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Review Article

Periodontitis: a Risk Factor for “Lifestyle” Diseases

Stitaya Sirisinha'

1
Department of Microbiology, Faculty of Science, Mahidol University, Bangkok, Thailand

Correspondence to:
Stitaya Sirisinha, Department of Microbiology, Faculty of Science, Mahidol University Rama 6 Road, Bangkok 10400 Thailand

E-mail: stitaya.sir@mahidol.ac.th

Abstract

Periodontitis is an inflammatory disease induced by bacterial insult and host immune response. Epidemiological
and clinical studies over the past decade have suggested its association with development of atherogenesis, which
may lead to cardiovascular disease and its complications. Lifestyle diseases are non-communicable chronic diseases
of longevity that are increasing in frequency as countries become more industrialized and people live longer. The
lifestyle diseases, including for example atherosclerosis, cardiovascular diseases, stroke, type 2 diabetes mellitus,
obesity and osteoporosis, are at present increasing at an alarming rate worldwide, and are related largely to diet and
the way a person lives. The long office hour and the type of activities we encounter daily in our office make us in the
dental professions are at risk for developing lifestyle diseases. Healthy lifestyle factors include good nutrition, regular
exercise, non-smoking and body mass index of less than 25 kg/m?, etc. Because the oral cavity is generally considered
the window of systemic health and disease, the lifestyle behaviors that promote oral health also decrease risks for
developing lifestyle diseases. Both periodontitis and all of the lifestyle diseases mentioned above are associated with
chronic low-grade inflasmmation. When bacteria in the oral cavity are dysregulated, periodontal diseases will develop,
particularly obvious in those suffering systemic diseases like diabetes and other metabolic disorders. Different lines
of evidence point to a causal link between periodontitis and some lifestyle diseases. Current proposal regarding the
microbial agent for periodontitis is based not on a single species of bacteria like Porphyromonas gingivalis, but on alteration
of microbial community at the diseased sites. With this new proposal, periodontitis is therefore considered to be a
polymicrobial origin resulting from imbalanced oral microbiota. When microbes in this unhealthy oral microbiota
(known as dysbiosis) are dislodged, aspirated or swallowed, they can disturb the balance of microbiota and homeostasis
at distant extra-oral sites and can influence systemic health status. Therefore, by carefully controlling the microbial
balance, for example, with probiotics by health professionals, may help alleviating both oral and systemic diseases
and restoring homeostatic balance of the host. Research to advance the knowledge regarding molecular pathogenesis
of periodontitis and “lifestyle” diseases should provide us with ways and means to develop new approaches in
patient management or identify new drug targets that will improve the quality of life of our patients.

Key words: Dental profession; Inflammation; Lifestyle disease; Metabolic syndrome; Periodontitis.
Received Date: May 25, 2015, Accepted Date: June 22, 2015

doi: 10.14456/jdat.2015.13
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During the last few decades, the global prevalence
of diseases has shifted from communicable diseases to
non-communicable diseases (NCD) and this is particularly
true for people living in developing countries.” This is
not entirely unexpected as during this period, there is
a considerable improvement in public health status in
all third-world countries, including nutrition, sanitation,
antibiotics and vaccines which are the prime moving
force in reducing the occurrence and severity of infectious
diseases. This has significantly improved the fatality rate
of infectious diseases in these countries, particularly in
newborns and young children. World Health Organization
reports the NCDs to be the leading cause of death in
the world in 2008, representing over 60 % of all deaths.'
The NCDs include, for example, breast and colorectal
cancers, osteoporosis, Alzheimer’s disease (AD), and a
group of diseases commonly referred to as “lifestyle”
diseases which encompasses the various metabolic
disorders: cardiovascular diseases (CVD), stroke,
atherosclerosis, obesity, insulin resistance and type 2
diabetes mellitus (T2DM). In some developed countries,
as much as one-third and two-third of the population
are respectively obese and overweight. A rapid increase
in the incidence and prevalence of these “lifestyle”
diseases creates a serious medical and public health
problem in the countries in transition to become
developed (:ountries.1 For instance, India is now probably
the country with the highest increasing rate of obesity,
T2DM and CVD. Although the figure for obesity in
Thailand is still much lower than India, the NCDs account
for more than 70 % of total deaths.” In addition to these
NCDs, there is a rapid increase of allergic diseases like
asthma but this is not surprising or unexpected, as now
there is an increase in air pollution in a large number
of developing countries and Thailand is no exception
to this pollution problem. In recent years, there is also
arapid increase of mental disorders like depression and
schizophrenia as people tend to live in isolation.” These
stress-related illnesses including loneliness can readily
activate the stress-center in the brain and induce a “fight

or flight” response. The latter, known to be a risk factor
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for CVD, is associated with increase circulating levels of
proinflammatory cytokines and other mediators. In this
review, | will discuss the pathogenesis of “lifestyle”
diseases and point out how it might be related to
periodontitis and have impact on our profession and
vice versa.

Different people define “lifestyle” diseases
differently, but it is generally referred to as preventable
diseases that appear to increase in frequency as countries
become more industrialized and people live longer.
These diseases progress slowly and are potentially
preventable by changes in diet, environment and other
lifestyle behaviors.” The latter includes smoking, heavy
alcohol consumption, sedentary living and lack of
exercise. It will become more obvious later that these
factors almost always pave way to obesity which often
precede the development of other more severe
metabolic diseases.”’ Worldwide increased popularity
of “Western” diet leads to the occurrence of “obesity”
epidemic among the present young generation.7 In fact,
obesity and overweight are increasing very rapidly in
developing countries like India and several ASEAN countries,
particularly in Thailand, Malaysia and Indonesia.” The
present generation also relies on electronic communication
as their primary source of contact and tends to have
solitary lives and lives in isolation. This lifestyle behavior
can affect their mental health, bringing the magnitude
of loneliness for example to approaching an epidemic
level. Moreover, a rapid advance and progress in
information technology and availability of a variety of
social media networking have without doubt created
another epidemic, which | would like to refer to as
“social media” epidemic. All of these behaviors are
associated with sedentary life, which eventually leads
to development of lifestyle diseases.

Lifestyle diseases are sometimes referred to as
diseases of longevity as the diseases occur largely in
ageing p0|oulations.1’3 One of the most important
epidemiological changes noted in the 20" century is
the increase in the mean age of a population in all

continents. World Health Organization recently reported

Sirisinha 2015 133

in press

Article



Article in press

whugasiuawndlneasuseu 75 U

that the proportion of people aged 60 or over is growing
faster than any other age groups, particularly in Asia,
and it is in this ageing population that there is a parallel
increase in the prevalence of periodontitis and lifestyle
diseases, mostly notable for CVD and ToDM. Therefore,
how to obtain healthy ageing is a great challenge for
populations and health authorities throughout the
world." Ageing is generally characterized by a progressive,
time-dependent loss of functions, resulting from
accumulation of damage to all the cell macromolecules
(e.g., DNA and membrane phospholipids).8 These
molecular damages are caused for example by
inflammation, metabolic stress, oxidative stress and
redox change. There are many different parameters that
can be used to determine the ageing process, but the
common ones are telomere attrition and mitochondrial
dysfunction.8 There is increasing evidence showing
associations of mitochondrial dysfunction and telomere
shortening with chronic inflammatory diseases like
obesity, diabetes, atherosclerosis and rheumatoid
arthritis.8’9 In fact, telomere length and telomerase
activity are said to be good predictors for cellular
ageing and lifespan of an individual.” " It was shown
recently that, compared to control, individuals with
chronic periodontitis, but not in those with aggressive
periodontitis, have shorter telomere Length.11 There is
increase evidence suggesting that healthy lifestyle
behaviors as moderate level of exercise and healthy
diet can slow down ageing process, or even increasing

7,9,10
. [t was shown

the health span of an individual
recently that greater adherence to healthy foods like
the Mediterranean diet is associated with longer
telomeres, thus supporting the benefits of healthy diet
in promoting health and Longevi’ty.12 Overwhelming
evidence from several recent studies also suggests that
healthy lifestyle phenotype depends not only on what
you eat, but also on what you do and what you host
(Figure 1).”"" Over the last decade, there is a relatively
large amount of funding allocated for research in
lifestyle diseases and, as a result of this increase in

financial support, a considerable progress and advance
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have emerged from research on “lifestyle disease”, as
evidenced from a large annual increase in the number
of research publications during the last decade (Figure
2). It is quite obvious from the figure that the increase
in the number of publications in lifestyle diseases is far
greater than those for common oral diseases shown for
comparison. During the last 30 years, the number of
publications on lifestyle diseases increases more than
10 times, from 249 in 1985 to more than 3,000 in 2014.
During the same period, the publications of popular
research topics in oral diseases like dental caries and
periodontitis showed respectively much lower increase,
only 2 and 4 times respectively. It should be noted that
although the number of publications in oral cancer in
the year 2014 was over 5,000, the proportion of the
annual increase was still considerably lower than that
in the “lifestyle” disease.

Itis generally agreed that individuals who follow
healthy lifestyle practice are less likely to develop
chronic diseases. A preliminary conclusion from a recent
large-scale epidemiological study showed a favorable
outcome of lifestyle intervention in reducing the
prevalence of these diseases. In this joint research
project between CDC and the German Institute of Human
Nutrition, more than 20,000 adults participated and they
were followed up for almost 8 years.5 Data obtained
by comparing the baseline values at the beginning of
the study with those at the end of the study 8 years
later clearly suggested that by following just 4 healthy
lifestyle factors: non-smoking, healthy diet, moderate
physical activity and body mass index (BMI) less than
30, there was 78 percent less likely to develop chronic
diseases such as, CVD, type 2 DM, cancer and stroke.
Although in this study, dental assessment was not made,
the findings should still be considered highly appropriated
for oral health researchers and professionals, as 3 of
the 4 unhealthy behaviors under consideration, i.e.,
smoking, poor dietary habits and excess body weight,
also correlate with poor oral health. It can be concluded
from this study that practicing healthy lifestyle behavior

is associated with noticeable reductions in chronic disease
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risk, suggesting that adopting a few healthy lifestyle
factors can have a major impact on the risk of morbidity
and mortality of the population. It can be extrapolated
from the data that oral health professionals cannot only

help optimizing oral health, but can also help improving
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systemic health by educating their patients on the
significance of these factors and can suggest to them
appropriate intervention strategies or can consult medical

specialty for additional methods to improve health

index.

Mediteranian-type diet

Healthy lifestyle
phenotype

What you do

Exercise
Non-smoking
Stress reduction

What you host

Balancing microbiota
(symbiosis)

Figure 1 Healthy lifestyle phenotype. Human health status is influenced by diet, lifestyle behaviors and microbiota. Mediteranian-type

diet generally consists of fish-based, olive oil, low fat and carbohydrate, high-fiber diet, together with nuts, fruits and

vegetables. Healthy lifestyle behaviors include regular exercise, non-smoking, and minimal stress. Balanced microbiota in

intestine is predominantly made up of bacteria in the phylum Firmicutes and Bacteroidetes.

6000 -
5000 -
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3000 A

2000 - -

No. of publications/yr
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x Oral cancer (4)
’

Lifestyle disease (13)

g Periodontitis (4)
4 <=0 Tooth decay (2)

o P B & Lichen planus (2)

1980 1985 1990 1995 2000 2005 2010 2015
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Figure 2 Comparison of the number of publications on “lifestyle” diseases with oral diseases. Searching was performed using MEDLINE

databases from 1985 to 2014 for the terms lifestyle disease, periodontitis, tooth decay, lichen planus and oral cancer. The

number in parenthesis indicated the fold increased in publication number.
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Pathogenesis of lifestyle diseases

It is now well established that “lifestyle”
diseases are associated with chronic low-grade inflam-
mation (Figure 3). Modern lifestyle behaviors of the
present generation including, for example, consuming
unhealthy high-fat diet, sedentary habits, smoking with
or without high alcohol consumption and overweighting
with BMI of over 30, are detrimental to our health. These

factors and activities often lead to altered immune
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reactivity, resulting in low-grade inflammation which
after several years becomes chronic and may end up
with diseases commonly referred to as “lifestyle”
diseases. The latter encompasses several diseases other
than those associated with metabolic disorders, and
the oral diseases like periodontitis, which is being
considered a risk factor for CVD in this review, also
possess characteristics that are compatible with being

classified a lifestyle disease.

Modern lifestyle

Physically inactive, Smoking, Pollution, Alcohol, High fat diet,
Junk food, Stress, Loneliness, etc.

|

Altered immune reactivity

l

Low-grade chronic inflammation

I

Atherosclerosis, CVD, Stroke, Diabetes,
Obesity, Osteoporosis, Cancers,
Allergy, Periodontal diseases

Figure 3 Linking of unhealthy lifestyle behaviors of “Modern lifestyle” to lifestyle diseases via low-grade chronic inflammation. It

should be noted that although currently both allergy and periodontal diseases are not yet classified in this group, they

have some characteristics that are compatible with being a “lifestyle” disease.

Our health status can be influenced by a number
of factors, many of which can readily disturb homeostatic
balance of the host (Figure 4). All of us are familiar with
the impact of microbial infections which tip the balance
toward disease status, but this is opposed by our
immune response which tend to bring back the balance
to restore homeostasis." Host immune system possesses
several recognition and signaling receptors to distinguish
between homeostasis and threats (Figure 5) and,
following activation, respond appropriately, e.g., inflammation

and/or production of antimicrobial polypep‘cides.18

136

Microbes possess a large number of molecular structures
known as Pathogen-Associated Molecular Patterns
(PAMPs) and antigenic (functional) molecules that
respectively stimulate innate and adaptive immunity.
The former recognizes Pattern Recognition Receptors
(PRRs) present on or inside innate host cells and activate
these cells to mount appropriate responses including
production of inflammatory cytokines and other bioactive
mediators, phagocytosis and intracellular killing of
microbes. The latter, i.e., the antigenic molecules,

activates and induces differentiation of T and B lymphocytes
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of the adaptive system. These effect or cells and the
mediators released, in addition to providing specific
protective immunity, facilitate restoration of tissue
damage to reestablish health and homeostasis. In
addition to these exogenous stimuli, host-derived
(endogenous) signals can be generated and released
from tissue damages following microbial or non-microbial
insults (e.g., physicochemical injuries, ageing and apoptotic
cells). These endogenous altered “self” molecules, now
referred to as Danger/Damage-Associated Molecular
Pattern, (DAMPs), can also signal the immune cells via
the same PRRs used by the microbes or via other
signaling and scavenging receptors (e.g., RAGE, receptor
for Advanced Glycation End-products; oxLDL receptor,
receptor for Oxidized Low Density Lipoprotein). In
addition to these physicochemical and biological insults,
other form of stimuli like stress and mental disorders
like depression and loneliness or even unfavorable
perceptions can stimulate these host cell receptors

4,17-20
In

resulting in low-grade chronic inflammation.
addition to these membrane-associated receptors (Figure 5),
there exist another important group of cytosolic receptors
that can recognize a diverse set of inflammatory-inducing
stimuli, not only from exogenous microbes and endogenous
molecules, but also from environment stress (including,

for example, nutritional stress from cholesterol and uric

Environmental

N\
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acid crystals, fatty acids, and asbestos particles). These
receptors, known as inflammasomes, consist of a complex
protein platform that are currently a center of biomedical
research which will eventually provide significant insights
into the pathogenesis of not only these lifestyle diseases,
but also of several others diseases including inflammatory
1821:23 1

inflammasomes when activated initiate the synthesis

bowel diseases and autoimmune diseases.

of active proteases like caspases which are required for
the final step in the synthesis of inflammatory mediators,
e.g., IL-1 and IL-18. These mediators activate macrophages
and other immune cells to produce more inflammatory
mediators and induce surface alterations that facilitate
atheroma formation. The plaque produced initiates a
chain of reaction ending up with metabolic disorders
and diseases if not properly managed. Understanding
molecular pathogenesis of diseases is a way to improve
or optimize current treatment of these systemic diseases.
Moreover, it may not be too far-fetched to have available
effective vaccines for dental caries or periodontal diseases
in the near future, provided one has a better under-
standing in vaccine design and ways and means to
identify and enhance its immunogenicity, e.g., improving
activation of inflammasome NLRP3 with more effective

adjuvants.

Lifestyle

v

Exogenous

Health status

(homeostasis)

=== Endogenous

/

Emotions

N

Stress

Sensory
perceptions

Figure 4 Regulation of immune homeostasis. Host is constantly exposed to different insults, from exogenous microbes to endogenous

damaging/altered “self” molecules to environmental stress and psychosocial insults. Following stimulation, host needs to

counteract to restore the homeostatic balance.
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Microbial (PAMJ‘P) receptors

DAMP receptors

Immune complex
receptors

Complement receptors

b
1
1
|
Uric acid, cholesterol crystals,
1
ROS, ATP, stress, K* efflux i

]

]

Glycated protein receptor

Ox LDL receptor

~

Inflammasome NLRP3 PS receptor

Apoptotic cell

o receptor

Integrin receptor

C-type lectin receptors

Figure 5 Recognition and signaling receptors. There is a large number of cellular receptors that the host uses to respond and counteract

the different insults, e.g., PAMPs, DAMPs and environmental stress. An example of cytosolic receptor inflammasome NLRP3 and

some of its activators are shown inside the dash red rectangular box. (modified from reference 18).

Ameliorating the progress of lifestyle
diseases with lifestyle interventions
Epidemiological data mentioned earlier suggested

that modulation of lifestyle behaviors can have favorable
outcome in people with these diseases.” This preliminary
observation has now been confirmed by Ornish and
associates who used molecular approaches to study
the effects of lifestyle changes in men with biopsy-proven
low risk prostate cancer.”*” The studies were carried
out to last for 5 years; the experimental group was asked
to undertake the following lifestyle intervention measures
consisting of taking high fiber, plant-based protein with
low fat and refined carbohydrate diet, regular moderate
aerobic exercise, appropriate stress management and
social support. Leukocyte telomere length and telomerase
activity, the two parameters commonly used to represent
hallmarks of ageing process, in the pre- and post-inter-
vention specimens from the experimental and control
groups showed changes consistent with their prediction.

The data showed a noticeable increase in both the

telomere length and telomerase activity in the group
undertaking this combined lifestyle intervention. Their
results are in line with those of other groups showing
shortening of telomere length in patients with chronic
inflammatory diseases and in ageing individuals.”"® In
summary, unhealthy lifestyle factors including smoking,
consumption of processed meat, sedentary life and high
BMI correlate with short telomere length and poor
telomerase activity known to be associated with
accelerating cellular ageing. Obese people on the other
hand are known to have shorter telomeres. In consistent
with expectation, healthy lifestyle factors like meditation”®
and exercise”””® have been reported to enhance
telomerase activity and promote telomere lengthening.

Much is known about the beneficial effect of
healthy diet like “Mediterranean-type” food, now said
to be associated with good health and longer lhcespan.12
Unhealthy foods, e.g., high contents of saturated fat,
oxidized low density lipoprotein (oxLDL) and cholesterol

can directly impact health status by interacting with
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appropriate receptors that signal inflammatory
response (Figure 5). For example, cholesterol crystals
are known to activate the inflammasome NLRP3 in
immune cells and signal the production of proinflam-
629,30 High fat diet e.q,,

fatty acids, ceramides, modified LDL, and glucose, can

matory cytokines IL-1 and IL-18.

also activate the NLRP3 inflammasome and other
intracellular receptors that together tip immunological
balance in favor of low-grade inflammatory response
known to be associated with a number of metabolic
disorders.

Epidemiological observations in those who
participate in regular physical activity suggest a longer
lifespan than in those with sedentary lifestyles.
Although it is often said that exercise induces strong
resistance against infections and is associated with
good health, exact molecular mechanism(s) remains
to be defined.”””® Exercise is known to be a strong
modifier of immune response and can reverse immunose-
nescence in ageing populations, particularly more
obvious with the adaptive arm of the immune sys’tem.28
There are data suggesting an increase of antiinflam-
matory cytokines which can revert inflammatory
status of an individual. This is consistent with the
notion that the number of anti-inflammatory genes is
linked to longer lives. On the other hand, exercise can
have indirect effect through neuroendocrine axis. It is
known to reduce the risk of depression and development
of dementia and possibly also of the Alzheimer’s
disease as well. It has been suggested that exercise
can also strengthen our health by mitigating
cytomegalovirus infection, which is not uncommonly
associated with immunosenescence. On the contrary,
excessive degree of exercise may be detrimental and
has opposite outcome, particularly in those with
respiratory tract problems. In addition to the diet and
exercise that are commonly used as behavioral
interventions to alleviate lifestyle diseases, other
practices known to give favorable outcome include
meditation and stress reduction, refraining from smoking

or excessive alcohol consumption.

Celebrating 75 Years of Thai Dentistry

Your health is influenced also
by what you host

Although it is well established for decades that
healthy diet and lifestyle behaviors can favorably promote
healthy status, more recent data provide evidence that
your health does not depend only on what you eat or
what you do, but also on what you host (Figure ).
On the body surfaces, particularly the gastrointestinal
tract, there are trillions of friendly bacteria (commensals)
which can readily promote good health via a number
of mechanisms. This normal flora is now referred to as
“Microbiota” (Figure 1). These friendly bacteria facilitate
proper development of systemic and mucosal immune
system and inhibit colonization of pa’chogens.14’16’31’32
They also metabolize some dietary components to
metabolites like short-chain fatty acids (SCFAs) and aryl
hydrocarbon ligands that are beneficial to the host, e.g.,
promoting microenvironment that facilitates the
development of immune system necessary to maintain
tolerance and protect mucosal surface. Under steady
state, the interaction of these bacteria with their host
provides healthy environment that is referred to as
“symbiosis”. The beneficial outcome of this interaction
depends on the number, diversity and composition of
gut flora that is unique for an individual (Figure 6). However,
the composition of microbiota can be influenced not
only by the host immune phenotype, but also by the
types of diet the host consumes, including healthy foods
and supplements like probiotics and prebiotics.
Changing the profile or elimination of normal flora, by,
for example, taking broad-spectrum antibiotics and some
noncaloric artificial sweeteners (NCSs) may interfere
with the balance, resulting in a condition known as

., 163334
“dysbiosis”.

Some of the NCSs are known to
induce glucose intolerance in mice and in certain human
subsets by indirectly acting through changing the host
rr1icrobio’ca.32’33 On the other hand, it has been demonstrated
recently that, depending on the type of diet, gut
microbiota from some individuals contain microbes that
can effectively metabolize phosphotidylcholine and

L-carnitine present in, for example red meat and egg
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yolk, to a form that promote atherosclerosis and serve
as cardiovascular risk for humans and experimental
animals.””" The existence of unhealthy microbiota
environment for prolonged period can influence home-
ostasis at distant sites and may favor a development
of inflammatory diseases and metabolic disorders which
may eventually lead to metabolic diseases and lifestyle
diseases like obesity, CVD and stroke.””’ Reestablishing
homeostatic balance can be accomplished by taking
probiotics and changing food habits. In the worst

scenario when the balance is not restored, the intestine
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may now be colonized by a species of deadly bacteria
known as Clostridium difficile and the disease can be
fatal if not eliminated. If the conventional management
to reestablishing homeostasis does not work, more
drastic treatment must be taken. A new and exciting
therapeutic approach, at least to me, is to reestablish
a balance by a technique now known as “fecal microbiota
transplantation” and it has been reported to give a
complete cure in a large number of patients who resist

to other methods of ‘creatment.31

Modulation of microbiota

Antibiotics
Diet & artificial food supplements
Prebiotics
Probiotics
Fecal transplantation

l

Composition of gut microbiota

“host )

Genetic background
Immune response

Lifestyle behaviors
Stress

Figure 6 Regulation of gut microbiota. Composition, diversity and density of microbiota in the gastrointestinal tract are important in

maintaining health and disease of an individual. Manipulation of microbiota is a novel and exciting new approach to maintain

tolerance and restoring homeostasis.

Manipulation of microbiota to alleviate inflammatory
and autoimmune diseases is a new approach of treatment
that has received considerable attention in recent years.
Manipulation of microbes genetically to benefit human
population is an exciting new field of medical research
now referred to as “Microbial engineering”. Because of
its therapeutic potential not only in the treatment of
lifestyle and inflammatory diseases, but also in disease
like cancers, a considerably large amount of funding is
now available for research on microbiota and microbiota

engineering. Within the last few years, the number of

publications on microbiota has climbed logarithmically
comparing with those in other areas (Figure 7). It is of
special interest to note that, during this same period,
there is a parallel increase of the publications on lifestyle
diseases and metabolic syndrome, suggesting close
interrelationship between these disciplines. This
association is not surprising or unexpected, as different
lines evidence from epidemiological, clinical and
experimental animal studies all agree that appropriate
manipulation of microbiota can definitely improve
health status of the host.
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Figure 7 Rapid progress of research on microbiota and microbiota engineering. The number of publications on microbiota is increasing

logarithmically during the last 5 years. The research on metabolic syndrome and lifestyle diseases during the same period

shows similar profiles, suggesting their close interrelationship with the microbiota research. The data (from 1985 to 2014) were

performed using MEDLINE databases for the terms microbiota, metabolic syndrome, lifestyle disease and inflammasomes

(showing for comparison purpose only).

Periodontitis: a unique oral disease with
impact on lifestyle diseases

To maintain healthy state, the periodontium
requires a well-regulated immune homeostatic mi-
croenvironment-—-balanced interaction between host
immune responses and oral microbiota.”> "' It was once
believed that periodontitis starts when there is an
increase in the frequency of the main causative agent
Porphyromonas gingivalis at the diseased sites. This
species, together with the other two anaerobic bacteria
in the so-called “red complex”, Treponema denticola
and Tannerella forsythia, induce changes that finally
end up with inflammatory destruction of periodontium.
Moreover, the “self” molecules released from damaged
cell and diseased tissue (DAMPs) can act as danger
signals that further aggravate inflammatory destructive
|orocess.18’21’23 However, with the more recent data, an
alternative model for the pathogenesis of periodontal
383941 | i

proposal, the disease is said not to be the results from

disease has been proposed (Figure 8).

the action of any one species of bacteria, but is from
the alteration of microbial community from healthy
symbiotic microbiota to unhealthy and unbalanced
dysbiotic microbiota. In other words, the disease
periodontitis is now believed to be the result of a more
complicated polymicrobial infection. When the balanced
microbiota in healthy periodontal tissue is perturbed
by danger stimuli, there is a shift in the composition of
local microbiota to a destructive microbial communi’ty.a&41
However, other factors can also influence the balance,
and these include, for example, genetic predisposition
and environmental modifiers, e.g., dietary habit, smoking,
alcohol consumption, stress and lifestyle behaviors. If
allowed to persist, the pathological damage will become
chronic, as these microbes possess a number of tissue-
destructive virulent factors that can subvert host defense
and tip the balance infavor of survival and proliferation
of unfriendly microbes in the inflammatory niche. Moreover,
the pathogens and opportunistic microbes in the

dysbiotic community in the diseased periodontium
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can be dislodged, swallowed or aspirated and induce
alteration of microbiota at extra-oral sites and induce
inflammation and pathology at distant locations.
Therefore, when the periodontium is chronically exposed
to potentially pathogenic microbes in the dysbiotic
community, it can exert adverse effects on general
systemic health.

Overwhelming data from epidemiological,
clinical and experimental animal studies over the last
two decades have suggested a causal link between oral
and systemic diseases, particularly between periodontitis
and heart disease.” Although the initial observations
were limited to only between periodontitis and heart
disease, current studies have expanded such a relation-
ship to include other systemic diseases, particularly with
those now referred to as metabolic syndrome which
encompasses the lifestyle diseases in the present
review.”” Both the periodontitis and all of these systemic
diseases have at least one factor in common, i.e., the
presence of low-grade chronic inflammation (Figures 3
and 8).There are several plausible mechanisms that can
explain the causal link between periodontitis and these
systemic lifestyle diseases (Figure 8). The two most
logical explanations are translocation of periodontitis-
associated bacteria into systemic circulation resulting
in bacteremia or toxemia that can stimulate and activate
distant tissues like heart, lungs, placenta and joints. In
fact, it has been shown that P. gingivalis can invade
aortic endothelial cells.”® Another mechanism commonly
mentioned in a number of studies is the entering of the
inflammatory mediators produced locally in the
periodontium into systemic circulation. Those that
have been implicated are tumor necrosis factor (TNF),
interleukin-1 (IL-1) and IL-6. These mediators can induce
an acute phase response in the liver and other organs
and promote pathology at distant sites. Some of these
include atherogenesis in coronary and aortic vessels,
death of 3-cells in pancreas, insulin resistance, pregnancy
complications and inflammation-induced joint pathology.
In addition to these mechanisms, there is recent

evidence suggesting that periodontitis-associated bacteria,
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particularly P. gingivalis, can alter the composition of
microbiota at distant sites.” There is a large body of
information suggesting further that alteration in the
composition of the gut microbiota can alter health
status of its host in favor of obesity phenotype which
facilitates initiation of systemic inflammation and
metabolic syndrome. There is also a report indicating
that, in the presence of Pseudomonas aeruginosa,
P. gingivalis when aspirated by the patients, can inhibit
epithelial cell apoptosis in the lung resulting in chronic
obstructive pulmonary disease (COPD). The periodontitis-
associated microbes are also able to cross placenta and
initiate a microbial community in fetal tissues which
subsequently leads to inflammation and pregnancy
complications. Inflammatory mediators that enter systemic
circulation and together with some autoantibody
produced by the periodontal patients can also cross
the placenta into fetal circulation and put more strain
on the patient (Figure 8). Clinical observations from
interventional studies by several groups of investigators
clearly demonstrated that treatment of periodontal
diseases can reduce systemic inflammation, judging from
decrease of biomarkers like inflammatory cytokines and
C-reactive proteins and improve of overall health
index.”®* This is consistent with the limited data in
humans showing some improvement of periodontal health
with decreasing progression of carotid atherosclerosis
and its complications.38

It is clearly shown from the above discussion
that chronic periodontitis can have impact on the
progression of lifestyle diseases and vice versa. Both P.
gingivalis and other periodontitis-associated microbes,
together with inflammatory mediators produced in the
diseased oral tissues, can spread systemically, affecting
endothelial cells in the heart, immune and secretory
cells in pancreas or placenta and fetus. Periodontists
recognized years ago the fact that periodontal diseases
are more severe and more difficult to manage in patients
with uncontrolled diabetes and vice versa. Clinical
interventions of either one can have beneficial effect

on the other. Early detection of lifestyle diseases by
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oral health professionals can also help alleviation and
treatment of the lifestyle diseases, and, similarly, early
detection and control the lifestyle diseases by physicians
can reduce complications and enhance the success the
treatment of periodontal disease. We in the dental
profession should be aware that hypertension, for
example, is an important risk factor for developing
lifestyle diseases, therefore, it would be best for the
patients if we can recognize it at its earliest stage. Drugs
given for hypertension by physicians can cause xerostomia,
gingival hyperplasia and some lichenoid reactions which
may complicate our treatment planning. Because both
periodontitis and diseases in the lifestyle group have at
least one common factor i.e., inflammation, it should
be theoretically possible to design potential new
approaches or drugs that can be beneficial for both
diseases. Blockade of inflammasome activation, new

inhibitors of inflamsnmatory cytokines or caspase enzymes

Systemic bacterial
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should be worthwhile research problems. In fact, some
of these ideas have been put into testing clinically in
small scale studies. However, the results have been
inconsistent and varied from one study to another.
However, this should not come as a surprise as, to
begin with, inflammation itself is a complex phenomenon
that is needed to be carefully dissected first.”” Periodontitis
is also a complex oral disease now considered to have
a polymicrobial origin and its impact on the host depends
on genetic predisposition as well as on a number of
environmental modifiers like smoking and stress. "
One should not be discouraging with the negative
or inconsistent results that have emerged. Instead,
researchers from various disciplines should work together
in harmony to provide further insights into molecular
link between oral disease like periodontitis and the

increased incidence of lifestyle diseases.

dissemination Promotion of
—> atherosclerosis i
Inflammation
9 o
Acute phase R induced
Systemic response pregnancy
, B inflammation complications
Periodontitis » Altering liver
Unbalanced ‘I‘ functj?n
oral microbiota Endotoxemia
(dysbiosis) s
Swallowing Gut dysbiosis N Metabolic
(Obese phenotype) syndrome
v
Interfering with
immune cell
development

l

Gl infections

Inflammatory diseases
Autoimmune diseases
Breaking tolerance

Figure 8 Representative diagram showing potential mechanisms linking periodontitis to systemic diseases.
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Conclusion

This review is a personal perspective based on
a current paradigm on oral-systemic diseases interaction.
Periodontitis and “lifestyle” diseases were used as
representative example for the discussion. Epidemiological
studies have clearly established that modern living is
an important factor contributing to a steady increase in
the prevalence of lifestyle diseases worldwide. We, in
the dental profession with sedentary lives, are not
exceptional to this change. Both lifestyle diseases and
periodontitis are characterized by low-grade chronic
inflalnmation and current evidence point to the fact
that a causal link exits between oral and systemic
diseases. Both diseases are influenced by diet, lifestyle
behaviors and microbiota. Periodontitis-associated
microbes and inflammatory mediators generated in the
diseased periodontium are able to enter systemic
circulation and induce inflammatory changes and
diseases at distant extra-oral sites. Exciting emerging
new information is the fact that alteration in the composition
of microbiota can influence health status of the host,
biasing toward obesity phenotype, which makes the
host more susceptible to developing lifestyle diseases.
Manipulating the microbiota by various means may
represent a future direction for managing some of these
diseases. Knowledge on the molecular nature of the
diseases together with ways and means to intervene
them will in the future benefit not only us in the oral
health profession but also our patients. Additional insight
into the molecular basic on the mechanism of the
disease process will lead to potential future therapeutic
approaches and options to increase the quality of life

of our patients.
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Abstract

Class Il division 1 malocclusion is one of the malocclusion that orthodontic treatment is
indicated. General characteristics of Class Il division 1 malocclusion are protruded upper incisors,
increased overjet, deep overbite and deep curve of Spee. Protruded upper incisors affect facial
appearance and are prone to have trauma. The treatment objectives in this specific malocclusion
are normal overjet, normal overbite, correct protrusion of upper incisors and enhancing normal function

of perioral muscle. The treatment principles to correct this malocclusion are growth modification in

Article in press

growing patient, conventional orthodontic treatment and orthognathic surgery. This article is intended
to present the knowledge regarding conventional orthodontic treatment in Class Il division 1 malocclusion

in adult.
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Distraction Osteogenesis: Role and Clinical Application in the
Maxillofacial Region
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Abstract

Distraction osteogenesis or callostasis is a technique for new bone formation by gradual

separation of bony fragments. The method was first developed for limb lengthening but recently this 09))
process has been widely applied in the cranio-maxillofacial bone. The application of this technique ol
included bone lengthening and reconstruction of segmental defects. Several designs of extraoral and c
intraoral distraction devices were invented to suit different areas of the craniofacial bone. Nevertheless, o
intraoral distractors have several advantages including minimal scarring and being less cumbersome. [®)
Clinical cases using intraoral distraction osteogenesis technique as the alternative treatment for E

conventional surgical procedures for maxillo-mandibular lengthening and reconstruction of the alveolar
segmental defect after tumor resection and before implant installation are presented and discussed
in this study.
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Introduction

Distraction osteogenesis is a method of
producing living bone directly from a special osteotomy
by controlled mechanical distraction. The regenerated
fibrovascular tissues in the distraction gap align
themselves parallel to the distraction vector. Then the
osteoid tissue is lay down and fill with the mineralize
tissue. The new bone spontaneously bridges the gap
and rapidly remodels to a normal macrostructure local
bone." Distraction osteogenesis is also called Callostasis
(generating new bone by stretching the callus, as in a
fracture). This concept of bone lengthening was first
described by Codivilla in 19054, who used it to elongate
a femur by repeated pulling forces. Other investigators
also applied this technique but it remained undeveloped
because of associated complications such as nonunion,
nerve damage, local edema, skin necrosis, and pin
track im‘ec’cion.5'6 However, the technique of bone
lengthening by gradual distraction was further developed
and refined by Russian orthopeadic surgeon G.A. Ilizarov
in 1952." Since distraction osteogenesis used local host
tissue to regenerate new bone, it offers many potential
advantages over bone grafting. Sources for autografts
are limited and may leave local morbidity at the donor
site. Allografts may transmit unknown antigens, bacteria
or even viruses. As dead foreign bodies, allografts may
not be desirable in infected wound. The use of distraction
osteogenesis in the craniofacial skeleton was first
reported by Snyder et al." who used monofocal distraction
to lengthen the canine mandible. Successful clinical
bone lengthening in craniofacial surgery was first
described by McCarthy et al. in 1992° Using extraoral
distraction devices; McCarthy lengthened the congenital
hypoplastic mandible in four children with Nager’s
syndrome. The result was satisfied with new bone for-
mation without any relapse being found. Since then
several clinical reports with a variety of devices and
techniques are available to lengthen segments or
entire maxillary or mandibular arches.” ™ Although the

application of the Ilizarov technique to the maxillofacial

skeleton showed promising outcome, its use has not
been widespread. Extraoral appliances have been
effective in clinical cases, but their use has been
hampered by many Complications.g'13 These included
skin or bone necrosis, pin track infection, scarring, facial
nerve and inferior alveolar nerve injury, and poor
|oredictability.8’14 Michieli and Miotti addressed these
concerns by the use of a specially fabricated intraoral
tooth-borne appliance to provide the necessary distraction.
The development of intraoral appliances occurred in
several centers and authorities as reported by Guerrerow,
McCarthy et 0(16, Chin and To‘th9 and Diner et cv(.“f18
Potential benefits of internal devices included 1) elimination
of skin scars caused by translation of transcutaneous
fixation pins, 2) improved patient compliance during the
fixation or consolidation phase because there is no
external component, and 3) improved stability of the
attachment of the device to the bone. The following
cases report demonstrated the use of intraoral distraction
devices to correct a variety of maxillofacial skeletal
deformities in four patients. These included mandibular
lengthening in hemifacial microsomia and severe
mandibular deficiency patients, maxillary distraction for
hypoplastic maxilla in cleft lip and palate patient and
interdental distraction of posterior maxilla in patients

with benign odontogenic tumor after tumor resection.

Cases illustration

Case |

An 11-year-old female presented with the
diagnosis of left hemifacial microsomia type Il b.
Hypoplastic face and ear deformities were noticed on
the left side of the face (Fig. 1: A1, A2). The radiographic
examination revealed hypo-development of the right
ramus and condyle with chin deviation to the affected
side (Fig. 1: B1, B2). Severe malocclusion and canting of
the occlusal plane to the right side were demonstrated
(Fig. 1: C1 - C4). Mandibular ramus distraction osteogenesis
was done using an intraoral partially submerged mandibular
distraction device. The osteotomy was performed and

the distraction device was installed in the planed
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position leaving the activation rod outside the mucosal
cuff (Fig. 1: D1 - D3). After the 3-day latency period the
bone stumps were gradually separated by 0.5 mm twice
a day to obtain a total bone lengthening of 14 mm (Fig.
1: E1). After a consolidation period of 8 weeks the device
was removed without any complication. The facial
asymmetry of the patient dramatically improved (Fig.
1: F1, F2). The radiographic study demonstrated a
normal cortico-medullary pattern of the distraction gap
indistinguishable from the adjacent native bone. The

chin deviation was significantly improved by ramus

PRE-OP

INTRA-OP

POST-OP1

lengthening (Fig. 1: G1, G2). The satisfied occlusion and
less canting of the occlusal plane were obtained
following the post-distraction orthodontic treatment
(Fig. 1: H1 - H4). One year later, Phase Il surgical correction
was performed including right intraoral vertical ramus
osteotomy (IVRO), left sagittal split ramus osteotomy
(Lt SSRO) and advancement genioplasty to correct the
residual deformities and obtain the optimum facial profile
balance (Fig. 1:11 - 13; J1, J2). The stable occlusion and canting
of the occlusal plane was corrected (Fig. 1: K1 — K3; L1)
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POST-OP2 E‘? ‘{ (‘\ G

K1

‘,‘*» \\") L"*\‘

K3 L1

Figure 1 Clinical case of an 11-year-old girl with hemifacial microsomia who underwent right mandibular ramus distraction

osteogensis.

Al -A2 Pre-operative view showed left hypoplastic face and ear deformities.

B1-B2 Hypo-development of richt ramus and condyle with chin deviation.

Cl-C4 Severe malocclusion and canting of the occlusal plane to the right side.

D1-D3 A distraction device was fixed to the osteotomized bone and the surgical wound was closed leaving the

activation rod exposed to the oral cavity.

El A 14-mm-distraction gap was achieved.
F1-F2 Improvement of the hypodevelopment on the right side of the face.
Gl-G2 A distraction gap filled with radiographically normal bone and the lengthening mandible resulted in improvement

of the deviated chin.

H1 - H4 Satisfactory occlusion and less canting of the occlusal plane.

11-13 Clinical appearance of the patient after Phase Il surgical correction including Rt IVRO, Lt SSRO and advancement
genioplasty.

J1-J2 The bone gap was completely healed and the facial profile was improved.

KI-K3, L1 Stable occlusion and canting of the occlusal plane was corrected.

Case ll

An 11-year-old male presented with a marked
retrusive chin caused by a non-syndromic severe
mandibular deficiency (Fig. 2: Al - A7). The functional
orthodontic treatment to enhance mandibular growth
was not successful after two years of treatment. Bilateral
mandibular distraction osteogenesis was planned using
2 intraoral partially submerged mandibular distraction
devices. The osteotomy line was cut just anterior to the

mandibular angle. After complete bone separation, the

distractor was placed in position guided by prediction
tracing. A similar procedure was duplicated on the
other side. The activation rods were left uncovered in
both buccal vestibular areas (Fig. 2: B1 - B3). Gradual
distraction of 0.5 mm twice a day was performed after
a 3 days latency period. The vector of the distraction
movement was controlled by the preformed occlusal
splint with a total distance gain in both sides of approxi-
mately 14 mm (Fig. 2: B4, B5). After the consolidation
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period of 8 weeks, the distraction devices were removed
without any complication. The clinical facial profile was
significantly improved with a straight profile and better
chin prominence (Fig. 2: C1 - C3). The radiographs showed

a 14 mm gain with normal cortico-medullary pattern of

PRE-OP

INTRA-OP

C1

POST-OP

D1 D2

new bone in the previous distraction gap similar to the
adjacent normal bone (Fig. 2: C4, C5). The final class |
occlusion was achieved (Fig. 2: C6 - C8) after postoperative
orthodontic treatment. The occlusion was stable without

relapse after 3 years follow up (Fig. 2: D1 - D7).

D4
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POST-OP 3 YR

D5

D7

Figure 2 Clinical case of an 11-year-old male with a severe retrusive chin receiving mandibular lengthening by bilateral distraction

osteogenesis of mandibular body.

Al - A7 Clinical appearance of the patient showed marked retrusive chin and malocclusion from severe mandibular
deficiency.
B1-B3 The distractor were placed after mandibular osteotomy on both sides and the mucosa was closed leaving

the activation rod exposed in both buccal vestibules.

B4 - B5 14-mm-distraction gap was created on both sides of the mandibular bodly.

C1-C3 A dramatically improved of the facial profile with normal chin projection postoperatively.
c4-Cc5 A normal radiographic pattern of mature bone filled in the distraction gap.

C6-C8 Class I occlusion was achieved after post-distraction orthodontic treatment.

D1 -D7 Final stable occlusion was stable without any relapse was detected after 3 years follow up.

Case lll

An 18-year-old male bomn with a bilateral complete
cleft lip and palate had undergone surgery for lip repair
in infancy, and his cleft palate was repaired in early
childhood. Alveolar bone grafting had been performed
two years prior the operation with satisfactory results.
The residual problem was severe hypoplasia of the
maxilla resulting in a concaved facial profile with large
negative anterior overjet (Fig. 3: Al - A7). Maxillary
distraction osteogenesis was planned using an intraoral
bone borne maxillary distractor. Le Fort | level osteotomy
was performed, and the maxilla was partially mobilized
to facilitate the distraction movement. The distraction
devices were placed according to the planned direction
according to the lateral cephalometric film prediction

tracing on both sides of the maxilla and fixed on

PRE-OP

Al A2

the zygomatic buttress and subapical areas with titanium
screws (Fig. 3: B1 - B7). The activation was done intra-
operatively to confirm the possibility of the maxillary
bone movement vector and stability. The surgical wound
was closed leaving the activation rod uncovered in the
anterior vestibular area. After a latency of 3 days, activation
of both maxillary distracters commenced at 1 mm per
day in 2 rhythms. An advance of the maxilla by 12 mm
was achieved. Eventually the dramatically improvement
of the facial profile and stable class | occlusal relationship
were obtained (Fig. 3: C1 - C3). Quality of life was achieved
from both significantly improved in facial profile and
good occlusion after the postoperative orthodontic

treatment without any relapse (Fig. 3: D1 - D7).

A3 A4

160 J DENT ASSOC THAI VOL. 65 NO. 3 JULY - SEPTEMBER 2015



INTRA-OP

IMM.POST-DO

POST-OP

D5

B4

D6

D3

D4

Nuntanaranont et al., 2015

161

in press

Article



Article in press

Figure 3 Clinical courses of an 18-year-old male born with bilateral cleft lip and palate who underwent maxillary distraction

osteogenesis for correcting cleft maxillary hypoplasia.

Al - A7 A clinical examination and radiographic study revealed a concaved facial profile from severe maxillary deficiency

and marked negative overjet.

B1-B4 Le Fort I level osteotomy was performed and minimum mobilized. The distraction devices were fixed on both

sides. The exposed activation rods were located at the anterior vestibule.

B5-B7 Excellent position of the devices were achieved by pre-bending of the distractor in the individual fabricated

stereo-model .

C1-C3 Clinical appearance of the patient after 12 mm gradual maxillary advancement, the improved facial profile

and stable class | occlusion were achieved.

D1 -D4 Significant improvement of the facial profile and normal radiographic pattern of bone remodeling with normal

relationship of both jaw bones.

D5 - D7 Class | occlusion was achieved after postoperative orthodontic treatment with stable occlusion without any

relapse.

Case IV

A 51-year-old female patient presented with a
painless slow growing mass at the right posterior maxilla
with pathological diagnosis of cementoblastoma (Fig. 4:
Al - A5). The tumor with the adjacent bone including the
molar teeth and maxillary tuberosity were surgically
removed by partial maxillectomy (Fig. 4: B1 - B3). A vertical
interdental osteotomy line between the maxillary
canine and first premolar teeth for a subapical bone
osteotomy was performed. The transported dento-
osseous segment comprised of two premolar teeth and
its alveolar process was completely mobilized leaving
only the palatal pedicle as the source of blood supply.
The mandibular ramus distraction device was modified
and placed on the buccal surface and fixed to the
transported segment and apical bone above the canine
area (Fig. 4: B4 - B7). The vector of the distraction was
adjusted to accord with the posterior maxillary arch
form and lower dentition. Following a 3 days latency
period, the distractor was activated, 0.5 mm per time,

twice daily for 13 consecutive days. A distraction gap of

approximately 13 mm was achieved between the right
maxillary canine and the first premolar (Fig. 4: C1 - C3).
The distraction device had good stability during the
distraction procedure and throughout the 6 weeks
consolidation period. The transported segment was
moved posteriorly along the planned direction until the
maxillary second premolar occluded on the mandibular
second molar without any occlusal interference. The
regenerated tissue in the distraction gap eventually
healed with normal contour and covered with soft
tissue similar to the adjacent mucosa (Fig. 4: D1, D2).
The radiographic and histological study obtained from
the tissue in the distraction area demonstrated newly
formed bone in the distraction gap with normal gingival
tissue coverage (Fig. 4: D3 - D5). Six months after the
consolidation period, the distracted gap was reentry
and dental implant was inserted into the normal
appearance regenerated bone. Eventually the final
dental prosthesis was successfully constructed with

fully function.
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INTRA-OP

IMM.POST-DO

POST-OP

Figure 4 A clinical case of a 51-year-old female patient with diagnosis of cementoblastoma underwent interdental transport

distraction osteogenesis.

Al -A5
B1-B3
B4-B7

C1-C3
D1-D2
D3 -D5

A painless slow growing mass at the right posterior maxilla with diagnosis of cementoblastoma.

A right posterior partial maxillectomy was performed.

An interdental osteotomy line between the maxillary canine and the first premolar teeth was created to mobilize
the transported segment then the distraction device was fixed to secure the segments.

Following gradual distraction, a distraction gap of approximately 13 mm was achieved.

Regenerated tissue in the distraction gap eventually healed with normal contour and covered with intact mucosa.
Radiographic and histological study showed new bone formation in the distraction gap with normal gingival tissue

coverage.
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Discussion

The technique of distraction osteogenesis involves
creation of new bone by gradual movement of two or
more bony fragments following their surgical division.
This technique can provide required amounts of regenerated
bone in the skeleton that still has the potential of
fracture healing. Distraction osteogenesis was first
developed in the field of orthopaedic surgery and was
principally utilized in limb lengthening. Knowledge from
long bone lengthening provided the major basis for
development of the distraction osteogenesis in the
membranous bone of the craniofacial skeleton. Never-
theless, application of extraoral distraction devices in
the maxillofacial region does not seem to be popular with
the majority of the patients because of the cumbersome
appearance, scar tissue formation and social adjustment.
The innovation of the intraoral distraction devices
provided treatment that is more acceptable in the
mainstream practice of maxillofacial surgery. The intraoral
approach for device placement can avoid skin incision
that resulted in reducing the risk of injury to the nerves
such as marginal mandibular branch of facial nerve. The
other potential benefits include no skin scars caused by
translation of transcutaneous fixation pins, improved
compliance during the long consolidation phase, and
no maintenance is required because the submerged
placement. Nevertheless the drawbacks of this technique
are the expensive sophisticated device and multiple
operation including device installation and removal. In
addition, in some cases the adjunction surgical procedure
must be performed to obtain the optimum result. In the
present study demonstrated four clinical cases with different
deformities using an intraoral distraction device to correct
the skeletal deficiencies with satisfactory outcomes.

Mandibular lengthening in the present report
was performed in an early stage of life in hemifacial
microsomia patient. This deformity should be treated
as early as possible since mandibular asymmetry
becomes worse over time in comparison to the normal

growth of the non-affected, contralateral side. This then

leads to secondary malformation of the maxilla, nose and
orbit. A progression of facial deformity and psychological
problems may occur with time."” Therefore, the mandible
should be operated upon early in order to support the
growth of the adjacent structures and to avoid or
minimize secondary deformities. In addition, in hemifacial
microsomia, lengthening of the hypoplastic mandible will
create an ipsilateral posterior open bite. The provided
space will allow occlusal canting correction by orthodontic
means over a short period by gradual selective grinding
on the occlusal splint since there still has vertical growth
of the maxilla in children when it is released from the
constriction effect of the mandible and soft tissue.”’
By this protocol of treatment, the maxillary surgery
can be avoided when comparing to the delay treatment
in the adult stage with the conventional surgical
operation.

Major advancement of the maxilla is one of
the unstable procedures since the movement of the
large skeletal fragment of maxilla typically requires
overcoming significant resistance from the soft tissue
envelopes. This situation seems worse when the
advancement of maxilla is performed in the cicatrized
tissue from a previous operation in cleft palate patients.
Incremental movement using distraction mechanics
allows displacement of fragments over large distances
because the soft tissue is allowed to accommodate
slowly. The elongation of muscles, ligaments, vessels,
nerves, subcutaneous fat, and skin that can not be
achieved by other more radical procedures is one of
the main advantages of this method.” By combining
the conventional Le Fort | osteotomy with postoperative
gradual distraction, a correction of severe overjet of
approximately 12 mm was achieved in case Ill. Eventually
a soft tissue facial profile and stable positive overjet
occlusion was obtained without any detected relapse
during the follow up period.

In addition to the application of distraction
osteogenesis to craniomaxillofacial defects, this modality
of treatment could be modified to use in the dentoalveolar

region. Interdental transport distraction osteogenesis
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was demonstrated in case V. The transported dento-osseo
segment comprised of two premolars, and their adjacent
subapical bone was gradually moved posteriorly to close
the distal defect created by the partial maxillectomy for
tumor resection. The vector of movement was planned
and controlled by distraction device to conform to the
posterior maxillary arch, and lower dentition resulted
in acceptable post-distraction occlusion. The regenerated
tissue in the distraction gap eventually healed without
any complications. The newly formed bone in the
distraction alveolar segment and normal mucosal coverage
could be demonstrated by both radiographic and
histological studies. The transported segment retained
good stability after distractor removal without detectable
relapse and provided sufficient bone volume for implant
placement. According to the satisfactory outcome,
interdental transport distraction osteogenesis offers an
alternative treatment for segmental defect reconstruction.
The procedure could be performed in a single operation
where the tumor was resected without additional donor
site morbidity.

Distraction ostegenesis demonstrates a significant
role and provides a variety of applications in the
maxillofacial region with acceptable results. The
development of an intraoral distractor holds the promise
of allowing the patient to enjoy a more normal life
during the course of treatment.”” Further development
including design, miniaturization of the intraoral devices
and multidirectional vectors are essential to reconstruct
various parts for complex cranio-maxillofacial malformation.
Long-term follow up is necessary to monitor the

post-distraction growth potential and possible relapse.
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Abstract

The purpose of this study was to compare shear bond strengths of self-adhesive resin cements
on dry or moist dentin. Eighty non-carious, extracted human molars were cut horizontally to dentinal
surfaces. Four self-adhesive resin cements: RelyX u100® (RU1), RelyX U200® (RU2), Maxcem elite® (MQ),
Clearfil SA luting® (CL) were used as luting agent in each group (N = 10). Therefore, the experimental
groups were 1) RU1 + Dry, 2) RU1 + Moist, 3) RU2 + Dry, 4) RU2 + Moaist, 5) MC + Dry, 6) MC + Moaist, 7) CL +

Dry, 8) CL + Moist. A single side masking tape with 2 mm diameter hole was applied to the centre of

INn press

Article

dentin surface. The resin composite rod was luted to prepared dentin surface in each group with the
applying load of 1,000 grams, then light cured for 40 second for each side. The bonded specimens
were then stored in distilled water at 37 °C for 24 hours. Shear bond strength was evaluated using
universal testing machine at cross head speed of 0.5 mm/min. The data were collected and statically
analyzed using two-way analysis of variance and Tukey’s multiple comparisons at 95 % confidence
level. For the same product, the mean shear bond strengths of self-adhesive resin cement luted on
dry or moist dentin were not significantly different. Among 4 self-adhesive resin cements, shear bond
strengths of RelyX U100 [dry 9.42 (1.32), moist 9.06 (1.21)], RelyX U200® [dry 9.30 (1.29), moist 9.27
(0.98)] and Maxcem elite® [dry 9.14 (1.23), moist 8.23 (1.61)] were not significantly different but
they were significantly higher than Clearfil SA Luting® [dry 4.32 (1.44), moist 4.84 (1.76)] in both dentin
conditions (p < 0.05). All specimens showed adhesive failure at cement-tooth interface. In conclusion,
there was no significant difference in shear bond strength of self-adhesive resin cements to dry or moist
dentin. Shear bond strengths of RelyX U100®, RelyX U200® and Maxcem elite® were not significantly
different but they were significantly higher than Clearfil SA Luting® in both dentin conditions.

Key words: Dry or moist dentin; Self-adhesive resin cement; Shear bond strength
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(Automatic polishing machine; DPS 3200, Imptech, 40 - 50 Uaumman151987 Seeenng 10 Jadiwns awsduy
Boksburg, South Africa) 91AHUYAMNELDIANURILUD 10 U9 wanAvdHundalilunsueideUainde way

Humensdnin waraundauiuanysudalesud Nusasu danududuinssesay 100
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D. Sumageuiurasunesnandnfaruidoudreiariuonsaissudiums

Figure 1 The steps of specimen preparation

A. Human molar was cut horizontally to dentin and embedded into a PVC pipe with dental gypsum.
B. Clear silicone mold (3 mm in diameter, 10 mm in height) was filled with light cure resin composite.
C. The resin composite rod was luted to dentin surface under constant weight of 1,000 grams.

D. The specimen; resin composite rod was luted to prepared dentin surface with self-adhesive resin cement.
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Table 1 Type of cements, manufacturers, lot number, delivery system and their composition

Materials Delivery

Composition

RelyX U100® Clicker dispenser
(3M ESPE, 2 pastes, hand mixed
Seefeld,

Germany)

Lot: 422141

®
RelyX U200
(3M ESPE, 2 pastes, hand mixed

Clicker dispenser

Seefeld,
Germany)

Lot: 509730

Base paste: Methacrylate monomers containing
phosphoric acid group, silanated fillers, initiator
components, stabilizers

Catalyst paste: Methacrylate monomers, alkaline
(basic) fillers, silanated fillers, initiator

components, stabilizers, pigment

Base paste: Methacrylate monomers containing
phosphoric acid group, silanated fillers, initiator
components, stabilizers, rheological additives
Catalyst paste: Methacrylate monomers, alkaline
(basic) fillers, silanated fillers, initiator
components, stabilizers, pigment, rheological

additives
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#1579 1 (79)
Table 1 (Continued)

Materials Delivery

Composition

Maxcem elite® Paste/paste dual

(Kerr, Orange, syringe, direct
CA, USA) dispensing

Lot: 4544333 through mixing tip

Clearfil SA Paste/paste dual
luting® syringe, hand mixed
(Kuraray medical

Inc., Okayama,

Japan)

Lot: 00143A

GPDM (glycerol dimethacrylate dihydrogen
phosphate), comonomers (mono-, di-, and tri-
function methacrylate monomers), proprietary
self-curing redox activators, photoinitiator
(camphorquinone), stabilizer, barium glass fillers,

fumed silica fillers, fluoroaluminosilicate fillers

Paste A: 10-Methacryloyloxydecyl dihydrogen
phosphate (MDP), Bis-phenol A diglycidyl
methacrylate (Bis-GMA),

Triethylene glycol dimethacrylate (TEGDMA),
hydrophobic aromatic dimethacrylate,
dl-camphorquinone, benzoyl peroxide, initiator,

silanated barium glass fillers, silanated colloidal silica

Paste B: Bis-phenol A diglycidyl methacrylate
hydrophobic aromatic dimethacrylate,
hydrophobic aliphatic dimethacrylate,
accelerators, pigsments, surface treated sodium
fluoride, silanated barium glass fillers, silanated

colloidal silica
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unit; JFC-1200E Fine coater, JEOL Ltd., Tokyo, Japan)
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Table 2 Mean shear bond strengths and standard deviations (MPa)

Cements Dry Moist

RelyX U100° 9.42 (1.32)" 9.06 (1.21)""
(N = 10)

RelyX U200 9.30 (1.29)"" 9.27 (0.98)""
(N = 10)

Maxcern elite” 9.14 (1.23" 8.23 (1.61)""
(N = 10)

Clearfil SA luting" 4.32 (1.40)° 4.84 (1.76)°
(N = 10)

For each horizontal row: value with identical letters indicates no statistically significant difference

For each vertical column: value with identical numbers indicates no statistically significant difference
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Figure 2 Illustrations from scanning electron microscope at 2,000X show failure mode of specimens.

A. Dry dentin and RelyX U100® interface

B. Moist dentin and RelyX U100® interface

C. Dry dentin and RelyX U200® interface

D. Moist dentin and RelyX U200® interface

E. Dry dentin and Maxcem elite® interface

F. Moist dentin and Maxcem elite® interface

G. Dry dentin and Clearfil SA luting® interface
H. Moist dentin and Clearfil SA luting® interface
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Abstract

The wide spread epidemic of Hepatitis B Virus (HBV) infection is an important health issue in
Thailand. Dental healthcare workers both non-clinical and clinical staff are at high risk of occupational
exposure to the virus from contaminated blood and secretions. However, there is a little evidence on

HBV exposure in these people. The aim of this study was to investigate serum hepatitis B profile among

INn press

dental healthcare workers and students in a dental school in Bangkok, Thailand. Dental healthcare

workers and students who had HBV serum pre-screened in 2010 were invited to participate in this
retrospective study. One hundred and seventy participants consented and agreed to answer a self

report-questionnaire about personal data and HBV infection risk factors. The data of their HBV serological

Article

profiles was used to compare with the personal data and the data of HBV risk factors. Prevalence ratio
was used for data analysis. The results showed that the participants who had been exposed to patients’
blood and secretions had a significantly higher risk of HBV infection by the detection of anti-HBc in their
sera when compared to the non-exposed groups (4.72 fold, p < 0.001). Blood and secretions exposure
can increase risk of HBV infection. Pre-exposure hepatitis B vaccination is an essential strategy for

preventing clinical, non-clinical staff and dental students from occupational infection with HBV.
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Introduction

The Hepatitis B Virus (HBV) infection is an
important health issue worldwide. About 240 million of
the world’s population have been infected with the
virus and of these, approximately 600,000 die annually
from HBV-related chronic liver diseases, including
cirrhosis and liver cancer.”” In Thailand, HBV is also an
important health issue. There is a high prevalence of
HBV infection and chronic HBV infection was reported
in about 4 - 8 % of the poputation.3 Previous studies
also reported that hepatitis viruses are associated with
cholangiocarcinoma and hepatocellular carcinoma.””
After 1992, HBV vaccination is included in the vaccines
for children program in Thailand. Therefore, it has helped
reduce the incidence of chronic HBV infection from 4.3
% 0 0.7 %.°

Hepatitis B virus belongs to Hepadnaviridae
family. The full virion, 42 nm in diameter, contains
nucleocapsid and surface antigen HBsAg (Hepatitis B
surface antigen).7’8 Transmission of hepatitis B virus can
occur through unprotected sexual contact, blood transfusion,
contaminated needles, syringes, vertical transmission
from mother to child during childbirth, and exposure
to blood and body fluids containing blood." Despite the
use of standard universal precautions, healthcare workers,
including both clinical and non-clinical staff, may be
exposed to the virus in the course of their work.

So far, the most effective way to prevent HBV
infection is vaccination.” The HBV serological screening
program should be performed to exclude a person
who does not need vaccine and to check for antibody
formation. " However, there was no report about
pre-vaccination screening of HBV serological profile in
the group of dental students and dental healthcare
workers who are working in the Faculty of Dentistry,
Srinakharinwirot University. The objectives of this study
were to study the serum hepatitis B profile and factors
related to HBV infection among dental healthcare
workers and students in the Faculty of Dentistry,

Srinakharinwirot University, Thailand.

Materials and Methods

In 2010, we performed pre-vaccination screening
test for HBV serological profile in dental healthcare
workers and students including dental assistants,
laboratory workers, janitor, dental assistant students,
and pre-clinical dental students at the Faculty of Dentistry,
Srinakharinwirot University, Thailand. The HBV serological
screening profiles including Hepatitis B surface antigen
(HBsAg), Hepatitis B surface antibody (Anti-HBs) and
Hepatitis B core antibody (Anti-HBc) were investigated
by Electrochemiluminescence Immunoassay (ECLIA)
technique using automated modular analytics E170
machine (Roche Diagnostics Thailand) at a private
laboratory in Bangkok, Thailand. All the dental healthcare
workers and students who had HBV serum profile
screening in 2010 were invited to participate in the study.
From a total of 193 dental healthcare workers and
students, 170 participants consented and agreed to
answer a self report-questionnaire.

The questionnaire consisted of 3 sections: 1)
Personal data including year of birth, details about
participants’ hometown and years of practice, 2) History
of HBV prevention and vaccinations, and 3) Data of
factors related to HBV exposure. In the questionnaire,
the study Identification (ID) was used and only one of
the researchers who was a doctor could identify the
participants. The data of their HBV serological profiles
was used to compare with the personal data and the
data of HBV risk factors. Prevalence ratio was used to
analyze the data (MedCalc Software, Ostend, Belgium).
This study has been approved by the Ethics Committee,

Faculty of Dentistry, Srinakharinwirot University.

A total of 170 from 193 dental healthcare
workers and students responded to the questionnaires
for a response rate of 88.1 %. They were 81.2 % females
and 18.8 % males. Table 1 shows the demographic data

of the participants. The average age for all participants
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was 23.5 years old. Participants were from 35 different
provinces of the country, which 62 participants (36.5 %)
from Bangkok (Capital city) and 25 participants (14.7 %)
from Sisaket (North eastern part of Thailand). Among
the 170 participants, 9 were dental assistant students
(5.3 %), 115 were pre-clinical dental students (67.6 %),
36 were dental assistants (21.2 %), 9 were laboratory
workers (5.3 %), and 1 was a janitor (0.6 %). All students
who participated in this study had not been exposed
to blood and secretions before they had their HBV
screening profiles in 2010. However, dental healthcare
workers who had been exposed to blood and secretions
had been working in a private dental clinic or at Faculty
of Dentistry for an average of 7.9 years (1 - 28 years).
The results showed that dental assistants,

laboratory workers and janitor were more positive to

Table 1 Demographic data of the participants

anti-HBc than the group of dental assistant students
and dental students (Table 2). The group of healthcare
workers who had been exposed to patients’ blood and
secretions had a significant higher risk of HBV infection
by the detection of anti-HBc in their sera when compared
to the groups of dental assistant students and pre-clinical
dental students who had not been exposed to pa-
tients’blood and secretions prior to the serological
study (PR = 4.72, p < 0.0001) (Table 3). The number of
participants who had been exposed to HBV (positive to
Anti-HBc) was 22 (12.9 %). Among these, 4 participants
(18.2 %) had HBsAg positive which indicated that they had
chronic HBV infection. In total, 2.4 % of all partici-
pants had chronic HBV infection. The results showed
that 93 participants (54.7 %) had Anti-HBs > 10 mIU/mL
while 73 participants (42.9 %) had no immunity (Table
a).

Demographic data Number %
Number of patients 170 100
Age (years)
<20 7 4.1
20 - 29 141 82.9
30 - 39 18 10.6
> 39 i 2.4
Occupation
Dental assistant student 9 53
Dental student 115 67.6
Dental assistant 36 21.2
Laboratory worker 9 53
Janitor 1 0.6
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Table 2 Results of Anti-HBc distributed by occupation

Positive Negative
Occupation Anti-HBc Anti-HBc
Number % Number %
Dental assistant student 1 11.1 8 88.9
N=9
Dental student 7 6.1 108 93.9
N =115
Dental assistant 11 30.6 25 69.4
N = 36
Laboratory worker 2 22.2 7 77.8
N=9
Janitor 1 100 0 0
N=1
Table 3 Results of Anti-HBc serological profiles in exposed and non-exposed groups
(%) Number
Sample Group Positive Negative Total
Anti-HBc Anti-HBc
Exposed to blood and secretions* 14 (30.4) 32 (69.6) a6 (27.1)
Non - Exposed to blood and secretions** 8 (6.5) 116 (93.5) 124 (72.9)
Total 22 (12.9) 148 (87.1) 170 (100)

Prevalence ratio = 4.72

95 % Confidence interval = 2.12 - 10.50; p < 0.0001

* Group of dental assistant, laboratory workers and janitor

** Group of dental assistant students and pre-clinical dental students
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Table 4 Results of HBsAg¢ and Anti-HBs distributed by occupation

(%) Number

Sample Group Positive Positive Negative Total
HBsAg Anti-HBs Anti-HBs

Dental assistant student 1(11.1) 2(22.2) 6 (66.7) 9 (5.3)

Dental student 3(2.6) 68 (59.1) 44 (38.3) 115 (67.6)

Dental assistant 0(0) 20 (55.6) 16 (44.4) 36 (21.2)

Laboratory worker 0 (0) 2(22.2) 7(77.8) 9 (5.3)

Janitor 0(0) 1(100) 0(0) 1(0.6)

Table 5 shows factors related to the risk of

HBV infection among the dental healthcare workers
and students. Factors that increased the risk of HBV

infection among the dental healthcare workers and

students were transmission from HBV infected mother
(5.57 fold), unprotected sexual contact (4.15 fold),
HBV carrier in the family (2.98 fold) and exposure to

dental environment without immunization (2.04 fold).

Table 5 Results of Anti-HBc serological profiles in related to risk factors

Number row (%)

Factors related to risk Positive Negative Prevalence 95 % Cl
for HBV infection Anti-HBc Anti-HBc ratio

Blood transfusion

+ Yes (N = 8) 1(12.5) 7(87.5) 0.96 0.15 - 6.30
+No (N = 162) 21 (13.0) 141 (87.0)

Intravenous injection

«Yes(N=1) 0(0) 1 (100.0) 0 N/A

+ No (N = 169) 22 (13.0) 147 (87.0)

Ear piercing or tattooing

» Yes (N = 73) 8 (11.0) 65 (89.0) 0.76 0.34 - 1.71
*No (N =97) 14 (14.4) 83 (85.6)

Unprotected sexual contact

« Yes (N = 4) 2 (50.0) 2 (50.0) 4.15 1.43-12.01
+ No (N = 166) 20 (12.0) 146 (88.0)
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Table 5 (Continued)

Number row (%)

Factors related to risk Positive Negative Prevalence 95 % Cl
for HBV infection Anti-HBc Anti-HBc ratio

Exposure to dental environment

without immunization

* Yes (N = 56) 11 (19.6) 45 (80.4) 2.04 0.94 - 4.41
«No (N = 114) 11 (9.6) 103 (90.4)

Mother to Child HBV transmission

* Yes (N = 3) 2 (66.7) 1(33.3) 5.57 2.26 - 13.69
«No (N = 167) 20 (12.0) 147 (88.0)

HBV carrier in the family

* Yes (N = 23) 7(30.4) 16 (69.6) 298 1.36 - 6.52
« No (N = 147) 15 (10.2) 132 (89.8)

Discussion

The prevalence of HBV infection among the
sample in this study (positive to HBsAg) was 2.4 %. All
of the participants who had chronic HBV infection were
students. They reported no history of blood and secretion
exposure before HBV serological profile screening in
2010. Therefore, they possibly contracted the virus from
other sources. Regarding the Anti-HBs profile, the
prevalence of HBV immunity in dental healthcare workers
and students was 54.7 %. The number is similar to the
data from previous studies in Thailand, which reported
the prevalence rate of 48.3 - 69.5 %.'"

Several studies showed that healthcare workers
such as doctors, nurses, pathologists and janitors, who
have been exposed to blood and secretions, have a
higher risk of HBV exposure than other occupa’tions‘l}15
We also found that the group that has been exposed
to patients’ blood and secretions had a greater risk
of HBV exposure by 4.72 fold. Anti-HBc could be
detected in 30.6 %, 22.2 % and 100 % of dental assistants,

laboratory workers, and janitor respectively. These data
suggested that this eroup of people have a high risk of
HBV exposure. Therefore, HBV vaccination consisting of
a series of 3 injections is essential for healthcare workers.
Also basic knowledge of the risks of transmission of HBV
infection should be given to those who will be in
contact with patient’s blood and secretions. These
precautions could help preventing HBV transmission to
other healthcare workers, patients, friends and families.

Initial data from this study showed that some
factors increase the risk of HBV exposure such as transmission
from HBV infected mother (5.57 fold), unprotected
sexual contact (4.15 fold), HBV carrier in the family (2.98
fold) and exposure to dental environment without
immunization (2.04 fold). However, we cannot conclude
that these risk factors were directly associated to risk
of HBV exposure, as there were more variables that we
did not control in this study. In addition to the exposure
that the study was investigating, there may be other
factors that are associated with the exposure and

independently affects the risk of developing HBV infection.
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If the prevalence of these other factors differs between groups
being compared, they will mislead the observed association
between the disease and exposure under the study.
Research shows that although 3 HBV vaccines
have been given to the healthcare professionals, it
is no guarantee that the person will respond to the
vaccination as seroconversion rates of 90 % to 95 %
have been reported for immunocompetent recipients
of the HBV vaccine.lé’17 Hence, the HBV serological
screening should be performed before vaccination and
also after the third injection for antibody formation. In
the cases of non-responders, a fourth, fifth and sixth
injection should be given.18 The pre-vaccination screening
is performed to exclude people who have HBsAg and
Anti-HBs positive from receiving vaccinations. Also the
vaccinations will be given to those who have anti-HBs
negative or antibody titre of less than 10 mIU/mL. There
is also a recommendation for health care workers to
have HBV screening profile every 5 years and receive

boost injection when the immunity decreases.'™"

Conclusion

Dental health care workers who had been
exposed to patients’ blood and secretions are at a
higher risk of HBV infection than those who had not
been exposed to patients’ blood and secretions (4.72
fold). Pre-exposure hepatitis B vaccination is an essential
strategy for preventing dental healthcare workers from
occupational infection with HBV. In conclusion, dental
professionals, dental students and dental auxiliaries
should be aware of Hepatitis B infection, the hepatitis
B vaccine and also the importance of HBV screening

test before and after vaccination.
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Abstract

The objective of this study was to investigate the working time, depth of cure, flexural strength, and cytotoxicity
of Research Unit-Herbal Medicine, Biomaterial and Material 1 (RU-HBM1), a resin modified glass ionomer (RMGI)
cement prototype, compared with commercial RMGIs. RU-HBM1, GC-Gold Label Light-Cured Universal Restorative
(GO), and VitrebondTM (VB) were evaluated for working time, depth of cure, and flexural strength per ISO 9917-2:2010
and 1SO 9917-2:1998. Five specimens of each material were incubated in growth medium for 24 h. Primary human
dental pulp cells were cultured in a 50 % dilution of the conditioned medium from each specimen, with growth
media used as a control. Cytotoxicity was determined using a 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) based colorimetric assay. One-way analysis of variance and the Scheffe” multiple comparison test
were used to analyze the data. It was found that the three materials met the requirements of ISO 9917-2:2010 and
ISO 9917-2:1998 for working time, depth of cure, and flexural strength. GC had the highest depth of cure and flexural
strength with VB presenting the lowest values (p < 0.05). RU-HBM1 demonstrated a significantly higher depth of
cure compared with that of VB, and a significantly lower depth of cure compared with that of GC (p < 0.05). RU-HBM1
showed no significant difference in flexural strength compared with those of GC and VB. The MTT assay indicated
that VB conditioned media significantly reduced cell viability at 24 and 48 hours (p < 0.05). RU-HBM1 and GC
conditioned media slightly decreased cell viability at 48 hours. In conclusion, RU-HBM1 met the requirements
for working time, depth of cure, and flexural strength per ISO 9917-2:2010 and I1SO 9917-2:1998. RU-HBM1 condition

media was biocompatible with pulp cells after culturing for 48 hours.
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Introduction

In 2009, Thailand imported dental materials
and related instruments valued at approximately 1.468
billion baht, or 6% of the total imported medical and
dental materials and equipment.1 This expense has
been dramatically increasing and will be a burden on
the budgets of the government and individuals. The
development of low-cost basic dental materials is an
important strategy in solving this problem.

Light-cured resin modified glass ionomer (RMGI)
cement is commonly used as a liner or base prior to
the use of a definitive restorative material.”> RMGI is
composed of a powder, which is mainly fluoro-alumino-
silicate glass, and a liquid, which is a mixture of light
and chemical sensitive polyalkenoic acid and methacrylate
monomer. The dual curing reaction involving both light
activated polymerization and acid-base reaction gives
RMGI more favorable clinical properties such as a longer
working time and a shorter setting time compared to

conventional glass ionomer cement.

Our research group has developed a light-cured
RMGI prototype, Research Unit-Herbal Medicine, Biomaterial
and Material 1 (RU-HBM1), to use as a liner or a base.
The cost of this material is much lower than that of
similar imported products. The working time, depth of
cure, and flexural strength of RU-HBM1 was investigated.
The cytotoxicity of RU-HBM1 was evaluated using human
dental pulp cells. The results for RU-HBM1 were compared

to those of two commercial RMGIs.

Materials and Methods

Two commercial light-cured RMGls, Vi’crebondTM
(VB; A3 color) and GC Gold Label Light-Cured Universal
Restorative (GC; A3 color), were used as reference materials
in this study. The expiration date of both RMGls was
more than 6 months after the completion of the
experiments. The powder and liquid components of VB,
GG, and RU-HBM1 are shown in Table 1. A light activator
(Halogen Curing Light, EliparTM 2500, 3M ESPE, USA) was used

to light-cure the materials at an intensity of 700 mW/cm”.

Table 1 Powder and liquid components of experimental Resin Modified Glass lonomer Cements (RMGls)

Recommend Powder/Liquid
Material Composition light curing Ratio Manufacturer
duration (g/9)
GC Gold Label Powder
Light-cured Fluoroaluminosilicate glass 20 seconds 3.2/1 GC, Japan
Universal Liquid
Restoration Polyacrylic acid; HEMA;
(Lot no. 1211081) TEGDMA; Photoinitiator
Vitrebond " Powder
(Lot no. N516621) Fluoroaluminosilicate glass 30 seconds 1.4/1 BMTM ESPETM,

Liqui
Polyacrylic acid; HEMA;
TEGDMA; Photoinitiator

USA
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Table 1 (Continued)

Recommend Powder/Liquid
Material Composition light curing Ratio Manufacturer
duration (g/9)
RU-HBM1 Powder Research Unit of
Fluoroaluminosilicate glass 20 seconds 1.6/1 Herbal Medicine,
Liquid Biomaterial and

Polyacrylic acid (29 %),
HEMA (33 %);
TEGDMA (7 %);

Photoinitiator

Material for
Dental Treatment

Chulalongkom University

Working time

The powder and liquid of each RGMI(N = 5) was
prepared and mixed following the manufacturer’s
instructions. Briefly, the cement was loaded into a
stainless steel mold (5 mm high, 7 mm long, and 10 mm
wide). Ten seconds before the end of the working time
of each material (160 seconds for VB and 225 seconds
for GQ), a flat-end indenter (28 ¢) was lowered onto the
surface of the cement and remained there for 5 seconds.
According to I1SO 9917-2:2010, “the indenter shall make
a complete circular mark in the surface of the specimen
at 10 seconds before the working time claimed by the
manufacturer or at least 90 seconds from the start of

R
mixing”.

Depth of cure

Each RMGI (N = 5) was prepared and mixed per
the manufacturer’s instructions. Within the working time,
the cement was loaded into a customized circular
stainless steel mold (6 mm high and 4 mm in diameter)
placed on a glass slide. The cement was covered by
polyester film and a second glass slide was placed on
top of the mold under gentle pressure to extrude excess
cement. After removing the excess material, the cement
was light-cured for 20 or 40 seconds following the
manufacturer’s instruction. The specimen was then
removed from the mold and the uncured material was

immediately and gently removed with a blade. The

height of the cured cement was evaluated with a digital
caliper (Mitsutoyo Co., Kawasaki, Japan) and the value
was divided by two. According to ISO 9917-2:1998, the
minimal depth of cure of RMGI used as a liner or as a

base is 1.0 mm.

Flexural strength

Each RMGI (N = 5) was prepared and mixed per
the manufacturer’s instructions and placed into a
customized stainless steel mold (25 x 2 x 2 mm>) within
the working time of each material. Polyester film and a
glass slide were placed on both sides of the mold. The
cement was cured using three overlapping curing-light
exposures of 20 or 30 seconds each (based on the
manufacturer’s instructions). The specimen was cured
on the opposite side of the mold in the same fashion.
The slides were clamped to the mold and placed in a
water bath at 37°C for 15 minutes. After removing the
specimen from the mold, the flash was removed using
sandpaper, and the specimen was immersed in distilled
water at 37°C for 24 hours.

Flexural strength was determined using a three-
point bending testing device (Universal Testing Machine
8872, Instron, High Wycombe, UK) with a cross-
head speed of 50 N/min, a span of 20 mm, and 1000 N
load cell. The specimens were loaded until fracture
occurred. The flexural strength was calculated using the
formula®: & = 3Fl/2bh”, where & = flexural strength (MPa),
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F = maximum load (N), | = span length between the
supports (mm), b = specimen width (mm), and h =
specimen height (mm). According to 1ISO 9917-2:2010,
the minimal flexural strength of RMGI used as a liner or
as a base is 10 MPa.

Cell culture

The study protocols were approved by the
Ethics Committee of the Faculty of Dentistry, Chulalongkomn
University (No.16/2007). Human dental pulp cells were
explanted from the healthy pulps of impacted third
molars extracted from healthy patients as previously
olescribed.7 Briefly, the teeth were decoronated and the
pulp tissues were removed. The pulp was minced and
the pieces were placed on culture plates. The outgrown
cells were cultured in complete media (Dulbecco’s
Modified Eagle Medium supplemented with 100 IU/ml
penicillin, 100 pg/ml streptomycin, 25 ug/ml amphotericin,
2 mM L-glutamine, and 10 % fetal bovine serum). The
medium was changed every two days. The cells were
cultured in a humidified 5 % CO, atmosphere at 37°C.
When the cells reached confluence, the cells were
subcultured using 0.25 % trypsin-EDTA. All experiments
were performed using cells from the third to the fifth
passage. Cells from three donors were used in the study.
All cell culture media were purchased from GibcoBRL™
(Invitrogenm, Grand Island, NY, USA).

MTT cytotoxicity assay

Five specimens of each material were prepared
according to the manufacturer’s instructions in an
autoclaved 12 mm x 2 mm x 2 mm mold. The cement
was cured as described in the flexural strength test.
After sterilization by UV exposure for 30 minutes on
each side, the specimen was immersed in 1 mL of growth
media with gentle agitation for 24 hours at 37°C. For
the control group, the same volume of growth media
was incubated under the same conditions. The conditioned
media were passed through 0.2 um sterile filters (Acrodisc®
Syringe Filters with Supor® Membrane, Pall Corporation,

USA). An equal volume of conditioned media and

fresh growth media (50 % dilution) was used to treat
the cells.

The MTT test was performed as previously
described with some modifications.” Briefly, 40,000 cells/
well were seeded into a 24 well culture plate (Nunc '
cell culture plate, Thermo Scientific, USA). After 24 h,
the cells were washed twice with Phosphate Buffer
Saline (PBS) and then treated with the conditioned
media of each RMGI type for 24 or 48 h. Cells incubat-
ed with growth medium were used as control. Subse-
quently, the cells were washed twice with PBS and
incubated with 0.5 mg/mL of 3-[4,5-dimethylthi-
azol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) solu-
tion for 10 min. The precipitated formazan crystals were
dissolved in dimethyl sulfoxide and the optical density
was determined by measuring the light absorbance at
570 nm. The assay was carried out in three independent

experiments.

Statistical analysis

The data were collected and presented as
mean = SD for working time, depth of cure and flexural
strength assays, and mean + SE for the number of cell
viability. The results were analyzed by one-way analysis
of variance using the SPSS program for Windows, version
11.5 (SPSS, Inc., Chicago, IL, USA). The Scheffe” multiple
comparison test was used for post-hoc analysis. Significance

was assumed at a p < 0.05.

Working time, depth of cure, and flexural
strength of the RMGls
The results of the working time, depth of cure, and
flexural strength assays of the RMGIs are presented in
Table 2. The working time assay indicated that the RU-HBM1,
GG, and VB groups had mean working times of 210 + 25,
255 + 11, and 180 + 18 seconds, respectively. According
to ISO 9917-2:2010, an RMGI used as a liner or base
should have a working time of more than 90 seconds.

Therefore, RU-HBM1 passed the criteria of working time.
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The GC group had the highest curing depth,
and the VB had the lowest curing depth. The depth of
cure of the GC and RU-HBM1 groups was significantly
higher than that of the VB group (p < 0.05). The depth
of cure of the GC group was also significantly higher
than that of the RU-HBM1 group (p < 0.05). According
to 1ISO 9917-2:1998, a light activated dental cement
should have a depth of cure greater than or equal to 1 mm.
Therefore, RU-HBM1 passed the depth of cure standard.

The GC group had the highest flexural strength,
and the VB group had the lowest flexural strength. The
flexural strength of the GC group was significantly higher
than that of the VB group (p < 0.05), however, the
flexural strength of the RU-HBM1 group was not
significantly different from those of the GC and VB
groups. According to ISO 9917-2:2010, an RMGI used as
a liner or base should have the flexural strength greater
than 10 MPa. Therefore, RU-HBM1 passed the flexural

strength criteria.

Cytotoxicity of RMGls to pulp cells

Figure 1 shows, after 24 h incubation, the mean
number of viable cells in the control, RU-HBM1, GC, and
VB groups were 60,902 + 3,938, 62,483 + 4,017, 58,467
+ 3,212, and 25,042 + 959, respectively. The VB group
exhibited significantly decreased cell viability compared
with the growth media-treated control, RU-HBM1, and
GC groups (p < 0.05). There was no significant difference
in cell viability between the control, RU-HBM1, and GC
groups.

After 48 h treatment, the mean number of
viable cells in the control, RU-HBM1, GC, and VB groups
were 89,428 + 4,096, 86,775 + 5,579, 85,805 + 2,025,
and 24,113 + 846, respectively. The VB group demonstrated
significantly reduced cell viability compared with that
of the growth media-treated control, RU-HBM1, and GC
groups (p < 0.05). There was no significant difference in
cell viability between the control, RU-HBM1, and GC

groups.

Table 2 Working time, depth of cure, and flexural strength of GC Gold Label Light-Cured Universal Restoration (GC), Vitrebond' "

(VB), and RU-HBM 1. The data is expressed as Mean + SD. The same superscript letter in each column indicates no significant

difference between the groups (N = 5).

Working time*

Depth of cure Flexural strength

RMGIs (seconds) (mm) (MPa)
GC 255 + 11 214 +0.22° 3351 + 7.31°
b b
VB 180 + 18 1.18 + 0.02 19.11 + 2.59
b
RU-HBM1 210 + 25 1.63 + 0.07° 27.97 + 7.64°

* From the manufacturer’s instruction, the working times of GC and VB are equal to or more than 225 and 160 seconds, respectively.

The same superscript letter in each column indicates no significant difference between the groups (N = 5).
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Figure 1. Cytotoxicity of dental pulp cells after culturing in medium treated with the experimental materials (RU-HBM1, GC Gold

™
Label Light-Cured Universal Restoration, or Vitrebond ) for 24 or 48 hours. Cells incubated with growth medium were used

as control. Data were obtained from three independent experiments and shown as mean + SE.

* Significant difference compared to the control group at 24 h (p < 0.05).

# Significant difference compared to the control group at 48 hours (p < 0.05), N = 5.

Discussion

Resin modified glass ionomer cements (RMGI)
are widely used as a dental preparation liner or cement
to support an overlying resin or amalgam restoration
because of their better physical and mechanical properties
compared to traditional glass ionomer cement.”'® In
the present study, GC and VB were used as reference
RMGls to evaluate the physical properties and cytotoxicity
of RU-HBM1 as a liner or base material. Our data revealed
that RU-HBM1 met the ISO physical requirements of a
RMGI cement for working time, depth of cure, and flexural
strength. The cytotoxicity assay indicated that RU-HBM1
was less cytotoxic to the cells compared with the
commercial RMGls.

Depth of cure is how far into a material’s thickness
it can be efficiently polymerized after adequate irradiation.
In the clinic, there is a maximum practical thickness that
a material can be applied and completely cured at the

bottom. " Although our results indicated that the maximum

thickness of GC, RU-HBM1, and VB that can be cured
are 4.28, 3.25, and 2.36 mm, respectively, there are
concerns about the heat generated during the curing
reaction and non-polymerized monomer that could
damage the pulp tissue."~ When considering the accessibility
of the light to cure the material, the depth of penetration
of the light source, light absorption and scattering in
the material, and the variable distance between the
light source and material which influences on the light
power density and degree of conversion, the recommended
maximal thickness of RU-HBM1 used in a cavity preparation
should be 2 mm, which is the same as for VB and G’

Clinically, a material is subjected to a considerable
amount of flexural stress, and a cement liner or base
is subjected to complex forces during mastication.
Therefore, flexural strength is considered an important
mechanical characteristic for brittle polymer-based
materials that are much weakerin tension thanin compression.14
The International Standards Organization requires a

three-point loading test to evaluate the strength of a
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resin modified cement used as a liner or base. This test
employs bar-shaped specimens that are subjected to
compressive loading in the midpoint between two lower
supports, promoting tensile stress in the lower surface
that is more likely related to fracture initiation. Although
our findings indicated that RU-HBM1 had a flexural strength
in between those of the commercial RMGls, all the materials
had a flexural strength above the ISO requirements.

In the present study, the effect of RMGIs on
human dental pulp cell was investigated using the MTT
test. The MTT assay is a well-established method for
analyzing the cytotoxicity of a substance based on cell
viabili’ty.m'17 In the assay, cell viability and proliferation
are assessed relative to the functional state of the cells’
mitochondria. The mitochondrial dehydrogenases in
living cells reduce the yellow tetrazolium salt, MTT, to
blue-purple MTT formazan, which is then retained in the
cells. The formation of the formazan product has been
found to correlate well with the number of viable cells.”

Sterilization is a critical factor for the success
of cell culture experiments. To achieve this, the mold
was autoclaved prior to loading the material. However,
based on the instructions of GC and VB, it is not clear
if these products were sterile. Therefore, sterilization of the
mold would be insufficient to ensure a sterilized specimen.
In the present study, the specimens were sterilized by
UV radiation before immersion in growth media.

We chose UV sterilization because although UV
radiation could affect the degree of polymerization of
the material, this method is superior to other available
methods. The use of 0.2 um filter sterilization, steam
sterilization, ethylene oxide sterilization, or gamma ir-
radiation are not practical for the sterilization of RMGI
glass powder, RMGI liquids, and RMGI specimens. The
steam sterilization technique (121°C, 100 kPa for 15
minutes) would change the physical properties of the
RMGI liquid and specimens. Silk fibroin membranes
underwent the protein content and physical property
changes after autoclave or ethylene oxide sterilization,
while membranes that underwent sterilization by UV

radiation presented properties similar to the nonsterilized

membranes.'® Biodegradable poly (caprolactone-urea)
urethane lost all structural morphology and integrity
after steam sterilization.”” When using ethylene oxide
sterilization, the residual gas is entrapped in the surface
or micropores of the specimen and would be released
into the conditioned media making it more toxic. Several
studies have shown the cytotoxic effects of bone
replacement materials on fibroblasts and changes in
cell morphology after ethylene oxide sterilization.””*
Gamma radiation-treated nanocomposite biomaterials
have been reported to have a cytotoxic effect.”” Based
on the dose and exposure time of the irradiation, gamma
irradiation can induce cross-linking and break the molecule
chains adversely affecting material |oroperties.23'25 In
addition, with a few available agencies, time of
documentation, and highly strict operation process, it
would take at least 5 working days to gamma radiate
the specimens, which is much different than the clinical
use situation.

In the present study, the conditioned media
was obtained by immersing the specimens in growth
media at 37°C for 24 hours. The conditioned media of
the control group was obtained by incubating growth
media at 37°C for 24 hours. Subsequently, the conditioned
media was sterilized using a 0.2 um sterilized filter
prior to treating the cells for 24 or 48 hours. In this
method, the media was at 37°C for 48 or 72 hours.
Some growth factors, proteins, and essential nutrients
in the condition media could possibly be degraded
prior to cell incubation. In addition, the soluble substances
and unpolymerized materials from the specimens would
release and alter the contents and acid-base balance
in the media. Therefore, the conditioned media was
50 % diluted with fresh growth media to ensure normal
cell growth and activity. Although the 50 % dilution of
the specimen extract would lower the concentration
of any cytotoxic substances and make the materials
less cytotoxic than that of the undiluted extract, it would
not affect the relative cytotoxicities of the materials
tested. The use of a serial dilution or undiluted conditioned

media should be performed to confirm our finding.
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When used as a liner or base, the material and
the dental pulp are separated from each other by the
remaining dentin that is typically more than 0.5 mm
thick. Therefore, the indirect contact test was selected
to investigate cytotoxicity. The study of Hebling et al,,
Aranha et al. and Souza et al. reported that VB was
highly cytotoxicity to odontoblast cell lines.”** Our
results indicated that RU-HBM1, GC, and VB all released
toxic products in different amounts during their 24 hours
immersion in the conditioned medium. However, RU-HBM1
and GC released less cytotoxic compounds compared
with VB, and their cytotoxicities were not significantly
different as compared with the control group. The
cytotoxicity of VB found in our study most likely resulted
from the specific components of their formulation
leaching into the test medium. Incomplete polymerization
of a resin-based material and the leaching of non-
polymerized monomers negatively affect a material’s
biocompatibili’ty.ﬂ31 The release of the monomers
HEMA,TEGDMA, Bis-GMA and camphoroquinone from
resin-based dental materials have been reported.zl’35
HEMA and TEGDMA induce cellular stress via the formation
of reactive oxygen species (ROS) that results in cyto’coxicity.32
Non-polymerized camphoroquinone and Bis-GMA
stimulate oxidative stress, DNA damage, apoptosis and
cytotoxicity.m’35

Proprietary restrictions limit our knowledge of
the exact amounts of the components in the commercial
RMGils. Thus, we cannot precisely explain why the depth
of cure and flexural strength values, and the cytotoxicity
of each RMGI materials were different. The practical
explanation is that each RMGI has a different composition
and percentage of each component.36 Identification and
quantification of the eluents from the cements using
high performance liquid chromatography and gas
chromatography/mass spectrometry, and cytotoxicity
test should be perforrr1<ed.33’37

Clinical studies have shown that GC and VB are
biocompatible with the dental |oulp.2’3 Therefore, the
in vitro condition may not completely simulate the in

vivo pulp tissue environment. The complex orchestration

of the effects of the vascular system, immune system,
and inflammation are absent in the in vitro environment.”
Without the buffering, detoxification, and excretion
systems present in vivo, the accumulation of toxic
substances released from the specimens is likely increased.
To confirm the cytotoxicity of RU-HBM1, the biocompatibility
of RU-HBM1 should be investigated in an animal dental

pulp cell and tissue model.

Discussion

Based on the requirements of ISO 9917-2:2010
and ISO 9917-2:1998, the RMGI prototype RU-HBM1 has
sufficient working time, depth of cure, and flexural
strength. RU-HBM1 and GC Gold Label Light-Cured Universal
Restorative are biocompatible with pulp cells, however
Vitrebond " is cytotoxic to pulp cells at 24 and 48 hours

exposure.
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LAAIRA Erratum
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1. UnINeIN1T (Original Article) 393 The Effectiveness of a School-Based Sealant Program and
Common Failures in Southern Thailand

1.1 Table 1 %11 110 wag Table 1 (Continued) w1 111
Wil p - value uidu p

1.2 Table 2 witi1 111 Wwag Table 2 (Continued) w1 112
Wil p — value uilu p

1.3 Table 3 %t 112
Wil p — value uilu p

2. unAnegn1s (Original Article) 589 NMsAsusnsviunnssukazyssaunsaiflunluiludiuuves
Unseulszaufnuiln 1 wawmeau1auasuunys (Access to Dental Care and Past Deciduous

Dental Caries Experience among the 1°" Grade Students, Nonthaburi Municipality)
2.1 UNARgD Wi 117

Wy Uszaunis widu Usezaunisal
2.2 MMEMITIN 2 BN 123

Wil * Significant difference wAllu * Significant difference at the 0.05 level
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