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Abstract
Background: Glucose metabolism is a so important and vital process occurs in every cell of

the body, even in aerobic or anaerobic ways. A disturbance optbcess may lead to
glucose intolerance and thentical complicationsManyr e s e a reftotisevers €pent to
enhance glucose metabolism and prevent its intolerance. Recent studies showed a relationship
between mastication and glucose metabolismnire illustrations are neededatural and

vital tooth is the main functionahnd mechanicabrgan in mastication, and it may has an
important role in glucose metabolism because it has nerve fibers related to autonomic nervous
system.Objectives: This studyaimed to investigate the effect of masticatimm glucose
metabolism, role of natural teetiisks ofteeth extraction even if replaced by prosthetrs)

to recognize the impomae of chewing by natural teeth glucosemetabolism process.
Methodology: A prospectivecohortexperimentaktudy was conducted in the Gaazty, 50
healthyparticipants weréncluded in this study25 of them had natural healthy teeth, and 25

had complete prosthetic dentur@ata wascollected through direanethods thatncluded
hematologicatesultsand anthopometric measureand indirect methods through a structured
interview questionnaire.Results: Among natural teeth group there were significant
differences(p-value) = 0.000between cheing and drinking resultsshowed higher results

after drinkingeven ingaps which demonstratapidity of glucose metabolisim reciprocal
relationship or in median of post blood glucose levels. Among prosthetic teeth group there
were no significant differences at,alp-value)= 0.568for gaps, andp-value)= 0.664for
median.Chewing and drinking results of prosthetic teeth group were the damat¢ucal teeth
drinking results. Stimulating natur al teeth
chewing resultgp-value) = 0.876for gaps, andp-value = 0.502for median.In addition,
complete denture wearers were found to have higher percentage of chronic diseases and
gastrointestinal disturbance€onclusion: The study contributes in highlighting the
relationship betweemastication and glucose metabolism. Mastication was founded to
enhance glucose metabolism only if done by natutal teeth Also stimulation of natural
teeth by AMIi swako e n h awihdee mrosthgtic ueeth shkeowedneot a b o |
difference. This codirms an important role of natural teeth in glucose metabolism
enhancement. Recommendation: Encouragement of thorough chewing of foods,

encouragement of fAMi swako usage, and serve d

Key words: Mastication, Glucose, Metabolisfpoth, ProstheticMiswak
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Chapter 1

Introduction

1.1 ResearchBackground

Human physiology as it is known and interpreted nowadays, arises from nemusto
explain the adaptations that suffers his body against the constant chrattgesurrounding
environment, from the possibility of being born, grownultiplied and died, from the
ingenious way to survive despite having a terribisadvantage siec birth. From a
philosophical point of view, it could take a lotigne discussion about the engine that drives
him to investigate, learn and know.dbould be corroborated in each methodology, in each
new study, that the humdoody must have been creategddmmething or someone who really
knew what hewvas doing, something or someone who knows the complete piece of work in

themost intimate and unimaginable way.

Inside human bodyhere are components that anech smaller than a cell, and that their lack
or excess produces an imbalance thametimes becomes the cessation of vital metabolic
functions. These microscopa&ements are critical to make every organ, every tissue, every
cell fulfill their specific function, and all functions, more or less pronedncontributed to a
common purpose that is homeostasis, that is to say, precisely this desaseive the living

man with the integrity that characterizes him.

In this studythe researcher talkeabouta very important process, he talked abglucose
metabolism,and when this vital process is mentionedny things must beemembered
things which control this very important process, like insulin, amyliagcagon, incretins,

amylase and seral other hormonegnzymesand peptides

Any disturtance which affect the coordination between these hormones and enzymes may

threat the life by causingangerous complications.

The most famous type of glucose metabolism disturbanceahlstdsmellitus type 2 which
is a seriog metabolic disease thabmprises90% of people with diabetes aroutige world
who are347 million people (WHO, 2013).

The bodyin T2DM do e ¢ male or use insulin well. Insulin is a hormone that hglpsose

gets intothe cellsto give them energy. Without insulin, too mudhapse stays in the blood.



Over time, high blood glucose can lead to serious problems with heart, eyes, kidneys,
nerves, gums and teeth (National Institute of Health, 2012).

Insulin resistance (IR) is a physiological condition where the natural hornmsudini
becomes less effective at lowering blood sugars. The resulting increase in blood glucose may
raise levelsabove the normal valuand cause adverse health effects, depending on dietary
conditions. Certain cell types such as fat and muscle cells require insulin to absorb glucose.
When these cells fail to respond adequately to circulating insulin, blood glucose levels rise
(Goutham, R01).

Insulin resistance can be Ilinked tdiabetes mellitus hypertension, dyslipidemia,
cardiovascular disease and other abnormalities. These abnormalities constitute the insulin

resistance syndrome (Polyzos et al, 2011).

A lot of studies were done by raus health professionals to avoiddk problems and to treat

or limit their complications.

In this study the researcher tatkabout a simple method to prevent glucesetabolism
disturbances, depends on encouragement of thorough masticedjmecial if done by
natural teeth.

When talking about mechanical digestiorastication ighe first stepin ingesting foodj t 6 s
an inmouth fragmentation process in which food is broken, ground or crushed by the teeth to

prepare foswallowing and digestio(Kobayashiet al 2010.

Also mastication facilitates the release of nutrients and other food constituents from the food
matrix, which subsequently affects gut signaling, physical actions, and, ultimately, the
digestive and absorptive processes. In aduitimastication stimulates salivation and

enhances orosensory stimulation (Li, 2011).

Mastication and swallowing not only prepare food for passage fronortilecavity to the
esophagus but are also important in terms of subsequent everdsdinain stomeh. It has
been proposed that autonomic nervous activity might be involmedhastication and
swallowing this because the researchers foundedabhtnomic nervous activity is reduced
in patients who are unable to masticated swallow food, resulting iadverse effects on

gastric motor function and excretifumction (Kimura et al, 2006).



Taken together, masticah is implicated in the moduian mechanism for eatingehavior
as well as in biologicathanges upon absorption of food via the digestigettrlt is also
considered that masticatory stimulation affectsdémtralnervous system (Hashimoto et al,
2011).

Recent studies shown that there is a direct relationship between mastication and glucose
metabolism. Hidehiko Suzuki and his colleagues alisced that in the normal glucose
tolerance groupof peoplethe postprandial plasma glucose concentration upon thorough
mastication of meal was significantly lowehen compared with usual chewifguzukiet al

2005).

Also Hashimoto, Matsuda, and othesgplored that the median blood glucose level in the 51
weekold rats in the powder diet group was significantly higher than those in the solid diet
which require more chewirgroup at 30, 45, 60, and 120mafter glucose load (Hashimoto
et al 2011).

Mastication triggers a unique and complex neural control sysésnpart of this process,
mechanoreceptds the unconscious sensing or conscious perception of touch or mechanical
displacement caused by stimuli such as tension, pressure, and vibEatawbntically
treated teeth and dental implaetained prostheses proviliss mechanosengoinformation

than vital teeth (Levy, 2009).

The main functional organ in mastication process is the td&dtural tooth contains dental

pulp while prosthetic onéloes n dhe.dental pulp is a soft tissue of mesenchymal origin
which houses a number of tissue elements including nerves, vascular tissue, connective fibers,
ground substance, interstitial fluid, odontoblasts, immune competent cells and other cellular

componentgEbenezar, 2010).

Natural teeth are equipped with periodontal mechanoreceptors that signal information about
tooth loads.It is demonstrated that signals from periodontal receptors are used in the fine
motor control of the jaw and it is clear from studadsvarious patient groups (e.g. patients
with dental implants) that important sensongtor functions are lost or impaired when these

receptors are removelliring the extraction of teetffulsson 2006).

When a tooth is lost, its periodontal and psdpsor y receptos (includingmechanorecepts,
proprioceptive receptorapciceptive receptorand other relateteceptos and nerve endings)
are alsdost (Henry et al2005).



The lack of periodontal ligament mechanoreceptors with their specific funcesn#s in
important alterations of the oral sensory perception skills (Kark2@@)

Additionally, the sensory functionsf the adjacenbral membrane, tongue membrarmed

tastebuds are alsaffected and changed by tooth loss (Boucher et al., 2006).

Emami and colleagues demonstrated tloknéulism carbe accompanied by functional and
sensory diciencies ofthe oral mucosa, oral musculature, and the salivary gli@ami et
al, 2013)

Also total or partial tooth loss is obviously relateddtterioration in general health, reduction

in physical, psychological and social capability (Mack et al, 2008).

Functionally edentulous persons lose some impottang by losing dental pulp, then can be
at risk for glucose metabolism disturlz@s which Wi lead to type 2diabdes mellitus
according to astudy showed thatunctionally edentulous individuals were at sigeadintly

greater risk for type diabetes mellitugClearyet al 1995).

And as so as perssnvho swallow their food rapidiyithout sufficient chewingaccording to

new research was done by researchers from Lithuamamrsity and showed thatgople

who wolf down their food are two and a half times more likely to suffer from type 2 diabetes
than those who take their tinjlRadzeviciene et al, 2012).

Also people whoconsume soft foodsvhich require less chewingre at risk for glucose
intoleranceaccording to an important study said ttie removal of fiber from food, and also
its physical disruption, can result in fastend easier ingestion, decreased satiety, and
disturbed glucose homeostasis which is probably due to inaqensulin release (Haber

et al 2003).

On the other hand, chewing of solid foods increases insulin release and enhance glucose
metabolism, accding to results of a study showed thetth early pancreatic exocrine and
endocrine responses to oral stimulation with viscous or solid stimuli are greater than those to
fluids. Accumulating evidence indicates these early responses (eg insulin releastgtenod

postprandial metabolism (eg glucose tolerance) (DiMeglio et al, 2000).

The researcher suggest thatural teethmay play an important role in glucose metabolism
process because thegontain nerve endings for some nepeptides which related to

parasympathetic nervous systetmat may play a role in digestive and absorptive preeses
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then in glucose metabolism e\{psoactive Intestinal Polypeptide (VIMhich stimulates
insulin secretion significantly in the presence of corstarysiological conaatrations of
glucose (Schebaliet al 1977).

The above mentiad facts lead the researcher to foonanechanical interaction whidone

by thorough mastication ddod or may be done by stimulation of dental nerve via something
likefiMiswak 6 and its action upon glucose Andet abol
he foundsignificant positive results about mastication benefits on glucose metabolism.

1.2 Researchhypothesis

The researcher hypothesizedttimastication of food enhamglucose metabolisnAlso there

is a difference in glucose metabolism between chewing by natural teeth and/or prosthetic
teeth.

The researcher thinks that crushing of food by the teeth can beedeneby teeth contain
nerveso r  d Buntlie tnerve haveanother impadant roles in digestiverpcess, like glucose

homeostasi.

1.3 Justification

Insufficient chewing may lead to diabetes mellitus aedpte who wolf down their food are
two and a half times more likely to suffer from type 2 diabetes thae tivbo take their time
according to ew research was done by researchers from Lithuamiaersity (Radzeviciene

et al, 2012).

One of the firststeps in digestive process is chewingnd the first orgarchews bod is the
tooth, both is a live organ contains pulp which hasins, arteries, anderves. These nerves
havemany functions rather than sense of pain during dental caresplay a major role in
digestion and maybe in glucose metaboliBgentulous persorlese some important thirgy
losing natural teeth which havdental pulp, then can be at risk for glucose metabolism
disturbances which will lead to type 2 diéd® mellitus according to study showed that
functionally edentulous individuals were at significantly greater risktype 2 diabetes
mellitus (Clearyet al 1995).

On the other hand, many people chand swallow their food so pa without enough

chewing.



Both types of the last mentioned people haveahealthydelay in glucose metabolism as
mentionedbefore.So the researchevishesto increase the attention of dentists and clients
about chewing benefits and itelation with glucose metabolism, and to focus on the
importance of dental pulp in digestive proceBeom other sidehe trays to confirm his
hypotheses that chewing food thorougkbpecially if done by natural teetblays a major

role in glucose metabolisrthen avoid diabetes incidence.

1.4Goal of the Study
To investigate the effect of mastication on glucose metaboligratherit is done bynatural

or prosthetic teeth.

1.5 Objectives of Study

To clarify the importance of chewing on glucose metabolism.

To assess the role of dental neriredigestive process.

To asseslietary habits of the targeted groups.

To recognize the importancéd tooth pulp for dentists and other health professionals.

To detect if there are health problems associated with teeth loss.

=4 =2 A 4 A -

To assess natural teeth's stimulation effect by "Miswak" on glucose metabolism.

1.6 Research questions
1 Can the act of masticati@ifects glucose metabolism?
1 Is there a difference between natural and prosthetic tegjluoose metabolism?
T I'f we stimul aMisvakent a lafiqetgliitgse inggrloatism?

1.7 Background to the study
1.7.1Geography

The Palestiniaerritory is divided into two geographic regionest Bank and Gaza Strip,
and 16 Governorates, each locality hiaeen divided into three types: Urban, Rural, and

Camps.

The Gaza Strip is located in the Middle East, to the north of Egypt, the west scediger of
Palestine, and the Mediterranean Sea run along the west side of the Gaza Strip. It's area
comprise of 362 square kilometers, and the Gaza Strip is administratively divided into five
Governorates: North, Gaza, Mmbne, Khanyounis and Rafahge#ie provinces, there are four

towns, eight refugees camps and fourtelages (PCBS, 2009).



1.7.2 Socieeconomic Context

The majority of Gaans are unable to afford basic food and over 80% of families in Gaza
currently rely on humanitarian aid to survive. In less than 10 years the numfaenilpés

dependingon UNRWA food aid has increased tenfold (Palestinian Monitor Factsheet, 2008).

The eonomic situation is unstable especially after the last war (2008), and difficult siege in
the Gaza Strip. The deteriorating economic situation, limited income, lack of work
opportunities, l i mited the food r égetting ces
access the food in its quality and quantity or having unbalanced diet that is poor in different
nutrients as vitamins and minerals which reflect negatively on the human health especially
women and children as they are more vulnerable suljectsalnutrition, and about 46% of

Palestinians do not have enough food to meet their needs.

The number of people in deep poverty, defined as those living on lesSGhzantsa day,
nearly doubled in2006 to over 1 million, according to UNRWA. Over half Palestinians

live in Poverty: 45.7% in the West Bank and 79.4% in Gaza (Palestinian Monitor Factsheet,
2008).

1.7.3 Health status and health services

Health services offered to the Palestinian community by four main sectors, MOH, UNRWA,
NGOs andhe private sector. MOH provides health services for people with health insurance
and free for children less than thigars old, it addresses thmst common problems in the
community by providing curative services, preventive and rehabilitative programs to
maximize health and wellbeing (MOH, 2010).

The change in eating habits and lifestyles whilst leading to increasing caloric intakes and
physical inactivity is not associated with mitigation of existing nutritional deficiencies, which
leads to a new anperhaps more unsettling kind of malnutritian, which an excessive
caloric intake, in the form of fat and carbohydrates, accompanies a persistent lack of
micronutrients (UNRWA, 2010).



1.7.4Chronic diseases in Gaza

There is evidence that some chrodiseases are on the increase, although available data are
only related to surveys and a national register is missing. There was a 31.1% increase in the
detected prevalence of chronic diseases between 2004 and 2006, and for all ages, 8.2% of the

surveyed prsons in Gaza reportedffering from at least ordiagnosed chronic disease.

Diabetesmellitus andhypertension prevalence in people aged over 65 years was reported at
18.5% and 24.2% in 2000 and at 21.1% and 33.7% in 2004. Cardiovascular disease
prevaknce doubled from 7% to 15.8 % in Palestinians over 65 between 2000 and 2004
(MOH, 2010). Number of new patients with Diabetes mellitus registered in diabetes mellitus
clinics in primary health care, was 1,634 patients, 968 out of them females (59.2%@7and
males (40.8%)(92.3%) of cases above of 35 years of age. Number of attenfiand&betic

clinics in Primary Health Careas 113,37(059.1%) females & (40.9%) males (UNICEF,
2009).

1.8 Operational definitions
1.8.1 Mastication

Masticationisthé i r st st ep i n i-mauth Fagmentgtionfpmaess,nwhithdé s at
food is broken, ground or crushed by the teeth to prepare for swallowing and digestion
(Kobayashi et al, 2010).

1.8.2 Masticatory system

Masticatory system consists tietorgansandstructuregprimarily functioningin mastication,
includingjawsandjaw musclesteeth temporomandibulgoints, tongue lips, cheeksand

mucousmembrane¢The American Heritage® Stedman's Medical Diction2602).
1.83 Edentulism

Edentulismdefined as total tooth loss (CDC, 1999).

Slagter and colleagues defined edentulous people as complete denture wearers (Slagter et al,
1993).

1.8.4 Natural Teeth

According to Dorlanddés dictionary, the tooth
al veol ar process of the jaws for the bitin
Dictionary, 2007).



1.8.5 Prosthetic Teeth

A fixed or removable appliance used to repl
Medical Dictionary, 2009).

D o r | sadictibbary defined artificial tooth as one made of porcelain or other synthetic

compound in imitation of a natur al tooth (Do
1.8.6 Body Mass Index (BMI)

It is defined as the weight in Kilograms (Kg), divided by the square of height in meter (M?),
and is used to classify underweight, overweight and obesity (NIH, 2012).

According to the WHO classification, BMI < 18.5 kg/m? is considered underweight, from
18.5-24.9 kg/m2 is considered normal weight, from2%9 kg/m? is considered overweight
(preobesity) and O 30 .kapktable (1ilWHO,2008).i der ed obes

Table (L.1): The International Classification of adult underweight, overhteagd obeity according to BMI

Classification BMI(kg/m ?)
Principal cut-off Additional cut-off
points points
Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinnes: 16.00- 16.99 16.00- 16.99
Mild thinness 17.00- 18.49 17.00- 18.49
18.50- 22.99
N | 18.50- 24.99
ormatrange 23.00- 24.99
Overweight 025.00 025.00
25.00- 27.49
Preobese 25.00- 29.99 27 £0- 2999
Obese 030.00 030.00
30.00- 32.49
Ob lass | 30.00- 34.99
ese class 32.50- 34.99
35.00- 37.49
Ob lass II 35.00- 39.99
ese class 37.50- 39.99
Obese class Il 040.00 040.00
(WHO, 2000)



1.8.7 Miswak

Pencitsized sticks of variouplants are fashioned from certglant- parts and are chewed

on one end until thelgecome frayed into a brush. The brestd is used to clean the teeth in a
manner similar to the use of a toothbrush. When used in this manner, they are commonly
referred to as chewing sticks or Miswdk. the Middle East, the most common source of
chewingsticks is Arak (Salvadora persic#)tak, a tree used for Miswak, is also known as
"tooth brush tree" and "mustard plant”". Although the Miswak is usually obtained from the

roots of the Arak tree, some sticks are made from its branchdmdnadharetal, 1999).
1.8.8Diabetes Mellitus

Is a group of metabolic diseases characterized by hyperglycemia resulting from defects in

insulin secretion, insulin action, or both (ADA, 2009).

Fasting blood glucose | evel O 12%®0mg/dl,/or dlI ,
medication with antidiabetic drugs (WHO, 2000).

1.8.9Metabolism

The sum of the chemical reactions that take place within each cell of a living organism and
that provide energy for vital processes and for synthesizing new organic materrab€rpr
2013).

1.8.10Glucose

A primary source of energy for | iving organi
and other parts of plants in its free state. Also known as dextroggucbse, D
Glucopyranose, Grape sugar, Glucodin, Merit@eytose L, CPC hydrate and Roferose ST.
Molecular formula:CsH1206. Molecular weight: 180. 15588.00k figure (1.1)(National

Center for Botechnology information, 2005).

1.8.11Glucose metabolism

The process by which simple sugars found in many foodpracessed and used to produce

energy in the form of ATP. Once consumed, glucose is absorbed by the intestines and into the
bl ood. Extra glucose is stored in the musc
hydrolyzed to glucose and released into theobod ( Mosbyds Dictionary
and Alternative Medicine, 2005).
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1.8.12Waist Circumference

Is a simple practical measure that is commonly used for assessing central obesity, therefore,
it is a good predictor for obesity related diseases (Foucan et al, 2002; Janiszewski et al,
2007).

According to the National Institution of Health (NIH) proobcWC measurement is taken at

the level of the superior border of the iliac crest and parallel to the floor (Gino et al, 2008).
The WC of > 102 cm in men, and > 88 cm in women is used as a measurement for central
obesity (Villegas et al, 2004).
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Chapter 2

Literature Review

2.1 Background
Little studies were done to explore the benefits of chevand fewer focusd on importance
of dental nervesSome of those studidslked about the relation between mastication and

glucose metabolism and othevere about teeth loss and glucose metabolism.

In this chapter the researcheill mentionthe most famous and irogant results of those

studies.

2.2 Glucose metabolism
2.2.1 Overview

Plasma glucose concentration is a function of the rate of glumuseing the circulation
(glucose appearance) balanced by the rate of glucose removal from the circulation (glucose
disappearance). Circulating glucose is derived from three sources: intestinal absorption during
the fed state, glycogenolysis, and glucoremsgis. The major determinant of how quickly
glucose appears in the circulation during the fed state is the rate of gastric emptying

Glucoregulatory hormones inala insulin and amylin which derived from tbecells of the
pancreasglucagorfrom theU-cells of the pancreaicretins:glucagonlike peptidel (GLP-
1) andglucosedependent insulinotropic peptide (GIBYth derivedfrom the L-cells of the
intestine epinephringcortisol, and growth hormor{@ronoff, et al 2004,

The glucoregulatory hamones of the body are designed to maintain circulating glucose
concentrations in a relatively narrow range. In thadrimonal model of glucose homeostasis,
insulin is the keyregulatory hormone of glucosdisappearance, and glucagon is a major
regulator & glucose appearance. After reaching a {mosal peak, blood glucose slowly
decreases during the next several hours, eventually returning to fasting levels. In the
immediate posfeeding state, glucose removal into skeletal muscle and adipose tissue is
driven mainly by insulin. At the same time, endogenous glucose production is suppressed by

1) The direct action of insulin, delivered via the pbviain, on the liver.

2)The paracrine effect or direct comamudci bat.

cells, whichresults in glucagon suppressi@@perich 1993).
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2.2.2b-Cell hormones
[ Insulin]

Unt i | recentl vy, i n s udeli hormena lsnown to éowen idod/glugosen c r e &
concentrations. Insulin, a small protein composed of two polypeptide chains containing 51
amino acids, is a key anabolic hormone that is secreted in response&séucblood glucose

and amino acids following ingestion of a meal. Like many hormones, insulin exerts its actions
through binding to specific receptors present on many cells of the body, including fat, liver,

and muscle cells. The primary action of insu8 tostimulate glucose disappearariéeonoff

et al 2004) Insulin helps control postprandial glucose in three ways. Initially, insulin signals

the cells of insulirsensitive peripheral tissues, primarily skeletal muscle, to increase their
uptake of ghicose. Secondly, insulin acts on the liver to promote glycogenesis. Finally, insulin
Ssimultaneous!ly inhibits gtellscttaugsognallirg éhelivexrtoi on f

stop producing glucose via glygenolysis and gluconeogenesis (GegtH, 1974).

All of these actions reduce blood glucose. Other actions of insulin include the stimulation of
fat synthesis, promotion of triglyceride storage in fat cells, promotion of protein synthesis in

the liver and muscle, drproliferation of cell growtt{Cryer, 1992).

Insulin action is carefully regulated in response to circulating glucose concentrations. Insulin

i's not secreted if the blood glucose concent
amounts as glucose concentrations increasgnuk this threshold. Postprandially, the
secretion of insulin occurs in two phases: an initial rapid release of preformed insulin,
followed by increased insulin synthesis and release in response to blood glucosterirong

release of insulin occurs if glase concentrations remain highgrich 1993).

While glucose is the most potent stimulus of insulin, other factors stimulate insulin secretion.
These additional stimuli include increased plasma concentrations of some amino acids,
especially arginineleucine, and lysine; GL.BR and GIP released from the gut following a
meal; and parasympathetitnsulation via the vagus nervelflst, 1994).

[ Amylin ]

Isolated from pancreatic amyloid deposits in the islets of Langerhans, amylin was first

reported in thditerature in 1987. Amylin, a 3amino acid peptide, is a neuroendocrine
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hor mone coexpressed and c o scellsinedpense tomutrielt i n s u

stimuli (Moore et al, 1991).

When secreted by the pancreas, the indoliamylin molar ratio in the portakirculation is

approximately 50:1. Because of hepatic extraction of insulin, this ratio falls20:1in the

peripheral circulationWeyeret al, 2001).

Preclinical findings indicate that amylin works with insulin to help coorditia¢erate of
glucose appearance and disappearance in the circulation, thereby preventing an alseormal

in glucose concentrationB¢hlinget al, 1984).

Amylin complements the effects of insulin on circulating glucose concentrations via two main
mechanisra. Amylin suppresses pegtandial glucagon secretion, thereby decreasing
glucagonstimulated hepatic glucose output following nutrient ingestion. This suppression of
postprandial glucagon secretion is postulated to be centrally mediated via effereht vaga
signals. Importantly, amylin does not suppress glucagon secretion during -insulced
hypoglycemia. Amylin also slows the rate of gastric emptying and, thus, the rate at which
nutrients are delivered from the stomach to the small intestine for absg@tonoff, et al

2004)

Amylin exerts its actions primarily through the central nervous system. Animal studies have
identified specific calcitoniiike receptor sites for amylin in regions of the brain,
predominantly in the area postrema. The arear@ost is a part of the dorsal vagal complex

of the brain stem. A notable feature of the area postrema is that it lacks @btdoobarrier,
allowing exposure to rapid changes in plasma glucose concentrations as well asngjrculat

peptides, including amiyl (Wimalawansal997).

2.2.3U-Cell hormone

[ Glucagon]

Glucagon is a key catabolic hormone consisting of 29 amino acids. It is secreted from
p ancr eals. Descridéd by Roger Unger in the 1950s, glucagon was characterized as
opposing the effects of insulin. Glucagon plays a major role in sustaining ptisouse

during fasting conditions by stimulating hepatic glucose production. Unger was the first to
describe the dhabebnal st diseaseachhbhracter:i
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glucagon excess. He further speculated that a therapyitgrdkeé correction of glucagon
excess would offer an important advancemeithe treatment of diabetes (Unger, 1971).

Hepatic glucose production, which is primarily regulated by glucagon, maintains basal blood
glucose concentrations within a normal raoigeing the fasting state. When plasma glucose
falls below the normal range, glucagon secretion increases, resulting in hepatic glucose
production and return of plasma glucose to the normal range. This endogenous source of
glucose is not needed during amdmediately following a meal, and glucagon secretion is
suppressed. When coupled with insulin's direct effect on the liver, glucagon suppression

results in a neatotal supprssion ofhepatic glucose output (Aronadgt al 2004)

2.3 Mastication increasegylucose metabolism

2.3.1 Thorough mastication

In Japan, some scientists in the department of general medicine and clinical epidemiology in
Kyoto University, suggested thahorough mastication has the potential to affect postprandial
plasma glucose conceations by improving digestibility and absorption of nutrients. To
evaluate the effects of mastication on postprandial plasma glucose concentizipn,

compared usual and thorough masticationumansubjects with normal glucose tolerance

Then they explored that thorough mastication elicited a significantly higher insulinogenic
index than usual mastication in thermal glucose toleranceéso they confirmred their
suggestion that in the rmoal glucose tolerance group thmostprandial plasmalgcose

concentration upon thorough mastication of meal was significantly I8ueaukiet al 2005).
2.3.2 Mastication of solid versus soft food

Also in Japan, irdichi-Gakuin university, indepartment of fixed prosthodontics, school of
dentistry;the scientistslid a study, to elucidate the effects of preferred properties of food that
affect the daily masticatory habits on the onset of lifestglated diseasehey investigated
whether groups of rats continuously fed with diet having distinct properties show differences
in glucose metabolisn§o they fetchedhirty-six male Wistar rats aged 4 weeksddivided
theminto two groups; only the pellet type feed was gite one (solid diet group), and the

powdered feed to the other (powder diet group).

The resultsvere The area under the curwaalues were significantly different between the

two diet groups when the anileavere 45 and 51 weeks of agdne median bloodjlucose
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level in 45weekold rats fed with the powder diet was significantly higher than those in age
matched rats fed with solid diet 45 and 120 min after glucose load. Similarly, the median
blood glucose level in the BAeekold rats in the powder diergup was significantly higher

than those in the solid diet group at 30, 45, 60, and 120 min after glucosé& heapleak in
glucose levels remained and the high blood glucose lavetse sustained longer in the
powder diet group than in ttemlid dietgroup of ratsAfter these results they concludésht

the rats which had been fed with solid diet and therefore had been masticating the feed
plentifully enhanced glucose metabolism. This can suggest the possible use of masticatory
and dietary intervdion, which promotes sufficientmastication of hard food, in the
prevention and cure ouman lifestylerelated disease(Hashimoteet al 2011).

Other study was done iMerck researchaboratories in USA, the researchers tried to find the
differences betweendiquid and mixed meals in many thingacluding blood glucose
metabolismAnd they found thaln healthy subjectsowever theliquid meal did elicit higher
glucose and the glucose response declined faster #itemixed than the liquid meal
(Brodoviczet al, 2011).

2.3.3 Can mastication of solid food increases insulin release?

Yes masticationdoes. Awother researchers tried smswer this question anekplain the
etiology of this difference of glucose metabolism between chewing of solid food and lesser
chewing of soft food, and they discovered thath early pancreatic exocrine and endocrine
responses to oral stimulation with viscous or solid stiratéi greater than those to fluids.
Accumulating evidence indicates these early responses (eg insulin release) modulate
postprandial metabolism (eg glucose tolerarfib@yleglio et al 2000).

2.3.4 Mastication of solid food increases metabolism

In Kyushu University In Japan, the researchers tried to explore that food texture might
contribute to the regulation of energy metabolism through the process of mastication in the
oral cavity as well. The effects of loigrm feeding of differentexturedpellets on body

weight gain, adiposity, and thermogenesis were assessed. From weaning at 4 wks, rats were
divided into 2 groups fed on either standard (controls) or soft pelletsféspfthat required

less chewing with the same nutritional composition.28 wks, the softed rats showed

greater adiposity than did the controls. Daily food intake did not differ between the 2 groups.
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The increase in body temperature following feeding was signthicéower in the sofffed
rats. These results suggestedttf@od texture affected energy metabolism by changing post
prandial thermogenesis (Oka et al, 2003).

Also DiMeglio and Mattesnentioned in their research which aimed to investigate the impact
of solid versus liquid carbohydrate on body weight, tha¢taimdic rate and heart rate are
higher acutely after ingestion of a solid meal as compared to an isoenetgghc
carbohydrate liquid meal (DiMeglio et al, 2000).

2.3.5 Food texture andalorie compensation

Accordingtoast udyés resul t s, cal ories consumed ir
humans that is incomplete relative to that produced when calories are consumed in solid foods
(Darling et al, 1995).

To explain this idea, the researchers Tédgvidsonand Susanid several trials on rats to
discover the relationship between food texture or viscosity with calorie compensation and
obesity. Two groups of rats consumed dietary supplements equated for caloric and nutritive
content but differing in viscosityThen theresearchers concluded thainsuming a lower
viscosity pre meal was followed by significantly less caloric compensation compared with
consuming pre meals with higher viscosity levels. Furthermore, rats given-askoosity
supplement daily gained signiéintly more weight over a }@eek period compared with rats

given a highviscositysupplement (Davidson et al, 2005

Other study on human subjects showed that compensatory dietary responses to energy
yielding beverages are less precise thaséhto isoengetic solid loads (DiMeglio et al,
2000).

2.4 Mastication and Incretins

Incretins (intestinal secretion of insulinjare gut hormones that are secreted from
enteroendocrine cells into the blood within minutes after eating. One of their many
physiological roles is to regulate the amount of insulin that is secreted after eating. There are
two incretins, known as glucosiependent insulinotropic peptide (GIP) and glucaljom
peptidel (GLP-1) thatshare many common actions in the pancreas but have distinct actions
outside of the pancreas. Both incretins are rapidly deactivated by an enzyme called dipeptidyl
peptidase 4 (BP4).The insulin secretory response of incretins, called the incretin effect,
accounts for at least 50% of the total insulin secreted after oral glucose. In addition to
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insulinotropic effects, incretins inhibits gastric emptying, decreases food intakbits
glucagon secretion, and slows the rate of endogenous glucose production (Kim et al, 2008).

2.4.1 Chewing increases GL:-P secretion

In the department of oral health management in Kyushu dental university in Japan, the
researchers examined the relaship between mastication and GILFsecretion, along with
postprandial blood gluse and insulin concentrationshey compared the levels of blood
glucose, serum insulin, and plasma active @LRoncentrations after young healthy

volunteers ate a test mleeither by usual eating (control) @arone of three specified ways:
a.Unilateral chewing  b. Quick eating c. 30times chewing per bite

Ten volunteers participated in each of the three groups. Plasma activé Girfeentrations
did not chang by unilateral chewing or quick eating, but did increase by the third method
(Sonoki et al, 2013).

In other irteresting study, the researclasaaki Etdfrom Japarand his colleaguestudied

the relationship between thorough mastication and secretion of1GaRd peptide YY.
However, PYY is also involved in a wide range of digestive functions including regulating
insulin secretion and glucose homeostdsislings over the last few dades highlighting the

role of PYY in regulating insulin output and insulin sensiti\iBoey et al, 2007)For this

study, the investigators enrolled 9 subjects with a mean age of 41 Atarsa 12hour fast,
subjects consumed a test meal in the eaudyning over a 20ninute period, chewing each
mouthful 5 times. On another day, they chewed 30 times. The meal consisted of bread,
margarine, a boiled egg, steamed vegetables, a banana, and milk (for a total of 630 kcal).
Plasma levels of GLR ard PYY wee measured before and oheur after the meallhey
reported that the postprandial plasma levels of both hormones were statistically significantly
higher after chewing 30 times than after chewing 5 tirRes .01 for both)Satig 2011).

2.4.2 GIP secretia increased after mixed rather than liquid meal

Vollmer and other researchers found thastprandial responses of gastrointestinal incretin
hormones, such as gastric inhibitory peptide (GIP) levels were higher after a mixed
meal {ollameret al, 2003.
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2.5 Mastication and neurgeptides
Neuropeptides are simply peptide neurotransmitters. ilnggicit that for a peptide to be
defined as a neuropeptide, it 3$gnthesized and released from neurons and has biological

actions mediated via exzitellular receptors on target cdllsindy et al, 2004

Neuropeptides represent by far the most common signalling molecules in the central nervous
system. They are involved in a wide range of physiological functions and can act as
neurotransmitters, neurmdulators or hormones in the central nervous system and in the

periphery (OveOgren et al, 2009).

Neuropeptides are produced in the body of the cell, packed into the largeatense
vesicles and transported to nerve terminals where depletiocurs when prolonged

stimulation empties theifMansson et alL990).

Cells throughout the gasintestinal tract receive inforation in many forms, including
chemical messengetisat emanate from other cells. The initial stimulusffiormone secretion

is the ingestion of food. Food providesntral neural stimulatioin the form of thought
(antidpation) and sight, chemical stimulation in the form adfor and taste, nutrient
stimulation of the epithelial cells lining the gastrointestinal tract, and améxdd stimulation.
These processes all stimulate the releageepfides and other transmitters from cells of the
mucosaeither into the nearby space, where they act locallyntorthe bloodstream, where
they circulate to distanttarget tissues. Theref® chemical messengers from the

gastrointestinal tract can have-faaching effectshroughout the body (Liddle, 2010).
2.51 Neurgeptidesvhich affect glucose metabolism

Table(2.1) mentionghe gastrointestinal peptides which affect glucose metabdliemmain

organ which is responsible for glucose metabolism is the pan&aasreatic isletare richly
innervated by parasympathetic, sympathetic, and, sensory nerves and these nervesrhave b
shown to be of importance for the regulation of islet function. The islet innervation is of
importance both for the physiology and pathophysiology of the islets through contribution by
all branches of the autonomic nerves and several different neswitters. The
neuropeptides vasoactive intestinal polypeptide (VIP), pituitary adenlyatecyclase activating
polypeptide (PACAP), and gastrin releasing peptide (GRP) are in the parasympathetic nerve
terminals. These neuropeptides may mediate activatiomeofatitonomic nerves on islet

hormone secretion. Thus, insulin secretion stimulated by parasympathetic nerves may be
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mediated by VIP, PACAP, and GRP, which all stimulate insulin secretion. The actions of the
neurotransmitters on insulin secretion are @ttiby different receptors affecting different
signaling pathways in thecells. For example, VIP and PACAP activate adenylatecyclase
and GRP activates phospholipase C, In addition, the neurotransmitters affect ionic channel
activity and exert direct infences on the exocytosis machinery. Thus, parasympathetic
nerves mediate the cephalic phase of insulin secretion after a meal intake and synchronize the

islets to function as a unit, allowing oscillations of islet hormone secretion (Ahren, 2003).

The sciensts did a trial to see the effect of vasoactive intestinal polypeptide (VIP) on
pancreatic islets and insulin secretion, the trial was done on cat pancreas and it was founded
that VIP stimulated insulin secretion significantly in the presence of conptaysiological

concentrations of glucog&chebaliret al, 1977).

Also, Nakata and Yada from Japdamonstrate that PACAP enhances glucesémulated
insulin secretion in islets, enhances insulin actioadipocytes, and prevents hyperglycemia
(Nakata et al, 2004).

Table (2.1) Gastrointestinal Peptides That Regulatstprandial Blood Glucose Levels

Gastrointestinal Peptides That Regulate
Postprandial Blood Glucose Levels

Stimulate Insulin Release

Glucagonlike peptidel (GLP-1)
Glucosedependent insulinotropic peptide (GIP)
Gastrin releasing peptide (GRP)
Cholecystokinin (CCKJ)potentiates amino acid
stimulatedinsulin release)

Gastrin (in presence of amino acids)
Vasoactive intestinal peptide (VIP) (potentiates glueog
stimulakd insulin release)
Pituitary adenylate cyclase activating peptide (PACAFR
(potentiates glucosstimulated insulin release)
Motilin

Delay Gastric Emptying

Cholecystokinin

Amylin

Secretin

Inhibit Glucagon Release

Amylin

(Liddle, 2010)
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2.52 Mastication increases nepeptidesorelease

When fve neuropeptides: Substance P (SP), Neurokinin A (NK&)citonin GeneRelated
Peptide (CGRR) Neuropeptide Y (NPY) anWasoactive IntestinaPolypeptide (VIP),
were measured in thealiva of eight subjects.lt was founded thathe amounts of allthe
investigatedneuropeptides increased ovieme in the whole saliva twoto five- fold in the
chewingstimulatedsalivary flow as compared to thestingsalivary flow or the citricacid
stimulated flow. The act of stimulation itself does indeed influence the release of
neuropeptides from the nereadings.There was thretold more VIP releasedver time in
the chewing stimulated saliva than in the resting saliva;fodb more in thecitric acid
stimulated salivathan in the resting saliva, and tfadd more in thehewing stimulated
saliva than in the citric acid stimulated salfizawidsonet al, 1997).

Another study showed thah iresponse to food intaka number of peptides, including
vasoactive intestinal peptide (VIP) and substance P, are likely to be involved in the so called
nonradrenergic, nowtholinergic (NANC) transmission of the parasympathetic secretory
impulses.The researchers found thtdte refex mobilization of the NANC mechanisms
depended on mastication rather than on taste, and involveelése of VIP and substance P
(Ekstram et al, 1998).

2.6 Soft food or juice cause glucose intolerance
According toan important studyThe removal offiber from food, and also its physical
disruption, can result in faster and easier ingestion, decreased satiety, and disturbed glucose

homeostasis which is probably due to inappropireelin release (Haber, et al 2003).

Also health professionals in thmited states did three prospective longitudinal cohort studies,
and their findings wereGreater consumption of specific whole fruits, particularly blueberries,
grapes, and apples, is significantly associated with a lower risk of type 2 diabetes, whereas

greater consumption of fruit juice assoiated with a higher risk (Murlet al 2013).

2.7 Mastication prevents occurrence of diabetes mellitus

Firstly we have to know that insufficient chewing may lead to diabetes melhiipeople

who wolf downtheir food are two and a half times more likely to suffer from type 2 diabetes
than those who take their time according ewnresearctlwas done by researchei®m
Lithuanian university After adjusting for possible confounders (a family history obelies,

education, morning exercise, body mass index, waist circumference, cigarette smoking and
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plasma triglyceride levels) the researchers found a more thafoldvincreased risk of type
2 diabetes mellitus was determined for subjects eating fasRr262; 95% CIl 1.561.06)

vS. subjects eating slow@Radzeviciene et al, 2012).

In Nagahama city in Japan, some researchersttrieglplore if there is eelationship between
mastication and glucose metabolisiisturbancesSo theyconducted arosssectional study

of the association between mastioatiand diabetes in the Nagahafspective Cohort
Study. 2,283 male anti544 female residents aged 40 years were enrolled from July 2009

to November 2010. Masticatory performance was evaludigd spectrophotometric
measurement of color changes after masticating -@blangeable chewing gumin
conclusion, theyidentified an inverse dos#ependent association between masticatory
performance and diabetes in a populattased cohort. After adjusent for possible
confounding factors, odds of diabetes decreased gradually as masticatory performance
increased. In addition, fast eating was found to be a possible risk factor for the development
of diabetegYamazakiet al 2013).

2.8 Periodontitis causes hyperglycemia

In recent study, the researcher Yddee Choi explored that among participants without
central adiposity, persons who have periodontitis were more likelyave hyperglycemia
thanthosewithout (Choi, 2011).

Also BrainL. Mealey searched in the relationship between diabetes melilitiperiodentitis

a twoway street, and he founded thatronic periodontal diseases have the potential to
exacerbate insulin resistance and worsen glycemic control, while periodontal triettate
decreases inflammation may help diminish insulin resistafe .alsothe research showed
greater risk of poor glycemic control in patients with diabetes who have periodontitis
compared with that in patients with diabetes who do not have petitisloas well as the
research showing improvement in glycemic control after periodontal therapy inpsoiems

with diabetes (Mealey, 2006).

2.9Teeth lossis a risk for type 2 diabetes mellitus

A very important survey hadeendone to determine the association of edentulous state and
obesity with type two diabetes mellifjushowed that: functionally edentulogabjects (who
have less than six teeth) wexgreater risk for type Biabetes mellitus (&snated odds ratio
[OR] =4.06), than the obese (OR = 3.28)earyet al 1995).
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2.10 Diabetes mellitus ype 2 (T2DM)
2.10.1 Overview

Diabetes mellitus type 2 is a disorder characterized by lack of insulin action, and/or secretion
that induces hepatic glucose output by inhibiting glycogen synthesis and stimulating
glycogenolysis and gluconeogenesis then increased rates of hepatsegluoduction result

in the development of overt hyperglycemia, especially fasting hyperglycemia (Defronzo et al,
2002).

It was previously called nemsulindependentdiabetes mellitus omdultonset diabetes
mellitus. Type 2 diabetes mellitus resultsrh insulin resistance, a condition which the

body fails to properlyuse insulin combined with relative insulideficiency Robbins and
Cotran, 2008).

T2DM accountdfor 90% to 95% of all patients with diabetes mellitus and is increasing in

prevalenceespecially in minority populations (McCarthy, 2004).

Until recent years, T2DM was rarely observed in individuals under the age of 50, but
increasingnumbers ofchildren are now being diagnosed with the disease. This probably
reflectsthe growingprevalence of childhood obesitys type 2 diabetesellitus (T2DM) is
exacerbated by obesity and a sedentary lifestyle (McGa@og.

The risk ofdeveloping T2DM increasesith age, obesity, and lack of physical activity. It
occurs more frequently in womerittv prior Gestational DM (GDM) and in individuals with
hypertension or dyslipidaemia. Its frequency vaneslifferentracial/ethnic subgroups. It is
often associated with strong familiéikely geneti¢ predisposition. However, the genetics of

this formof diabetesnellitus are compleand not clearly defined (Venkat al, 2006).
2.10.2 Prevalence

In recent decades, dramatic increases in the prevalence and incidence of type 2 diabetes
mellitus have occurred in many parts of the world, especially in the newly industrialised and
developing countries. Indeed, thejority of cases of type 2 diabetewellitus in the future

will occur in developing countries with India and China having more cases tharttery o
country in the world (Kingt al, 1998).

Changes in human behavior and lifestyle over the last century have resulted in a dramatic

increasen the incidence of diabetes mellitus worldwide. The number of adults with diabetes
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mellitus in the world is347 million people, type 2 diabetes comprises 90% of pewjtte
diabetes around the world (WHO, 2013).

Current estimates from different countries in Europe and the United States have shown that
diabetesmellitus andits complications accounfor 8 to 16% of the total health costs for
society and these will increase dramatically unless major efforts are tmautevent the

ongoing epidemic (Hansen, 2002).

Dramatic changes in the prevalence or incidence of type 2 diabetes mellitus have been
observed in communitieghere therdhave been major changes in the type of diet consumed,
from a traditional indigenoudiet to at y pi ¢ a |l diét\WegsRingarlndiédns in Arizona,
Micronesians inNauru and Aborigines irAustralia Bennett, 1999, Lakaet al, 2001).
Changingdisease rateare almost certainly explained by changes in several dietary factors as

well as by banges irother lifestylerelated factor§Abu-Jabal, 201p
2.10.3 Evidences for the role of insulin resistance in T2DM
2.10.3.1 Insulin hormone

Insulin is51 amino acids in two chains A and B connected kye@tide. Thishormoneis
required to facilitate transport of blood glucoseross thelargely impermeable cell
membrane. It is released in responselgvations inblood glucose. The insulin binds to a
receptor on the cell membrane, allowing the entry into muscle and fat cgliscofe to form
glycogen, fatty acids to generate triglycerides, and amino acids for protein synthesis. It is thus
an anabolic hormone. It is a potent stimulator of growth factors, including insulin growth
factor 1 (IGF1). It also inhibits catabolic presses such dhe breakdowrof glycogen and

fat, and decreases gluconeogenesis (Cosford, 1999).

Should there be any disturbances to the binding of insulin to the receptofghereceptor
response to insulin, there will be reduced insulin activitynsulin resistance. If insulin is not
functioning, there is reduced glucose entry into the cells, which is detected by the pancreas as
raised blood sugar (hyperglycemia). The pancreatic response is then to produce more insulin
(hyperinsulinaemia), to copensate for the lack of cellular response to the hyperglycemia
(Cosford, 1999).
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2.10.3.2 Insulin resistance

Insulin resistance (IR) is a physiological condition where the natural hormone insulin,
becomes less effective at lowering blood sugtng resilting increase in blood glucose may

raise levels outside the normal range and cause adverse health effects, depending on dietary
conditions. Certain cell types such as fat and muscle cells require insulin to absorb glucose.
When these cells fail to respbradequately to circulating insulin, blood glucose levels rise
(Goutham, 2001).

Insulin resistance can be Ilinked tdiabetes mellitus hypertension, dyslipidemia,
cardiovascular disease and other abnormalities. These abnormalities constitute the insulin
resistance syndrome. Because resistance usually develops longthefappearance of these
diseasesidentifying and treating insuliresistant patients has potentially grédtpreventive

value. Insulin resistance should be suspected in patients wistoaylof diabetes mellitus in
first-degree relatives: patients with a personal history of gestatiinbetes mellitus
polycystic ovarysyndrome orimpaired glucose tolerance; and obese patients, particularly
those with abdominal obesity. Present treatment consists of sensible lifestyle changes,
including weight loss to attain healthy body weight, 30 minutes of accumulated mederate
intensity physical activity per day and increased dietary fiber intake. Pharmacotherapy is not

currently recommended for patients with isolated insulin resistance (Polyzos et al, 2011).

Insulin stimulates glucose uptake into tissues, and its ability to do so varies greatly among
individual persons. In insulin resistance, tissues have a diminisheq abiliespond to the
action of insulin. To compensate for resistance, the pancreas secretes more insulin. Insulin

resistant persons, therefore, hawghhplasma insulin levels (Mauét al 2002.

Insulin resistance in muscle and liver isteracteristideatureof type 2 diabetegnellitus. In

the basal state, the hepatic insulin resistamceanifestedy over 15 production of glucose
despite fasting hyperinsulinemiand the increased rate of hepatic glucose output is the
primary determinanof the elevated fasting plasma glucose concentration in type 2 diabetic
individuals. Although muscle glucose uptake in the postabsorptive state is increased when
viewed in absolute terms, the efficiency with which glucose is taken up by muscle is
diminished. Duringnsulin-stimulated conditionsbothdecreased muscle glucose uptake and
impaired suppression of hepatic glucose production contribute to the glucose intolerance
(Shulman, 2000).
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Although the primary factors causing T2DM are unknown, it is clear that insegistance
plays a major role in its development. Evidence for this comes from:

1. The presence of insulin resistancéZ2lyears before the onset of the disease.

2. Crosssectional studies demonstrating that insulin resistance is a consisteng findin
patients with T2DM, and

3. Prospective studies demonstrating that insulin resistance is the best predictor of whether or
not an individual will later become diabetic (Shulman, 2000).

Insulin resistance may arise through a variety of mechanismais, Thmay result from
defects in the insulin receptor gemdyich encodes transmembrane tyrosine kinase receptor,

or as a consequenoépostreceptor defects. Antnsulin receptor antibodies that may arise in
certain autoimmunelisorders such as syst& lupus erythematosus can allock insulin
receptor activationin addition certain hormones, e.g, cortisahtagonizensulin action that

may precipitate diabetes mellitus in susceptible individuals (Korc, 2003).

Other risk factors include poor diesedentary lifestyleincreased age 21% of people over 60
years have diabetes mellitus and family history, diabetes mellitus tends to run in families
(Fujita, 2009, and Pijl et al, 2009).

Chronic obesity leads to in@sedinsulin resistancéhat can develop into diabetes mellitus,
most likely because adipotissue €specially that in the abdomen around internal organs) is a
(recently identifiel source of several chemical signals to other tissues (hormones and

cytokines).

Other research shows that type 2 diabetes mellitus causes obesity as an effect of the changes
in metabolism andother deranged cebehavior attendant omsulin resistanceAdditional

factors found to increase risk of type 2 diasemellitus inalde aging (Jaclet al, 2004).

High-fat diets and a less active lifestyle (Hu, 2003).

High body mass, as well as their related chronic diseases, are largely preventable. At the
individual level, people can achieve energy balanceaaneéalthyweight limit energy intake

from total fats and shift fatonsumption awafrom saturated fats to unsaturated fats; increase
consumption offruit and vegetables, as wells legumeswhole grains and nuts, limit the
intake of sugars, and increase physical activityeastt 30 minutes of regular, moderate
intensity activity on most days. More activity may be required for weight control (Debra,
2006).
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2.11Natural tegh as sensory organs
Teeth are specialized organs that function to nourish and sustain life. Mébijiéeeat, the

brain rapidly compares f oo dtd mevibus entountees ara n d

determines the best chewing strategy. Optiof@wing forces and rhythms are developed

h

based on tactile sensory feedbédck om t he f oo d Ithe teathsaddssoftdissues a c t

as the boluprogressively becomes smaller.

The ability of a tooth to endure the rigorsméstication depends on having a durable stone

like structure and a complexe ur a l contr ol system to

ma i

cornerstone of thisneural control system is anxauisitely sensitive network of

mechanoreceptomsithin the todh and its periodontal ligament (Levy, 2009).

2.111 Anatomyof natural tooth

1 The crown: The crown of each tooth has a coating of enamel, which protects the

nt

underlying dentine. Enamel is the hardest substance in the human body, harder even

than bone. It gains its hardness from tightly packed rows of calcium and phosphorus
crystals within a pri@in matrix structure. Once the enamel has been formed during
tooth development, there is little turnover of its minerals during life. Mature enamel is

not considered to be a 6livingd tissue.

1 Dentine: The major component of the inside of the tooth is identThis substance is

slightly softer than enamel, with a structure more like bone. It is elastic and
compressible in contrast to the brittle nature of enamel. Dentine is sensitive. It
contains tiny tubules throughout its structure that connect withethieat nerve of the

tooth within the pulp. Dentine is a o0Ol:

1 Cementum and the periodontal membraneBelow the gum, the dentine of the root

is covered with a thin layer of cementum, rather than enamel. Cementum is a hard
bonelike substance ontwhich the periodontal membrane attaches. This membrane
bonds the root of the tooth to the bone of the jaw. It contains elastic fibres to allow

some movement of the tooth within its bony socket.

1 The pulp: The pulp forms the central chamber of the toothe Phlp is made of soft

-

C

vV e

tissue and contains blood vessels to supply nutrients to the tooth, and nerves to enable

the tooth to sense heat and cold. It also contains small lymph vessels which carry

white blood cells to the tooth to help fight bacteria.
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1 The root canal: The extension of the pulp within the root of the tooth is called the root
canal. The root canal connects with the surrounding tissue via the opening at the tip of
the root . This is an opening in thy cemei
and blood supply enter theulp from the surrounding tissuéArferican Dental
Association 2009.

2.112 Teethinnervations

Dental pulp is an unmineralized oral tissue composed of soft connective tissue, vascular,
lymphatic and nervous elements tbatupies the central pulp cavity of each tooth. Pulp has a
soft, gelatinous consistency. By either weight or volume, the majority of pulgQ%d is

water. Aside from the presence of pulp stones, there is little or no inorganic component in
normal dentabulp. The pulp cavity extends down through the root of the tooth as the root
canal which opens into the periodontium via the apical foramen. Blood vessels, nerves etc. of
dental pulp enter and leave the tooth through this foramen. This sets up a form of
communication between the pulp and surrounding tissue, and is clinically important in the
spread of inflammation fromthe pulp out into periodontiumDevelopmentally and
functionally, pulp and dentin are closely related. Both are products of the neuralerest

connective tissuthat formed the dental papilla (Human anatomy, 2009).

The neural component ttfie pulp tissue consists of motor and sensory nerve fibers, the latter
coming fromthe cranial nerve VThe sensitive type fibers, belongs accordingdaiameter,
conduction velocity andunction to two groups: Amyelinated) and C (unmyelinated). The
myelinated axondave fast conducted speed, low stimulation threshold, they convey a sharp
andstabbing pain type and are superficial (they are lodatéke pulp and dentijunction).
Sensory nerve fibers of the dental pulp are afferent endings tsigéminalcranial nerveand

reach the root canal through the apical foramen, going thruotitepulp in lumps. These
lumps are often associated wiitnod vessels in eollagen sheath, forming the neurovascular
bundle. Only few bifurcations occur the root canal, but when these reach the cameral pulp,
the nerve fibers begin wivide and send branches to the surrounding desiproaching the
subodmtoblastic pulp region, the fibers form an intricate network known as Plekus
Rashkow. After this the myelinated fibers lose their myelin sheath and emerge agrve
endings it has been shown that many nerve fibers end in the extracellular spideerih

cell zone or in the odontoblast layer, while others extend into the predemtamtom tubules
(Gomez, 2011).

28



From a coordinated intervention between the Certievous System and the Endocrine
System, the hypothalamus and hypophg&sd maybe related with some of the events that
occur in the pulp during symptomatic perio@stablishes an interesting relationship between

the endocrine system and the dental gGlarson et al, 2007).
2.113 Mechanoreception

Mechanoreception is the unconsci@@mnsing oconscious perception of touch or mechanical
displacement arising from stimuli outside thady. Mechanoreceptors are sensory end organs

that respond to mechanical stimuli sucheassion, pressure, or vibration.

Perception and recognition offimely texturedobject that is handled or bitten relies on the
ability to encode tactile cues arising from gize, shape, and roughness. The encoding of
these cues occurs primarily as a result of tywees of mechanoreceptors, which include
slowly adaptng (SA) and rapidly adapting (RAhechanoreceptors. SA mechanoreceptors,
suchas Merkel disks and Ruffini endings, ficentinuous streams of action potentials as long
as the stimulus (eg, touchlgmains active. Because they fire continuously ducmgact, SA
mechanoreceptors are best suited for providing awareness that an obgtateisn the teeth.
Vibrations are produced when textured objects rub against the surfacesskintloe teeth.

RA mechanoreceptors, such as Meisner and Pacinian ctagdise briefly upon initiation of
vibrating or rapidly accelerating stimulation, stqpickly, and are able to 4fre rapidly in
response to a new stimulus. The rapidoff firing characteristics of RA mechanoreceptors
make them well suited foeensimg the vibrations associated with textural assessment.
Historically, the tactile sensory function of the teeth had been ascribed sofsyiadontal
mechanoreceptors and pain perception to the richly innervated mdgh However,
Endodontically treated teeth and dental implanétained prostheses providéess

mechanosensyp information than vital teeth (Levy, 2009).

Studies indicate mechanoreceptors within teeth playrgrortant role intheir tactile sensory
function Several years agay 1955 a studypy Lowensteinand Rathkamp compared tactile
sensory thresholds of nonvital (ie, root catrabted teeth) to vital teeth and found tactile
thresholds of nonvital teeth wek7% higher than those of contralateral vital te@the
authors concluded thatspecialized mechanosensory mechanism within the teeth contributed

to tactilesensory functionl{oewensteiret al, 1955).
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Also experimentssuggeste ndodonti c procedures may | i mi
vibrations associated with textural assessnoéribjects with their teethand demonstrate

that vital maxillary and mandibulaincisors encode vibrations and endodontically treated
teeth lack the ability to encode vibrat®Robertson et al, 2003

Studies in cats have shown the neurophysiolggaperties of intradental angeriodontal
mechanoreceptors are functionally differéRubbing sandpapewith different grit sizes on
canine teeth causes frequerarycoded dischargpatterns to arise in trigeminal ganglion
neurons. These discharge pattemr® unique to grit size, indicating that intradental
mechanoreceptors are able dncode mechanical vibrations. Intradental mechanoreceptors
have rapidlyadapting response characteristics and encode vibrations throughout a wide
frequency range. Periodohtaechanoreceptors have slowly adapting respohaeacteristics

and encode only lower vibration frequencikgradental mechanoreceptors respond to forces
applied to the toothfrom all directions (ie, omnidirectional) whereas periodontal
mechanoreceptorsespond only when forces are applied from specific directions (ie,
unidirectional). In monkeys, periodontal mechanoreceptors are more nunascouns the
anteriorteeth than the posterior tedtavy, 2009).

Olgart et al speculatech specialized sensotyansducer mechanism exists in dentin that is

activated bydeformation obending of the crown of a tooth (Olgart et al, 1988).
2.114 Neureptidsd n e r virthefteetb e r s

The human dental pulp seems to have a rich occurrence of neuropdptithesapical and
central parts of the pulp, evenly distributed, thick neurofilanmamunoreactive nerve
bundles predominated, which in many instances accompanied blood vessels. In the coronal
parts, especially in the pulp horns, such nerve bundles formed dosubblastic plexus,
while thin neurofilamentmmunoreactivefibres projected into the odontoblastic region. In the
coronal parts of the pulp, thin, varicose, calcitonin gatated peptide (CGRP)and
occasionally substanceiPmunoreactiveibres were oberved in the pukdentine zone and

also in the vicinity of blood vessels. Vasoactive intestinal polypeptide (VIP) fibres were
distributed in several nerve bundles, while single VIP fibres were seen projecting into the
odontoblastic region as well as irethicinity of blood vessels. Peptide histidine isoleucine
amide (PHBimmunoreactivefibres showed a similar distribution as VIP, but were less
common. Furthermore, neuropeptidenymunoreactivefibres occurred occasionally around

blood vessel@ the inne parts of the pulgLuthmanet al, 1992).
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Gomez said thatehtal pulp is highly innervated with a subpopulation of sensewyrons
containing neuropeptid¢&omez, 2011).

In China, the researchers expressed vasoactive intestinal polypeptide (VIP)imdrnvesan

teeth. The results showed thélP positive nerve fibers in dental root were in bundle and
branches of the nerve fibers were few. The nerve fibers extended in a radiative way from
cervical line to the coronal pulp and branched a lot. A part aidwes surrounded blood
vessels, some terminated in the dental pulp matrix, the others passed odontoblast layer and ran
into the predentinThe resultssuggest that in addition to relating the action of blood vessels,

VIP-immunoreactive nerve fibers mighiso relate to sengghu et al, 2001).

Also many peptidergic nerve fibres were observed in association with blood vessels of
various sizes. The occurrence of Vighd PHlimmunoreactive fibres lends support to the
hypothesis that human tooth may be @igl by parasympathetic nerves (Casasco et al,
1990).

VIP and PACAP arenembers of the same neuropeptide superfafhigmelinket al, 2002).

In rat and human tootpulps, PACARimmunoreactivenerve fibers were observed around
blood vessels and in the subatiablastic and odontoblastic laye@n the other hand, almost
all PACAP-IR nerve fibers in the human tooth pulpe&xpressed VIRR and, thus, tbught to
be autonomic in natur@chikawaet al, 2003).

According to results of an important study was doneJapan, arve fibers containing
vasoactive intestinal polypeptid®IP) were never found in gingiva of the ratsofagawa
1990).

2.12Dental pulp gimulation evokes glucose metabolism

In 1979, MD Shetter and his colleague Swegplored thatcerebral glucose metabolism
evoked by dentgbulp stimulation in the rat via electrical stimulation. The authors report the
pattern of local cerebral glucose utilization evoked by denihd stimulation in the
barbiturateanesthetized rat, for 45 minute$ continuous bipolar stimulation of the incisor
tooth pulp. Areas of high optical density on the autoradiographs identified brain regions
where glucose consumption, and hence functional activity, was maximal. Stirelaitesl
increases in glucose utilizah were seen ipsilaterally in an uninterrupted column from the
lower levels of trigeminal nucleus caudalis to the rostral extent of the main sensory nucleus.

Mandibular incisor pulp stimulation yielded increased deoxyglucose uptake in relatively
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restrictel dorsal portions of the nuclei, while maxillary pulp stimulation produced a more
extensive area of uptake ventrally. Elevated deoxyglucose uptake was also seen in the
contralateral ventrobasal thalamus and sensory cortex with maxillfrystimulation (8etter

et al, 1979).

2.13 Edentulism

Edentulism is a debilitating andFnalmarkenoker si bl
di sease bur den fCorz etalr2@0V). Atheugh thetprevalenCenohcamplete

tooth loss has declined ovitre last decade, edentulism remains a major disease worldwide,
especially among older adul{Pouglasset al, 2002). Most edentate people are elders who

wear complete dentures in one or both jaws (Enedral, 2013).
2.131 Impact of Edentulism on General Health

1 Edentulism can lead directly to impairment, functional limitation, physical,
psychological, and social disability, andndicap (Locker1988).

1 Can be accompanied by functional and sensory deficiencies of the wcaka) oral
musculature, and the salivary glands (MacEntee et al, 1998).

1 Edentulism can lead to increased rates of chrorilannmatory changes of the gastric
mucosa, upper gastrointestinal and pancreatic cancer, and higher rates of peptic or
duodenal ulers (Sierpinska et al, 2007).

1 May increases the risk of noninsuifependent diabetes mellitus (Medealis et al,
2006).

71 Increased risk of electrocardiographic abnormalities, hypertension, heart failure,
ischemic heart disease, stroke, and aodlee sclerosigTakataet al, 2001).

1 Edentulism associated with decreased daily function, physical activity, and physical
domains of healthelated quality of life (Mollaogla et al 2005).

1 Also Edentulism may increase the risk of chronic kidney disdasked et al, 2008).

2.132 Tedah loss is a risk for death

In aprospective cohort study, the researclexamined the association of tooth loss with total
and causapecific mortality over a 15 year period in approximately 30 000 individuals from
rural China.
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Theyfound that subjects with greater than the-ggecific median number of teeth lost had a

13% ircreased incidence afortality from any cause (Abnet et al, 2005).

Journal of Public Health Dentistry in 2009 published a research for the researcher D.W.
Brown who examine the relationship between complete edentulism prior to the age of 65
years and altause mortality after adjustment for socioeconomic characteristics. And he
founded thaBmong persons aged <65 years, the risk of death from all causes was 19 percent
for persons with complete edentulism compared to 10 percent for persons without. Compared
with those without complete tooth loss, the riskleath from all causes was lifes greater

for persons with complete edentulism prior to the age of 65 yafses multivariable
adjustment (Brown, 2009).

Also researchers in Gerontology from Southerrdif@ania and Kansas universities in USA,
investigated the link between individual oral health problems and oral comorbidity and
mortality risk. And t hey founded that Signiycant t ool

disease were associated withreaseadds of dying (Kimet al, 2013).

And to discover the importance of natural teeth, researchers in Sweden investigated whether
the number of teeth at age 70 is an independent predictor of moifaktyesult showed that

each remaining tooth at age 70 amged the-year mortality risk by 4%So they concluded

that The number of teeth was a significant predictor of mortality independent of health

factors, socieeconomic status and lifestyl®gterberg et ak008).
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Chapter 3

Methodology

3.1 Subject and Study Design

This study, includeprospectivecohortexperimentabtudy, because it includes analytic study.
This type of study is easy to do, low cost, rapid, and can calculate the prevaleiscgtudy
was performed for fifty healthy volurger agéd between 45 and 65 years old, half of them
(25) are completely edentulous and the othaxe at least 20 natural teeth, in the Gaza city.

3.2 Selection Criteria

3.2.1 Inclusion Criteria

1 Healthy volunteers from both genders, aged between 45 ye&$S old, and have at
least twenty naturaind vitalteeth.

1 Healthy edentulous volunteers from both gendeged between 45 to 65 years,old
andhave complete prosthetic dentures.

3.2.2 Exclusion Criteria

1 Diabetic patients.
1 Prediabetic clients (who hap®stprandial blood glucose more than 140 mg/dl).

1 Clients complain of malabsorption.

3.3 Sample Size and Sampling Process
3.3.1 Sample Size

The total sample size of the study population was 50 participants half of them were
edentuloud ut compl et e cedinhe athers iave aivleast rtvemtysnaiuidhl

and healthy teeth. They were residents at all areas and camps in Gaza city.
3.3.2 Sampling Process

1 The sampling methodology used was Quota sampling accordipgrticipant's age
and health status.

1 Study setting:the sample was selected in Gaza city compressing of 9 districts
including, (North Rimal, South Rimal, Sheekh Radwan, Shijagaipon, Toffah’,

Sabrah, Nassr ariBeach camp).
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3.4 Ethical Considerations
Volunteerswere givena full explanation about the purpose of the study and assurance about
the confidentiality of the information and that the participation is optigftdr this, they put

their signatures on a consent form.

3.5 Data Collection Methods
Data were collected by the researcher conform ABCD rules, which related to Anthropometric

measurements, Biochemical measurements, Clinical findings and Dietary assessment.
3.5.1Pilot Study

A pilot process was conducted in April 2Z¥) before starting data collection, to identify
problems in the research design, test the applicability and validity of the study, evaluate the
appropriateness of the questions, test the clarity of the wordiegaleate sample size and to
clarify areasof ambiguity and suitability of the questionnaire. Feedback and comments from
targeted institutions and experts were considered for the final version of the questionnaire. A
pilot studied and conducted on 5 participants from each.

3.5.2Interview Questionaire

Data were collected by using a questionnaire in an Arabic language which was designed for
matching the study need filled by sestiuctured interviews. The questionnaire covered the
necessary details like: soesmonomic, demographic data, lifetyle, medical history,

nutritional and eating habits.
3.5.3 Content validity of the questionnaire

Content validity was conducted before data collection by submission the questionnaires, the
titte and the objectives of the study to a panel of experts dmguresearchers, health
professionals and experts in the field of nutrition. According to the feedback, the
guestionnaires was modified. Further items were added according to the issues raised during

the proposal discussion and the final modification makeafter the pilot study.
3.5.4Anthropometric Measurements

The researcher seek help from 3 colleagues to perform anthropometric measurements for

participants, 2 of them were mails and 1 female. All of them were registered nurses.
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1 Weight in kg wasneasured by a seca scale.
1 Height in cm was measured by a stadiometer.

1 Body Mass Index (BMI)According to the WHO classification, BMI < 18.5 kg/m? is
considered underweight, from 188.9 kg/mz is considered normal weight, from 25
29.9 kg/m2 is considerenverweight (preo besi t y) and O 30 kg/ m]
Look table (1.1) (WHO, 2000).

1 Waist circumference was measured by measurementAaperding to the National
Institution of Health (NIH) protocol, WC measurement is taken at the level of the
superior border of the iliac crest and parallel to the floor (Gino et al, 2008). The WC
of > 102 cm in men, and > 88 cm in women is used as sureraent for central

obesity (Villegas et al, 2004).
3.5.5Biochemical Assessment

Several trials have been done for the volunteers after two hours of the last meal, as the

following:

T I'n the first trial, both samp)chetvad 5 r oup s
grams of fACadbury dairy milk chocol ateo i

1 In the second trialpoth volunteer® g r dranlp the same amount and type of
chocolatan liquid form.

1 All 50 participants did the same two trials, the first was chewing of solid (frozen
chocolate, and the second was drinking of the same type and amount of liquid (hot)
chocolate

1 A special trial was done for natural teeth participants, when the researcher asked them
to retry the second trial but with one difference, which was stimulatidheir teeth
by AMi swako for one full minute every 10

1 Blood samples were collected from the brachial vein two times for each participant to
measure his blood sugar, the first was done immediately before ingestion of chocolate
and the other afteyne hour.

1 Blood sugartest, lab tests (plasma glucose levels were measured by the glucose
oxidase method using an automatic analyzer), for blood samples which were taken

from Brachial vein.
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3.5.6Clinical findings

It includes an investigate signs ofalnutrition, medical history e.g. including acute and
chronic iliness, diagnostic procedures, therapies, treatments that may show un healthy status.

3.5.7Dietarypdterns

It involves estimatinglietary patternsThis can be achieved by intervigechniques (usually
retrospective) and recording of intake. Although they may be valuable in determining the
habits of eating or a logical approach to its management (e.g. by identifying food
preferences), they are in general too complex to be of valudemtifying a need for

nutritional support.

3.6 Statistical Analysis
71 Data analysis was performed using SPSS, version 23 computer software to analyze the
collected information statistically to identified and evaluate the possible relationship
between mastation and glucose metabolism, and to explain if there is a role for
natural vital teeth in this process. Also to determine differences between both groups.
9 Definition of Variables
Data Entry and Cleaning

Data Analysis
3.7 Limitations of the Study
Theresearcher faced some limitations during study period, like:

Healthy completedentulous clients were rare
Edentulous females recognize their case as a stigma.

1
1
1 Somevolunteers'’s" disliked chocolate.
1

Some volunteerg3" refused invasive procedwwt® obtainblood samples
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Chapter 4

Results

In this chapter the researcher offer the most important findings through the study. The study
which includes the impact gfarticipanté mast i cat i on dentdl btateshi f f er e
glucose metabolismand the results of the statistical analysis of ddtat werecollected

through a semistructured questionnaire which demonstrated the differences in- socio
demographical, health statudietary behaviors, socidhctors and lifestyle between both

groups.

On the other hand the researcher investigate in depth the association of some abnormalities

and disturbances mong bot h volunteersd groups

4.1 Demographical data
Table (4.1) showed distribution of participants according to their personal characteristics as

Age, Gender, Education level, Residency, and Marital status.
4,11 Age

The researcher chose his sample from participants who aged between 45 and 65 years old.
Participants6é age were divided into two cat e
old and the other imore thaB5 years60% of natural teeth participants were less than 55

yearsold and 40% moreWhen 60% of edentulous participants were &arg old or more.
4.12 Gender:

Participantés gender divided to female and

20% femaleswhile 92% of edentulous were males &% were females.
4.1.3 Education level:

The education was divided into fiveategories which are llliterate, Primary, Preparatory,
Secondary and University education. Only one person was illiteratecawashfrom natural
teeth groupMost of natural teeth group 32% have university educatiwmn 28% secondary,

24% preparatoryand 12% have primary education.

While most of edentulous group participants 48% have secondary education, then 28%

university,16% primary, and 8% have preparatory education.
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4.14 Residency:

Study involved participants from six areaisGaza city. Most othem 44% were from Beach
Camp,then 16% from North Rimall4% fromSouthRimal, 12% from both areas Al Radwan

and Al Nassr, and just one person was from Al Toffah
4.15 Marital Status:

Par ti ci pabstatuswas dwmided into fooategories. Almost of participants 92% were

married, 4% divorced, 4% widownd no one was single.
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Table @.1) Distribution of mrticipants by AgeGGender Education levelAddress and/arital Status

Demographical data Natural Prosthetic Total P value
Age No. (%) No. (%) No. (%)

055 15 (60.0) 10 (40.0) 25 (50.0)

> 55 10 (40.0) 15 (60.0) 25 (50.0)

Total 25 (100.0) 25 (100.0) 50 (100.0) 0.129
Gender No. (%) No. (%) No. (%)

Male 20 (80.0) 23 (92.0) 43 (86.0)

Female 5 (20.0) 2 (8.0) 7 (14.0)

Total 25 (100.0) 25 (100.0) 50 (100.0) 0.209
Education level No. (%) No. (%) No. (%)

llliterate 1(4.0) 0 (0.0) 1(2.0)

Primary 3(12.0) 4 (16.0) 7 (14.0)

Prepaatory 6 (24.0) 2 (8.0) 8 (16.0)

Secondry 7 (28.0) 12 (48.0) 19 (38.0)

University 8 (32.0) 7 (28.0) 15 (30.0)

Total 25 (100.0) 25 (100.0) 50 (100.0) 0.340
Address No. (%) No. (%) No. (%)

(N)Rimal 4 (16.0) 4 (16.0) 8 (16.0)

(S)Rimal 5 (20.0) 2 (8.0) 7 (14.0)

Al Radwan 1 (4.0) 5 (20.0) 6 (12.0)

Toffah 0 (0.0) 1 (4.0) 1(2.0)

Nassr 3(12.0) 3(12.0) 6 (12.0)

Beach camp 12 (48.0) 10 (40.0) 22 (44.0)

Total 25 (100.0) 25 (100.0) 50 (100.0) 0.400
Marital Status No. (%) No. (%) No. (%)

Single -- -- -

Married 23 (92.0) 23 (92.0) 46 (92.0)

Divorced 1 (4.0) 1 (4.0) 2 (4.0

Widow 1 (4.0) 1 (4.0) 2 (4.0

Total 25 (100.0) 25 (100.0) 50 (100.0) 1.000

*Statistically Significan{P value¢ 0.05)
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4.2 Anthropometric measures
The summary statistics of the anthropometric mesmsants of participants, namely Weight,

Height, BMI andwWaist circumference are given in Tale?2).
4.21 Weight

The mean forNatural and Prostheticequal 87.08 and 85.58), respectively.This result

indicates insignificant difference between the means of Weight.
4.2.2 Height

The mean foNaturalandProstheticequal (.72 and1.73), respectivelyThis result indicates

insignificant difference between the means of Height.
4.2.3 Body mass index (BMi)

The mean forNatural and Prostheticequal £9.40 and 28.61), respectively.This result

indicatesinsignificant diffeence between the means of Body Maiek (BMI).
4.2.4 Waist circumference

The mean forNatural and Prostheticequal (00.72and 100.56), respectively.This result

indicates insignificant difference between the means of Wiatmference.

Table @.2): Results forAnthropometricMeasures

Anthropometric s Subject Number | Mean SD t P value

_ Natural 25 87.08kg 11.46

Weight _ 0.382 0.704
Prosthetic| 25 85.58kg 15.93
_ Natural 25 1.72m 0.06

Height . -0.593 0.556
Prosthetic| 25 1.73m 0.08
_ Natural 25 29.40 3.74

Body mass index (BMI) . 0.629 0.532
Prosthetic| 25 28.61 4,98
Natural 25 100.72cm | 8.72

Waist circumference 0.053 0.958
Prosthetic| 25 100.56cm | 12.33

*Statistically SignificantP value¢ 0.05)
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4.3Health status
4.3.1 Prevalence of chronic diseases among both groups

Table (4.3) explain the prevalence of four chronic diseases which are: Bronchial Asthma,
Hypertension, Arthralgia, and Allergyihere was a significant relationship (0.001) in the
prevalence ofchronic diseases between matuand prosthetic teeth groups, with higher

percentage among prosthetic teeth group.
Nobody of both groups complained of Allergy.

Nineteen(19) participants (76%) from prosthetic teeth group have at least one or more from
the mentioned diseases. Tw(8%) of them have Bronchial Asthma, 1@8%) have
hypertension, and 7 (28%gave Artharalgia.

While, just 7 participants (28%) from natural teeth group have at least one or more from the
mentioned diseases. (24%) participants have Hypertension,(#6%) have Arthralgia, and

nobody had Bronchial Asthma.

Table @.3): Results foprevalence of Chronic Beases

Natural Prosthetic Total P value
CEi)icS)g/;Suegaveany Sl No. (%) No. (%) No. (%)
Yes 7 (28.0) 19(76.0) 26 (52.0)
No. 18 (72.0) 6 (24.0) 24 (48.0) 0.001*
Total 25 (100.0) 25 (100.0) 50 (100.0)
Do you have bronchiasthma? | No. (%) No. (%) No. (%)
Yes 0 (0.0) 2 (8.0) 2 (4.0)
No. 25 (100.0) 23 (92.0) 48 (96.0) 0.245
Total 25 (100.0) 25(100.0) 50 (100.0)
Do you have hypertension? No. (%) No. (%) No. (%)
Yes 6 (24.0) 12 (48.0) 18 (36.0)
No. 19 (76.0) 13 (52.0) 32(64.0) 0.070
Total 25 (100.0) 25 (100.0) 50 (100.0)
Do you have arthralgia? No. (%) No. (%) No. (%)
Yes 4 (16.0) 7(28.0) 11 (22.0)
No. 21(48.0) 18 (72.0) 39 (78.0) 0.248
Total 25 (100.0) 25 (100.0) 50 (100.0)
Do you have allergy? No. (%) No. (%) No. (%)
Yes -- -- --
No. 25 (100.0) 25 (100.0) 50 (100.0) NA
Total 25 (100.0) 25 (100.0) 50 (100.0)

*Statistically SignificantP value¢ 0.05)
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4.3.2 Prevalence of astrointestinal disturbances

Table (4.4) explain the prevalence of fivgastrointestinal disturbanceswhich are:
Constipation, Diarrhedleart burnabdominaldistension, and@bdominalcolic. There was a
significant relationship (0.001) in prevalence of these disturbances betweeal raatd

prosthetic teeth groupsith higher percentage among prosthetic teeth group.

14 participants (56%) from prosthetic teeth group have at least one oiGastwintestinal
disturbances. 936%) of them hadConstipation, on€4%) had diarrhea, 1qQ40%) had heart
burn,two (8%) hadAbdominal distasion, and two hadbdominal olic.

While, just three participants (%@ from natural teeth group haaly Heart bun.

There was significant differences between both groups in getting constip@iif) (and
heart burn@.029, with higher percentage among prosthetic teeth group.

Table @.4): Results foprevalence ofastrointestinal Disturbances

Natural Prosthetic Total P value
Do you have frequent gastro
integtinal disturbozlinces% A (U9 Mg (V) Mg (V)
Yes 3(12.0) 14 (56.0) 17 (34.0)
No. 22 (88.0) 11 (44.0) 33 (66.0) 0.001*
Total 25 (100.0) 25 (100.0) 50 (100.0)
Do you have constipation? No. (%) No. (%) No. (%)
Yes 0 (0.0) 9 (36.0) 9 (18.0)
No. 25 (100.0) 16 (64.0) 41 (82.0) 0.001*
Total 25 (100.0) 25 (100.0) 25 (100.0)
Do you havaliarrhea? No. (%) No. (%) No. (%)
Yes 0 (0.0) 1(4.0) 1(2.0)
No. 25 (100.0) 24 (96.0) 49 (98.0) 0.500
Total 25 (100.0) 25 (100.0) 25 (100.0)
Do you have heart burn? No. (%) No. (%) No. (%)
Yes 3(12.0) 10 (40.0) 13 (26.0)
No. 22 (88.0) 15(60.0) 37 (74.0) 0.025*
Total 25 (100.0) 25 (100.0) 25 (100.0)
32’96’?]‘;2??’6 abdominal No. (%) No. (%) No. (%)
Yes 0 (0.0) 2 (8.0) 2 (4.0
No. 25 (100.0) 23 (92.0) 48 (96.0) 0.245
Total 25 (100.0) 25 (100.0) 25 (100.0)
Do You have abdominablic? | No. (%) No. (%) No. (%)
Yes 0 (0.0) 2 (8.0) 2 (4.0
No. 25 (100.0) 23 (92.0) 15 (96.0) 0.245
Total 25 (100.0) 25 (100.0) 25 (100.0)

*Statistically SignificantP value¢ 0.05)
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4.3.3 Only for Edentulous

The researcher asked fospecial questions for edentulous participants, the first was about
occurrence and severity of gastrointestinal disturbanicessecond was abolaising some of
taste sense, the thidas about weight changesnd the fourth was about type of teeth they

prefer.

Nine participantsfrom 14 who had gastrointestinal disturbances said thabdtkarrence

and/oracuity of signs and symptontameatfter total teeth extraction.

All edentulous participants 100% said that they had lost some taste sense aftieretbtal

extraction.

Thirty six percenpf allece nt u | o u partigipartsgamédsweight after téle extraction,
4% lost weightand 60% had no change in their weight after total teeth extraction.

96% of them preferred natural teeth, and just 4% pref@nasthetic teeth.

Table @.5): Only for Edentulous Participants

Natural Prosthetic Total
Did you observéehat the above
mentioned gastrointestinal sign No. (%) No. (%) No. (%)
and symptoms occurred or
increased after teeth extraction
Yes -- 9 (36.0) 9 (36.0)
No. - 16 (64.0) 16 (64.0)
Total - 25 (100.0) 25 (100.0)
ator ooth exvacton? M09 [No.s) | No.09)
Yes - 25 (100.0) 25 (100.0)
No -- --
Did you observe change in bog
weight after teeth extrgction? N () e () e ()
Increase - 9 (36.0) 9 (36.0)
Decrease - 1(4.0) 1(4.0)
No. change - 15 (60.0) 15 (60.0)
Total - 25 (100.0) 25 (100.0)
What type of teeth you prefer?| No. (%) No. (%) No. (%)
Natural 24(96.0) 24(96.0)
Prosthetic 1(4.0) 1(4.0)
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4.4 Lifestyle
Table (4.6) illustrates some habits and behaviors of participants from both groups.

T

Smokinghabit was investigated,8% of all population were smoker0% of natural
teeth participants were smokers, and 56%rotthetic teeth were smokers.

Nobody of both groups was Vegetarian.

Twenty percentof participantsfrom natural teeth group were use Miswak, while
nobody from the prosthetic teeth group use it.

There was a statically significant (0.048) in presence oineaz among both grosp

Only 12% from natural teeth group have Laziness, while 36% from prosthetic teeth
group have Laziness.

Also there was a statistically significance (0.040) in presence of Forgetful among both
groups.Only 24% of natural teeth group have Forgetful, while 52% of prosttestit

have it.

Sixty percenof natural teeth group were Irate, and 68% from prosthetic were Irate.
Seventy eight percenf all participants practice Walking exercise.

Just 10% of all paitipants practice heavy duty.
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Table @.6): Results folLife style

Life style Natural Prosthetic Total P value
Are you smoker? No. (%) No. (%) No. (%)

Yes 10 (40.0) 14 (56.0) 24 (48.0)

No. 15 (60.0) 11 (44.0) 26 (52.0) 0.198
Total 25 (100.0) 25(100.0) 50 (100.0)

Are you vegetarian? No. (%) No. (%) No. (%)

Yes - - -

No. 25 (100.0) 25 (100.0) 50 (100.0) NA
Total 25 (100.0) 25 (100.0) 50 (100.0)

Usually, do you us&Miswak"? | No. (%) No. (%) No. (%)

Yes 5 (20.0) 0 (0.0) 5 (10.0)

No. 20 (80.0) 25 (100.0) 45 (90.0) 0.025*
Total 25 (100.0) 25 (100.0) 50 (100.0)

Do you complain ofaziness? | No. (%) No. (%) No. (%)

Yes 3(12.0) 9 (36.0) 12 (24.0)

No. 22 (88.0) 16 (64.0) 38 (76.0) 0.048*
Total 25 (100.0) 25 (100.0) 50 (100.0)

Are you forgetful? No. (%) No. (%) No. (%)

Yes 6 (24.0) 13 (52.0) 19 (38.0)

No. 19 (76.0) 12 (48.0) 31 (62.0) 0.040*
Total 25 (100.0) 25 (100.0) 50 (100.0)

Are you irate? No. (%) No. (%) No. (%)

Yes 15 (60.0) 17 (68.0) 32 (64.0)

No. 10(40.0) 8 (32.0) 18 (36.0) 0.384
Total 25 (100.0) 25 (100.0) 50 (100.0)

Do you practice walkin@ No. (%) No. (%) No. (%)

Yes 18 (72.0) 21 (84.0) 39 (78.0)

No. 7 (28.0) 4 (16.0) 11 (22.0) 0.248
Total 25 (100.0) 25 (100.0) 50 (100.0)

Do you practicéneavy duties? | No. (%) No. (%) No. (%)

Yes 3 (12.0) 2 (8.0) 5 (10.0)

No. 22 (88.0) 23 (92.0) 45 (90.0) 0.500
Total 25 (100.0) 25 (100.0) 50 (100.0)

*Statistically SignificantP value¢ 0.05)
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4.5Dietary habits
Table (4.7) illustrates somdietary habits for both groups and explains the differences

between the results.

1 Almost of all population 84% preferred White bread, wheh 1686 preferred Brown.
There werano significant differences between both groups.

1 No significant differencevere shown between both groups in Bag consumption
form. 74% from all population preferred Mushy bread, and 26% preferred Toast.

1 There was a significant difference between both groups in Fruit consumption form
94% of natural teeth group eat unpleeded fruits jast 6% eat fruits pleededhile
72% of edentulous eat plded fruits, 4% mushy, and 24% unpleeded.

1 56% oftotal populatiorpreferredto add two teaspoons of sugar to their tea, 30% add
just one teaspoon, and 14% more than two. Without statisticglyfisant between
both groups.

1 Most of the population 64% prefer Coffee without sugar and 24% with mild sugar.

Without significant differences between both groups.
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Table @.7): Results folSome dietary habits

Natural Prosthetic Total P value
Whichtype of bread is favorite

No. (%) No. (%) No. (%)
for you?
Brown 5 (20.0) 3(12.0) 8 (16.0)
White 20 (80.0) 22 (88.0) 42 (84.0) 0.351
Total 25 (100.0) 25 (100.0) 50 (100.0)
Habitually, which form of bread

No. (%) No. (%) No. (%)
do you prefer?
Mushy 16 (64.0) 21 (84.0) 37 (74.0)
Toast 9 (36.0) 4 (16.0) 13 (26.0) 0.098
Total 25 (100.0) 25 (100.0) 50 (100.0)
Habitually, in which form do

_ No. (%) No. (%) No. (%)
you eat the fruits?
Unpeeled 24 (96.0) 6 (24.0) 30 (60.0)
Peeled 1(4.0) 18 (72.0) 19 (38.0)
0.000*

Mushy 0 (0.0) 1(4.0) 1(2.0)
Total 25 (100.0) 25 (100.0) 50 (100.0)
What about your tea's sugar? | No. (%) No. (%) No. (%)
One spoon 7 (28.0) 8 (32.0) 15 (30.0)
Two spoons 15 (60.0) 13 (52.0) 28 (56.0) 0.838
More 3(12.0) 4(16.0) 7 (14.0) '
Total 25 (100.0) 25 (100.0) 50 (100.0)
How do you prefer coffee? No. (%) No. (%) No. (%)
Sweet 2 (8.0) 1(4.0) 3(6.0)
Mild sugar 7 (28.0) 5 (20.0) 12 (24.0)
Without su@r 15 (60.0) 17 (68.0) 32 (64.0) 0.771
Dislike it 1(4.0) 2(8.0) 3(6.0)
Total 25 (100.0) 25 (100.0) 50 (100.0)

*Statistically Significan{P value¢ 0.05)
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4.6 Food frequency
Table (4.8)explairsfood frequency and some digtar habi t s among both par

1 Prosthetic teeth participantgere founded to avoid eating of so solid fruits, versus
natural teeth participants whehowed more tendencyrhe mean fornatural and
prostheticequal 8.44 and2.80), respectively.

1 Foreat honeythe mean fonaturalandprostheticequal .72 and3.24), respectively.

This result indicates significant difference between the means of eat honey in favor to
prostheticteeth participants

T Both groupso6 participants wer e nieanuforde d t
naturalandprostheticequal 8.52 and3.00), respectively, whout significance.

T Al so bot h gr osonpesnteconsametiriedcfruits. ahe mean fonatural
andprostheticequal .08 and2.72), respectively.

T Both groups6é partici pant the neéntfanaturatanch s u me
prostheticequal ¢.32 and4.08), respectively

T Both groups® parti ci préoadtesough bsineekiethé¢ rheart t h ey
for naturd andprosthetc equal(4.08 and4.32), respectively

1 Prosthetic teeth participants were more interest to brush their dentures after eating.
The mean fomaturd and prosthetc equal(2.56 and 4.52), respectively.This result
indicates significant difference

1 Natural teeth participants showed more tendency to confasie leafy vegetables
the mean fonaturalandprostheticequal .44 and3.84), respectively.

1 For eat rice the mean foNaturd and Prosthett equal(3.96 and 3.64), respectively.

This result indicates insignificant difference between the means of eat rice.

T Rarely, bot h gprefeu dist'6softpdanksthe meap famatural and
prostheticequal (.28 and1.04), respectively.

T Al so rarely, b o tchev gun,dhe mesad fonatard dnd poostheta nt s
equal(1.80 and 1.24), respectively.

1 Natural teeth participants always consume a Idbred during meabnd prosthetic
teeth participants ofterthe mean fomatural and prostheticequal .52 and 4.00),
respectively.

T Someti mes, b ot h prgferdodilfersnaturg jaigethei mean foratutals
andprostheticequal (.80 and2.12), respectively.
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Oof t en, bot h g prefer madd sugaato thematuralpjiace thesmean for
naturalandprostheticequal 8.16 and3.16), respectively.

Someti mes, bot h dgnk watep dung menlthe¢ mean fpratoral s
andprostheticequal .28 and2.16), respectively.

Both groups6é partici pantbheefmea imheunman fos i mi | a
naturalandprostheticequal 8.56 and3.48), respectively.

Also consume similar amounts lainb me& the mean fonaturd andprosthetc equal
(2.24 and2.28), respectively.

Same amounts dfsh too, the mean fonaturd and prosthetc equal(4.00 and 3.80),
respectively.

Also, same amounts ¢foultry, the mean fonaturd and prosthetc equal(3.84 and
3.80), respectively.

Both gr oups @at sgweetst ancc chpcalgteths mean fornaturd and
prosthetc equal (3.60 and 3.44), respectively.This result indicates insignificant

difference between the meanseaft sweets and chocolate
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Table @.8): Results ér Food Frequency

Subject | Number | Mean SD t P value
Do you eat solidruits? ’::;:'[r:;tic 22 ggg 82; 2.764 0.008*
Do you eat honey? ’:ra;:tr::etic ;2 2;2 8;; -2.517 0.015*
Do you eat nuts? Eiztﬁ'&tic ;2 235 cl):gg 1.960 | 0.056
Do you eat dried fruits? Si:{ﬁ;tic ;2 232 82471 1.641 0.107
oty | prosheicl 58408 1|7 | 04T
Ssu)r/?sézlgg,ggsuirzgew E?c:gtrr?;tic 22 jgg 822 -1.218 0.229
dreoty aer aing? [ Prostheic[ 25 Tass 1z |53 |00
egmabies? - [Prosteic s 354 fogo | 5168|000
Do you eat rice? ’F\’I?ot:trr?letic ;2 2:22 8:23 1812 | 0.076
e orostheto[ 23 [Tos oo |67 | 00%
Do you chew gum? ’;I?c::trr?letic ;2 122 832 2.567 0.013*
g mes | Prosteic s ao0 Tar 270|000
el jacer  [prosteicl 55Tzt 1o |12 |02
your naural ice? | Prosieic| 28316 [1e4 000 | 1000
dumameals | Prosnete[2s 216 T1ar 0% |07
Do you eat beef meat? Ei;usjtrr?letic ;2 222 8;1 0.397 0.693
Do you eat lamb meat? E?;ztrstlatic ;2 ;;g 82(1) -0.234 0.816
Do you eafish? Efglsj::letic 22 ggg 828 1.414 0.164
Do you eat Poultry? ';'?;:{riﬁc ;2 2::3 8:2? 0223 | 0.825
(E)r?o)(l:zlljafeag?sweets e ’:ra(::trr?letic 22 222 8%73; 0.714 0.479

*Statistically Significan{P value ¢ 0.05)

51




46Bl ood sugar testsod results
Blood sugar testssampleswere taken immediaty before the trials, andne hour after

consuming chocolate

Then the researcher measure the gap between theeswibsi pr e and post o f o
detect therabidity of glucose metabolisnAnd also the median of the secondukt was

measured and detected.
4.6.1 Masication of solid chocolate byatural teetlgroup

Figure(4.1) detect the gap between blood sugsir iesults before chewing sblid chocolate
immediately(pre), and the results after one hour from chew(pgst) The annex shows very
small gaps between the two results, sometimes there are no gaps, and many times the second

results were lessthan the first.

= Pre ——=Post

160 -
150 -
140 -
130 -
120 -
110 -
100 -
90 -
80 -
70 -
60

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Participants

Blood sugar level

Figure (4.1): First trial for natural teeth volunteers (chewing of solid chocolate)
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4.6.2 Oinking of liquid chocolate byatural teeth group

Figure (4.2) detect the gap between blood sugar test results before drinking of liquid
chocolate immediatel{pre), and the results after one hour from drink{pgst) The annex

shows wide gaps between both results.

= Pre ——=Post

160 -
150 -
140 -
130 -
120 -
110 -
100 -
90 -
80 -

Blood sugar level

60 T T T T T T T T T T T T T T T T T T T T T T T T 1
1 2 3 456 7 8 9 101112 13141516 17 18 19 20 21 22 23 24 25

Participants

Figure (4.2): Second trial for natural teevolunteers (drinking of liquid chocolate)

4.6.3 Masication of solid chocolate byrpsthetic teetlyroup

Figure(4.3) detect the gap between blood sugar test results before chewing of solid chocolate
immediately (pre), and the results after one hour from chewing (post). The annexwstiews

gaps between both results.

= Pre ——=Post

160 -
150 -
140 -
130 -
120 -
110 -
100 -
90 -
80 -
70 -
60 T T T T T T T T T T T T T T T T T T T T T T T T 1

1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24 25

Participants

Blood sugar level

Figure (4.3): First trial for prosthetic téetolunteers (chewing of solid chocolate)
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4.6.4Drinking of liquid chocolate bynosthetic teeth group

Figure (4.4) detect the gap between blood sugar test results before drinking of liquid
chocolate immediately (pre), and the results after one hour frotkiry (post). The annex

shows wide gaps between both results.

e Pre ——=Post

160 -
150 +
140 -
130 -
120 -
110 -
100 +
90 -
80 -

Blood sugar level

60 T T T T T T T T T T T T T T T T T T T T T T T T 1
1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25

Participants

Figure (4.4): Second trial for prosthetic teeth volunteers (drinking of liquid chocolate)
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4.6.5Comparisons

4.6.5.1Comparison of masticatiaiesults betweenatural versuprostheticdeethgroup

1 Gaps betweefipre and postresults

160
150
140
130
120
110
100

90

80

70

Blood sugar level

Natural

=—Pre —=Post

123 45 6 7 8 910111213 14151617 18 19 20 21 22 23 24 25

Participants

Figure (45): Comparison of mastication results between natural versus prosthetic teeth group

Table @.9) shows that the Levene's test was not significant, pvitt0.099. Therefore, we use

Blood sugar level

Prosthetic

——Pre ——Post

123 456 7 8 910111213141516 171819 20 21 22 23 24 25

Participants

independent samplest@ést with equal variances assumed. The value of independent samples

T-Test equal$=-3.701,Sig. (pvalue)= 0.001. So we reject the null hypotrest equality of
means for mastication hyaturalversusprostheticteethgroups.That is, there is sufficient

evidence to conclude that the means of masticatiomhyral versugrostheticteeth groups

are significantly different. That is, there is saint evidence to conclude that there exists a

significant difference between masticationiatural versugrosthetideethgroups.

Since the sign of thetest isnegative then the mean dflood glucose level famastication by

prosthetic teetlgroup is significantly greater thamatural teetlgroup.

Table @.9): Independent SamplesTest forg a p s

bet weermnfeprhouamd bp ®@otd

mastication bynatural versus prosthetieethgroups

Levene's Test for Equality of Variances

t-ted for Equality of Means

F

Sig.(Rvalue)

df

Sig. (Pvalue)

2.828

0.099

-3.701

48

0.001*

* The mean difference is significant a 0.05 level
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Table @.10 shows that the Levene's test was not significant, vith0.131. Therefore, we

use independent samplestést with equal variances assumed. The value of independent

samples TTest equald = -3.503,Sig. (pvalue)= 0.001. So we reject the null hypothesis of

equality of means fomastication by natural versgsosthetic teetlygroups.That is, there is

sufficient evidence to conclude that the meansnaktication by natural versus prosthetic

teethgroups are significantly different. That is, there is sufficient evidence to conclude that

there exists a significardifference betweemastication by natural versus prosthetic teeth

groups

Since the sign of thetest is negative, then the mearbtdod glucose level famastication by

prosthetic teetlgroup is significantly greater thamatural teetlgroup.

Table @.10: Independent SamplesTest formedians offipostone houo blood glucose for mastication by
natural versus prosthetic teeth groups

Levene's Test for Equality of Variances

T-test for Equality of Means

F

Sig. (Rvalue)

t

df Sig. (Pvalue)

2.366

0.131

-3.503 48 0.001

* The mean difference is significant a 0.05 level

4.6.5.2Comparison betweemastication versudrinking resultsamong @tural teettgroup:

1T Gaps

Blood sugar level
=
=
S

bet weem

Chewing

——Pre —=Post

Participants

123 456 7 8 9 1011121314151617 18 19 20 21 22 23 24 25

i grsell drsd post

Drinking
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123 456 7 8 910111213 14151617 1819 20 2122 23 2425

Participants

Figure(4.6): Comparison between mastication versus drinking results among natural teeth group
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Table @.11) shows that the Levene's test was not significant, vith0.892. Therefore, we

use independent samplestést with equal variances assumed. The value ofpemntent

samples TTest equald= -6.199,Sig. (pvalue)= 0.000. So we reject the null hypothesis of

equality of means fomastication versudrinking among natural teethroup. That is, there is

sufficient evidence to conclude that the meanmastication versudrinking among natural

teethgroup are significantly different. That is, there is sufficient evidence to conclude that

there exists a significant difference betwewsastication anddrinking among natural teeth

group

Since the sign ofhe ttest isnegative then the mean dflood glucose level fodrinking of

liquid chocolatggroup is significantly greater than masticatadrsolid chocolatgroup.

Table @.11): Independent SampldsT e s t
mastication versus drinkimmong nat ur al

fo

r

gaps benteavelenughgosdddr maondd post

teet hds

Levene's Test for Equality of Variances

t-test for Equality of Means

F Sig.(Rvalue) t df Sig. (Rvalue)
0.018 0.892 -6.199 48 0.000*
* The mean difference is signifidaan 0.05 level
! Median ofo Mggasctose | evel

group

Table @.12 shows that the Levene's test was not significant, vth0.515. Therefore, we

use independent samplestést with equal variances assumed. The value of independent

samples TTest equald = -3.878,Sig. (p-value)= 0.000. So we reject the null hypothesis of

equality of means fomastication versus drinking among natural teeth grdtat is, there is

sufficient evidence to conclude that the meanmastication versus drinking among natural

teeth groupgroups are significantly different. That is, there is sufficient evidence to conclude

that there exists a significant difference betwesastication versus drinking among natural

teethgroups.

Since the sign of thetést is negative, then the meanbddod glucose level fodrinking of

liquid chocolategroup is significantly greater than masticatairsolid chocolategroup.
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Table @.12: Independent Samplésest formedians offipostone houo blood glucose for mastication versus

drinking among natural teetiroup

Levene's Test for Equality ofVariances

T-test for Equality of Means

F

Sig. (Rvalue)

t

df Sig. (Rvalue)

0.431

0.515

-3.878

48 0.000

* The mean difference is significaat.05 level

4.6.5.3Comparison beveen chewing versudrinking among posheic tegh group:

1T Gaps

bet weem

Chewing

fersae | &rsd

post

Drinking

——Pre ——Post

=—Pre —=Post

Blood sugar level
=
1=
=3
Blood sugar level

123 456 7 8 910111213 14151617 1819 20 21 22 23 24 25 123 456 7 8 910111213 14151617 1819 20 21 22 23 24 25

Participants Participants

Figure (47): Comparison between chewing versus drinking among prosthetic teeth group

Table @.13 showstha the Levene'ses was na significart, with p = 0.813.Therefore, we
use independénsamplesT-ted with equal variances assumerthe value of independéen
samplesT-Ted equalst = 0.813, Sig. (pvalue) = 0.568. So we do norejed the null
hypahesis of equaly of means bsveen chewing versugirinking among prabetic teeh
group. Tha is, there is insufficienevidenceto concludetha the means of chewing versus
drinking among prabetic tegh group are satistically differert. We concludetha means
there is an equivalém blood glucose levelsegween chewing androhking among prabetic
tedh group.

bet weemnfeprhe uarod bpaheanidg gl uc o s e
group

Table @.13: IndependenSamplesT-Tedforg a p s
anddrinking among prdbetic tegh 6 s

Levene'sTed for Equality of Variances t-teg for Equality of Means

F Sig. (Rvalue) t df Sig. (Rvalue)

0.057 0.813 0.574 48 0.568

* The mean difference is significant a 0.05 level
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Table @.14) shows that the Levene's test was not significant, vith0.366. Therefore, we

use independent samplestést with equal variances assumed. The value of independent

samples TTest equalst = 0.437, Sig. (pvalue) = 0.664. So we do noteject the null
hypothesis of equality of means betwerastication versus drinking among prosthetic teeth

group That is, there is insufficient evidence to conclude that the meanastication versus
drinking among prosthetic teeth groape statisticay different. We conclude that means

there is an equivalenth blood glucose levelbetweenmastication and drinking among
prosthetic teeth group.

Table @.14): Independent SamplesTlest formedianso f
drinking among prosthetic teegnoup

fiopnoes thour o

bl ood glucose

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (Rvalue)

df

Sig. (Rvalue)

0.834

0.366

0.437

48

0.664

* The mean difference &gnificant a 0.05 level

4.6.5.4Comparison bigveen chewindpy proghetic teeh group vesus drinking by atural

tegh group:

1T Gaps

Blood sugar level
w
=

bet

weemn fipsealdrsd

Prostheti
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Figure (48): Comparison between chewing by prosth&t&th group versus drinking by natural teeth group

Table @.195 showstha the Levene'ses was na significart, with p = 0.147.Therefore, we

use independénsamplesT-ted with equal variances assumerthe value of independéen
samplesT-Ted equalst = 0.797, Sig. (pvalue) = 0.429. So we do morejed the null

59

f

or



hypahesis of equatly of means beveenchewing by prothetic teeh group versus drinking
by naural tegh group. Tha is, there is insufficiehevidenceto concludetha the means of
chewing byprogheic tegh group vesus drinking by naral teegh group are stistically
differert. We concludetha meansthere is an equivalénn blood glucose levelbeween
chewing by prodheticteeh 6 s g r drinking by mdwkal teeth group.

Table @.15: IndependenSamplesT-Tesforgaps bet weermnfeprhe uamd bpachenidg gl uc o s e
by proshetic teeh group vesus drinking by naral teeth group

Levene'sTed for Equality of Variances t-ted for Equality of Means
F Sig. (Rvalue) t df Sig. (Rvalue)
2.190 0.145 0.797 48 0.429

* The mean difference is significant a 0.05 level

T Median ofo Mgdasctose | evel

Table @.16 shows that the Levene's test was significant, with0.036. Therefore, we use
independent samples-tést with equal variances not assumed. The value of independent
samples TTest equalst = 0.402, Sig. (pvalue) = 0.690. So we do not reject the null
hypothesis of equality of means betwedrewing by prothetic teegh group versus drinking

by ndural tegh groups.That is, there is insufficient evidemd¢o conclude that the means of
chewing by prothetic teeh group versus drinking by twaal tegh groups are statistically
different. We conclude that meatisere is an equivalenh blood glucose levelbetween
chewing by prothetic teeh group anddrinking by naural teeh groups

Table @.16): Independent SamplesTlest formedianso f  fiopnoes thour 6 bl ood gl ucose f

prosthetic teeth group versus drinking by natural tgedhips

Levene's Test for Equality of Variances T-test for Equality of Means
F Sig. (Rvalue) t df Sig. (Rvalue)
4.633 0.036 0.402 41.875 0.690

* The mean difference is significant a 0.05 level
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4.6.5.5Comparison beveen drinking by atural teegh group versa drinking by poshetic
tegh group:

1T Gaps betweenm fiprsaerldrsd post

Natural Prosthetic

—Pre ——Post ——Pre —=Post
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Figure (49): Comparisorbetween drinking by natural teeth group versus drinking by prosthetic teeth group

Table @.17) showstha the Levene'ses was na significart, with p = 0.072.Therefore, we
use independénsamplesT-ted with equal variances assumerthe value ofindependen
samplesT-Ted equalst = 0.109, Sig. (pvalue) = 0.913. So we do norejed the null
hypahesis of equaly of means beveendrinking by naural teegh group versus drinking by
proghetic tegh group. Tha is, there is insufficienevidenceto concludetha the means of
drinking by naural teeh group versa drinking by prothetic tegh group are ttistically
differert. We concludetha meansthere is an equivalénn blood glucose levelbeween
drinking by naural teeh group versadrinking by proshetic teeh group.

Table @.17): IndependenSamplesT-Tesforgaps bet weeronfeprheo uardd bpdoskidg gl uc o s e
by nauralteeh group versa drinking by prothetic teeth group

Levene'sTed for Equality of Variances t-ted for Equality of Means
F Sig. (Rvalue) t df Sig. (Rvalue)
3.393 0.072 0.109 48 0.913

* The mean difference is significant a 0.05 level

1 Median ofo gdasctose | evel

Table @.18 shows that the Levene's test was not significant, vith0.255. Therefore, we
use independent samplestést with equal variances assumed. The value of independent
samples TTest equalst = 0.088, Sig. (pvalue) = 0.930. So we do not reject the null
hypothesis of equality of means betweakinking by naural tegh group versus drinking by
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proghetic tegh group That is, there is insufficient evidence to conclude that the means of
drinking by naural tegh group versus drinking by prib&tic tegh group are statistically
different. We conclude that means théean equivalenin blood glucose levelbetween

drinking by naural teeh group andirinking by proshetic teegh group.

Table @.18: Independent SamplésTest formedianso f  fiopnoes th o ur 0 ot donkidg bygnatural o s e
teeth group versudrinking by prosthetic teethroup

Levene's Test for Equality of Variances t-test for Equality of Means
F Sig. (Rvalue) t df Sig. (Rvalue)
1.326 0.255 0.088 48 0.930

* The mean difference is significant a 0.05 level

6 2



4.6.6Stimulation of naturaltegh by Mi s vafekdoinking of liquid chocol

Figure (4.5 dded the gap b®veen blood sugateg resuts before drinking of liquid
chocolae immedigely (pre), andhe resus ater one hour from using f
minutes for a full minte (pos). The annex shows very small gapsvweenthe two resuts,

someaimesthere are no gaps, and mdingesthe second resisl were lessethanthe fird.

= Pre ——=Post

160 -
150 -
140 -
130 -
120 -
110 -
100 -

Blood sugar level
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Figure (410) : Stimulation tri al f or dnnkihgwfrliguid chbcelatse h by usi |
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4.6.7 Comparisons

4.6.7.1 Comparison beveen mascation versugedh gimulati o n

natural tegh group:

1T Gaps

Figure (41 1) :

Table @.19 showstha the Levene'ses was na significart, with p = 0.147.Therefore, we
use independeénsamplest-ted with equal variances assumethe value of independéen
sampleg-ted equalst=-0.157,Sig. (pvalue)= 0.876. So we do hoejed the null hypohesis
of equalty of means bsveen mascation versustedh gimulation by Misvak usage among
naural teeh group. Tha is, there is insufficieh evidenceto concludetha the means of
magication versustedh dgimulation by Misvak usage among naal tegh group are

statistically differert. We comrludetha meansthere is an equivalémn blood glucose levels

bet weem fipsaldamrsd po

Chewing

——Pre —=Post

123 456 7 8 9 101112131415161718 19 20 21 22 23 24 25
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Comparison

>
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120 4
® 110 |
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bet ween

teeth group
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masticati on

st

Miswak

=——Pre ——Post

Participants

beweenmagication andstimulation by Misvak usage among naal tegh group.

Table (4.19: IndependenSamplesT-Tesforg a p s
magication versus smulation oftegh by Miswak usage among haal teeth group

bet weermnfeprheo uard bpg @motd

b wakofieblits smoig

ver sus

Levene'sTed for Equality of Variances

t-ted for Equality of Means

F

Sig.(Rvalue)

t

df

Sig. (Rvalue)

2.176

0.147

-0.157

48

0.876

* The mean difference is significant a 0.05 level
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Table @.20 shows that the Levene's test was not significant, vith0.925. Therefore, we

use independent samplestést with equal variances assumed. The value of independent
samples TTest equalst = 0.677, Sig. (p-value) = 0.502. So we do not reject the null
hypothesis of equality of means betwemagication versustegh dimulation by Miswak
usage among maral teeh group That is, there is insufficient evidence to conclude that the
means ofnmadication versugdeeh gimulation by Miswak usage among tugal teeh groupare
statistically different. We conclude that means there is an equivaléhbod glucose levels
betweermagication versugedh dimulation by Miswak usage amongtagal teeth group.

Table @.20): Independent SamplesTlest formedianso f  fiopnoes thour 06 bl ood gl ucose for
teeth stimulation by Miswak usage among natural teeth group

Levene's Test for Equality of Variances t-test for Equality of Means
F Sig. (Rvalue) t df Sig. (Pvalue)
0.009 0.925 0.677 48 0.502

* The mean difference is significant a 0.05 level

4.6.7.2 Comparison bsveenteeh gimulation by fiMiswako resuts versus drinkinggmong
natural teeh group

T Gaps betweenm fiprsaerldsd post

Miswak Drinking

——Pre ——Post ——Pre =—Post
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Participants Participants

Figure(412) : Comparison between teeth stimulation by #fMi:

group

Table @.21) showstha the Levene'sed was na significart, with p = 0.229 Therefore, we

use independénsamplesT-ted with equal variances assumerthe value of independéen
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samplest-tes equalst= -5.144 Sig. (pvalue)= 0.000. So we rejédhe null hypthesis of
equalty of means fotedah gimulation by Miswak usag&ersus drinkingamong neural tegh
group.That is, there is sufficiehevidenceto concludetha the means ofeegh gimulation by
Miswak usageversus drinkingamong ngural teeh groupare significatly different. That is,
there is sufficiehevidenceto concludetha there exiss a significahdifference baveenteeh
stimulation by Misvak usageversus drinkingamong n&ural teeh group Sincethe sign ofthe
t-ted is negdive, thenthe mean oblood glucosdevel for drinking group is significatly

grederthanteah gimulation by Misvak usageroup.

Table(4.21): IndependenSamplesT-Tesforgaps bet weeronfeprheo uamd bptethtd gl ucos
stimulation by Miswak usageversus drinkingamong ngural teeth group

Levene'sTed for Equality of Variances t-ted for Equality of Means
F Sig.(Rvalue) t df Sig. (Rvalue)
1.487 0.229 -5.144 48 0.000*

* The mean difference is signifidaan 0.05 level

! Median ofo Mgpasctose | evel

Table @.22 shows that the Levene's test was not significant, vth0.504. Therefore, we

use independent samplestést with equal variances assumed. The value of independent
samples TTest equalsd = -4.460,Sig. (pvalue)= 0.000. So we reject the null hypothesis of
equality of means fateeth stimulation by Miswak ageversus drinkingamong natural teeth
group That is, there is sufficient evidence to conclude that the medastbfstimulation by
Miswak usageversus drinkingamong natural teeth growgve significantly different. That is,
there is sufficient evidercto conclude that there exists a significant difference betteedm
stimulation by Miswak usagend drinkingamong natural teeth grougince the sign of the t

test isnegative then the mean ablood glucose level fodrinking group is significantly
greater thaMiswak usageroup.

Table @.22): Independent SamplesTlest formedianso f  fiopnoes thour 6 bl ood gl ucose for
Miswak usageversus drinkingamong natural teeth group

Levene's Test for Equality ofVariances T-test for Equality of Means
F Sig. (Rvalue) t df Sig. (Rvalue)
0.454 0.504 -4.460 48 0.000
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Chapter 5

Discussion

In this chaper, the researchertt@mpgs to explainthe findings ofthis gudy in the light of
other gudies.The resuls could improvethe undersnding ofthe impad of magication on
glucose mmbolismin Gaza dy, and help in developing policyand determiningheath

promdion and hedh educ#ion adivities.

This study included50 heathy paticiparnts from nearly allareas of Gazaty, to invegigate
the dfect of madication ether by ratural or poghetic teeh on glucose ntabolism Half of
the paticipans wereedenulousbut complete dentures wearevghile the dhers haveanore
than 20 ntural and heahy teeth insidetheir mouhs.

However, t can be concludetha the resuts were m&ched wth ather similar sudies in some
findings andcontradided with others relatetb the reld@ionship béween magication and

glucose mwbolism.
The currenstudy followed asydemaic analysisthus we can commethe following issus:

5.1 Anthropometric measuremeris
Anthropoméric measures (Bight, Weigh, BMI, and Wais$ circumferenceyesuts showed

tha there are insignificardifferences beveen néuralteeh and prothetic tegh groups.

These esuts agreewith a gu d y 0 sts dore Hywrésearchers from Germany andtralig,
and foundtha there is no doubtha the number otegh - independenof wheherthey are
replaced or ntaral - has an impaan BMI (Mack  al, 2008).

Also in a sudy aimedo compare modifidgons of chewing funtion before and &ér baridric
surgery inthree groups of obesetpaits differing in detal gatus. Three groups were formed:
the fully dertiate group,the patially dertate group andhe demure wearer groupthe BMI

d i ddiffér beaween groups wviih differern dertal satus(Godlewski ¢al, 2011).

However, these resuk corradid with resuts of a sudy done byJohanssonand his
colleaguesvho repoted intheir crosssedional fudy on edetulous people aged ¥4 years
tha those who losthe tegh have a higher BMthan derete individuals Johanssonteal,
1994).
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On other hand, 36% of edentulous participants gained weight after complete teeth extraction,
60% had no weigt change, and just one person lost some body weight. The researcher Lee

found thatedentulismwas associatedith aweight gain of >5% in one year (Lee et al, 2004).

This means that edentulous persons gain some weight after teeth extrattiom may

reeted to slow nutrient met abol i sm.asdmlt eover
sample which may affect the resultg,further studies are needed to confirm anthropometric
differences between both groups.

5.2 Correlation of edmtulism with chronic diseases

There was a significarrelationship (0.001) inthe prevalence of chronic diseaseswaen
naural and prothetic tegh groups.19 paticiparts (76%) from praheic tegh group hadat
leag one or more chronic diseas&hile jug 7 paticiparts (28%) from n#ural teeh group

hadat leag one or more fronthe memioned diseases.

These results agree with results of a study was dorserbgearcheirom the department of
prosthodontics in theniversity of North Carolinawhich showed thatompletely edentulous
patients were foureti to be at higher risk for coronary artery plegformation (odds ratio
2.32),to be asthmatic and edentulous in the maxillary arch (odds ratio 10.52), to being
diabetic (odds ratio 1.82), to having rheumatoid &rshfodds ratio 2.27), and to having
certain cancers (odds ratios varying from 1.54 to 2.8pedding on the type of cancer)
(Felton, 2009).

We have to know that the neuropeptidesoactive intestinal polypeptid¥1P) emerges as an
attractive candidatéo treat theimmunopathology of atherosclerosis and myocarditis, and
consequently, to reduce thisk of brain stroke, ischemia and myadial infarct in these
disorders Delgadoet al, 2013)And as knownVIP fibres were distributed in several nerve
bundlesnside natural teeti_(ithmanet al, 1992).

This may means that edentulous persons lost some VIP by their teeth extraction.
5.2.1 Hypetension

Only 6 (24%) patticiparts from naural teeh group hadhigh blood pressure, while a double
number from prabeic teegh group(48%) hachypetension.

These results agree with acrease ct i on al sur veyoO3outhrAdrisanwas s par

doneto detect ifcomplete edentulousness is a risk indicatohfgrertensionCompared with
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the fully dentate respondents, the completely edentulous respondents had mean systolic and
diastolic BPs that were respectively 12 mmHg and 5 mmHg higher. After adjusting for known
risk factors for hypertension in a multiplegistic regression model, being completely

edentulous remained significantly associated with hypertef&im Yusufet al, 2008).

Also agree wih a gudy resuls showedha ederulism increased risk of elémcardiographic
abnormaliies, hypetension, leat failure, ischemic heardisease, tsoke, and adic valve
sclerosigVolzke d al, 2005).

Ontheother hand some neuropeptides which have nerve endings inside natural teeth, have an
effect on blood vessel¥IP is considered agotentvasodilator(Liddle, 2010) and as known
hypertension is ingced by vasoconstriction. Thesearcher suggests thagth extractin may

affect VIP concentration negatively.
5.2.2Arthralgia

When 4 (16%) patticipants of ndural teeh group complained of #iralgia, there were 7
(28%) patticiparts of edetulous group complained oftaralgia.

This result demonstrates that ther@agentialbone loss among edentuloom®rethan natural
teeth participants. This study agree with a study showed ¢in&t loss isan ongoingprocess
following tooth loss (Allen et al 2003).And/or as mentioned before that completely

edentulous persons are at higher riskdwing rheumatoid arthritid-elton, 2009).

Rheumatoid arthritis (RA) and osteoarthritis (O#hich maybe the cause oftlaralgia are
two rheumatic diseases of unknoetiology which development is associated with a chronic
inflammatory response localizeth the synovium of diathrodial joints, leading to a
progressive destruction afticular cartilage and bone. Vasoactintestinal pepde (VIP) has
emerged as a potential candidate for treatment of inflammatona@oinmune diseases.
According to previous studie¥IP modulates diffent preinflammatory pathways exivo in

human RA synovial cellfJarrionet al, 2013).

Also the researchers found thmeneficial effects have been observethWilP, as a potential
therapetic agent with protective effect upon cartilage and bone destructi®h@&umatoid
arthritisandOsteoarthritis PerezGarciaet al, 2013).

Togetherhe researcher thinks that edentul ous pec

when extract their teeth. Because decreased amounts of some neuropeptides like (VIP) was
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shown to associated with some chronic diseasetheother hand this peptide mayotect
people from some serious disordéResearchers from the department of oral cellogy in
Swedensuggestd a possibility that anabolic processes in bone are under neurohormonal
control. Then confirmed that VIPwithout affecting cell proliferation can stimulate
osteoblastialkaline phosphatadsosynthesis and bormeoduli, and enhancealcium content

in bonenoduli (Lundberget al, 1999).

5.3 Correlation of edertulouism with gagrointedinal disturbances

There was a significarrelaionship (0.001) in prevalence of gasintedinal digurbances
between né&ural and prothetic teegh groupsFourteerpatticipans (56%) from prohetic tegh
group have tleas one or moregastrointestinadisturbance.While, jud three paticiparts
(12%) from n¢uraltegh group have only Heburn fromthe memioned Gl disurbances.

In addition, 64% from 14 edentulous participants who complain of Gl disturbances had
gained those disturbances and/or increased acuity of them after complete teeth extraction.

Theseresuts agree wh a sudy resuls showedtha edernulism may increas¢he risk of
gagrointedinal disordergOgerberg &al, 2010).

Al so agree with a stdemdtuwisinscanrlead to intresased rateswoé d
chronic ifflammatory changes dhe gastric mucosa, upper gastrointestinal and pancreatic

cancer, and higher rates of peptic or duodenal ulcers (Sierpinska et al, 2007).
5.3.1Congipation

There was a significant difference between both groups in complaining of constipation
(0.001).9 paticiparts (36%) of proghetic teeh group have comipation, when nobody from
the dher group have.i

Constipation as known related to decreased peristalses or intestinal fluidgncvéBses
intestinal fluidsas mentioned by Rodger Liddel who said tNdP stimulat es pui d

electrolyte sectéon from intestinal epitheliunfLiddle,2010).
5.3.2 Hearburn

There was a significant difference between both groups in having heart 02%.(10
paticiparts (40%) from proshetic teeh group have hetrburn, whenthere are jus3
paticiparts fromthe dher group havet.i
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The researcher thinks that edentul® peopl e may nelw@eptde ater foedn o u g h
ingestion, despite their chewing. In contrast with natural teeth group participants. And this

deficiency may lead to sonteart burn which may due to excess hydrochloric acid secretion

For instance, it has been shown tighicosedependeninsulinotopic polypeptide (GIR)
glucggonlike polypeptide (GLP) amylin, and calcitonin geneelated peptide (CGRP)
induced inhibition of acid secretion rats and bombesimduced inhibition of acid secretion
in miceare mediated through somatostaeleas€Piqueraset al, 2004).

Another important study confirmed the idea that neuropeptides may prevent or limit some Gl
disturbances. @entistsfrom university of Osmangazn Turkeydid a unique trial to explore

the effect ofVIP on gastric ulcer@n in rats. They found thatlP prevented stressaduced

ulcers and mast cell degranulation and protected gastric tissue from lipid peroxidation.
when VIP was used after induction of stress ulcerais therapeutically beneficial (Tuncel et

al, 1998).

So the researcher thinks that teeth extraction may leadetoopepd e s 6 i nsuf f i ci
because vitateeth contain nerve fibers for those peptides which sourly are lokiskng

natural teeth.

5.4 Life gyle
5.4.1 Smoking

Smoking hahiwas invetigated, 48% of all popution were smokers. 40% of naal teegh
paticiparts were smokers, and 56% of pfusic teeh were smokers.

Theseresults show an increase of smoking habits among edentulous particij@atagree
wi t h @ resuttsdadindliiat ®@mpletely edentulous patientgere foundedo be smokers
(odds ratio 2.42)Felton, 2009).

5.4.2Laziness

There was atatically significart (0.048) in presence of Laziness amonghbgroups. Only
12% from né&ural teegh group have Laziness, while 36% frgmogheic tegh group have

Laziness.
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These results agreeith results of a study founthat edentulism associated with decreased
daily function, physical activity, and physical domains of hesdthted qualityof life
(Mollaogla et al 2005).

5.4.3Forgdfulness

There was atdtistically significance (0.040) in presence of Fdfgeamong bth groups.
Only 24% of n&uralteeh group have Forgtil, while 52% of prothetic tegh have .

Numerous studies have linked dementia to the subsequent deteriofatical health. Few
investigators, however, have examined oral disaaseteeth loss gsotential risk factas in

the development of dementia.

Researchers from Umeaniversity in Swedenand Tromsouniversity in Norway worked
together to assess the relationship betweeatural teeth loss and memoryror 273
participants (5680 years old),the researchers concluded thiaé thumber of natural teeth
contributed uniquely and signifiotly to explaining variance {8%) in performance on
measures of episodic memory and semantic mengxientists said thaensory impulse
created by the movement of tjaav and teeth are fed to the area of the brain that forms and
retrieves memories. Those without their own teeth producerfeignals to be sent to this
region, which is called the hippocampustificial dental implants can restore sensory input

"to some extent" but still result in fewer sidméo the brairHansson et al, 2013).

In a longitudinal study of aging and Alzheimdiseasga researchePamela Sparks Stegt

al, conducted a study to investigate a potential association between a history of oral disease
and thedevelopment of dementidhen they foundhat alow number of teeth increased the

risk of higher previence and incidence of dementia, dParticipants with the fewest teeth

had the highest risk of preeace and incidence of dementitein et al, 2007).

Also results of atedy which was done to explaihthereis a relationship betweedental
health and cognitive impairmerghowed thalack of teeth was significantly associated with

cognitive impairment (odds ratio=3.5%%) (Stewart et al, 2007).

And to explain the importance of natural teeth on cognitigiaud Bergdah and other
researchers did acomparison between 211 natural teeth participants and 188 eddihtilous.
results suggest that functional natural teeth relate to relatively presernretiveofyinctioning

in older age Bergdahlet al, 2008.
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In Japan, the reaechers tried to detect the cause of dementia after teethTlussdivided

the rats into thregroups: the first fed solid food, the second fed the same contents of
nutrients food but in powder form, and the third was molar cr@ss group and fed powde
diet. They foundthat the number of cholin@cetyl transferas§ ChAT) positive neurons in
nucleus of the diagonal band/medial septal hucD8/MS of the softdiet group and the
molar crownless group were smallethan those of the controlraup. Nevertheless,
acetylcholine (ACh) concentration in the hippocampus of the molar el@sgngroup was
significantly lower than thadf the control groupSo they concluded that decrease of oral
sensory information may have causededuction in the numbef ChAT-positive neurons
selectively in NDB/MS, which in turn caused a decline of ACh concentraiionge

hippocampus (Terasawa et al, 2002).

A very important study showed that frequency of teeth brush protect people from memory
loss. Researchers fronCalifornia discovered that ehtate individuals who reported not
brushing their teeth daily had a 22% to 65% greater risk of dementia thanthosrushed

three times dailyRaganiniHill et al, 2012).

Neuropeptides too were founded to enhance cognition according to results of a study was
done byresearchers from department @unoscienceén Sweden, and said that@mulating
evidence during the past 40 years has implicated a number of neuropeptiksous
cognitive functions including learning and memohyhas become increasingly clear that
most transmitter systems in the brain can release a cock&gralingmolecules including
classical transmitters and several neuropeptidesaropeptidesn rodent studies indicate that

they are important for various aspects of hippocampal learning and memory as well as
hippocampal plasticity. Recent studies in humans have also shown that dysregulation of these
neuropeptides may be of importance for both roéegenerative and neuropsychiatric
disorders assoaied with cognitive impairment©geOgrenet al, 2009) On the other hand,

VIP and PACAP were founded tpaving the path to better understandiagd better
treatments of prevalent neurodegenerative ncl udi ng Al z heandner 6 s

neuropsychiatric diseases (Gozes et al, 2013).

The researcher suppose that when the people lose their teeth, they also lost some
concentration of neuropeptides which may lead to cognition impairment, this because it
becane clear that loss of natural teeth which contain nerve endings of those neuropeptides,

causes memory loss.
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After these literatures the research@nks that the factor protecpeople from memory loss

is not chewingbecauseomplete denturevearers reque 7 times more chewing strokes than
thosewith natural dentitions to be able to cut food into halit®foriginal size (Michael et al,

1990) . And teeth brush isndét only for <cl ean
many times daily but stilhave higher percentage of dementia, so the researcher thinks that
teeth brush stimulateerve endings which present inside the tooth itself, then sendssigna

the brain. The scientistsaid thatteeth extraction caimmduce cell death in the trigenal
mesencephalic neuron&imoto, 1990), and nut only this but they add thadth pulp
extirpaions induces degenerative changes in primaigeminal axons and in their target

neurons of thenucleus caudalifGobel et al, 1977)So the researcher concluddaat

trigeminal nerve degeneration may be the etiology of memory loss.

5.5Dietary habits and Food frequency

Tables of dietary habits anadd frequency explainetha both groups @aticipants had
nearlythe same diary habis, bu with some differencesihe main difference watha the
paticiparts of proshetic teeh group avoid consuntipn of somevegeables and/or fras
which are so hard or high in fibers.

Both g r o utipimids copmsume altypes of met-which arethe mainsource of Pri@in
and F#& (beef, lamb, pouty and fish) wihou significart differences.

Also bah g r o utwipadts cpnaumethe sametypes of high carbohydia foods
(chocolae, rice dried fruts, nus and bread) wih significaii ncr ease of tidrbr eado

among ntural tegh group paiciparts.

There wadgnsignificart difference baveen bth g r o utipimrds ingha consumgon of
the main source of Calcium (dairy progkgjc

Some of these findings agree with results sfualy done on both white and black edentulous,
and the researchers found thagaelless of race, total energy intake and solid food intake did
not differ significantly between edentate and dentate eldarlgg edentate people consume
less dietary fibersWhite edentate elderly had significantly higher intakesnefts than did
their dentate counterpart, unlike black edentaligerly, who did not have significantly
different intake of meatsom dentate black elderlyAmong blackshowever, intakes of most

dietary fats and several micronwnts were not significantly different between edentate and
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dentate elderly. So the researchdesnonstrated rackdthnic differences in dietary intake
patterngLee et al, 2004).

Also NowjakRaymerand his colleague Sheimdemonstrated that the associatlmtween
dentition and nutrition was independent of age, emegethncity, and socioeconomic factors

(Nowjack-Raymeret al, 2007).

In Gaza, all family members eat together and consume the same cooked food even they were

dentate or edentate. According to thearms and habits.

On the other hand therwas insignificant difference in mastication functionally and as
required between botiroups. This result agree with a result of a study was done to compare
between mastication performance either by natural or complete denture prosthetic teeth , and
the researcher found that just 8edentulous subjects rated their chewing efficieasyoor
(Agerberg et al, 1981).

The results contrast wi t hhe washcitorysperiorchgndesof r e s u
edentulous individuals was osexth of that achieved by dentatedividuals (Osteberg et al

1996) A weakness of ik study was that theontrol subjects were young dentate individuals.
Decreased masticatory performance could be related to age as well as dental status.

The researcher thinks that mastication performance requires more chews to masticate the food
as required among denturesaners groupln other words, edentulous people chew their food

as required before swallowing, but need more time.

5.6Blood sugarteds
After one hour of consurtipn of chocolge (either chewing or drinkingllood ducose level
tedd s tswesedifferent between boh groups ashe following:

5.6.1 Nauraltegh group

To invedigate the effe¢ of madication on glucose ntabolism,two trials were done upon
naturalteeh g r o uigparss (clpewing and drinkingf chocolde).

In chewing or magcation trial the gap beve en A pr e&© arhdke wptea gdrer e s u |
measurednd showed very small gaps teenthe two resuts, somémesthere are no gaps,

and manytimesthe second restsl were lessdhanthe fird.
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These rests indicde arapidglucose m@bolism among rtaral teegh group paiciparts ater
magication process.

While in drinkingtrial for the same pécipans,the gapbeve en A pr & raswerelp ost
measured and showedde gaps beveen boh resuts. These rests$ indicde aslow glucose

metabolism inthe absence of misation.

In addition the meian blood glucose level after chewing trial was lesser thaiteitdrinking

trial.

These rest indicde tha glucose mwbolism in chewingtrial was more rapidthan in
drinking trial. This may reléed to the hypahesistha in humans fod texture migh modify
both preand posabsorpive plasma levels of ni@bolites and hormones, tggg belavior, and

oxidative mdabolism (Laboureteal, 2002).

These rest$ agree wh several restd for sudies doneto invedigate the relaionship

between mascation and blood glucose level.

To evaluze the effet¢s of masication on pogprandial plasma glucose contetion, some
researchers in Japaromparedbetweenusual andthorough matscation among human
subjeds, then they exploredtha thorough matscation elicted a significatlty higher
insulinogenic indexhan usual magation in the normal glucos®lerancegroup paticiparts.

So they confirned their suggeon tha in the normal glucosetolerance groupthe
podprandial plasma glucose contetion upon thorough matication of meal was
significartly lower. On the other hand, plasngucose in thorough mastication decreased
more rapidlythan in usual masticatididuzuki & al, 2005).

A study done by Zhu and other researchersdétermine the influence of masticatory
efficiency on postprandial satiety amflycemi responsg detected some etiologies which
make chewing useful for glucose metabolism. The researabkesl the participants to chew
the same portion of fooeither fifteen or forty times before swallowinghey observed
increase in release of some gut hormonesdilieosedependent insulinotropic peptide (GIP)
and insulin after fifteen chew$he resultsuggest that a higher number of masticatory cycles
before swallowing may provide beneficial effects on satiety and facifitatmse absorption
(Zhu et a) 2013).
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Another study was done elucidae the effets of preferred propges of foodtha affed the
daily masgicatory habts on the onse of lifestyle-relaed diseasesciertists from Japan
invedigated wheher groups of ta coninuously fed wih die having disinct propeties show
differences in glucose rabolism.So they divided the rds into two groups; onlythe pelle
type feed was giveto one (solid diegroup), andhe powdered feetb the dher (powder die
group. The resuls were:the median blood glucose level the 5tweekold ras in the
powder di¢ group was significatty higherthanthose inthe solid di¢group & 30, 45, 60, and
120 min afer glucose loadThe peak inglucose levels remained and the high blood glucose
levelswere sustained longer in the powder diet group than iadhe diet group of ratAfter
these rest they concludedha the ras which had been fed thi solid di¢ andtherefore had
been maticating the feed pletifully enhanced glucose rtabolism(Hashimdo et al, 2011).

HeleneLaboureandcolleaguedried to discover ifthere are plasmand calorimé&ic changes
relaedto foodtexture modificgion in men They used liquid food (puree and liquid rusk) and
consigence food (sandwich loaf and rmixe). They discoveredha the lowes increase in
plasma glucose occurredttvia sandwich loafpodprandial glucoseeachedhe highespoint
earlier afer a miture lunch (845 min)than forthe dher lunches @60 min)andinsulin
changes wre -parallelto glucose changeseachingtheir highes level earlier wih mixture
andsandwich loafat 45 min) than wih puree(at 60 min) However they also discovereithat
respirdory qudient ( RQ) tendedto fall atter puree consumpon and incease aer mixture
consumtgion (Laboure éal, 2002).

So, the foodrequiring a higher masticatory activity enhangkesosemetabolism(Hashimoto
et al, 2011).

Researchers tried to explain the etiology of this difference of glucose metabolism between
more chewing of solid food and lesser chewing of soft food, and they discovered that both
early pancreatic exocrine amhdocrine responses to oral stimulation with viscous or solid
stimuli are greater than those to fluids. Accumulating evidence indicates these early responses
(eg insulin release) modulate postprandial metabolism (eg glucose tolerance) (DiMeglio et al,
2000.

Immediately after gum chewing, Hashimoto and colleagues tested blood sugar, insukn and c
peptide to detect the relation between them and chewing.rélegledhat thegum-chewing

showedan early drop in blood glucose level associated with an eantgase innsulin and
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C-peptide levels, anan early decrease innsulin and Cpeptide values (Hashimoto et al,
2004).

Furthermore, Suzuki and colleaguesestigated the levels of blood glucose and insulin after
consuming a test food according to fredeterminednasticéion protocols and found that
s u f y enasdcation prevents aelevation in the blood glucose level and also increases

insulinresponsivenegs the blood in the early phase (Suzakal, 2005).

A preabsorptive ocephalic phasasulin releasés induced by sensory stimulatiomthe oral
cavity and is involved in the regulation wisulin secretion after meal ingestion in humans
(Teff, 2000).The response occurs within the first few minutes of food ingestion, peaking at 4

minutesand returning to baseline at 10 min before nutrient absorffifhi et al, 1999).

Increase in insulin during h e y r sutesafterOmeahintake did inversely correlatetie

change in glucee levels between 25 and 60 oties This becausélaximal postprandial
hepatic glucose uptake has been shown tadheved at 15 mirtesafter meal ingestion in
dogs; if portal insulin delivery is retarded during the initial minut$er meal intake,
impairment of hepatic glucose uptakéh exaggerated glycemiat 2545 mirutesafter meal

intakewould be expected (Ahren et al, 2001).

Thorough mastication increased insulin secrefrom 5 minutes to @arly 90 minutes, the
major difference occurring at 60 minuteghen insulin increased at most a 1.2 fold in the

peripheral serum, compared with usual mastication (Suzuki et al, 2005).

It has recently been established that the early insaBponse to meal ingestiosaf great
importance forsubsequent glucose toleran¢airthermore, preventioof the earlyinsulin
responseesults inglucose intolerangeand noncholinergic mechanism@iso contribute to the
response, includes several neuropeptidesn parasympathetic nervesn addition to
acetylcholine,such as vasoactive intestinal polypeptide (VIP), pituitatgnyate cyclase
activating polypeptide (PACAP), andyastrinreleasing polypatide (GRP). These
neuropepides are released after vagal nerve activation op#mereas and stimulate insulin
secretion(Ahren et al, 2001).

Karen Teff and colleaguesuggested thiaactivation of theparasympathetic nervous system
(PNS)by foodrelated oral sensory stimulation enhances glucose metabdlanesearchers

demonstrated that when intragastric glucose was paired with a modified sham feed, in which
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subjects tasted, chedieand expectorated food for antn period, glucose tolerance was
improved compared with intragastric glucose alfredf et al, 1996).

Also Teff and colleagues talked about tlude of the parasympathetic nervous system (PNS)

in human glucoregulatiorAnd said thatActivation of the PNS occurs at the onset of and
during food ingestion At the onset of food ingestion, the PNS is activated, eliciting
acetylcholine release at multiple tissue sites, including the pancreas and the liver. Vagal
efferent actiity at the level of the pancreas stimulates neurally mediated insulin and glucagon
release, which results in significant increases of both hormones in the portallkein.
hypothesizd that the combined insuliacetylcholine signal is involved in the rdgtion of

hepatic glucose metabolism, whereas the increased glucagon release maintains plasma
glucose levels that would otherwise drop as sulteof the increase in insulin (Teff et al,
1999).

A study showed thatni response to food intake number of pepdes, includingVIP and
substance P, are likely to be involved in the so called-agmenergic, noitholinergic
(NANC) transmission of the parasympathetic secretory impulgesscientistéound thatthe
reflex mobilization of the NANC mechanismdepended on mastication rather than on taste,
and involved theelease of VIP and substance P (Ekstret al, 1998). This indicate that
mastication induce the cephalic phase insulin release, bettasigdhaseof insulin secretion

is largely mediated by ¢hautonomiaerves (Ahrent et al, 2001).

So the researcher thinks that chewing induces secretion of very important hormones which
play a major role in glucose metabolism, like insulin and incretins, by stimulation of
parasympathetic nervous system andsame neuropeptides which are released by irritation

and rubbing which occur during chewing process.

From other side, the researcher thinks that enhancement okglatetabolism may occur by
inducing of digestion and absorption cdrbohydratesAnd this occur when the pancreatic
amylase find his chance to work well inside gastrointestiaablby increasing its amount
and on opposite side decreasing the amountydfdchloric acid secretion under effect of
some neuropeptides which are released byvicigeand related to parasympathetic nervous

system.

In 1982, the researcher Singbncluded that cyclic adenosine monophosphate rise (due to

VIP effect) increased amylase secretimmi rat pancreatic acinar celSiggh, 1982).
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Also it has been suggestélsht PACAP, acting as a neuropeptide, might playngoortant
role in the regudtion of gastric acid secretiofhis occur by increasing somatostatin release
which mediate acid inhibitiarRelease of somatostatis occur by PACAP and itgelated
neuropeptide VIPboth VIP andPACAP stimulate calcium signaling and somatostadiease
with almost equal efficacyOther neuropeptides that inhibit gastric acid secretionralsase
somatostatin ordve a somatostatidependent nehanism of action. Fdnstance, it has been
shown thatglucosedependent insulinodpic polypeptide (GIR)glucagonlike polypeptide
(GLP), amylin and calcitoin generelated peptide (CGRPnduced inhibition of acid
secretion inrats and bombesimduced inhibition of acidsecretion in miceare mediated
through somatostatin releag@iqueraset al, 2004).

In addition, Mastication is involved in maintaining good motility in the digestive tract by
enhancing physiological gastric motion through the activation of parasympatieeticus
activity. Moreover, adequate mastication facilitates the initial steps of digestion by
stimulating saliva production and activating the cephalic controls that initiate the assimilation
of foods(Godlewskiet al,2011).

5.6.2 Prosthetic teeth group

In both cases (chewing and drinking of chocoldby) edentulous who wear complete
denturesthegapslet ween t wo t e st Dwarethe saind, and Weser wade,a n d

like the results of second naturaéth trial (drinking chocolate).

Also the méian blood glucose level after both trials was the same, and the same of drinking

trial of natual teeth group participants; which waigher than natural teeth chewing trial.

Theseresults indicatehat edentulous participants have differencesin blood sugar results
despite their chewing adn contrast with natural teeth participants who showed a &ignif

differences between chewing and drinking results.
2.6.3Rationalization

When compare glucose levels after chewing by natural teeth with Idteischewing by

prosthetic teeth, sigficant differencesvere found

The researcher suggested that the cause of these differences in blood glucose levels between

natural and prosthetic teeth groups despite the similarity of all things (time, chocolate and

80



chewing;is t he same etiology which make differen
results,and it is the absence of natural teeth.role

The only difference between natural and prosthetic teeth groups is absence of dental nerves
and sensatiarThis leaded the researcher to think ttiegre is a rolén glucose metabolisnof

dental nerves which have neuropeptides related to parasympathetic nervous system, like VIP.
Especially when we know thatany peptidergic nerve fibreim teeth were observedn
association withblood vessels of various sizes)et occurrence oWasoactive intestinal
polypeptide YIP) andpeptidehistidineisoleucing(PHI) immunoreactive fibres lends support

to the hypothesis that human tooth may bepbeg by parasympathetiterves (Casasco et al,
1990). Then Karen Teff and colleaguesuggested that activation of tiparasympathetic
nervous system (PN®)y foodrelated oral sensory stimulah enhances glucose metabolism

(Teff et al, 1996).

VIP and PACAP arenembers of theame neuropeptide superfamiiyamelinket al, 2002).

In rat and human tooth pulps, PACABRmMunoreactive (IR) nerve fibers were observed
around blood vessels and in the subodontoblastic and odontoblastic Gtyeéng other hand,
almost all PACAPIR nervefibers in the human tooth pulp -®@xpressed VIRR and, thus,
thought to be autonomic in natuflehikawaet al, 2003).

So the researcher supposes that prosthetic teeth participants may be lost some sensation by
losing their natural teeth which containune opepti desd nerve endi ngs:s

some delay in glucose metabolism.

It has recently been established that the early insaiponse to meal ingestiomaf great

importance forsubsequent glucose toleranéarthermore, preventioof the earlyinsulin

responseesults inglucose intolerangeand noncholinergic mechanismatso contribute to
insulin responsejncludes several neuropeptideis parasympathetic nervaa addition to

acetylcholine,such as vasoactive intestinal polypeeti/IP), pituitary adenylate cyclase
activating polypeptide (PACAP), andastrinreleasing polypetide (GRP)(Ahren et al,
2001).

Now the question is, canaturalteeth extraction makes the person loose these important
peptides and their nerve endingsich share in glucose metabolism pro¢ess

The answer isvhen a tooth is lost, its periodontal and pskmsory receptors (including

mechanorecepts, proprioceptive receptorspciceptive receptoyand other relateteceptos
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and nerve endings) are also lost (Henry e@05). And the lack of periodontal ligament
mechanoreceptors with their specific functions results in important alterations of the oral
sensory perception skills (Karkazis 200Additionally, the sensory fumions of the
adjacent oral membrantongue membrane, and tdstels are alsaffected and changed by
tooth loss (Boucher et al., 2006).

Also the scienti® said that geth extraction cannduce cell death in the trigenal
mesencephalic neuror{&imoto, 1990), and nut only this but they addhat tooth pulp
extirpaions induces degenerative changes in printageminal axons and in their target

neurons of thaucleus caudali€Gobel et al, 1977).

After this the researcher concluded that tamttraction and/or dental pugxtirpations lead to

loosing of so important nerve endings which may play a role in glucose metabolism process

via conduction with glucoregulated organs like pancreas and liver which are under control of
autonomic nervous sy@h (Yamaguchj 1998). @ ot her hand, prosthet.
same characteristics of natural teatitording to a study showed thaidedontically treated

teeth and dental implanétained prostheses provitksss mechanosengoinformation than

vital teeth (Levy, 2009)Then natural teeth extraction alo$ingthe nerves lead to glucose
intolerance, and may lead to diabetes mellitus according to a stadyed thatunctionally
edentulousubjectswvere at greater risk for type 2 diabetes mellitus thanobesdClearyet

al, 1995).

From other side of this study edentulous participants were founded to be at risk for loose their
memories than dentate participants. And when looking for the cause of thisatre@sction

in the number otholine acetyltransferas@ChAT) positive neurons selectively in NDB/MS,
which in turn caused a decline a€etylecholing(Ach) concentrationsn the hippocampus

which related to a decrease of oral sensory information (Terasawa et al, 2002).

In other words, in psence of natural teettwhich contain nervesacetylcholine will be
increased, and in absence of natural teeth this neurotransmitter will be decdeastxloss
of oral sensory information by losing natural vital teéthe question is, can agétholine

induce glucose metabsim?

And the answer is,lgcosedependent insulin secretion is modulatedsbyeral hormones and
neurotransmitters, among whiefcetylcholine plays a prominent rdi@ilon et al, 2001)At

the onset of food ingestion, the PNS is activated, eliciting acetylcholine release at multiple
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tissue sites, inclling the pancreas and the liver (Teff et al, 199830 In 1986, researchers
explored that eetylcholine stimulates insulin secretion ihetpresence of physiological

concentrations of glucog®eglasson et al, 1986).

So the researcher suggest that natural teeth may induce glucose metabolism by increasing

acetylcholine release, while prosthetic teeth have no effeatetylcholinerelease.

Another rational of this delay in glucose metabolism among prosthetic teethdgsoup
participants despite their mast iscaamantmmed i s i
by Emami and colleaguestho demonstrated thatdentulism canbe accompanied by
functional and sensory fieiencies ofthe oral mucosa, oral musculature, and the salivary
glands(Emami et al, 2013 And as known, in normal casesjequate mastication facilitates

the initial steps of digestion by stimulating saliva pretthn and activating the cephalic

controls that initiate the assimilation of fog@&odlewskiet al,2011).

This means that prosthetic teeth participants are disabkedmete enough saliva which
contain some enzymes that sharing in glucose digestionmetabolism, likd} amylase
(Ptylin) which is secretedy salivary glandsmainly by the parotid glands arstartsthe
digestion of carbohydrateB(tterworthet al, 2011).

We have to pay attention th#tie neuropeptides play an important role in the control of
salivary secretory mechanisms, their normal occurrence and release are of fundamental
importance for the understanding of theaction of the salivary glands (Dawidson et al,
1997).

Taken togetheri t 6 s b e ¢ a mextraatidn eob maturdl leath affect many glucose
metabolisnd snodulators due to decreased oral sensation after losing dental and periodontal

nerve fibersOn the tip of those modulators are neuropeptides.

Andto detect if naturalde et h st i mul ati on af MaiaZubrayck@mndopept i
her colleagues explored that tooth pulp electric stimulation increases mRNA of some
neuropeptides ( eg ZubreyckBeyal 20dl).t he rat 6s brain (

This means thatsemeatobepeptedebodoneerlreasti mul at
inside tooth pulpor the mouth but released in other body parts like brain and maybe

pancreas.
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For this, the researcher went towards doing another trial to detect if there is a role of natural
teeth -which contain nerves in dental pulp glucose metabolism process. The trial was

stimulation of natural teeth by the stick fAM
5.6.4 Stimulationb yMifis wa k 0

The researcher asked natural teeth participants to do one more trial to discbgetea the
role of dental nervén glucose metabolism process by irritate the teeth for one full minute

every 10 minutes and through one hour after drinkirigyoid chocolate.

After the second trial for natural teeth group (liquid chocolate drinkihg)gaps between pre

and postresults were wideand the maian of post blood glucose was higher than chewing
trial. But when the researcher repeated the sameftnathe same participants with one
difference which was Miswak usage, the results surprised him because they were nearly the
same of the first trial (chewing of solid chocolatéhe gaps were very smalpmetimes

there were no gaps amaanytimes the second resuligere leser than the first, with a lesser
medianof post blood glucose level than drinking trial.

These results indicate a rapid glucose metabolism among natural teeth group participants after
teeth stimulation process.

This may agree with results of old study was damel979,by Shetter and his colleague
Sweet who explored thaterebral glucose metabolism evoked by deptdip stimulation in

therat via electrical stimulation (Shetter et 5,79).

This means, that glucose metabolism in some parts of the body may be enhanced without
chewing, but just by stimulation of dental nerves. And this may related to presence of nerve
fibers of neuropeptides like VIP, which increased also by dental iséimalation asMaria
Zubrzyckaand her colleagues explored that tooth pulp electric stimulation increases mRNA

of some neuropept i de sZubfzgchaetalN201B)) i n t he ratds

The question now is, can this mild stimulation of dental nérye ifisMv playdhe same

role of electrical stimulation to induce neu

In 1993,Scientists from Japasuggest thdight stimulationof eyesmay influence the activity
of theautonomic outflows. Effererdctivities of the pancreatic, hepatic, and gastric branches
of the vagus nerve and those of pancreatic, hepatic, splenic, adrenal, and renal branch of the

splanchnic nervewere recorded. Then they concluded thght stimulation modulates
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visceral functims through changes in the autonomic nervous system acti\ligma et al,
1993). We have to know that the tooth contains the same innervations which present in the
eye as mentioned by Gomez who said trettal pulp tissue is not the ontigsue with is
characteristic,lte eyecornea and the tympanic membrane of the ear are alsdnéigutp, of

high neural density (Gomez, 2011).

If the light affected and modulatedsceral functions it 6s mor e accepted

dental nerve by a stick wiflive at least the same results.

Light stimulation trial was done because the authors suggested thaistaerenportance of
retino-hypothalamic pathwayand there is also a direct relationship between dental pulp and
the hypothalamus as demonstrated Rtz Carsonwho said that there i@ coordhated
intervention between theentralnervous gstem and the endocringstem, the hypothalamus

and hypophysigland may be related with some of the events that occur in the pulp during a
symptomatic periodgstablishes an interesting relationship betweerendocrine system and

the dental pulgCarsonet al,2007) As it 6s known, t hat natur al
fibers, and we have to know theatlense PACAP immunoreactive fiber network present in the
suprachiasmatic nucleus suggests the presence of PACAP in retinal ganglion ceits, that
PACAP has to be preseintthe retinohypothalamic tract (Koves, 2013).

Neural mechanisms play an important although not so succinct a role in thal@gertrol d
exocrine secretionof the pancreas A complex relationship exists between the
parasympathetic nervous system and the release of the hormones and their effect on

pancreatic acinar and duct cel&irfghet al, 1978).

Pancreaticislets are richly innervated by parasympathetic, sympathetic, and, sensory nerves
and these nerves have beeaowgh to be of importance for thhegulation of islet functionThe
neuropeptides vasoactive intestinal polypeptide (VIP), pituitary yddicyclase ativating
polypeptide (PACAP), and gastrin releasing peptide (G&k®in the parasympathetic nerve
terminals These neuropeptides may mediate activation of the autonomic nerves on islet
hormone secretion. Thus, insulin secretion stimulated by parasympatleetes may be
mediated by VIP, PACAP, and GRP, which all stimulate insulin secr@ioren, 2003).

The researcher suggest that there is a relationship between VIP and RhicAmave nerve
endings in natural teeth, and pancreatic functidmsl this elationship increased by dental

nerve stimulation either by solid foods and/orfiMiswako.
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On other hand, scientistemonstrates the ability of human amniotic fluid stem cells and
human dental pulp stem cell to differentiate into inspliaducing cells,offering a non

pancreatic, lownvasive sourcef cells for islet regeneration (Carnevale et al, 2013).

This similarity between dental pulp tissue and pancreas tissue, may lead to think that there is a

closed and unique relationship between the boghans.
5.6.5In general

Glucose metabolism was found be increased after chewing, but just among natural teeth
group participants, despite the prosthetic teeth participants chew their food several times more
than othersas some researchamgisteredthat complete denture wearers need about seven
times more masticatory movements to achieve equabeuof sample parts (Markovic et al
1999).This more chewsnean that prosthetic teeth group are supposed to have the chance to
stay the food more additiondime in their mouths to manipulate it and then increase
stimulation of oral sensation which will lead to enhancement of glucose metabolism
Godlewskiand colleagues demonsterated tinateéasing the number of chewing cycles leads

to an increase in théme food is manipulated in the mouth that, in turn, could possibly trigger

the cephalic reflexeGodlewskiet al, 2011)Buti t 6 s appear s that <chewi

among theprosthetic teeth participants

Delay of glucose metabolism after chewing firosthetic teeth, leads the author to say that
edentulous participants thdost more than just teeth after extraction but alsodoste of the
unigue neuroendochrine coordination. As demonstrated in a study which sthenszhsory
functionsof the adjaentoral membrane, tongue membranad taste buds are alsdfected

and changd by tooth loss (Boucher et &006).1 n our present study,
edentulous participants had lost some of their taste sense after total teeth extraction.

Also loss of teeth causes loss of periodontal receptors consequently damaging the source of
information which, as long as teeth are present, travels from the oral cavity towards the

central nervous syste(varkovic et al 1999).

So masti cat i inducegllcosa metabalisensasdedired, but this act must be done
by natural teeth to obtain this characterisfibis suggestion was confirmed when natural
teeth stimulation by Miswak, enhanced glucose metabolism, nearly as the saust as

chewing by natral teeth.
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Natural teeth is a live sensory organ which contains nerve endings for many neuropeptides
which have roles in glucose metabolism like VIP and PACAP which related to autonomic

nervous systemndghikawaet al, 2003).

Also natural teeth hav&lechanoeceptorswhich are sensory end orgaiisat respond to

mechanical stimuli such @snsion, pressure, or vibration (Levy, 2009).

Experimentsuggese ndodonti c procedures may vibratiomst pat |
associated with texturalssessment of objects with their teetihd demonstraté that vital

maxillary and mandibulaincisors encode vibrations and endodontically treated teeth lack the

ability to encode vibratios (Robertson et al, 2003). So, what we can say about teeth
extractbn which will lead to losing of several thingghen a tooth is losts periodontal and

pulp sensorly receptors (includingnechanorecepts, proprioceptive receptors, nociceptive
receptorsand other retedreceptos and nerve endings) are also loserH et al,2005).

And the lack of periodontal ligament mechanoreceptors with their specific functions results in

important alterations of the oral sensory perception skills (Karkazis 2002)

After teeth extraction, the periodontal tissues cannot play the ralatofal teeth sensation,

this becaus¢he neurophysiologic properties of intradental pedodontal mechanoreceptors

are functionally different.Intradental mechanoreceptors are atdeencode mechanical
vibrations have rapidlyadapting response characteristics and encode vibrations throughout a
wide frequency range. Periodontal mechanoreceptors have slowly adapting response

characteristics and encode only lower vibration frequertlgeyg, 2009).

All of this decide that there are particular roles of natural teeth in several things, especially in
glucose metabolism, this because natural teeth absence may leads to glucose intolerance and

diabetes mellitus type learyet al 1995).

Stimulation of natural teeth by Miswak leads to rapid glucose metabolism as demonstrated.
For this the prophet Mohammegeace of Allah be upon him, preventedting Moslims to

use it afternoon, this maybe because stimulation at thisitinvlich the person complamof
hypoglycemia, may induces glucose metabolism of the little am@iugtucoseremained,

then severe hypoglycemia may occu®n other hand this stimulation may increase VIP
release which considered as vasodilator, and relea$itiys peptide at this time when the

person complains of some fluid deficit, may lead to hypotension.
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Chapter 6

Conclusion

This chaper addresseshe main conclusions ahe study. In the present study, glucose
metabolism after masticatiaither bynatural or prosthetic teeth, was investigatedssessed
among 50 participanteho were divided into two groups, 25 of them were edentulous but
compl ete denturesd wearers, and the other

teeth. All partici@nts aged between 45 to 65 years.
We can conclude the following:

1. Therearesignificant differences glucose mmbolism resus béween mascation by
naural andor proghetic teegh, when prosthetic teeth participants have higher levels.

2. Median bloodsugar level post chewing was lesser than it post drinking.

3. Madication by ndural teegh which comain derial pulp which includes nervesnhance
glucose mwbolism.

4. Completeedernulous personsvho wear complete prosthetic denturead nearlythe
sameresuts of nonchew persons who havetoeal tegh, and boh typeshad delay in
glucose mwbolism.

5. Stimulatonofnat ur al t eedh blf Misvakbgpvetbet resdis whichnearly
the same whethey chewed.

6. Edertulous subjects had chronic diseases (hypssion, bronchial &dsma, and
arthralgia) morghan nauralteeh 6 s peopl e.

7. Gagrointedinal disturbances(condipation, Colic, digension, and hetaburn) were
more common among edetous volurneers.

8. Edertulous subjectsomplain of laziness motean nauralteeh 6 s per sons.

9. Edenulous voluneersas demonstratedomplain of forgdul and potential memory

loss,morethan nauraltegh 6 s teessl u n
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Chapter 7

Recommendaions

Some recommentians drawn fronthe resuis ofthis gudy, this pat dirededto bah clierts
and hedh care providers.tlprovides percdpns of wha they can dao enhance glucose

metabolism.

7.1 Recommendations for clients

1. Active or thorough chewing is recommended to enhance gluetsbolism.

2. Itd s r e c o mmmeenMiswak for all people who havetumal teeh, especially
those who complain of prediaiecase.

3. Itd s recommended for p e r srantesinal widuobanceso mp | a i
(congipation, heat burn, éc.) to chewthoroughlytheir food and use Miswak.

4. To reduce body weight it is recommended to choose solid texture foods and chew
them thoroughly.

5. To avoid cardiovascular diseases, it may be useful to chew food well and use Miswak.

7.2 Recommendations for health prfessionals

1. Heath care professionals hateexplain chewing benégito their clierts.

2. Chewing benefits must be explained in mass media for the populations.

3. Dertists haveto be more careful when deal ttvi denial pulp, and avoidtooth
extradion aspossible.

4. Itb s r e c o nondemuldes abmaose péents deah to promde digesion and

absorpion, and enhance glucose taigolism.

7.3 Recommendaions for further research

1. There is a need for ftirer researchds exploretherolesof dertal nerves
2. More studies are needed to confirm the relation between natural teeth and glucose

metabolism.
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Further researches are neededdded the relaionship béween neurpeptides and
glucose m&bolism.

. Another studies are needed to recognize natural teeth stimulation effegstemic
neuropeptidesd rel ease.

Further researches are needed explain the reldionship béween tegh loss and
chronic diseases.

. There is a need for ftirer researche® explainthe relagionship béween edetulous

and gasointedinal digurbances.

. Also further researches are needed to detect the relation between teeth loss and

memory loss.
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Annex (1): Dietary questionnaire

Dear volunteer

|l 6m t he r esear che assemhblyronaake alresearshastidy aboyeffett
of mastication either by natural or prosthetic teetth@manglucose metabolispin the Gaza
city, supervised program of Clinichlutrition at Al Azhar University.

To do this study as desired, we will take some blood samples to measure your blood sugar,
also we will ask you some questismbout yourself, your family, your dietary habits, make
some anthropometrimeasuresAlso, someblood samples will be taken during the study
period.

The filling of this questionnaire will take about fifteen minutes. Any information will be
granted, will remain confidential and kept secret will not be seen except by a research team.

You are not obliged to answer any question @isd nor participation in thistudy

Serial number:

Teeth type: Natural

Prosthetic

Thanks

Researcher

Hammam |. Nasman
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Part one (Demographical data):

1. Age.iii

2. Gender: Male Female

3. Education level: llliterate Prim. Prep.

4. Address: (N)Rimal (S)Rima | Radw.
Toff Sabrah Nassr

5. Marital status Single Married Wido.

Part two (Anthropometric measures):
1. Weight (kg): ..oooooviiiiii
2. Height (Miter): ......................
3. Body mass index (BMI): ............
4. Waist circumference: .................
Part three (Health status):

1. Do you have any chronic disease?

Yes No

If the answer "Yes', please answer the following questions:
A Do you have bronchial asthma?
A Do you have hypertension?

A Do you have arthralgia?

. I | -
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Second.

Shijaia

Beach camp

Divorsed

Univ.

Zait

Yes

No

Yes

No

Yes

No

No




