum to the oval window by 20 times. This gain is necessary to match
a sound wave traveling in the air with a sound wave traveling in a liquid.
The perilymph in the vestibular canal and the endolymph in the cochlear
canal act as a single canal mechanically separated only by a very thin
Reissner membrane. It transmits vibrations from the oval window to the
perilymph in the vestibular canal, pushing the Reissner membrane, causing
the endolymph in the cochlear canal to vibrate. Depending on the
frequency of the sound wave, vibrations reaching a certain distance from
the oval window displace the basilar membrane. These vibrations are
further strengthened by the outer hair cells of the organ of Corti. Due to
vibrations in the endolymph, the inner hair cells are displaced, so an influx
of K+ from the K+-rich endolymph via end-connecting channels creates
depolarization (Kikuchi et al., 2000). The resulting depolarization causes
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the release of neurotransmitters, thus stimulating the primary auditory
neurons.
The sensory cells in the cochlea are innervated by the auditory nerve
and transmit the signals that receive from these cells to the cochlear nuclei.
The cochlear nucleus, which is the first nucleus of the ascending auditory
pathways, consists of three main parts. These are the dorsal cochlear
nucleus (DCN), anterior ventral cochlear nucleus (AVCN), and posterior
ventral cochlear nucleus (PVCN). Fibers emerging from the parts of the
cochlear nucleus reach the central nucleus of the inferior colliculus (ICC)
by joining the Lateral lemniscus (LL) as dorsal (stria Monaco), medial
(Held stria), and ventral stria (trapezoid body) along 3 fiber bundles. They
give collaterals to the nuclei of the superior olivary complex, and some
fibers are interrupted in some of these nuclei. There are two distinct
ascending pathways known as the classical and non-classical pathways
from the cochlear nucleus to the cerebral auditory cortices (figure 2).

Figure 2: A. Cadaveric dissection image with endoscopic retrosigmoid
approach showing the vestibulocochlear nerve and internal acoustic canal. B.
Cadaver fiber dissection image showing the relationship between the
vestibulocochlear nerve, lateral lemniscus and inferior colliculus.
The classical auditory pathways, also known as the lemniscal pathway,
cross at the midbrain level in the inferior colliculi, forming extensive
connections between them so that each cerebral cortex of the two sides
receives approximately equal amounts of input from both ears. Therefore,
lesions in the auditory cortex do not cause hearing loss (normal audiogram)
such as tumors, stroke, or traumatic injuries. It usually causes different
types of aphasia (Korsan-Bengtsen, 1973). In contrast, there is no known
connection between the thalamic nuclei from above the inferior colliculus.
Fibers reaching the cells of the ICC reach the thalamic auditory nuclei in
the medial geniculate body and from there to the primary (AI), secondary
auditory cortex (AII), and anterior and posterior (AAF and PAF) auditory
areas. Cells in the inferior colliculus transmit signals to the auditory
thalamic nuclei in the medial geniculate body. The thalamus plays a critical
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role in the transmission of auditory in the central nervous system. There
are 2 different cell groups in the thalamus related to the conduction of
auditory. The first is the ventral thalamic nuclei, where fibers from the ICC,
located in the classical ascending pathway, pass through and are
transmitted to the primary auditory cortex. The other parts are the medial
and dorsal nuclei, which belong to the non-classical pathways, and they
perform fundamentally different functions. Fibers reaching the medial and
dorsal nuclei of the thalamus connect directly to the secondary auditory
without coming to the primary auditory cortex. Also, neurons in the medial
and dorsal nuclei connect to various parts such as the amygdala, thus
providing a subcortical pathway to the emotional brain. All neurons in
classical pathways respond to only one sensory modality, including the
primary auditory cortex, whereas in non-classical pathways, some neurons
respond to other senses other than auditory pathways. At the same time,
other modalities of sensory input may alter the response to auditory stimuli.
This indicates that non-classical auditory pathways receive input from
other sensory systems such as the somatosensory or visual systems. The
fact that the non-classical ascending auditory system receives input from
more than one system is the basis for sensory cross-modal interaction. The
extralemniscal pathway begins in the midbrain with connections from the
ICC to the other parts of the IC, the extremity collicular nucleus (ICX) and
the dorsal cortex (DC) of the IC (Sanes & Walsh, 1998). ICX also receives
fibers from the dorsal portion of the spinal cord (Aitkin et al., 1978), thus
providing input from the somatosensory system to the auditory pathways
(Aitkin et al., 1981). ICX, which is a part of non-classical auditory
pathways, has been shown in recent studies that the trigeminal nuclei
complex in the brainstem is often associated with the spinal caudal nucleus.
The extensions of neurons in ICX and DC extend to the dorsal and medial
thalamic nuclei, from where they reach the secondary auditory cortex and
association cortices directly without passing through the primary auditory
cortex. Fibers originating from the dorsal-medial thalamic nucleus are also
attached to structures not related to the auditory cortex, such as the
amygdala and hypothalamus, in the limbic system, unlike those originating
from the ventral thalamic nucleus. The classical and non-classical
pathways establish important connections with the lateral nucleus of the
amygdala via two distinct pathways known as the "high path" and the "low
path", respectively (LeDoux, 1992). The low route uses a subcortical
connection from the lateral and medial thalamus, while the high pathway
reaches the lateral nucleus of the amygdala (AML) after a long chain of
neurons in the primary-secondary auditory cortices (figure 3) (Moller,
2003).
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Figure 3: Schematic drawing of ascending auditory pathways;
A. Ascending auditory pathways from the cochlea to the inferior colliculus.
AN acustic nerve, AVCN anterior ventral cochlear nucleus, PVCN posterior
ventral cochlear nucleus, DCN dorsal cochlear nucleus, LSO lateral superior
olive, NTB nucleus of the trapezoidal body, MSO medial superior olive, SH
stria of Held (intermediate stria), SM stria of Monaco (dorsal stria), LL nucleus
of the lateral lemniscus, DNLL dorsal nucleus of the lateral lemniscus, VNLL
ventral nucleus of the lateral lemniscus, ICC central nucleus of the inferior
colliculus.
B. The classical ascending auditory pathway, fibers reaching the central
nucleus of the inferior colliculus (ICC) from the cochlear nuclei reach the
medial geniculate body in the ventral part of the thalamus and then the primary
auditory and association cortices. LL nucleus of the lateral lemniscus, ICC
central nucleus of the inferior colliculus, ICX external nucleus of inferior
colliculus, DC dorsal cortex (of inferior colliculus), M medial division of
MGB, D dorsal division, V ventral division, OV ovoid part of the MGB, AI
primer auditory cortex, AII seconder auditory cortex, AAF anterior auditory
field, PAF posterior auditory field.
C. The non-classical ascending auditory pathway, Connections from the ICX
and DC of the inferior colliculus to the thalamic nuclei and from there to the
cortical areas. Connections from the MGB to the auditory cortical areas and
basolateral nuclei of the amygdala are also shown. ICC central nucleus of the
inferior colliculus, ICX external nucleus of inferior colliculus, DC dorsal
cortex (of inferior colliculus), M medial division of MGB, D dorsal division,
V ventral division, OV ovoid part of the MGB, AI primer auditory cortex, AII
seconder auditory cortex, AAF anterior auditory field, PAF posterior auditory
field.
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In the literature, the low route is inactive in adults without tinnitus, but
there is evidence that non-classical pathways are active in children and
adults with tinnitus (Moller & Rollins, 2002). This means that the
subcortical connections of the amygdala and auditory pathways are active
in adults with tinnitus, children, those with autism, and derivative disorders
(Moller, 2008; Møller et al., 2005).
Recent studies have shown that the ascending auditory pathways have
connections with the somatosensory system at more peripheral levels.
These are the connections of somatic sensory neurons with various central
auditory structures such as the DCN, VCN, and the inferior colliculus (IC)
(outer nucleus).
Histological studies in guinea pigs have shown that, there are
connections between the trigeminal nucleus and the marginal cell areas of
the cochlear nucleus and the magnocellular portion of the ventral cochlear
nucleus (Shore et al., 2000).
Another study involving cats has shown direct projections from the
dorsal column nuclei and the spinal trigeminal and cochlear nuclei (Itoh et
al., 1987). In addition, studies using decerebrate paralyzed cats showed that
when the dorsal column of the spine was electrically stimulated, a response
occurred in the spinal trigeminal nucleus and DCN (Young et al., 1995).
Also, direct connections from the C2 area of the dorsal horn of the
spinal cord to the cochlear nuclei have been demonstrated in anatomical
studies (Zhan et al., 2006).
Conclusion
With these studies, it has been shown that the ascending auditory
pathways have connections other than their connections with the dorsal
column of the spinal cord and the trigeminal nucleus at the level of the
inferior colliculus. In addition, it has been shown that the non-classical
route can also proceed through the lemniscal route due to these more
peripheral connections, and it has been understood that the definition of
extralemniscal is not appropriate.
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Introduction

Gagne was effective in structuring the teaching process with the
learning theory he developed. Gagne emphasized the need to pay attention
to "how" the individual learns in designing the teaching process and
classified learning products (Gagne, 1985). One of the most important
features of Gagne's instructional design is that it is comprehensive
(Boztepe & Terzioğlu, 2013). The education process in nursing includes
qualified education of care practices as well as theoretical knowledge. This
situation allows the learning environment in nursing education to be
structured within the scope of Gagne's instructional design. It is an
inevitable fact that nursing students should be equipped with adequate
knowledge, attitudes and skills in the face of constantly developing health
care services in our age. This situation has brought up the necessity of
applying learning models in the education process in nursing. In this
chapter, the applicability of Gagne instructional model in nursing
education was analyzed.
2.

Gagne's Theory Of Instructional

Gagne started to develop the theory of instructional design in the 1960s
and its development has continued until today. Gagne instructional design
is recognized as one of the pioneers of instructional theories. Gagne
instructional design is a systematic process of designing instructional
materials and activities within the framework of learning approaches and
instructional principles (Özkök, 2010). Gagne developed an instructional
theory consisting of three main components based on cognitive principles.
These components are:
• Classification of learning products (verbal knowledge, intellectual
skills, cognitive strategies, attitudes and psychomotor skills)
• Specific learning conditions required to achieve the learning products
• Instructional principles (gain attention, inform learner of the
objectives, stimulating recall of prior knowledge, presentation of
stimulating materials, provide learner guidance, eliciting performance,
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providing feedback, assessing performance, ensuring retention and
transfer) (Deniz, 2020).
2.1. Gagne Instruction Principles
Gagne emphasizes four main elements in his instructional principles for
developing students' abilities and competencies:
• The instructional plan is individualized.
• The instructional plan includes all learning processes planned to take
place in the past, present and future
• Systematic instructional design should be used to influence people's
development.
• Instructional principles should be designed according to how
individuals learn (Gagne, 1985).
According to Gagne, the following steps should be considered in
organizing instruction:
a) Gain attention: Gain attention in education depends on the creativity
of the trainer. The trainer can use visual (pictures, videos, etc.) and verbal
(cases, case studies, anecdotes, etc.) stimuli to attract the attention of all
students so that they participate in the educational process.
b) Inform learner of the objectives: Knowing what the student will learn
in the learning-teaching process before the training starts and having an
idea about the achievements at the end of the training will stimulate the
sense of curiosity. Thus, the student will be able to pay attention to the
training more easily and this will support permanent learning as well as the
student's achievement of end-of-training gains (Ateş, 2010; Aydın, 2000;
Çetin & Solmaz, 2020; Deniz, 2020; Gagne, 1985; Lo & Hsieh, 2020;
Sünbül, 2002; Tang et al., 2021).
c) Stimulating recall of prior knowledge: The learner associates his/her
existing prior knowledge with the new information he/she will learn and
encodes it in long-term memory. Thus, he/she achieves fast and easy
learning as well as meaningful learning. It is important to remind the
student's prior knowledge before starting the training process and this can
be explained by the information processing theory. In information
processing theory, it is necessary to encode information into long-term
memory to ensure permanent learning. This is aimed reminding prior
knowledge.
d) Presentation of stimulating materials: Stimulating materials used
depending on student achievements are included in the learning
environment. For example, if verbal information is to be given to the
student, education can be given with notes, books and videos. If mental

116

skills are to be taught, models, symbols or role models can be used in
teaching attitudes (Ateş, 2010; Aydın, 2000; Çetin & Solmaz, 2020; Deniz,
2020; Gagne, 1985; Lo & Hsieh, 2020; Sünbül, 2002; Tang et al., 2021).
e) Provide learner guidance: By guiding the student, the educator
ensures that the student takes responsibility the learning process and that
permanent learning takes place.
f) Eliciting performance: It involves providing opportunities for the
student to demonstrate the learned behavior.
g ) Providing feedback: Giving an opinion about the correctness of the
behavior shown by the student is extremely important in learning the
desired behavior. It is useful for the development of the student for the
trainer to provide feedback.
h) Assessing performance: Evaluation is carried out to determine that
the desired outcomes have been achieved. Evaluation is carried out with
formal methods that have validity and reliability. Thus, it is determined at
what level the student has achieved the targeted acquisition.
ı) Ensuring retention and transfer: According to Gagne, knowledge
should be generalized and taught in such a way that it can be transferred to
new and different situations. Gagne's approach that "complex knowledge
can be taught easily by reminding/teaching prior knowledge" has been
effective in curriculum development and the organization of course
content. At the same time, reinforcement of learning is effective in
increasing retention. Repetition even after some time after learning
provides students with the opportunity to retain what they have learned and
to use what they have learned in a new learning environment (Ateş, 2010;
Aydın, 2000; Çetin & Solmaz, 2020; Deniz, 2020; Gagne, 1985; Lo &
Hsieh, 2020; Sünbül, 2002; Tang et al., 2021).
2.2. Learning Products According to Gagne
Gagne defined five types of learning products according to learning
objectives and instructional methods. These learning products are:
a) Verbal knowledge: Verbal knowledge can be acquired through
formal training as well as through informal training. Verbal knowledge
covers especially important practical knowledge that we use in our daily
lives (Ateş, 2010; Gagne, 1985).
b) Intellectual skills: Intellectual skills start from pre-school and
continue throughout life. The individual distinguishes the difference a
situation and defines the situation. He/she learns the basic rules that he/she
can apply to the situation. In problem-solving, they can use the basic rules
in various combinations if necessary. This improves the individual's
ıntellectual l skills (Ateş, 2010; Gagne, 1985).
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c) Cognitive strategy: When faced with a problem, the individual uses
cognitive strategies such as comprehending, predicting and solving the
situation and develops new cognitive strategies if necessary. Gagne
considers this situation as an opportunity to cope with various problems
and to adapt to new situations with the new cognitive strategies developed
(Ateş, 2010; Gagne, 1985).
d) Attitude: It is the internal process that determines in which direction
the individual will develop behavior. Gagne emphasized that in the process
of developing the right attitude, students should have the opportunity to
allow them to act in line with their preferences and to guide them, when
necessary, to observe the people or situations they take as role models, and
reinforce their performance (Ateş, 2010; Gagne, 1985).
e) Psychomotor skills: It is the coordinated realization of the relevant
skill by the individual. In the process of acquiring psychomotor skills,
Gagne suggested that the student should be shown how to perform the skill
at the beginning and then the application should be carried out by the
trainer in turn. In the following processes, he emphasized that the student
should repeat the skill under the guidance of the trainer (Ateş, 2010; Gagne,
1985).
3. The Use Of Gagne Instructional Model In Nursing Education
In the Gagne instructional model, learning is a cumulative process.
Acquisitions in learning are structured by building on previously learned
knowledge. At the same time, mental skills are structured in a certain
hierarchical order from simple to complex. However, the most important
idea that Gagne puts forward about learning is the idea that students learn
the skill by performing it themselves as well as by the trainer demonstrating
it. For this reason, students need to participate actively at every stage of the
lesson. This situation enables the student to take responsibility for gaining
knowledge, attitudes and skills and to realize permanent learning (Özkök,
2010). Nursing education consists of theoretical knowledge and care
practices that complement each other (Boztepe & Terzioğlu, 2013). Gagne
instructional model is a comprehensive learning approach, and the model
is important in terms of nursing education with the knowledge, attitude and
skill acquisition strategies it develops. When the literature based on the
instructional model in the field of health is examined; Lo et al. (2020)
designed medical education within the framework of the Gagne
instructional model to teach communication skills effectively (Lo &
Hsieh, 2020). Ahsan, Shaide, and Hasan (2018) based pediatric education
on the Gagne instructional model and found that the Gagne instructional
method was effective (Ahsan et al., 2018). Berger and Greif (2020) planned
anesthesia training for a small group on the Gagne instructional model and
found that the training was effective in the small group (Berger-Estilita &
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Greif, 2020). When the studies on nursing education are examined;
Yuliavan et al (2020) developed a nursing education web application
structured with the Gagne instructional model. They found that most of the
nursing students were satisfied with Gagne's instructional design
(Yuliawan et al., 2020). Wong et. all (2018) planned intraocular pressure
measurement training for nurses within the framework of Gagne's
instructional model. The researchers stated that the model facilitated skills
training (Wong, 2018). Woo (2016) stated that the phlebotomy training
planned within the framework of Gagne's instructional model appeals to
different learning styles of students and facilitates the learning process
(Woo, 2016). In line with the literature, the application of Gagne's
instructional model in nursing education facilitates the learning process of
students. With the Gagne instructional model, the nursing education
process is designed systematically. At the same time, the model gives
positive results in meaningful and easy learning students with different
learning styles. It is appropriate to integrate the Gagne instructional model
into the nursing education process, especially with learning products for
verbal knowledge, mental skills, cognitive strategies, attitudes and
psychomotor skills.
4.

Conclusions

As a result, it is aimed to develop knowledge, attitudes and skills in
nursing education. Gagne’s instructional model is a learning approach that
can be utilized in the nursing education process due to its systematic design
and the learning processes it defines.
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Non-tubal ectopic pregnancy (NTEPs) means the implant of the
gestasyonel sac in a different place than the tube should be outside of the
ampulla and isthmus part. Out of all ectopic pregnancies approximately 510% implant in nontubal locations. These locations are the cervical portion
of the uterus, the interstitial portion of the fallopian tube, the cornual, the
cesarean scar, the ovaries and the abdominal cavity (Bouyer et al.,2002;
Long et al., 2020; Panelli et al., 2015). The proportions of these locations
can be different according to the studies. A total of 100 nontubal
pregnancies were distributed as 1 abdominal, 32 caesarean scar, 14
cervical, 41 cornual-interstitial, 12 ovarian (Ramkrishna et al., 2018). In
another study the sites were interstitial (2.4%), ovarian (3.2%) or
abdominal (1.3%), while no cervical pregnancies were observed (Bouyer
et al., 2002).
History of previous ectopic pregnancy, previous pelvic infection,
previous treatment with assisted reproductive techniques, smoking, and
use of progesterone-only pills or Mirena increase the risk for NTEPs
(Panelli et al., 2015). The increase of cesarean delivery rates contributes to
the increase of the incidence of NTEPs due to both of pelvic adhesion
formation and uterine scar (Alkatout et al., 2013).
NTEPs are scarce but serious conditions account for a greater mortality
and morbidity with potential implications on fertility compared with tubal
pregnancies among all ectopic pregnancies, because of their atypical
localizations, late presentations and delayed or challenges in diagnosis
(Chetty et al., 2009). However, with the advances recently in imaging and
diagnostic tools (such as high resolution US and MRI) and treatment
modalities, success in their early and more accurate diagnosis and
management is increasing. Thanks to the developing technology, non-tubal
ectopic pregnancies can be diagnosed earlier. With smaller surgical
interventions to be applied to patients with early diagnosis, the chance of
survival is increased by ensuring that the person is least affected by
surgery, and the necessary treatment algorithms are created for a healthy
pregnancy in the future.
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Due to the low incidence of non-tubal ectopic pregnancies, there is no
consensus on what treatment modality should be followed in these patients.
The management of non-tubal ectopic pregnancies should be decided
according to the clinician's experience, clinical status of the patient,
whether or not a pregnancy is planned, gestational week, presence of fetal
heartbeat and serum b-HCG level.
Treatment of non-tubal ectopic pregnancy types includes conservative
treatments (medical and/or minimally invasive methods and/or their
combination), laparoscopic and open surgical techniques.
There are no clear lines separating medical and surgical treatment in the
management of non-tubal ectopic pregnancies. Both forms of treatment
can be used separately or together.
In a study, the success rate of surgery in primary treatment was 57%,
and the success rate of systemic MTX or MTX injection into the sac was
87% (Ramkrishna et al., 2018).
MTX injection into the sac can be preferred in the presence of imaging
methods, especially in patients who want pregnancy or are afraid of
surgery. However, it should be kept in mind that it may require further
surgery due to the risk of massive bleeding as a complication and may even
lead to organ and patient death.
The patient group in which minimally invasive approaches are at the
forefront is especially those who expect a child in the future. However,
although minimally invasive procedures are safe and effective for the
patient, they may require long-term follow-up and sometimes new
interventions (Ramkrishna et al., 2018). Apart from systemic MTX
treatment, MTX injection into the sac or laparoscopic surgeries in nontubal ectopic pregnancies should be prioritized as procedures that ensure
the patient is least affected by the condition (Ramkrishna et al., 2018).
In a study conducted in non-tubal ectopic pregnancies, the failure rate
in systemic MTX administration was 25%, while this rate was 7% in MTX
injection into the pouch. However, it may take time for HCG levels to
decrease to reliable levels (Gilbert et al., 2020). There are not any major
complications (Gilbert et al., 2020). In general, the advantage of local
MTX injection in medical treatment of ectopic pregnancies is that the side
effect profile is more acceptable than systemic administration (Stovall et
al., 1993).
If the clinical condition of the patient is appropriate, etoposide, KCL
injection into the sac, and hyperosmolar glucose can be used as an
alternative to MTX. If the desired success cannot be achieved with MTX
treatment, our other options are chemotherapeutic drugs such as
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actinomycin D and etoposide, which can be used locally or intramuscularly
(Long et al.,2020; Panelli et al., 2015).
Interventional radiological approaches are used increasingly in the
treatment of NTEPs. Combining systemic MTX treatment with uterine
artery embolization or administration of MTX to the uterine artery in nontubal ectopic pregnancy has a 96% success rate and 83% pregnancy rate
after treatment in non-tubal ectopic pregnancy patients with a child plan
(Krissi et al., 2014).
Laparoscopic surgery is the gold standard in all non-tubal or tubal
ectopic pregnancies. Even in cases of ectopic pregnancy with bleeding into
the abdomen, it can be applied effectively by a doctor with high
laparoscopic experience with appropriate, fast and effective blood
transfusion.
Various techniques such as embolization of the uterine arteries, ligation
of the cervical branches of the uterine arteries, cervical cerclage applied to
the internal cervical os, balloon tamponade, and local administration of
vasopressin to the cervix can be used to minimize blood loss conservatively
or minimally.
If the patient is not hemodynamically stable, then laparotomy is
immediately performed.
Recently, in a few studies Gefitinib is used coined with MTX for the
treatment of non-tubal pregnancies and this combined treatment has even
been effective, safe and well-tolerated in patients with very high (>45.000
IU/L) pre-treatment hCG levels (Horne et al., 2014).
As a result, the low number of cases in non-tubal ectopic pregnancies
does not provide sufficient information to evaluate the treatment modalities
considered or applied to these patients and the effectiveness of these
treatments in the post-op period. Thanks to the data obtained as the number
of patients increases, we will have the opportunity to obtain more objective
results about the effectiveness of the treatment regimens and what needs to
be done in the post-process.
We will now briefly give information about NTEP types according to
their implantation sites.
1.

Cervical Ectopic Pregnancy (CEP)

In CEP, the blastocyst settles into the mucosa in the endocervical area
and invades the trophoblast in this area. In CEP, the placenta should be
below the uterine vasculature or below the peritoneal reflection in the
anterior uterus.
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CEP is accounting for <1% of the all ectopic pregnancies. The
incidence of CEP is 1 to 2500-18.000 pregnancies (Bouyer et al., 2002;
Long et al., 2020; Panelli et al., 2015).
The main risk factor is especially the history of uterine
dilatation&curettage (D&C) in approximately 70% of the cases (Panelli et
al., 2015).
Patients are usually diagnosed in the first trimester, between 7 and 8
weeks of pregnancy. Generally, 6-10% of these patients detected during
pregnancy controls do not have symptoms (Murji et al., 2015). The most
common symptom in a CEP is painless vaginal bleeding present in 85-90%
of the cases (Murji et al., 2015).
Diagnosis of CEP is provided by transvaginal ultrasonography,
palpation and vaginal speculum examination.
Transvaginal ultrasonography is very valuable in diagnosis. A
gestational sac can be seen in the cervix in the transvaginal
ultrasonography performed on a pregnant woman who came for control at
an early gestational week. On ultrasound, the uterus acquires a
characteristic hourglass appearance due to an enlarged cervix (Benson et
al., 1996). In CEP, all pregnancy material is at the endocervical os level.
Magnetic resonance and three-dimensional ultrasound can also be
diagnostic of cervical ectopic pregnancy (Sherer et al., 2008).
CEP may be mistakenly referred to as a threat of miscarriage or
intrauterine pregnancy with a low implantation site. It is important to
differentiate CEP from any type of abortion. If the diagnosis delays, the
CEP can rupture and may cause a life-threatening hemorrhage. For this
reason, CEP should always be remembered when miscarriage patient
comes to us, even though it is a small possibility among the available
options. It is the ultrasound finding called 'slip sign' that can help us in this
regard. The slip sign is the process of applying gentle pressure on the tip
of the ultrasound probe towards the uterus during the transvaginal
ultrasonography of the pregnant woman. In this case, a positive slip sign
moves us away from cervical ectopic pregnancy, while a negative slip sign
moves us closer to cervical ectopic pregnancy unlike a normal miscarriage
(Long et al., 2020; Panelli et al., 2015).
Early diagnosis of cervical ectopic pregnancy cases provided close
follow-up of the medical or surgical treatment applied to the patient. It has
been shown that if the pregnancy uncomplicated yet conservative treatment
methods can be applied safely and effectively without affecting fertility in
early CEP cases (Kim et al., 2004).
Conservative management for CEPs can be more effectively if no fetal
cardiac activity present, the diagnosis was made early (≤8 gest weeks),
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beta-hCG level is low (<10.000 mIU/ml) and CRL <10 mm (Panelli et al.,
2015; Chetty et al., 2009).
Medical treatment is mostly preferred in patients whose current
condition is not urgent and whose clinical condition is stable. Currently,
the medically preferred methods are systemic use of MTX, prostaglandins
or administration of potassium chloride into the gestational sac (Murji et
al., 2015).
Surgical approach for the treatment of CEP may be considered for the
hemodynamically unstable patients as well as those with failed medical
treatment.
If the patient has a future child request, D&C or hysteroscopy is
prioritized in surgical treatment. Vacuum curettage may be preferred in
cases of cervical ectopic pregnancy accompanying intrauterine pregnancy
to maintain the existence of intrauterine pregnancy (Tsakos et al., 2015).
In the event of hemorrhage, a Foley catheter can be placed under the
ultrasonography guide into the endocervical canal (Islek et al., 2012).
2.

Interstitial Ectopic Pregnancies (IEP)

The interstitial part is the section of the fallopian tube inside the uterus.
It is usually 1-2 cm in length and about 0.7 mm in width. Interstitial
pregnancy (IP) is a pregnancy that develops in this area. To avoid
confusion, cornual ectopic pregnancy is the presence of pregnancy material
in the underdeveloped horn of the uterus, which is seen in mullerian
anomaly cases (Moawad et al., 2010). These terms are often used
interchangeably, but essentially they are not correct.
The reason for the high number of complications and maternal death in
this patient group is due to the difficulties in diagnosis. This group of
patients accounts for almost one-fifth of maternal deaths due to ectopic
pregnancy (Long et al., 2020).
Transvaginal ultrasound is also the main diagnostic tool for IP as well
as the other tubal or non-tubal ectopic pregnancies. Ultrasound diagnosis
can be made in 65-70% of the IP cases (Ng et al., 2009; Tulandi et al.,
2004). If need, MR imaging or diagnostic laparoscopy can help clarify
anatomy (Parker et al., 2012).
Conservative management is possible for the women who desires
fertility if hemodynamically stable and beta-hCG level is low, but carries
a signiﬁcant risk of failure, such as being in all other ectopic pregnancies
(Long et al.,2020).
Medical treatment, as a conservative management, may be considered
in uncomplicated early diagnosis.
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The patient group for whom the medical treatment option is not
recommended is those with a heartbeat and those with a large cornual
ectopic pregnancy (Faraj et al., 2007).
Approximately 15% of interstitial ectopic pregnancies were ruptured
when operated (Ng et al., 2009).
Laparoscopy is still a reliable diagnostic tool (Ng et al., 2009). In
laparoscopy, a swollen structure is seen at the junction of the fallopian tube
with the uterus.
The determining factor in the laparoscopic approach that most authors
consider appropriate is the size of the cornual ectopic pregnancy.
According to Tulandi et al. while cornuostomy is recommended for
gestational sacs smaller than 3.5 cm, Grobman and Milad recommend
cornual wedge resection for gestational sacs larger than 4 cm (Tulandi et
al., 1995; Grobman et al., 1998). Approximately the cutoff value for the
decision cornuostomy or cornual resection by laparoscopy is 4 cm. For IP
measuring ≥3–4 cm should be advised cornual resection and removal of
the adjacent fallopian tube to prevent recurrence and layered closure as for
a myomectomy (Panelli et al., 2015; Chetty et al., 2009).
Ng et al. found in their study that laparoscopic wedge resection is more
preferred than cornuostomy. The reason for this is the thought that the
success of treatment is higher (Ng et al., 2009).
In several centers, as a new method, hysterescopic resection with or
without laparoscopy has been tried to treat patients (Katz et al., 2003).
Hysterectomy is a last resort and should be reserved for cases especially
who is hemodynamically unstable, but it is rarely required currently
because the diagnosis can be made early (Long et al., 2020).
3.

Rudimentary Horn (Cornual ectopic) Pregnancy (RHP)

It is a pregnancy that occurs in the primordial horn. Rudimentary horn
pregnancy constitutes a very small part of ectopic pregnancies. This rate is
about 0.27%. The very low number of patients negatively affects our
management of the diagnosis and treatment processes of such patients
(Nahum et al., 2002).
The diagnosis of RHP is made by ultrasound.MR imaging is useful to
diagnose RHP especially if there is a doubt in the diagnosis by US.
It is very rare for cornual ectopic pregnancies to continue uneventfully
until term. In a study collected a total 588 rudimentary horn pregnancies
by Nahum, approximately 50% of rudimentary horn pregnancies presented
with life-threating uterine rupture, and 80% of them were before the 3 rd
trimester. Fetal survival with rudimentary uterine horn pregnancies is 5%
(Nahum et al., 2002). In the literature a cornual pregnancy at 29 th
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gestational week presented with clinical silent uterine rupture was reported
(Brewer et all., 2005).
With the developing technology, the diagnosis of RHP can be made
earlier. Thus, medical or surgical treatment of the patients is started without
delay, and this ensures that the patient gets rid of this process with the least
damage (Edelman et al., 2003). The effectiveness of medical treatment,
namely MTX, decreases in large pregnancies and at high bHCG levels.
Therefore, it is important not to be late in the diagnosis. Otherwise, surgical
treatment will come to the fore (Cecchino et al., 2014).
Importantly, approximately 40% of the women with rudimentary horns
will have urological abnormalities, and it is necessary to assess with MRI,
because it can affect both the surgical procedure and the surveillance.
As a conservative treatment option, hysteroscopic intervention with
ultrasonography can be tried after methotrexate treatment applied to these
patients (Sanz et al., 2002).
Conservative treatment does not seem to be very successful in cornual
ectopic pregnancies (Long et al., 2020).
4.

Cesarean Scar Pregnancy (CSP)

CSP is defined as the implantation of the product of pregnancy into the
myometrium in the area where a scar has developed in the uterus due to
previous cesarean section or uterine surgery.
CSP is very rare, but with increasing cesarean rates, it is likely to occur
more frequently in future ectopic pregnancy cases (Long et al., 2020).
Transvaginal ultrasonography is the main tool for CSP diagnosis. In
cases of scar ectopic pregnancy, when the gestational sac growing into the
uterine cavity results in abortion, this situation can be confused with the
patients who had a normal miscarriage (Al-Memar et al., 2015).
Surgery seems to be the most appropriate and successful treatment
method to be applied to the patient in CSP. As the gestational week
progresses during the medical treatment, it also brings with it delayed and
increased complications in case of failure (Ash et al., 2007).
Hysterectomy may be required if an abandoned hemorrhage or other
complications developed or for more advanced pregnancies (Long et al.,
2020). Hysterectomy also may be considered initially if the parent desire
sterilization.
5.

Ovarian Ectopic Pregnancy (OEP)

OEP is defined to the localization of the conceptus in the ovary and
account for 0.5-6% of all ectopic pregnancies (Bouyer et al., 2002; Long
et al., 2020; Chetty et al., 2009).
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Risk factors for OEP are similar to tubal ectopic pregnancies (TEP).
The main risk factors are the use of an intrauterine device, having had PID
in the past, and patients who have undergone some procedures due to
infertility (Abidi et al., 2007). As the number of patients who apply for
infertility increases, it is estimated that the number of OEP cases will
increase due to the interventions applied to these patients (Abidi et al.,
2007). Endometriosis is a speciﬁc risk factor for OEP (Bontis et al., 1997).
OEP have been reported in patients lacking fallopian tubes (Hsu et al.,
2005).
OEP is grouped in two ways. The first and more common of these is the
extrafollicular type, the other and less common is the intrafollicular type
(Bontis et al., 1997).
TV-US is the main diagnostic tool especially for unruptured OEP, but
the diagnosis of OEP is a challenge clinically and sonographically. TVS is
being increasingly used to diagnose OEP and up to 75% of OEP can be
diagnosed preoperatively using TVS (Odejinmi et al., 2009).
The primary approach in OEP is undoubtedly surgery. Here, too,
laparoscopy is the priority and the gold standard (Odejinmi et al., 2009).
Diagnostic laparoscopy and partial ovarian excision are often performed
and the patient's diagnosis is confirmed by pathology (Panelli et al., 2015).
The type of intervention to the patient's ovary should be decided
according to the patient's current clinical condition, the size of the ectopic
pregnancy product, and the patient's expectations from the ovaries. If the
ectopic pregnancy product is small and bleeding control can be achieved,
methods such as ovarian wedge resection, partial removal of the ovary or
complete removal of the conceptus product may be preferred. Thus, the
ovarian tissue is preserved as much as possible and the patient is less
harmed from this process (Odejinmi et al., 2009).
Oopherectomy is not the first choice, but it is inevitable if the pregnancy
material has grown too large or if there is a bleeding situation that will
threaten the patient's life during surgery (Einenkel et al., 2000).
6.

Abdominal Pregnancy (AP)

Abdominal pregnancy (AP) is defined as an implantation of the
conceptus in the peritoneal cavity outside of the reproductive tract. The
incidence of AP is extremely rare as 0.9-1.4% out of all ectopic
pregnancies and often leads to poor maternal and fetal outcomes (Bouyer
et al., 2002; Long et al., 2020; Farquhar et al., 2005).
The implantation sites throughout the abdomen includes multiple
abdominal organs, omentum, organs such as liver, spleen and bowel, large
vessels, pelvic cul-de-sac and the other pouches around the uterus, broad
ligament and abdomino-pelvic side wall (Poole et al., 2012).
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Magnetic resonance imaging can give us important information in the
preoperative process and even cause us to change our incision style due to
placental localization. In addition, by looking at the degree of invasion of
the placenta to the surrounding tissues, arteries, veins and nerve networks,
it can also guide whether the placenta can be removed from the patient
during the operation (Mittal et al., 2012; Harirah et al., 2016).
Abdominal pregnancy process is very critical and difficult for both the
patient and the physician. This is mainly due to the vascularization of the
surface where the placenta attaches. A living fetus with an advanced
gestational week is not a situation we see very often. Perinatal mortality in
advanced abdominal pregnancy cases is approximately 45-90%. The main
reason for this is preeclampsia and bleeding (Hailu et al., 2017).
The aim of the operation covers the correct evaluation of the placenta
following the delivery of the fetus. Unnecessary interventions should not
be made on the placenta. If there is bleeding in the area where the placenta
is located or if it is anticipated that the placenta can be removed, removal
of the placenta can be attempted. However, if possible, it is appropriate to
connect the blood vessels feeding the placenta at this stage.
Angiographic arterial embolization is useful either to prevent or to
control of excessive bleeding due to abdominal pregnancy and also
placenta embolization is effective to avoid complex placental surgery in
advanced AP (Marcelin et al., 2018; Oki et al., 2008).
In these patients, it is often impossible to remove the placenta during
the operation and is not seen as a correct intervention. The placenta left in
place loses its function in a short time and disappears. When all these are
evaluated, it seems more appropriate for both the patient and the physician
(Mekki et al., 1998). In the next period, placental imaging methods can be
followed up with bHCG levels. But placental resorption may take years
(Roberts et al., 2005). The leaving of the placenta in situ decreases the
chance of massive hemorrhage, but some medium- and long-term
drawbacks have also been reported. If let the placenta in the abdominal
cavity, it may become infected with subsequent intraabdominal abscesses
formation, adhesions, intestinal obstruction, and wound dehiscence
(Bergstrom et al., 1998). Sometimes, leaving the placenta in place after
delivery in the advanced gestational week may have a negative effect on
milk secretion in the mother. There is such a case reported in the literature
(Pieh-Holder et al., 2012).
It is not clear whether MTX should be applied to the placenta left in
place after the operation. Some suggested that it is necessary to accelerate
the disappearance process of the placenta, while others suggested that very
rapid tissue loss may accelerate necrosis and abscess formation (Roberts et
al., 2005; Rahman et al., 1982). Harirah et al. thought that methotrexate
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would not work in the placenta that had completed its mature maturation,
and they did not use it (Harirah et al., 2016).
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1.

Introduction

Air pollution is one of the most important public health problems due
to its capacity to induce detrimental health outcomes. As a consequence of
developing industry, the exposure rate and frequency of airborne pollutants
in daily life are increasing, gradually (European Commission, 2022). With
the accumulation of emissions from various sources in the atmosphere, the
pollutant concentration increases per unit thus, the rate of air pollution has
been increasing gradually and it causes an elevation in morbidity and
premature death rates (World Health Organization, 2021). Air pollution is
important for the maintenance of environmental health for both developing
and industrial countries as well, and the great majority of chronic and acute
diseases may occur due to the decreased air quality (European
Commission, 2022). Harmful pollutants emerging from natural and
anthropogenic sources accumulate in the atmosphere and cause air
pollution (Kim et al., 2015). These pollutants might be defined as a mixture
consisting of several components, including ambient particulate matter
(PM), gases, volatile and non-volatile organic compounds, and metals.
There are numerous air pollutants that might be classified as natural and
anthropological according to their sources, or they can be classified as
primary and secondary air pollutants, which originate from primary
pollutants and, indoor or outdoor air pollutants.
Particles and gases that cause air pollution might enter the body through
some mechanisms and affect organs and systems with acute and chronic
effects (Hong Chen et al., 2017). Short-term and long-term exposure to
these pollutants might lead to decreased quality of life, shortened life
expectancy, exacerbation of various diseases such as neurological
(Vallero, 2014), cardiovascular (CV) (Block et al., 2009; Daiber et al.,
2020), neurologic (Liu et al., 2021), neuropsychiatric (Costa et al., 2019;
Liang et al., 2019; Y.-M. Zhou et al., 2021), hematologic(El Morabet,
2019), immunologic (Glencross, et al., 2020), ophthalmologic (Yang et
al., 2021), reproductive (Ko et al.,2019), oncological (Chen et al., 2015;
Fox et al., 2015), respiratory diseases (Khojasteh et al, 2021), and
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increased morbidity and mortality, as well (Allen et al., 2017; Babadjouni
et al., 2017; El Morabet, 2019).
While a single pollutant causes air pollution alone, air pollution occurs
when several pollutants co-exist in combination (World Health
Organization, 2021). The effect of each air pollutant may vary according
to its diffusion rate, chemical composition, reaction potential, and particle
size (El Morabet, 2019; Kim et al., 2015). From a different perspective, air
pollutants might also be classified as indoor and outdoor air pollutants,
based on the exposure and accumulation sites of these chemicals. Indoor
air quality is extremely important for societies that have adapted to urban
and sedentary life considering that there is frequent exposure to these
pollutants every day (Beldean-Galea et al., 2020), for example, household
air pollution is found to be associated with approximately 3.5 deaths per
year and its vulnerability results with different types of cancers, and
respiratory diseases (Lee et al., 2015). As a consequence of being indoors
for a longer time, the frequency of exposure to indoor pollutants increases
the risk of indoor air pollution, particularly via occupational and industrial
exposure (Lizana et al., 2020). Indoor air consists of a combination of
pollutants originating from outdoor air and ventilation systems, building
and heating pollutants, wood and coal particles, various volatile organic
gases, particulate matter, fibers, organic and inorganic pollutants, and
biological particles such as various fungi, bacteria, pollen (Cincinelli &
Martellini, 2017; Lizana et al., 2020). On the other hand, the outdoor air,
which provides and contains indispensable gases for the survival of
environmental ecosystems; is an important natural source and consists of
an abundance of substances of both natural and anthropogenic origin. Area
sources such as agriculture, cities, and wood burning; stationary sources
such as power plants, oil refiners, industrial facilities, and factories; mobile
sources such as cars, trains, and airplanes are human-made sources of
outdoor air pollution (Mohamed et al., 2021).
Due to the contact of air pollutants with the body, pollutants such as
small particulate matter and gases might enter the bloodstream through the
respiratory system via the nasal route. When these pollutants were inhaled,
free radicals are absorbed through the body and oxidative stress might be
increased and inflammation occurs due to the stimulation of cytokine
release (Hung et al., 2021; Laumbach, 2010). Based on these pathological
conditions, the frequency of neuroinflammatory and neurological diseases
increases in proportion to air pollution. Recent studies showed that there
might be a relationship between air pollutants and brain function and white
matter injury (Babadjouni et al., 2017). It was suggested that air pollutants
might have effects on neurons, particularly in developing children due to
their incomplete neurodevelopment and higher relative ventilation rates
(Laumbach, 2010; Rivas et al., 2014). Hence, in the present chapter, it was
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aimed to discuss air pollutants and their relationship with neurotoxicity and
neurodevelopmental disease mechanisms.
2.

Air pollutants

2.1. Particulate Matter (PM)
Particulate matter (PM) is defined as very small solid particles and
liquid droplets suspended in the air; it also contains plenty of toxic
substances such as heavy metals, black carbons (BC), polycyclic aromatic
hydrocarbons (PAHs), microplastics (MPs) and microorganisms (Haghani
et al., 2020a; Liu et al., 2021). Among the components of air pollutants,
PM is believed to be the major source of environmental and air pollution
(Laumbach, 2010). Various reactions and physical deteriorations take
place by natural and anthropogenic events, increasing the small size
particles in the air and as a result, the atmospheric PM concentration
increases and attributes to air pollution. It is generally characterized by
aerodynamic diameter and three size classifications can be made according
to particle size: particulate matter 10 (PM10), which particle aerodynamic
diameter is equivalent to 10 µm or smaller, particulate matter 2.5 (PM 2.5),
which particle aerodynamic diameter is equivalent to 2.5 µm or smaller,
and ultrafine particulate matter (UFPM = PM0.1), which particle
aerodynamic diameter is equivalent to 100 nm (0.1 µm) or smaller (Costa,
et al., 2019; Kim et al., 2015).
Various toxicological studies and obtained data showed that fine
particles might have severe effects on human health (Buoli et al., 2018; P.
Wang et al., 2021; Y.-M. Zhou et al., 2021). It is thought to be strongly
associated with neurological (Hui Chen et al., 2021), cardiovascular
(Witters et al., 2021), and respiratory diseases (Mohamed et al., 2021). PM
mineral particles cause lung damage (Paoletti et al., 1991), and UFPM and
FPM might directly pass both the peripheral system and the nervous
system, causing oxidative damage and inflammation. Fine particles are
suspended in the air longer, and can be transported much farther and into
the indoor air (Costa, Cole, Dao, Chang, & Garrick, 2019b). Unlike larger
particles, PM2.5 and UFPM can typically reach small airways and alveoli
(Costa, Cole, Dao, Chang, & Garrick, 2019b). The toxicities of these
particles might be attributed to the adsorption of sulfates, nitrates, acids
metals, and more (Buoli et al., 2018; P. Wang et al., 2021; Y.-M. Zhou et
al., 2021). The current studies also showed that the ultra-fine particles can
pass from the lungs to the blood and other parts of the body more easily
than coarse particles, and even cross the blood-brain barrier and can
distribute to the cerebral cortex and the cerebellum (Costa et al., 2019).
Particulate matter has been shown to lead to several neurodegenerative
and neurological diseases (Loftus et al., 2019; Worthington et al., 2020).
Epidemiological studies showed that ambient particulate air pollution
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causes neurodegenerative, neuroinflammatory diseases and disorders that
affect the central nervous system, such as stroke, Alzheimer's disease,
Parkinson's disease, cognitive disorders, autism spectrum disorder,
attention deficit hyperactivity disorder (ADHD) (Flores-Pajot et al., 2016;
Wei et al., 2017). PM2.5 was also suggested to facilitate the onset of
Alzheimer’s disease progression. ADHD, autism, loss of cognitive
function, anxiety, asthma, COPD, hypertension, and stroke have been
found to be associated with PM exposure (Holstein, 2019). It was also
reported that PM2.5 exposure might increase the prevalence of some
psychiatric problems and co-exposure with PM10 and gaseous pollutants
such as SO2 and NO2 suggested an association between anxiety symptoms
(Zhou et al., 2021). In addition, PM2.5 increases social stress by impairing
hypothalamic–pituitary–adrenal axis function (Miller et al., 2020). Some
genetic factors, such as gender, may affect the disease onset of groups
exposed to this pollutant. According to a report in 2018, PM exposure
might cause sex-biased neurobehavioral disorders in children, reducing
testosterone levels in early childhood. In this study with mice, the
relationship between PM exposure and disorders such as schizophrenia and
autism was found to be higher, especially in male mice (Sobolewski et al.,
2018). Another study also reported that children might be affected by PM
pollution from the air, even if their mothers are exposed during pregnancy.
With the effect of PM10 exposure on maternal folate level during
pregnancy, fetal neurodevelopment was negatively affected and the
intelligence quotient (IQ) of offspring was reported to be decreased (Loftus
et al., 2019).
Although the mechanisms cannot be fully elucidated in terms of
developmental neurotoxicity, it may be possible to rely on hypotheses that
support neurodevelopmental disorders
caused by increased
neuroinflammation due to elevation of oxidative stress by air pollutant
exposure. Along with studies, it has been demonstrated that the structural
deterioration of white matter in the brain of children was the result of
UFPM exposure since it is a potent inflammatory environmental toxic
agent, which activates the microglia of the brain, causing toxicity to the
oligodendrocytes, the myelin cells of the brain, and causes
hypomyelination. In addition, the hypothesis that PM pollution induces the
incidence of autism spectrum disorder (ASD) has been proposed due to
increased cytokine release both in the peripheral and in the brain
proportional to the elevated levels of UFPM and PM, thus suggested
exacerbating ASD where chronic inflammation is high in the brain (Allen
et al., 2017). Olfactory dysfunction, which is one of the early
neurodegenerative symptoms of Parkinson’s disease (PD), has been
observed in individuals exposed to air pollution showing neuropathology
in the substantia nigra and striatum motor regions (Costa et al., 2017).
According to measurements made in the olfactory bulb and hippocampus
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brain regions, as a result of diesel exhaust (DE)-induced PM exposure,
proinflammatory cytokines such as IL-1a, IL-1b, IL-3, IL-6, TNF-a
releases were increased, and IL-9, an antiapoptotic cytokine, was
decreased whereas oxidative stress was notably increased (Costa et al.,
2017). Similarly, environmental exposure to PM leads to an elevation of
α-Syn, and beta-amyloid (βA) plaques, which are associated with
neurodevelopmental diseases (Shabani, 2021).
Based on all these studies, it is seen that PM exposure might cause
numerous neurodegenerative and neurological diseases through stimuli of
oxidative and inflammatory response and further studies are needed to
elucidate the detailed mechanisms and health hazards due to chronic PM
exposure.
2.2. Microplastics (MPs)
In today's industrial generation, plastic is a material that is included in
the daily lifestyle almost everywhere. As a result of its widespread use,
plastic waste at an extremely high level is one of the major threats to
environmental pollution and public health (Stapleton, 2021).
Decomposition and fragmentation of bulk plastics via physical and
photochemical reactions beneath sunlight irradiation yields micro- and
nano-plastics as fiber, fragment, film, granüle, and foam in the geographic
areas of both air, soil, and water (Yao et al., 2022). Microplastic sizes
range from 5 mm to 1 µm, while nano-plastics which consisted of the
degradation of microplastics and bulk plastics have a size lesser than 1 µm
(Yao et al., 2022). Prominent origins of microplastics are synthetic textiles,
clothes, furniture, toys, building materials, rubber abrasions, urban dust,
industrial emissions, and road and car tires (Prata et al., 2020; Stapleton,
2021; Yao et al., 2022). Polyethylene (PE), polypropylene (PP),
polystyrene (PS), polyethylene terephthalate (PET), and polyvinyl chloride
(PVC) are some of the polluting microplastic polymers that people are
exposed to daily (Yao et al., 2022).
Microplastics and nano-plastics, which exist both outdoors and indoors
compose a significant proportion of MP pollution, exposures occur through
epithelial layers, ingestion, inhalation, dermal, and implantation routes
(Stapleton, 2021; Yao et al., 2022). Whereas there are different pathways
of exposure to microplastics, there is a growing interest in health issues
and the inhalation of microplastics. Owing to their smaller sizes, they can
easily disperse in the air, which makes inhalation one of the major exposure
routes (Sridharan, Kumar, Singh, Bolan, & Saha, 2021). Owing to their
chemical stability, durability, and small and low-dense structure, they can
remain intact longer than other airborne contaminants, thus why propose a
higher risk for health problems compared to other air pollutants (C. Wang,
Zhao, & Xing, 2021). MPs also have a synergistic relationship and
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substantial transport capacities for other toxic contaminants, such as heavy
metals (Cd, Zn, Ni, Pb, and other heavy metals), plasticizers, organic
pollutants, phenanthrenes, phthalates, brominated organic flame
retardants, polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls
(PCBs),
dichlorodiphenyltrichloroethane
(DDT),
polybrominated diphenyl ethers (PBDEs), polyfluoroalkyl substances
(PFAS), bisphenol A and endocrine disruptors (Schirinzi et al., 2017; C.
Wang et al., 2021; Yao et al., 2022).
As explained above, the contribution of MP to the environment and air
pollution should not be ignored. Chronic and acute exposures to MPs
provide the bioaccumulation of MPs and negatively affect human health
and may cause toxicity, mutagenicity, carcinogenicity, genotoxicity,
neurodevelopmental, behavioral, and cognitive disorders, increasing the
prevalence of respiratory irritation, and allergic alveolitis-like
manifestations (Gasperi et al., 2018; Sridharan et al., 2021). MP particles
have also the ability to penetrate lung epithelial due to their hydrophobic
structures, in chronic inhalation of all of the fibrous particles, for longer
fibers, greater toxicity and inflammation were reported (Gasperi et al.,
2018; Stapleton, 2021; C. Wang et al., 2021). Exposure to polystyrene MPs
also reported to induce oxidative stress and causes alveolar epithelial
damage in mice ( Li et al., 2022). MPs also affect the circulatory system
due to their ability to penetrate and affect the pathways of platelet
aggregation, thrombosis, and hemolysis (Lett et al., 2021). It penetrates
blood and lymphocytes cells and shows genotoxic and cytotoxic effects on
lymphocytes (Çobanoğlu, Belivermiş, Sıkdokur, Kılıç, & Çayır, 2021).
With the findings on the great penetration ability of MPs to alveolar and
vascular tissues, it poses a majör concern about central nervous systemrelated side effects due to MP exposure since the brain barrier is inevitable
(Young et2019). In vitro studies on the cytotoxicity of MPs and
nanomaterials were reported significant dose-dependent cytotoxicity in
cerebral and human epithelial cells (Schirinzi et al., 2017). In addition,
polyethylene (PE) exposure in cerebral and epithelial tissue cell culture,
notable ROS generation was reported (Çobanoğlu et al., 2021). In a study
made on zebrafish larvae, it was supported that there are neurodegenerative
and motor dysfunctions due to nano-plastics (Pedersen et al., 2020).
When literature data were taken into account, the effects of
microplastics on health are undoubtedly noticed, and it should be
elucidated with a more detailed approach to identify neurotoxicity
mechanisms, particularly on the delayed and developmental neurotoxicity
considering the daily exposure of children. Moreover, various regulations
and measurements should be taken to minimize exposure to these MPs via
inhalation and other routes.
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2.3. Metals
Due to increased industrialization and urbanization, industrial waste
release to the environment is increasing, gradually. Metals, which have a
large place in these emitted substances, spread to the territory, water, and
air with the metal industry and vehicle emissions and mining (Dey et al.,
2021; WHO, 2007). They have some effects on health both together and
alone with primary and secondary pollutants should be focused on with the
aspect of global health concern.
Metals are non-biodegradable and have longer half-life (Dey et al.,
2021), and metalloids might be taken into the body through ingestion and
drinking, as well as dermal and inhalation routes (Huang et al., 2022).
Although essential metals such as Zn, Cu, Mn, Fe are necessary and
beneficial for some metabolic activities in the human body, non-essential
metals, Cd, Ni, Hg, Pb, Cr, As, and Al, might be harmful to human health
dose-dependently and may cause various toxicities (Dey et al., 2021).
Metal substances exposed through inhalation may cause emphysema
induction, progression of lung cancer (Wild, Bourgkard, & Paris, 2009),
and hematological disorders (Ahmad & Liu, 2020). However, it may be
suggested that that one of the most affected systems is the central nervous
system (Costa et al., 2020) especially for developing children. Several
studies have been conducted on the effect of metals on developmental
neurotoxicity, and the effects of metals on neurons have been an area of
interest (Vallero, 2014). Heavy metal exposure contributes the formation
and onset of health problems such as neurologic diseases like Parkinson’s
disease via dopaminergic neuron damage mechanism (Karri et al., 2020;
Shabani, 2021). Exposure to heavy metals was suggested to elevate
neurobehavioral changes in children (Zierold et al., 2020) and might
decrease locomotor activity (Yang et al., 2021). Although there are various
metals and metalloids which affect human health; Cd, Pb, and Hg are the
most investigated metals in the aspect of neurotoxicity (WHO, 2007).
Pb exposure was reported to lead to neurobehavioral deficits,
neurodevelopmental retardations, and a decline in IQ (Ahmad & Liu,
2020). Pb exposure was attributed to neurodegenerative diseases such as
AD, PD, amyotrophic lateral sclerosis (ALS), and ADHD (Wang et al.,
2020). In animal studies, its effects on neurodegenerative and
neurobehavioral aspects are well-explained (Ahmad & Liu, 2020).
Mixtures of metals and metalloids result in additive degenerative diseases
(Karri et al., 2020). Both Pb and Mn lead to neural damage, accompanying
CNS
diseases,
intellectual
dysfunctions,
attention
deficits,
encephalopathies, and convulsions (Block et al., 2012). It is shown that Pb
and Mn have neurodevelopmental impacts on the child during infancy
(Tsai et al., 2019). Al enhances the prevalence of neurologic disorders such
as Alzheimer’s disease nevertheless its mechanism is not fully understood
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(Sarmadi, Rahimi, Rezaiemanesh, & Yektay, 2021).
Thanks to
epigenetics, the effects of heavy metals on the body may differ, for
instance, a study show that exposure to lead resulted in a negative
association between birth weight and a positive relationship between low
birth weight in boys, results were not significant for girls (Tsai et al., 2019).
Pb exposure also resulted in decreased mental development, elevated
verbal problems, and declined cognitive abilities in children (Tsai et al.,
2019). Lead is one of the globally well-known air pollutant metals which
is linked to cognitive impairment and alterations in the central nervous
system of children (Briffa et al., 2020). With noticing its effects on health
its use is limited with some regulations; restrictions were introduced, such
as making the use of unleaded gasoline mandatory (Briffa et al., 2020). It
affects the nervous, cardiovascular, renal, and reproductive systems as
well, both with direct and indirect pathways (Briffa et al., 2020). Pb
reaching the BBB disrupts the communication between astrocytes and
endothelial cells, and passes into the interstitial spaces by disrupting the
plasma integrity. Intracranial pressure was reported to be increased, and
edema, encephalopathy, and irreversibly brain damage was also reported
(Jaishankar et al., 2014). Lead can also suppress N-methyl-aspartate
(NMDA). Suppression of NMDA receptors in the hippocampus may cause
disturbances in brain development and plasticity of synapses (Brochin et
al., 2008).
Cd is a well-known carcinogenic metal mostly taken to body via
inhalation and reported to cause cytotoxicity by promoting apoptosis and
DNA damage, and demineralization on bone and, liver and kidney damage
(Briffa et al., 2020). It also negatively affected the reproductive and
endocrine systems and elevated the rate of low-weight births and
premature deaths (Dey et al., 2021). Studies support that exposure to Cd
via smoking in the prenatal period may result in low birth weight (Sorkun
et al., 2007).
Other metals may attributively affect this effect as As in cigarette smoke
also has a risk for fetal growth retardation when it is exposed (Tsai et al.,
2019). As was reported to cause IQ decline and motor and behavioral
problems as well as telomere shortening and DNA damage. Mn, Cd, Pb,
Hg, and Se were also reported to cause preterm birth (Tsai et al., 2019). Hg
was suggested to be linked with Down’s syndrome and Minamata disease
by causing DNA and chromosomal damage, as well (Briffa et al., 2020).
Hg vapor (vapHg0) taken from the lungs and circulated in the blood was
reported to be easily transport to the brain. vapHg0 in the blood is oxidized
to Hg2+, it is the form that exhibits the toxic effects. However, this molecule
cannot diffuse directly to the BBB, it can accumulate in the CNS (Branco
et al., 2021). Although vapHg0 is a monoatomic gas, it can also passthrough cell membranes by special transporters such as ammonia. This
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toxicant can easily pass-through protective barriers, can easily pass to the
BBB and accumulate in the cerebral cortex and cerebellum, and easily
reach the developing fetus by passing the placental barrier, thus represents
an important hazard for nervous system homeostasis (Branco et al., 2021).
An excessive accumulation of Zn in the brain, depression,
schizophrenia, aging-related cognitive decline and AD-like
neurodegenerations were reported, and in case of zinc dyshomeostasis, ßA
aggregation was reported to be induced with stimulation of βamyloidogenesis via iron and senile plaque formation (Li et al., 2021).
2.4. Carbon Monoxide (CO)
With the widespread use of biomass and coal fuels in daily life, indoor
and ambient air pollution occurs and many toxic substances are released
into the air (Lee et al., 2015). According to the frequency of exposure to
these toxic things, CO gas has special importance, especially because it
causes both household air pollution (HAP) and outdoor air pollution (Lee
et al., 2015). Carbon monoxide (CO) is a colorless, odorless, asphyxiant
and a toxic gas, well-known as “the silent killer”, which is produced due
to an incomplete combustion of carbon-containing matters (Bauer &
Pannen, 2009). The main ambient source is motor exhaust and indoor
vulnerability is reasonable due to infiltration capacity and some additional
factors that may elevate the indoor level of CO such as cigarette smoke.
%80 of CO emission is associated with highway vehicles and nonroad
mobile origins. The presence of other toxic gases and particles in the air
may affect other toxic substance quantities in the air; for instance, the PM2.5
level in the environment affects the CO concentration (Lee et al., 2015).
Although endogenous CO has importance for the body due to it has antiinflammatory, anti-apoptotic, anti-oxidant, and protective properties,
depending on concentration it may negatively affect health in direct and
indirect ways, because it has both acute and chronic toxicity capacity in
both humans and animals (Bauer and Pannen, 2009), and cardiovascular,
hematologic, central nervous systems may be damaged due to its high
affinity to hemoglobin (Gordon et al., 2014).
The central nervous system is one of the most affected targets in case
of hypoxia (Bauer & Pannen, 2009). Acute CO toxicity is known to cause
neurological disorders, cognitive decline, memory loss, and brain damage
(Bauer & Pannen, 2009). In a study with rats, it was shown that CO has a
neuro-ototoxic effect on auditory neuropathy (Webber et al., 2003).
Animal studies showed that maternal CO exposure may lead to a reduction
in birth weight and elevation of neonatal mortality (Gordon et al., 2014).
In infants, it was shown that CO might be related to neurodevelopmental
abnormalities, behavioral disorders, inflammation in the brain, and white
matter abnormalities (Levy, 2015). CO may also be suggested to have an
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additive effect on autism spectrum disorder with the combination of other
toxic gases such as O3, NO2, and SO2, (Jung, Lin, & Hwang, 2013). With
the anti-apoptotic effect of CO on neurons, it was found that it elevated
neurocognitive impairment levels and behavioral disorders in children
(Cheng et al., 2012).
3. Discussion
Air pollutants can reach and translocate the brain in two main ways;
nasal pathway which is a more direct route and respiratory intake, and
translocations cause neuropathologies via different mechanisms (Daiber et
al., 2020a; El Morabet, 2019; Genc et al., 2012). The pollutant taken by the
nasal pathway may follow the olfactory bulb or trigeminal nerve pathways
and may directly affect CNS (Block et al.,2009; Genc et al., 2012; Jayaraj
et al., 2017). Likewise, pollutants taken by respiratory intake have effects
on the brain by entering the vagal pathway, via the systemic circulation or
causing respiratory and systemic inflammation (Genc et al., 2012). A
pollutant may also affect neuronal transport via the trigeminal pathway by
nasal ingestion, or via the vagal pathway by respiratory intake (Block et
al., 2012; Genc et al., 2012). Very small particulate pollutants such as
UFPM and NPs, which can reach the nervous system more easily and
directly via the olfactory mucosa pathway, can reach the neuronal
epithelium via olfactory receptor neurons or trigeminal nerve via direct
inhalation of environmental air (Genc et al., 2012). Olfactory receptor
neurons are bipolar sensory neurons that regulate the sense of smell, are
directly intact with odorants and transfer the sense of smell information
from the nose to the central nervous system (Block et al., 2012; Genc et
al., 2012; Kanninen et al., 2020). Nasally taken pollutants reach the
olfactory mucosa and enter through receptor cilia via pinocytosis, passive
diffusion, simple passive diffusion, protein carrier or receptor-mediated
endocytosis (El Morabet, 2019; Genc et al., 2012). Once uptake into
sensory neurons, they can be transported to the olfactory bulb by slow
axonal transport along axons, and can also be transported to the central
nervous system via mitral cell axons to regions such as the olfactory cortex,
anterior olfactory nucleus, amygdala, pyriform cortex, and hypothalamus.
(Genc et al., 2012; Kanninen et al., 2020). With this mechanism, smallsized air pollutants can directly bypass the circulatory system and
translocate CNS or cerebrospinal fluids through the olfactory mucosa and
trigeminal nerve on nasal mucosa and cause cognitive deficits,
neuroinflammation, neurodegenerative and neurological diseases (El
Morabet, 2019; Genc et al., 2012).
The pollutant particles reaching the circulation produce a
proinflammatory stimulus by inducing local oxidative stress in lung tissue
and vascular endothelial cells (Genc et al., 2012). Inflammatory mediators
produced in the respiratory tract as a result of chronic pollutant exposure
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and epithelial and endothelial damage may cause systemic inflammation
(Fox et al., 2015; Genc et al., 2012). With systemic inflammation, the
production of proinflammatory cytokines such as TNF-α, IL-6, and IL-1β
was induced in blood vessels in the brain (Genc et al., 2012; Hung et al.,
2021). Therefore, cytokines can activate cerebral endothelial cells, disrupt
blood-brain barrier (BBB) integrity, or trigger signaling cascades that lead
to activation of mitogen-activated protein (MAP) kinase and nuclear factor
kappa B (NFκB) transcription factor (Genc et al., 2012). Circulating
cytokines released by inflamed peripheral organs or endothelial cells can
stimulate peripheral innate immune cells, activate peripheral neuronal
afferents, or enter the brain via diffusion and active transport, exacerbating
the situation synergistically (Ratnaseelan et al., 2018). Pollutant toxicants
released into the air for various reasons have many effects on human
health, especially on CNS. Looking at the current literature, there are many
studies examining the effects of air pollutants on the central nervous
system. Both in vitro and in vivo studies have tried to elucidate the effects
of air-polluting toxicants on the central nervous system and their toxicity
mechanisms. Epidemiological findings obtained by various cohort studies
have supported the hypotheses that particulate and gaseous air pollutants
have effects on the central nervous system. Although the particle size and
structure are taken into account in the exposure pathways into the body,
more detailed investigations on the mechanisms followed through these
pathways will help to understand this topic further. Moreover, the
mechanism and toxicokinetic of airborne toxicants on the nervous system
can be understood more clearly with epidemiological studies conducted by
examining the effects of exposure on individuals living in different or same
regions. These studies might also represent a valuable background for
individuals whose neurodevelopment has not been completed. The data
indicated that the main mechanism of air pollutants in the nervous system
is based on neuroinflammation. In addition, oxidative stress, mitochondrial
damage, disruption in the ATP mechanism, uncontrolled cell death as a
result of glial activation, and induction of neuro apoptosis appear to result
in neurodevelopmental and neurological disorders, as well. The
neurodevelopmental effects of pollutants need further investigation to
elucidate the disease pathology and toxicity mechanisms in case of longterm exposure.
4. Conclusion
Today, the industrialization and urbanization result in release of air
pollutants and recent studies suggest the unwanted effects in the nervous
system with plenty of mechanisms, mainly via mitochondrial damage,
oxidative stress and inflammation. Therefore, it can be concluded that the
airborne pollutants may contribute to the pathologies of various deleterious
effects on neurodevelopment and neurobehavior with a certain period of
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exposure and further studies are needed to elucidate the toxicity
mechanisms and kinetics of these pollutants.
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