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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 of this process may lead to
glucose intolerance and then critical complications. Many researchers‟ efforts were spent to
enhance glucose metabolism and prevent its intolerance. Recent studies showed a relationship
between mastication and glucose metabolism, but more illustrations are needed. Natural and
vital tooth is the main functional and mechanical organ in mastication, and it may has an
important role in glucose metabolism because it has nerve fibers related to autonomic nervous
system. Objectives: This study aimed to investigate the effect of mastication on glucose
metabolism, role of natural teeth, risks of teeth extraction even if replaced by prosthetics, and
to recognize the importance of chewing by natural teeth in glucose metabolism process.
Methodology: A prospective cohort experimental study was conducted in the Gaza city, 50
healthy participants were included in this study, 25 of them had natural healthy teeth, and 25
had complete prosthetic dentures. Data was collected through direct methods that included
hematological results and anthropometric measures, and indirect methods through a structured
interview questionnaire. Results: Among natural teeth group there were significant
differences (p-value) = 0.000 between chewing and drinking results, showed higher results
after drinking even in gaps which demonstrate rapidity of glucose metabolism in reciprocal
relationship, or in median of post blood glucose levels. Among prosthetic teeth group there
were no significant differences at all, (p-value) = 0.568 for gaps, and (p-value) = 0.664 for
median. Chewing and drinking results of prosthetic teeth group were the same of natural teeth
drinking results. Stimulating natural teeth by “Miswak” showed similarity with natural teeth
chewing results (p-value) = 0.876 for gaps, and (p-value) = 0.502 for median. In addition,
complete denture wearers were found to have higher percentage of chronic diseases and
gastrointestinal disturbances. Conclusion:

The study contributes in highlighting the

relationship between mastication and glucose metabolism. Mastication was founded to
enhance glucose metabolism only if done by natural vital teeth. Also stimulation of natural
teeth by “Miswak” enhanced glucose metabolism. While prosthetic teeth showed no
difference. This confirms an important role of natural teeth in glucose metabolism
enhancement.

Recommendation:

Encouragement of thorough

chewing of

encouragement of “Miswak” usage, and serve dental nerves.
Key words: Mastication, Glucose, Metabolism, Tooth, Prosthetic, Miswak.
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foods,

هلخص الذراست
دراست هعوقت حىل تأثيز هضغ الطعام سىاء باألسناى الطبيعيت أو اإلصطناعيت ,على التوثيل الغذائي (اإلستقالب)
للدلىكىس في خسن اإلنساى
نبذة قصيزةٝ :عزجش اىزَضٞو اىغزائ ٜىيجي٘م٘ص عَيٞخ دٝ٘ٞخ غبٝخ ف ٜاألَٕٞخ رذذس ف ٜمبفخ خالٝب اىجسٌ ثطشٝقزٕ٘ ِٞائٞخ أٗ
ال ٕ٘ائٞخ .أ ٛخيو فٕ ٜزٓ اىعَيٞخ اىذسبسخ قذ ٝؤد ٛإى ٚاػطشاة ٗ عذً اسزقشاس ىَسز٘ ٙسنش اىذً ٗ ,اىز ٛرزجعٔ
ٍؼبعفبد جسَٞخ .اىنضٞش ٍِ اىجبدض ِٞثزى٘ا جٖ٘دا ٍؼْٞخ ىزسٖٞو ٕزٓ اىعَيٞخ ٗ اىذٞي٘ىخ دُٗ اػطشاثٖب .دساسبد
ٍعبطشح دذٝضخ أغٖشد ٗج٘د عالقخ ثٍ ِٞؼغ اىطعبً ٗ رَضٞو اىسنش ,إال أّٖب ال رضاه غٞش مبفٞخ .اىعؼ٘ اىشئٞس ٜفٜ
عَيٞخ اىَؼغ ٕ٘ اىسِ اىطجٞع ٜاىذ ٗ ٛ٘ٞاىز ٛسثَب ٝنُ٘ ىٔ دٗس ف ٜرَضٞو اىسنش الدز٘ائٔ عي ٚأىٞبف عظجٞخ رْزَٜ
ىيجٖبص اىعظج ٜاىالإساد .ٛاألهذافٕ :ذفذ ٕزٓ اىذساسخ إى ٚاىجذش عِ مضت فٍ ٜذ ٙرأصٞش اىَؼغ عي ٚرَضٞو اىسنشٗ ,
دٗس األسْبُ اىطجٞعٞخ ف ٜرىلٍ ٗ ,خبطش خيع ٕزٓ األسْبُ دز ٚى٘ رٌ اسزجذاىٖب ثأخش ٙاططْبعٞخ .مَب ٕذفذ إى ٚإثشاص
اىذٗس اىٌَٖ ىَؼغ اىطعبً ثبألسْبُ اىطجٞعٞخ عي ٚاىزَضٞو اىسي ٌٞىيسنش .الونهديتٕ :زٓ اىذساسخ ٕ ٜدساسخ ر٘قعٞخ رجشٝجٞخ
ث ِٞاألرشاة ,أجشٝذ فٍ ٜذْٝخ غضح ٗ اشزَيذ عي ٍِ 50 ٚاىَزط٘ع ِٞاألطذبءّ ,ظفٌٖ ىذ ٔٝأسْبُ طجٞعٞخ ال ٝقو عذدٕب
عِ  ٗ ,20اىْظف اٟخش أدسد ٗ َٝزيل طقٌ أسْبُ اططْبع ٜمبٍو ٗ .قذ رٌ جَع اىجٞبّبد ثطشٝقز ,ِٞاىطشٝقخ اىَجبششح ٗ
رىل ثفذض ٍسز٘ ٙاىجي٘م٘ص ف ٜاىذً ٗ أخز قٞبسبد اىط٘ه ٗ اى٘صُ ٗ غٞشٕب ٗ ..اىطشٝقخ اىغٞش ٍجبششح ٍِ خاله اإلجبثخ
عي ٚأسئيخ اسزجبّخ ٍذنَخ ٍِ إعذاد اىجبدش .النتائح :أغٖشد اىْزبئج أّٔ عي ٚطعٞذ أطذبة األسْبُ اىطجٞعٞخ ٘ٝجذ فشق
ٗاػخ ثٍ ِٞؼغ اىطعبً أٗ ششثٔ عي ٚرَضٞو اىسنش إر مبّذ ّسجخ اىخطأ ( ,)0.000دٞش أُ اىْزبئج أغٖشد ٍذ ٙارسبع
اىفج٘ح ث ِٞاىقشاءر ِٞاىقجيٞخ ٗ اىجعذٝخ ىسنش اىذً ف ٜدبىخ اىششة عْٖب ف ٜدبىخ اىَؼغ ,مزىل مبُ ٍز٘سط سنش اىذً ىيقشاءح
اىجعذٝخ أعي ٚف ٜدبىخ اىششة .أٍب ثبىْسجخ ألطذبة األسْبُ اإلططْبعٞخ فيٌ ٝنِ ْٕبك فشق ث ِٞعَيٞخ ٍؼغ اىطعبً ٍِ
عذٍٖب ,دٞش مبّذ ّسجخ اىخطأ ( )0.568ىيفج٘ح ث ِٞاىقشاءر )0.664( ٗ ,ِٞىَز٘سط اىقشاءح اىجعذٝخ ىسنش اىذً ٗ ,مبّذ
اىْزبئج ف ٜاىذبىزٍ ِٞشبثٖخ ىْزبئج عَيٞخ اىششة ىذ ٙأطذبة األسْبُ اىطجٞعٞخ .إسزضبسح عظت األسْبُ ثبىَس٘اك آرذ ّزبئج
ٍشبثٖخ جذا ىزيل اىز ٜريذ عَيٞخ اىَؼغ ثبألسْبُ اىطجٞعٞخ ,دٞش مبّذ ّسجخ اىخطأ ( )0.876ىيفج٘ح ث ِٞاىقشاءرٗ ,ِٞ
( )0.502ىَز٘سط اىقشاءح اىجعذٝخ ىسنش اىذً .اىجذٝش ثبىزمش أُ أطذبة األسْبُ اإلططْبعٞخ مبّ٘ا ٝعبُّ٘ ثشنو أمجش ٍِ
األٍشاع اىَضٍْخ ٗ اػطشاثبد اىجٖبص اىٖؼَ .ٜاالستنتاج :سيطذ اىذساسخ اىؼ٘ء عي ٚإَٔٞخ اىعالقخ ثٍ ِٞؼغ اىطعبً
ٗ رَضٞو اىسنش ف ٜجسٌ االّسبُ ,دٞش ٗجذ أُ اىَؼغ ٝذسِ رَضٞو اىسنش إُ رٌ فقط ثبألسْبُ اىطجٞعٞخ اىز ٜرذزفع ثأىٞبفٖب
اىعظجٞخ ,مَب ٗجذ أٝؼب أُ اسزضبسح ريل األسْبُ ثبىَس٘اك ٝذسِ رَضٞو اىسنش .ثَْٞب ال ٘ٝجذ فشق  ِٝعَيٞخ اىَؼغ أٗ
اىششة عي ٚرَضٞو اىسنش ىذ ٙأطذبة األسْبُ اإلططْبعٞخٕ ٗ ,زا ٝضجذ ٍذ ٙإَٔٞخ ٗ فبعيٞخ األسْبُ اىطجٞعٞخ ف ٜرذسِٞ
ٗ صٝبدح رَضٞو اىجي٘م٘ص ف ٜجسٌ اإلّسبُ .التىصياث :رقزشح ٕزٓ اىذساسخ اىزشجٞع عيٍ ٚؼغ اىطعبً ٗ اىذش عي ٚاسزعَبه
اىَس٘اك ٗ ,مزىل اىذشص عي ٚاىذفبظ عي ٚعظت األسْبُ.
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Chapter 1
Introduction
1.1 Research Background
Human physiology as it is known and interpreted nowadays, arises from man's need to
explain the adaptations that suffers his body against the constant changes in the surrounding
environment, from the possibility of being born, grown, multiplied and died, from the
ingenious way to survive despite having a terrible disadvantage since birth. From a
philosophical point of view, it could take a long time discussion about the engine that drives
him to investigate, learn and know. It could be corroborated in each methodology, in each
new study, that the human body must have been created by something or someone who really
knew what he was doing, something or someone who knows the complete piece of work in
the most intimate and unimaginable way.
Inside human body, there are components that are much smaller than a cell, and that their lack
or excess produces an imbalance that sometimes becomes the cessation of vital metabolic
functions. These microscopic elements are critical to make every organ, every tissue, every
cell fulfill their specific function, and all functions, more or less pronounced, contributed to a
common purpose that is homeostasis, that is to say, precisely this desire to preserve the living
man with the integrity that characterizes him.
In this study the researcher talked about a very important process, he talked about glucose
metabolism, and when this vital process is mentioned many things must be remembered,
things which control this very important process, like insulin, amylin, glucagon, incretins,
amylase and several other hormones, enzymes and peptides.
Any disturbance which affect the coordination between these hormones and enzymes may
threat the life by causing dangerous complications.
The most famous type of glucose metabolism disturbances is diabetes mellitus type 2, which
is a serious metabolic disease that comprises 90% of people with diabetes around the world
who are 347 million people (WHO, 2013).
The body in T2DM doesn‟t make or use insulin well. Insulin is a hormone that helps glucose
gets into the cells to give them energy. Without insulin, too much glucose stays in the blood.
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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 hormone insulin,
becomes less effective at lowering blood sugars. The resulting increase in blood glucose may
raise levels above the normal value 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 respond adequately to circulating insulin, blood glucose levels rise
(Goutham, 2001).
Insulin resistance can be linked to diabetes 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 various health professionals to avoid these problems and to treat
or limit their complications.
In this study the researcher talked about a simple method to prevent glucose metabolism
disturbances, depends on encouragement of thorough mastication, especially if done by
natural teeth.
When talking about mechanical digestion, mastication is the first steps in ingesting food, it‟s
an in-mouth fragmentation process in which food is broken, ground or crushed by the teeth to
prepare for swallowing and digestion (Kobayashi et 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 addition, mastication stimulates salivation and
enhances orosensory stimulation (Li, 2011).
Mastication and swallowing not only prepare food for passage from the oral cavity to the
esophagus but are also important in terms of subsequent events that occur in stomach. It has
been proposed that autonomic nervous activity might be involved in mastication and
swallowing, this because the researchers founded that autonomic nervous activity is reduced
in patients who are unable to masticate and swallow food, resulting in adverse effects on
gastric motor function and excretion function (Kimura et al, 2006).
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Taken together, mastication is implicated in the modulation mechanism for eating behavior,
as well as in biological changes upon absorption of food via the digestive tract. It is also
considered that masticatory stimulation affects the central nervous system (Hashimoto et al,
2011).
Recent studies shown that there is a direct relationship between mastication and glucose
metabolism. Hidehiko Suzuki and his colleagues discovered that in the normal glucose
tolerance group of people the postprandial plasma glucose concentration upon thorough
mastication of meal was significantly lower when compared with usual chewing (Suzuki et al,
2005).
Also Hashimoto, Matsuda, and others explored that the median blood glucose level in the 51week-old rats in the powder diet group was significantly higher than those in the solid diet which require more chewing- group at 30, 45, 60, and 120 min after glucose load (Hashimoto
et al, 2011).
Mastication triggers a unique and complex neural control system, as part of this process,
mechanoreceptor is the unconscious sensing or conscious perception of touch or mechanical
displacement caused by stimuli such as tension, pressure, and vibration. Endodontically
treated teeth and dental implant-retained prostheses provide less mechanosensory information
than vital teeth (Levy, 2009).
The main functional organ in mastication process is the tooth. Natural tooth contains dental
pulp while prosthetic one doesn‟t. The 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
components (Ebenezar, 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 studies of various patient groups (e.g. patients
with dental implants) that important sensory-motor functions are lost or impaired when these
receptors are removed during the extraction of teeth (Trulsson, 2006).
When a tooth is lost, its periodontal and pulp sensor y receptors (including mechanoreceptors,
proprioceptive receptors, nociceptive receptors, and other related receptors and nerve endings)
are also lost (Henry et al, 2005).
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The lack of periodontal ligament mechanoreceptors with their specific functions results in
important alterations of the oral sensory perception skills (Karkazis, 2002).
Additionally, the sensory functions of the adjacent oral membrane, tongue membrane, and
taste buds are also affected and changed by tooth loss (Boucher et al., 2006).
Emami and colleagues demonstrated that edentulism can be accompanied by functional and
sensory deficiencies of the oral mucosa, oral musculature, and the salivary glands (Emami et
al, 2013).
Also total or partial tooth loss is obviously related to deterioration in general health, reduction
in physical, psychological and social capability (Mack et al, 2008).
Functionally edentulous persons lose some important thing by losing dental pulp, then can be
at risk for glucose metabolism disturbances which will lead to type 2 diabetes mellitus
according to a study showed that functionally edentulous individuals were at significantly
greater risk for type 2 diabetes mellitus (Cleary et al, 1995).
And as so as persons who swallow their food rapidly without sufficient chewing, according to
new research was done by researchers from Lithuanian university and showed that people
who wolf down their food are two and a half times more likely to suffer from type 2 diabetes
than those who take their time (Radzeviciene et al, 2012).
Also people who consume soft foods which require less chewing are at risk for glucose
intolerance, according to an important study said that the removal of fiber 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 inappropriate insulin release (Haber
et al, 2003).
On the other hand, chewing of solid foods increases insulin release and enhance glucose
metabolism, according to results of a study showed that both 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 release) modulate
postprandial metabolism (eg glucose tolerance) (DiMeglio et al, 2000).
The researcher suggest that natural teeth may play an important role in glucose metabolism
process because they contain nerve endings for some neuropeptides which related to
parasympathetic nervous system, that may play a role in digestive and absorptive processes,
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then in glucose metabolism e.g Vasoactive Intestinal Polypeptide (VIP) which stimulates
insulin secretion significantly in the presence of constant physiological concentrations of
glucose (Schebalin et al, 1977).
The above mentioned facts lead the researcher to focus on mechanical interaction which done
by thorough mastication of food or may be done by stimulation of dental nerve via something
like “Miswak” and its action upon glucose metabolism among healthy human volunteers. And
he found significant positive results about mastication benefits on glucose metabolism.
1.2 Research hypothesis
The researcher hypothesized that mastication of food enhance glucose metabolism. Also 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 be done even by teeth contain
nerves or don‟t. But the nerves have another important roles in digestive process, like glucose
homeostasis.
1.3 Justification
Insufficient chewing may lead to diabetes mellitus and people who wolf down their food are
two and a half times more likely to suffer from type 2 diabetes than those who take their time
according to new research was done by researchers from Lithuanian university (Radzeviciene
et al, 2012).
One of the first steps in digestive process is chewing, and the first organ chews food is the
tooth, tooth is a live organ contains pulp which has veins, arteries, and nerves. These nerves
have many functions rather than sense of pain during dental caries, it can play a major role in
digestion and maybe in glucose metabolism. Edentulous persons lose some important thing by
losing natural teeth which have dental pulp, then can be at risk for glucose metabolism
disturbances which will lead to type 2 diabetes mellitus according to a study showed that
functionally edentulous individuals were at significantly greater risk for type 2 diabetes
mellitus (Cleary et al, 1995).
On the other hand, many people chew and swallow their food so rapid without enough
chewing.
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Both types of the last mentioned people have a non-healthy delay in glucose metabolism as
mentioned before. So the researcher wishes to increase the attention of dentists and clients
about chewing benefits and its relation with glucose metabolism, and to focus on the
importance of dental pulp in digestive process. From other side, he trays to confirm his
hypotheses that chewing food thoroughly especially if done by natural teeth, plays a major
role in glucose metabolism, then avoid diabetes incidence.
1.4 Goal of the Study
To investigate the effect of mastication on glucose metabolism, whether it is done by natural
or prosthetic teeth.
1.5 Objectives of Study


To clarify the importance of chewing on glucose metabolism.



To assess the role of dental nerves in digestive process.



To asses dietary habits of the targeted groups.



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



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



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

1.6 Research questions


Can the act of mastication affects glucose metabolism?



Is there a difference between natural and prosthetic teeth on glucose metabolism?



If we stimulate dental pulp by “Miswak”, can this act affect glucose metabolism?

1.7 Background to the study
1.7.1 Geography
The Palestinian Territory is divided into two geographic regions: West Bank and Gaza Strip,
and 16 Governorates, each locality has been divided into three types: Urban, Rural, and
Camps.
The Gaza Strip is located in the Middle East, to the north of Egypt, the west southern edge 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, Mid-zone, Khanyounis and Rafah, these provinces, there are four
towns, eight refugees camps and fourteen villages (PCBS, 2009).
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1.7.2 Socio-economic Context
The majority of Gazians 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 number of families
depending on UNRWA food aid has increased tenfold (Palestinian Monitor Factsheet, 2008).
The economic 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, limited the food resources and elevated it‟s price. Also difficulty in getting
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 subjects to malnutrition, 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 less than 50 cents a day,
nearly doubled in 2006 to over 1 million, according to UNRWA. Over half of 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 and the private sector. MOH provides health services for people with health insurance
and free for children less than three years old, it addresses the most 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 and perhaps more unsettling kind of malnutrition, in which an excessive
caloric intake, in the form of fat and carbohydrates, accompanies a persistent lack of
micronutrients (UNRWA, 2010).
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1.7.4 Chronic diseases in Gaza
There is evidence that some chronic diseases 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 persons in Gaza reported suffering from at least one diagnosed chronic disease.
Diabetes mellitus and hypertension 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
prevalence 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%) and 427
males (40.8%). (92.3%) of cases above of 35 years of age. Number of attendance for diabetic
clinics in Primary Health Care was 113,370 (59.1%) females & (40.9%) males (UNICEF,
2009).
1.8 Operational definitions
1.8.1 Mastication
Mastication is the first step in ingesting food, it‟s an in-mouth fragmentation process in which
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 of the organs and structures primarily functioning in mastication,
including jaws and jaw muscles, teeth, temporomandibular joints, tongue, lips, cheeks, and
mucous membranes (The American Heritage® Stedman's Medical Dictionary, 2002).
1.8.3 Edentulism
Edentulism defined 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 Dorland‟s dictionary, the tooth is one of the hard, calcified structures set in the
alveolar process of the jaws for the biting and mastication of food (Dorland‟s Medical
Dictionary, 2007).
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1.8.5 Prosthetic Teeth
A fixed or removable appliance used to replace one or more lost or missing teeth (Mosby‟s
Medical Dictionary, 2009).
Dorland‟s dictionary defined artificial tooth as one made of porcelain or other synthetic
compound in imitation of a natural tooth (Dorland‟s Medical Dictionary, 2007).
1.8.6 Body Mass Index (BMI)
It is defined as the weight in Kilograms (Kg), divided by the square of height in meter (M²),
and is used to classify underweight, overweight and obesity (NIH, 2012).
According to the WHO classification, BMI < 18.5 kg/m² is considered underweight, from
18.5-24.9 kg/m² is considered normal weight, from 25-29.9 kg/m² is considered overweight
(pre-obesity) and ≥ 30 kg/m² is considered obese. Look table (1.1) (WHO, 2000).

Table (1.1): The International Classification of adult underweight, overweight and obesity according to BMI

Classification

BMI(kg/m2)
Principal cut-off
points
Underweight
<18.50
Severe thinness
<16.00
Moderate thinness
16.00 - 16.99
Mild thinness
17.00 - 18.49
Normal range
Overweight
Pre-obese
Obese

18.50 - 24.99
≥25.00
25.00 - 29.99
≥30.00

Obese class I

30.00 - 34.99

Obese class II

35.00 - 39.99

Obese class III

≥40.00
(WHO, 2000)
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Additional cut-off
points
<18.50
<16.00
16.00 - 16.99
17.00 - 18.49
18.50 - 22.99
23.00 - 24.99
≥25.00
25.00 - 27.49
27.50 - 29.99
≥30.00
30.00 - 32.49
32.50 - 34.99
35.00 - 37.49
37.50 - 39.99
≥40.00

1.8.7 Miswak
Pencil-sized sticks of various plants are fashioned from certain plant - parts and are chewed
on one end until they become frayed into a brush. The brush-end 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 Miswak. In the Middle East, the most common source of
chewing sticks is Arak (Salvadora persica). Arak, 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 branches and bark (Sadhan et al, 1999).
1.8.8 Diabetes 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 level ≥ 126mg / dl, or random blood glucose level ≥ 200mg/dl, or
medication with antidiabetic drugs (WHO, 2000).
1.8.9 Metabolism
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 material (Kornberg,
2013).
1.8.10 Glucose
A primary source of energy for living organisms. It‟s naturally occurring and is found in fruits
and other parts of plants in its free state. Also known as dextrose, D-glucose, DGlucopyranose, Grape sugar, Glucodin, Meritose, Clintose L, CPC hydrate and Roferose ST.
Molecular formula: C6H12O6. Molecular weight: 180. 15588. Look figure (1.1) (National
Center for Biotechnology information, 2005).
1.8.11 Glucose metabolism
The process by which simple sugars found in many foods are processed and used to produce
energy in the form of ATP. Once consumed, glucose is absorbed by the intestines and into the
blood. Extra glucose is stored in the muscles and liver as glycogen. When needed, it‟s
hydrolyzed to glucose and released into the blood (Mosby‟s Dictionary of Complementary
and Alternative Medicine, 2005).
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1.8.12 Waist 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) 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 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 chewing, and fewer focused on importance
of dental nerves. Some of those studies talked about the relation between mastication and
glucose metabolism and others were about teeth loss and glucose metabolism.
In this chapter the researcher will mention the most famous and important results of those
studies.
2.2 Glucose metabolism
2.2.1 Overview
Plasma glucose concentration is a function of the rate of glucose entering 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 gluconeogenesis. The major determinant of how quickly
glucose appears in the circulation during the fed state is the rate of gastric emptying.
Glucoregulatory hormones include insulin and amylin which derived from the β-cells of the
pancreas, glucagon from the α-cells of the pancreas, incretins: glucagon-like peptide-1 (GLP1) and glucose-dependent insulinotropic peptide (GIP) both derived from the L-cells of the
intestine, epinephrine, cortisol, and growth hormone (Aronoff, et al 2004).
The glucoregulatory hormones of the body are designed to maintain circulating glucose
concentrations in a relatively narrow range. In the bi-hormonal model of glucose homeostasis,
insulin is the key regulatory hormone of glucose disappearance, and glucagon is a major
regulator of glucose appearance. After reaching a post-meal peak, blood glucose slowly
decreases during the next several hours, eventually returning to fasting levels. In the
immediate post-feeding 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 portal vein, on the liver.
2) The paracrine effect or direct communication within the pancreas between the α- and βcells, which results in glucagon suppression (Gerich, 1993).
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2.2.2 β-Cell hormones
[ Insulin ]
Until recently, insulin was the only pancreatic β-cell hormone known to lower blood glucose
concentrations. Insulin, a small protein composed of two polypeptide chains containing 51
amino acids, is a key anabolic hormone that is secreted in response to increased blood 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 insulin is to stimulate glucose disappearance (Aronoff
et al, 2004). Insulin helps control postprandial glucose in three ways. Initially, insulin signals
the cells of insulin-sensitive peripheral tissues, primarily skeletal muscle, to increase their
uptake of glucose. Secondly, insulin acts on the liver to promote glycogenesis. Finally, insulin
simultaneously inhibits glucagon secretion from pancreatic α-cells, thus signalling the liver to
stop producing glucose via glycogenolysis and gluconeogenesis (Gerich et al, 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, and proliferation of cell growth (Cryer, 1992).
Insulin action is carefully regulated in response to circulating glucose concentrations. Insulin
is not secreted if the blood glucose concentration is ≤ 3.3 mmol/l, but is secreted in increasing
amounts as glucose concentrations increase beyond 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 glucose. Long-term
release of insulin occurs if glucose concentrations remain high (Gerich, 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 arginine, leucine, and lysine; GLP-1 and GIP released from the gut following a
meal; and parasympathetic stimulation via the vagus nerve (Holst, 1994).
[ Amylin ]
Isolated from pancreatic amyloid deposits in the islets of Langerhans, amylin was first
reported in the literature in 1987. Amylin, a 37–amino acid peptide, is a neuroendocrine

13

hormone coexpressed and cosecreted with insulin by pancreatic β-cells in response to nutrient
stimuli (Moore et al, 1991).
When secreted by the pancreas, the insulin-to-amylin molar ratio in the portal circulation is
approximately 50:1. Because of hepatic extraction of insulin, this ratio falls to ∼ 20:1 in the
peripheral circulation (Weyer et al, 2001).
Preclinical findings indicate that amylin works with insulin to help coordinate the rate of
glucose appearance and disappearance in the circulation, thereby preventing an abnormal rise
in glucose concentrations (Pehling et al, 1984).
Amylin complements the effects of insulin on circulating glucose concentrations via two main
mechanisms. Amylin suppresses post-prandial glucagon secretion, thereby decreasing
glucagon-stimulated hepatic glucose output following nutrient ingestion. This suppression of
post-prandial glucagon secretion is postulated to be centrally mediated via efferent vagal
signals. Importantly, amylin does not suppress glucagon secretion during insulin-induced
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 absorption (Aronoff, et al,
2004).
Amylin exerts its actions primarily through the central nervous system. Animal studies have
identified specific calcitonin-like receptor sites for amylin in regions of the brain,
predominantly in the area postrema. The area postrema is a part of the dorsal vagal complex
of the brain stem. A notable feature of the area postrema is that it lacks a blood-brain barrier,
allowing exposure to rapid changes in plasma glucose concentrations as well as circulating
peptides, including amylin (Wimalawansa, 1997).
2.2.3 α-Cell hormone
[ Glucagon ]
Glucagon is a key catabolic hormone consisting of 29 amino acids. It is secreted from
pancreatic α-cells. Described by Roger Unger in the 1950s, glucagon was characterized as
opposing the effects of insulin. Glucagon plays a major role in sustaining plasma glucose
during fasting conditions by stimulating hepatic glucose production. Unger was the first to
describe the diabetic state as a “bi-hormonal” disease characterized by insulin deficiency and
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glucagon excess. He further speculated that a therapy targeting the correction of glucagon
excess would offer an important advancement in the treatment of diabetes (Unger, 1971).
Hepatic glucose production, which is primarily regulated by glucagon, maintains basal blood
glucose concentrations within a normal range during 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 and immediately following a meal, and glucagon secretion is
suppressed. When coupled with insulin's direct effect on the liver, glucagon suppression
results in a near-total suppression of hepatic glucose output (Aronoff et al, 2004).
2.3 Mastication increases glucose metabolism
2.3.1 Thorough mastication
In Japan, some scientists in the department of general medicine and clinical epidemiology in
Kyoto University, suggested that thorough mastication has the potential to affect postprandial
plasma glucose concentrations by improving digestibility and absorption of nutrients. To
evaluate the effects of mastication on postprandial plasma glucose concentration, they
compared usual and thorough mastication in human subjects with normal glucose tolerance.
Then they explored that thorough mastication elicited a significantly higher insulinogenic
index than usual mastication in the normal glucose tolerance. So they confirmed their
suggestion that in the normal glucose tolerance group the postprandial plasma glucose
concentration upon thorough mastication of meal was significantly lower (Suzuki et al, 2005).
2.3.2 Mastication of solid versus soft food
Also in Japan, in Aichi-Gakuin university, in department of fixed prosthodontics, school of
dentistry; the scientists did a study, to elucidate the effects of preferred properties of food that
affect the daily masticatory habits on the onset of lifestyle-related disease, they investigated
whether groups of rats continuously fed with diet having distinct properties show differences
in glucose metabolism. So they fetched thirty-six male Wistar rats aged 4 weeks and divided
them into two groups; only the pellet type feed was given to one (solid diet group), and the
powdered feed to the other (powder diet group).
The results were: The area under the curve values were significantly different between the
two diet groups when the animals were 45 and 51 weeks of age. The median blood glucose
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level in 45-week-old rats fed with the powder diet was significantly higher than those in agematched rats fed with solid diet 45 and 120 min after glucose load. Similarly, the median
blood glucose level in the 51-week-old rats in the powder diet group was significantly higher
than those in the solid diet group at 30, 45, 60, and 120 min after glucose load. The peak in
glucose levels remained and the high blood glucose levels were sustained longer in the
powder diet group than in the solid diet group of rats. After these results they concluded that
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 intervention, which promotes sufficient mastication of hard food, in the
prevention and cure of human lifestyle-related diseases (Hashimoto et al, 2011).
Other study was done in Merck research laboratories in USA, the researchers tried to find the
differences between liquid and mixed meals in many things including blood glucose
metabolism. And they found that In healthy subjects however, the liquid meal did elicit higher
glucose, and the glucose response declined faster after the mixed than the liquid meal
(Brodovicz et al, 2011).
2.3.3 Can mastication of solid food increases insulin release?
Yes, mastication does. Another researchers tried to answer this question and explain the
etiology of this difference of glucose metabolism between chewing of solid food and lesser
chewing of soft food, and they discovered that both 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 release) modulate
postprandial metabolism (eg glucose tolerance) (DiMeglio 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 long-term feeding of different-textured pellets 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 pellets (soft-fed) that required
less chewing with the same nutritional composition. At 26 wks, the soft-fed rats showed
greater adiposity than did the controls. Daily food intake did not differ between the 2 groups.

16

The increase in body temperature following feeding was significantly lower in the soft-fed
rats. These results suggested that food texture affected energy metabolism by changing postprandial thermogenesis (Oka et al, 2003).
Also DiMeglio and Mattes mentioned in their research which aimed to investigate the impact
of solid versus liquid carbohydrate on body weight, that metabolic rate and heart rate are
higher acutely after ingestion of a solid meal as compared to an isoenergetic, high
carbohydrate liquid meal (DiMeglio et al, 2000).
2.3.5 Food texture and calorie compensation
According to a study‟s results, calories consumed in liquid form produce compensation in
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 Terry Davidson and Susan did 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 viscosity. Then the researchers concluded that consuming a lower
viscosity pre meal was followed by significantly less caloric compensation compared with
consuming pre meals with higher viscosity levels. Furthermore, rats given a low-viscosity
supplement daily gained significantly more weight over a 10-week period compared with rats
given a high-viscosity supplement (Davidson et al, 2005).
Other study on human subjects showed that compensatory dietary responses to energyyielding beverages are less precise than those to isoenergetic solid loads (DiMeglio et al,
2000).
2.4 Mastication and Incretins
Incretins (intestinal secretion of insulin) are 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 glucose-dependent insulinotropic peptide (GIP) and glucagon-like
peptide-1 (GLP-1) that share 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 (DPP4). 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 intake, inhibits
glucagon secretion, and slows the rate of endogenous glucose production (Kim et al, 2008).
2.4.1 Chewing increases GLP-1 secretion
In the department of oral health management in Kyushu dental university in Japan, the
researchers examined the relationship between mastication and GLP-1 secretion, along with
postprandial blood glucose and insulin concentrations. They compared the levels of blood
glucose, serum insulin, and plasma active GLP-1 concentrations after young healthy
volunteers ate a test meal either by usual eating (control) or in one of three specified ways:
a. Unilateral chewing

b. Quick eating

c. 30-times chewing per bite

Ten volunteers participated in each of the three groups. Plasma active GLP-1 concentrations
did not change by unilateral chewing or quick eating, but did increase by the third method
(Sonoki et al, 2013).
In other interesting study, the researcher Masaaki Eto from Japan and his colleagues studied
the relationship between thorough mastication and secretion of GLP-1 and peptide YY.
However, PYY is also involved in a wide range of digestive functions including regulating
insulin secretion and glucose homeostasis, findings over the last few decades highlighting the
role of PYY in regulating insulin output and insulin sensitivity (Boey et al, 2007). For this
study, the investigators enrolled 9 subjects with a mean age of 41 years. After a 12-hour fast,
subjects consumed a test meal in the early morning over a 20-minute 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 GLP-1 and PYY were measured before and one hour after the meal. They
reported that the postprandial plasma levels of both hormones were statistically significantly
higher after chewing 30 times than after chewing 5 times (P < .01 for both) (Satio, 2011).
2.4.2 GIP secretion increased after mixed rather than liquid meal
Vollmer and other researchers found that postprandial responses of gastrointestinal incretin
hormones, such as gastric inhibitory peptide (GIP) levels were higher after a mixed
meal (Vollamer et al, 2008).
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2.5 Mastication and neuropeptides
Neuropeptides are simply peptide neurotransmitters. It is implicit that for a peptide to be
defined as a neuropeptide, it is synthesized and released from neurons and has biological
actions mediated via extracellular receptors on target cells (Lundy 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, neuromodulators 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 large dense-core
vesicles and transported

to

nerve terminals where depletion

occurs when prolonged

stimulation empties them (Mansson et al, 1990).
Cells throughout the gastrointestinal tract receive information in many forms, including
chemical messengers that emanate from other cells. The initial stimulus for hormone secretion
is the ingestion of food. Food provides central neural stimulation in the form of thought
(anticipation) and sight, chemical stimulation in the form of odor and taste, nutrient
stimulation of the epithelial cells lining the gastrointestinal tract, and mechanical stimulation.
These processes all stimulate the release of peptides and other transmitters from cells of the
mucosa either into the nearby space, where they act locally, or into the bloodstream, where
they circulate to distant target tissues. Therefore, chemical messengers from the
gastrointestinal tract can have far-reaching effects throughout the body (Liddle, 2010).
2.5.1 Neuropeptides which affect glucose metabolism
Table (2.1) mentions the gastrointestinal peptides which affect glucose metabolism. The main
organ which is responsible for glucose metabolism is the pancreas. Pancreatic islets are richly
innervated by parasympathetic, sympathetic, and, sensory nerves and these nerves have been
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 neurotransmitters. 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 activation of the autonomic 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 elicited by different receptors affecting different
signaling pathways in the -cells. For example, VIP and PACAP activate adenylatecyclase
and GRP activates phospholipase C, In addition, the neurotransmitters affect ionic channel
activity and exert direct influences 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 scientists 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 constant physiological
concentrations of glucose (Schebalin et al, 1977).
Also, Nakata and Yada from Japan demonstrated that PACAP enhances glucose-stimulated
insulin secretion in islets, enhances insulin action in adipocytes, and prevents hyperglycemia
(Nakata et al, 2004).
Table (2.1): Gastrointestinal Peptides That Regulate Postprandial Blood Glucose Levels

Gastrointestinal Peptides That Regulate
Postprandial Blood Glucose Levels
Stimulate Insulin Release
Glucagon-like peptide-1 (GLP-1)
Glucose-dependent insulinotropic peptide (GIP)
Gastrin releasing peptide (GRP)
Cholecystokinin (CCK) (potentiates amino acidstimulated insulin release)
Gastrin (in presence of amino acids)
Vasoactive intestinal peptide (VIP) (potentiates glucosestimulated insulin release)
Pituitary adenylate cyclase activating peptide (PACAP)
(potentiates glucose-stimulated insulin release)
Motilin
Delay Gastric Emptying
Cholecystokinin
Amylin
Secretin
Inhibit Glucagon Release
Amylin
(Liddle, 2010)
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2.5.2 Mastication increases neuropeptides‟ release
When five neuropeptides: Substance P (SP), Neurokinin A (NKA), Calcitonin Gene- Related
Peptide (CGRP), Neuropeptide Y (NPY) and Vasoactive Intestinal Polypeptide (VIP),
were measured in the saliva of eight subjects. It was founded that the amounts of all the
investigated neuropeptides increased over time in the whole saliva two- to five- fold in the
chewing-stimulated salivary flow as compared to the resting salivary flow or the citric acid
stimulated flow. The act of stimulation itself does indeed influence the release of
neuropeptides from the nerve endings. There was three-fold more VIP released over time in
the chewing stimulated saliva than in the resting saliva, two-fold more in the citric acid
stimulated saliva than in the resting saliva, and two-fold more in the chewing stimulated
saliva than in the citric acid stimulated saliva (Dawidson et al, 1997).
Another study showed that in response to food intake a number of peptides, including
vasoactive intestinal peptide (VIP) and substance P, are likely to be involved in the so called
non-adrenergic, non-cholinergic (NANC) transmission of the parasympathetic secretory
impulses. The researchers found that the reflex mobilization of the NANC mechanisms
depended on mastication rather than on taste, and involved the release of VIP and substance P
(Ekstrom et al, 1998).
2.6 Soft food or juice cause glucose intolerance
According to an important study: The removal of fiber 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 inappropriate insulin release (Haber, et al 2003).
Also health professionals in the united states did three prospective longitudinal cohort studies,
and their findings were: Greater 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 is associated with a higher risk (Murki et al, 2013).
2.7 Mastication prevents occurrence of diabetes mellitus
Firstly we have to know that insufficient chewing may lead to diabetes mellitus and people
who wolf down their food are two and a half times more likely to suffer from type 2 diabetes
than those who take their time according to new research was done by researchers from
Lithuanian university. After adjusting for possible confounders (a family history of diabetes,
education, morning exercise, body mass index, waist circumference, cigarette smoking and
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plasma triglyceride levels) the researchers found a more than two-fold increased risk of type
2 diabetes mellitus was determined for subjects eating faster (OR=2.52; 95% CI 1.56-4.06)
vs. subjects eating slower (Radzeviciene et al, 2012).
In Nagahama city in Japan, some researchers tried to explore if there is a relationship between
mastication and glucose metabolism disturbances. So they conducted a cross-sectional study
of the association between mastication and diabetes in the Nagahama Prospective Cohort
Study. 2,283 male and 4,544 female residents aged 40-74 years were enrolled from July 2009
to November 2010. Masticatory performance was evaluated by spectrophotometric
measurement of color changes after masticating color-changeable chewing gum. In
conclusion, they identified an inverse dose-dependent association between masticatory
performance and diabetes in a population-based cohort. After adjustment 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 diabetes (Yamazaki et al, 2013).
2.8 Periodontitis causes hyperglycemia
In recent study, the researcher Youn-Hee Choi explored that among participants without
central adiposity, persons who have periodontitis were more likely to have hyperglycemia
than those without (Choi, 2011).
Also Brain L. Mealey searched in the relationship between diabetes mellitus and periodentitis
a two-way street, and he founded that chronic periodontal diseases have the potential to
exacerbate insulin resistance and worsen glycemic control, while periodontal treatment that
decreases inflammation may help diminish insulin resistance. And also the research showed a
greater risk of poor glycemic control in patients with diabetes who have periodontitis
compared with that in patients with diabetes who do not have periodontitis, as well as the
research showing improvement in glycemic control after periodontal therapy in some patients
with diabetes (Mealey, 2006).
2.9 Teeth loss is a risk for type 2 diabetes mellitus
A very important survey had been done to determine the association of edentulous state and
obesity with type two diabetes mellitus, showed that: functionally edentulous subjects (who
have less than six teeth) were at greater risk for type 2 diabetes mellitus (estimated odds ratio
[OR] = 4.06), than the obese (OR = 3.29) (Cleary et al, 1995).
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2.10 Diabetes mellitus type 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 hepatic glucose production result
in the development of overt hyperglycemia, especially fasting hyperglycemia (Defronzo et al,
2002).
It was previously called non-insulin-dependent diabetes mellitus or adult-onset diabetes
mellitus. Type 2 diabetes mellitus results from insulin resistance, a condition in which the
body fails to properly use insulin, combined with relative insulin deficiency (Robbins and
Cotran, 2008).
T2DM accounts for 90% to 95% of all patients with diabetes mellitus and is increasing in
prevalence, especially in minority populations (McCarthy, 2004).
Until recent years, T2DM was rarely observed in individuals under the age of 50, but
increasing numbers of children are now being diagnosed with the disease. This probably
reflects the growing prevalence of childhood obesity, as type 2 diabetes mellitus (T2DM) is
exacerbated by obesity and a sedentary lifestyle (McCarthy, 2004).
The risk of developing T2DM increases with age, obesity, and lack of physical activity. It
occurs more frequently in women with prior Gestational DM (GDM) and in individuals with
hypertension or dyslipidaemia. Its frequency varies in different racial/ethnic subgroups. It is
often associated with strong familial, likely genetic, predisposition. However, the genetics of
this form of diabetes mellitus are complex and not clearly defined (Venkat et 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, the majority of cases of type 2 diabetes mellitus in the future
will occur in developing countries with India and China having more cases than any other
country in the world (King et al, 1998).
Changes in human behavior and lifestyle over the last century have resulted in a dramatic
increase in the incidence of diabetes mellitus worldwide. The number of adults with diabetes
23

mellitus in the world is 347 million people, type 2 diabetes comprises 90% of people with
diabetes around the world (WHO, 2013).
Current estimates from different countries in Europe and the United States have shown that
diabetes mellitus and its complications account for 8 to 16% of the total health costs for
society and these will increase dramatically unless major efforts are made to prevent the
ongoing epidemic (Hansen, 2002).
Dramatic changes in the prevalence or incidence of type 2 diabetes mellitus have been
observed in communities where there have been major changes in the type of diet consumed,
from a traditional indigenous diet to a typical „Western‟ diet, e.g. Pima Indians in Arizona,
Micronesians in Nauru and Aborigines in Australia (Bennett, 1999, Lako et al, 2001).
Changing disease rates are almost certainly explained by changes in several dietary factors as
well as by changes in other lifestyle related factors (Abu-Jabal, 2012).
2.10.3 Evidences for the role of insulin resistance in T2DM
2.10.3.1 Insulin hormone
Insulin is 51 amino acids in two chains A and B connected by C-peptide. This hormone is
required to facilitate transport of blood glucose across the largely impermeable cell
membrane. It is released in response to elevations in blood glucose. The insulin binds to a
receptor on the cell membrane, allowing the entry into muscle and fat cells of glucose 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 (IGF-1). It also inhibits catabolic processes such as the breakdown of glycogen and
fat, and decreases gluconeogenesis (Cosford, 1999).
Should there be any disturbances to the binding of insulin to the receptors, or of the receptor
response to insulin, there will be reduced insulin activity, or insulin 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 compensate 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 sugars. The resulting 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 respond adequately to circulating insulin, blood glucose levels rise
(Goutham, 2001).
Insulin resistance can be linked to diabetes mellitus, hypertension, dyslipidemia,
cardiovascular disease and other abnormalities. These abnormalities constitute the insulin
resistance syndrome. Because resistance usually develops long before the appearance of these
diseases, identifying and treating insulin-resistant patients has potentially great 14 preventive
value. Insulin resistance should be suspected in patients with a history of diabetes mellitus in
first-degree relatives:

patients with a personal history of gestational diabetes mellitus,

polycystic ovary syndrome or impaired 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 moderateintensity 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 diminished ability to respond to the
action of insulin. To compensate for resistance, the pancreas secretes more insulin. Insulinresistant persons, therefore, have high plasma insulin levels (Maule et al, 2002).
Insulin resistance in muscle and liver is a characteristic feature of type 2 diabetes mellitus. In
the basal state, the hepatic insulin resistance is manifested by over 15 production of glucose
despite fasting hyperinsulinemia, and the increased rate of hepatic glucose output is the
primary determinant of 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. During insulin-stimulated conditions, both decreased 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 insulin resistance
plays a major role in its development. Evidence for this comes from:
1. The presence of insulin resistance 10–20 years before the onset of the disease.
2. Cross-sectional studies demonstrating that insulin resistance is a consistent finding in
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 mechanisms. Thus, it may result from
defects in the insulin receptor gene, which encodes a transmembrane tyrosine kinase receptor,
or as a consequence of post-receptor defects. Anti-insulin receptor antibodies that may arise in
certain autoimmune disorders such as systemic lupus erythematosus can also block insulin
receptor activation. In addition, certain hormones, e.g, cortisol, antagonize insulin action that
may precipitate diabetes mellitus in susceptible individuals (Korc, 2003).
Other risk factors include poor diet, sedentary lifestyle, increased 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 increased insulin resistance that can develop into diabetes mellitus,
most likely because adipose tissue (especially that in the abdomen around internal organs) is a
(recently identified) 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, and other deranged cell behavior attendant on insulin resistance. Additional
factors found to increase risk of type 2 diabetes mellitus include aging (Jack et 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 balance and a healthy weight, limit energy intake
from total fats and shift fat consumption away from saturated fats to unsaturated fats; increase
consumption of fruit and vegetables, as well as legumes, whole grains and nuts, limit the
intake of sugars, and increase physical activity at least 30 minutes of regular, moderateintensity activity on most days. More activity may be required for weight control (Debra,
2006).
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2.11 Natural teeth as sensory organs
Teeth are specialized organs that function to nourish and sustain life. While people eat, the
brain rapidly compares food‟s texture and hardness in the mouth to previous encounters and
determines the best chewing strategy. Optimal chewing forces and rhythms are developed
based on tactile sensory feedback from the food bolus‟s contact with the teeth and soft tissues
as the bolus progressively becomes smaller.
The ability of a tooth to endure the rigors of mastication depends on having a durable stonelike structure and a complex neural control system to maintain the tooth‟s integrity. The
cornerstone of this neural control system is an exquisitely sensitive network of
mechanoreceptors within the tooth and its periodontal ligament (Levy, 2009).
2.11.1 Anatomy of natural tooth
 The crown: The crown of each tooth has a coating of enamel, which protects the
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 protein 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 „living‟ tissue.
 Dentine: The major component of the inside of the tooth is dentine. This 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 with the central nerve of the
tooth within the pulp. Dentine is a „live‟ tissue.
 Cementum and the periodontal membrane: Below the gum, the dentine of the root
is covered with a thin layer of cementum, rather than enamel. Cementum is a hard
bone-like substance onto which 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.
 The pulp: The pulp forms the central chamber of the tooth. The pulp is made of soft
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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 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 the cementum through which the tooth‟s nerve supply
and blood supply enter the pulp from the surrounding tissue (American Dental
Association, 2009).
2.11.2 Teeth innervations
Dental pulp is an unmineralized oral tissue composed of soft connective tissue, vascular,
lymphatic and nervous elements that occupies the central pulp cavity of each tooth. Pulp has a
soft, gelatinous consistency. By either weight or volume, the majority of pulp (75-80%) is
water. Aside from the presence of pulp stones, there is little or no inorganic component in
normal dental pulp. 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 from the pulp out into periodontium. Developmentally and
functionally, pulp and dentin are closely related. Both are products of the neural crest-derived
connective tissue that formed the dental papilla (Human anatomy, 2009).
The neural component of the pulp tissue consists of motor and sensory nerve fibers, the latter
coming from the cranial nerve V. The sensitive type fibers, belongs according to its diameter,
conduction velocity and function to two groups: A (myelinated) and C (unmyelinated). The
myelinated axons have fast conducted speed, low stimulation threshold, they convey a sharp
and stabbing pain type and are superficial (they are located in the pulp and dentin junction).
Sensory nerve fibers of the dental pulp are afferent endings of the trigeminal cranial nerve and
reach the root canal through the apical foramen, going thru the root pulp in lumps. These
lumps are often associated with blood vessels in a collagen sheath, forming the neurovascular
bundle. Only few bifurcations occur in the root canal, but when these reach the cameral pulp,
the nerve fibers begin to divide and send branches to the surrounding dentin. Approaching the
subodontoblastic pulp region, the fibers form an intricate network known as Plexus of
Rashkow. After this the myelinated fibers lose their myelin sheath and emerge as free nerve
endings, it has been shown that many nerve fibers end in the extracellular space of the rich
cell zone or in the odontoblast layer, while others extend into the predentin or dentin tubules
(Gomez, 2011).
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From a coordinated intervention between the Central Nervous System and the Endocrine
System, the hypothalamus and hypophysis gland may be related with some of the events that
occur in the pulp during a symptomatic period establishes an interesting relationship between
the endocrine system and the dental pulp (Carson et al, 2007).
2.11.3 Mechanoreception
Mechanoreception is the unconscious sensing or conscious perception of touch or mechanical
displacement arising from stimuli outside the body. Mechanoreceptors are sensory end organs
that respond to mechanical stimuli such as tension, pressure, or vibration.
Perception and recognition of a finely textured object that is handled or bitten relies on the
ability to encode tactile cues arising from its size, shape, and roughness. The encoding of
these cues occurs primarily as a result of two types of mechanoreceptors, which include
slowly adapting (SA) and rapidly adapting (RA) mechanoreceptors. SA mechanoreceptors,
such as Merkel disks and Ruffini endings, fire continuous streams of action potentials as long
as the stimulus (eg, touch) remains active. Because they fire continuously during contact, SA
mechanoreceptors are best suited for providing awareness that an object is between the teeth.
Vibrations are produced when textured objects rub against the surfaces of the skin or teeth.
RA mechanoreceptors, such as Meisner and Pacinian corpuscles, fire briefly upon initiation of
vibrating or rapidly accelerating stimulation, stop quickly, and are able to re-fire rapidly in
response to a new stimulus. The rapid on/off firing characteristics of RA mechanoreceptors
make them well suited for sensing the vibrations associated with textural assessment.
Historically, the tactile sensory function of the teeth had been ascribed solely to periodontal
mechanoreceptors and pain perception to the richly innervated tooth pulp. However,
Endodontically treated teeth and dental implant-retained prostheses provide less
mechanosensory information than vital teeth (Levy, 2009).
Studies indicate mechanoreceptors within teeth play an important role in their tactile sensory
function. Several years ago, in 1955 a study by Lowenstein and Rathkamp compared tactile
sensory thresholds of nonvital (ie, root canal treated teeth) to vital teeth and found tactile
thresholds of nonvital teeth were 57% higher than those of contralateral vital teeth. The
authors concluded that a specialized mechanosensory mechanism within the teeth contributed
to tactile sensory function (Loewenstein et al, 1955).
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Also experiments suggest endodontic procedures may limit patients‟ abilities to perceive
vibrations associated with textural assessment of objects with their teeth, and demonstrated
that vital maxillary and mandibular incisors encode vibrations and endodontically treated
teeth lack the ability to encode vibrations (Robertson et al, 2003).
Studies in cats have shown the neurophysiologic properties of intradental and periodontal
mechanoreceptors are functionally different. Rubbing sandpaper with different grit sizes on
canine teeth causes frequency-encoded discharge patterns to arise in trigeminal ganglion
neurons. These discharge patterns are unique to grit size, indicating that intradental
mechanoreceptors are able to encode mechanical vibrations. Intradental mechanoreceptors
have rapidly adapting response characteristics and encode vibrations throughout a wide
frequency range. Periodontal mechanoreceptors have slowly adapting response characteristics
and encode only lower vibration frequencies. Intradental mechanoreceptors respond to forces
applied to the tooth from all directions (ie, omnidirectional) whereas periodontal
mechanoreceptors respond only when forces are applied from specific directions (ie,
unidirectional). In monkeys, periodontal mechanoreceptors are more numerous around the
anterior teeth than the posterior teeth (levy, 2009).
Olgart et al, speculated a specialized sensory transducer mechanism exists in dentin that is
activated by deformation or bending of the crown of a tooth (Olgart et al, 1988).
2.11.4 Neuropeptides‟ nerve fibers in the teeth
The human dental pulp seems to have a rich occurrence of neuropeptides. In the apical and
central parts of the pulp, evenly distributed, thick neurofilament-immunoreactive nerve
bundles predominated, which in many instances accompanied blood vessels. In the coronal
parts, especially in the pulp horns, such nerve bundles formed a subodontoblastic plexus,
while thin neurofilament-immunoreactivefibres projected into the odontoblastic region. In the
coronal parts of the pulp, thin, varicose, calcitonin gene-related peptide (CGRP)- and
occasionally substance P-immunoreactive fibres were observed in the pulp-dentine 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 in the vicinity of blood vessels. Peptide histidine isoleucine
amide (PHI)-immunoreactive fibres showed a similar distribution as VIP, but were less
common. Furthermore, neuropeptide Y-immunoreactive fibres occurred occasionally around
blood vessels in the inner parts of the pulp (Luthman et al, 1992).
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Gomez said that dental pulp is highly innervated with a subpopulation of sensory neurons
containing neuropeptides (Gomez, 2011).
In China, the researchers expressed vasoactive intestinal polypeptide (VIP) nerves in human
teeth. The results showed that VIP 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 of branches surrounded blood
vessels, some terminated in the dental pulp matrix, the others passed odontoblast layer and ran
into the predentin. The results suggest that in addition to relating the action of blood vessels,
VIP-immunoreactive nerve fibers might also relate to sense (Zhu et al, 2001).
Also many peptidergic nerve fibres were observed in association with blood vessels of
various sizes. The occurrence of VIP- and PHI-immunoreactive fibres lends support to the
hypothesis that human tooth may be supplied by parasympathetic nerves (Casasco et al,
1990).
VIP and PACAP are members of the same neuropeptide superfamily (Hamelink et al, 2002).
In rat and human tooth pulps, PACAP-immunoreactive nerve fibers were observed around
blood vessels and in the subodontoblastic and odontoblastic layers. On the other hand, almost
all PACAP-IR nerve fibers in the human tooth pulp co-expressed VIP-IR and, thus, thought to
be autonomic in nature (Ichikawa et al, 2003).
According to results of an important study was done in Japan, nerve fibers containing
vasoactive intestinal polypeptide (VIP) were never found in gingiva of the rats (Itotagawa,
1990).
2.12 Dental pulp stimulation evokes glucose metabolism
In 1979, MD Shetter and his colleague Sweet explored that cerebral glucose metabolism
evoked by dental-pulp stimulation in the rat via electrical stimulation. The authors report the
pattern of local cerebral glucose utilization evoked by dental-pulp stimulation in the
barbiturate-anesthetized rat, for 45 minutes of 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. Stimulus-related
increases in glucose utilization 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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restricted 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 maxillary pulp stimulation (Shetter
et al, 1979).
2.13 Edentulism
Edentulism is a debilitating and irreversible condition and is described as the “Final marker of
disease burden for oral health” (Cnha-Cruz et al, 2007). Although the prevalence of complete
tooth loss has declined over the last decade, edentulism remains a major disease worldwide,
especially among older adults (Douglass et al, 2002). Most edentate people are elders who
wear complete dentures in one or both jaws (Emami et al, 2013).
2.13.1 Impact of Edentulism on General Health
 Edentulism can lead directly to impairment, functional limitation, physical,
psychological, and social disability, and handicap (Locker, 1988).
 Can be accompanied by functional and sensory deficiencies of the oral mucosa, oral
musculature, and the salivary glands (MacEntee et al, 1998).
 Edentulism can lead to increased rates of chronic inflammatory changes of the gastric
mucosa, upper gastrointestinal and pancreatic cancer, and higher rates of peptic or
duodenal ulcers (Sierpinska et al, 2007).
 May increases the risk of noninsulin-dependent diabetes mellitus (Medena-Solis et al,
2006).
 Increased risk of electrocardiographic abnormalities, hypertension, heart failure,
ischemic heart disease, stroke, and aortic valve sclerosis (Takata et al, 2001).
 Edentulism associated with decreased daily function, physical activity, and physical
domains of health-related quality of life (Mollaogla et al 2005).
 Also Edentulism may increase the risk of chronic kidney disease (Fisher et al, 2008).
2.13.2 Teeth loss is a risk for death
In a prospective cohort study, the researchers examined the association of tooth loss with total
and cause-specific mortality over a 15 year period in approximately 30 000 individuals from
rural China.
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They found that subjects with greater than the age-specific median number of teeth lost had a
13% increased incidence of mortality 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 all-cause mortality after adjustment for socioeconomic characteristics. And he
founded that among 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 risk of death from all causes was 1.5 times greater
for persons with complete edentulism prior to the age of 65 years after multivariable
adjustment (Brown, 2009).
Also researchers in Gerontology from Southern California and Kansas universities in USA,
investigated the link between individual oral health problems and oral comorbidity and
mortality risk. And they founded that Signiﬁcant tooth loss, root caries, and periodontal
disease were associated with increased odds of dying (Kim et 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 mortality. The result showed that
each remaining tooth at age 70 decreased the 7-year mortality risk by 4%. So they concluded
that The number of teeth was a significant predictor of mortality independent of health
factors, socio-economic status and lifestyle (Osterberg et al, 2008).
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Chapter 3
Methodology
3.1 Subject and Study Design
This study, includes prospective cohort experimental study, because it includes analytic study.
This type of study is easy to do, low cost, rapid, and can calculate the prevalence. This study
was performed for fifty healthy volunteers‟ aged between 45 and 65 years old, half of them
(25) are completely edentulous and the others have at least 20 natural teeth, in the Gaza city.
3.2 Selection Criteria
3.2.1 Inclusion Criteria


Healthy volunteers from both genders, aged between 45 to 65 years old, and have at
least twenty natural and vital teeth.



Healthy edentulous volunteers from both genders, aged between 45 to 65 years old,
and have complete prosthetic dentures.

3.2.2 Exclusion Criteria


Diabetic patients.



Prediabetic clients (who have postprandial blood glucose more than 140 mg/dl).



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
edentulous but complete dentures‟ wearers, and the others have at least twenty natural, vital
and healthy teeth. They were residents at all areas and camps in Gaza city.
3.3.2 Sampling Process


The sampling methodology used was Quota sampling according to participant's age
and health status.



Study setting: the sample was selected in Gaza city compressing of 9 districts
including, (North Rimal, South Rimal, Sheekh Radwan, Shijae'ia, Zaitoon, Toffah',
Sabrah, Nassr and Beach camp).
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3.4 Ethical Considerations
Volunteers were given a full explanation about the purpose of the study and assurance about
the confidentiality of the information and that the participation is optional. After 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.
3.5.1 Pilot Study
A pilot process was conducted in April 2013, 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 wording, re-evaluate sample size and to
clarify areas of 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.
3.5.2 Interview Questionnaire
Data were collected by using a questionnaire in an Arabic language which was designed for
matching the study need filled by semi-structured interviews. The questionnaire covered the
necessary details like: socio-economic, demographic data, life style, 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
title and the objectives of the study to a panel of experts including researchers, health
professionals and experts in the field of nutrition. According to the feedback, the
questionnaires was modified. Further items were added according to the issues raised during
the proposal discussion and the final modification was make after the pilot study.
3.5.4 Anthropometric 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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Weight in kg was measured by a seca scale.



Height in cm was measured by a stadiometer.



Body Mass Index (BMI). According to the WHO classification, BMI < 18.5 kg/m² is
considered underweight, from 18.5-24.9 kg/m² is considered normal weight, from 2529.9 kg/m² is considered overweight (pre-obesity) and ≥ 30 kg/m² is considered obese.
Look table (1.1) (WHO, 2000).



Waist circumference was measured by measurement tape. According 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 a measurement for central
obesity (Villegas et al, 2004).

3.5.5 Biochemical Assessment
Several trials have been done for the volunteers after two hours of the last meal, as the
following:


In the first trial, both sample‟s groups (edentulous and natural teeth‟s) chewed 56
grams of “Cadbury dairy milk chocolate” in solid form.



In the second trial, both volunteers‟ groups drank the same amount and type of
chocolate in liquid form.



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



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 stimulation of their teeth
by “Miswak” for one full minute every 10 minutes.



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 after one hour.



Blood sugar test, 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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3.5.6 Clinical findings
It includes an investigate signs of malnutrition, medical history e.g. including acute and
chronic illness, diagnostic procedures, therapies, treatments that may show un healthy status.
3.5.7 Dietary patterns
It involves estimating dietary patterns. This can be achieved by interview techniques (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 value in identifying a need for
nutritional support.
3.6 Statistical Analysis


Data analysis was performed using SPSS, version 23 computer software to analyze the
collected information statistically to identified and evaluate the possible relationship
between mastication 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.



Definition of Variables



Data Entry and Cleaning



Data Analysis

3.7 Limitations of the Study
The researcher faced some limitations during study period, like:


Healthy complete edentulous clients were rare.



Edentulous females recognize their case as a stigma.



Some volunteers "5" disliked chocolate.



Some volunteers "3" refused invasive procedures to obtain blood 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 of participants‟ mastication with differences of dental state on
glucose metabolism, and the results of the statistical analysis of data that were collected
through a semi-structured questionnaire which demonstrated the differences in sociodemographical, health status, dietary behaviors, social factors and lifestyle between both
groups.
On the other hand the researcher investigate in depth the association of some abnormalities
and disturbances among both volunteers‟ 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.
4.1.1 Age:
The researcher chose his sample from participants who aged between 45 and 65 years old.
Participants‟ age were divided into two categories one of them is less than or equal 55 years
old and the other is more than55 years. 60% of natural teeth participants were less than 55
years old and 40% more. When 60% of edentulous participants were 55 years old or more.
4.1.2 Gender:
Participant‟s gender divided to female and male. 80% of natural teeth group were males and
20% females. while 92% of edentulous were males and 8% were females.
4.1.3 Education level:
The education was divided into five categories which are Illiterate, Primary, Preparatory,
Secondary and University education. Only one person was illiterate and he was from natural
teeth group. Most of natural teeth group 32% have university education, then 28% secondary,
24% preparatory, and 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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4.1.4 Residency:
Study involved participants from six areas of Gaza city. Most of them 44% were from Beach
Camp, then 16% from North Rimal, 14% from South Rimal, 12% from both areas Al Radwan
and Al Nassr, and just one person was from Al Toffah'.
4.1.5 Marital Status:
Participants‟ marital status was divided into four categories. Almost of participants 92% were
married, 4% divorced, 4% widow, and no one was single.
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Table (4.1) Distribution of participants by Age, Gender, Education level, Address and Marital Status

Demographical data

Natural

Prosthetic

Total

Age

No. (%)

No. (%)

No. (%)

≤55

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)

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)

Education level

No. (%)

No. (%)

No. (%)

Illiterate

1 (4.0)

0 (0.0)

1 (2.0)

Primary

3 (12.0)

4 (16.0)

7 (14.0)

Preparatory

6 (24.0)

2 (8.0)

8 (16.0)

Secondary

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)

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)

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)

*Statistically Significant (P value  0.05)
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P value

0.129

0.209

0.340

0.400

1.000

4.2 Anthropometric measures
The summary statistics of the anthropometric measurements of participants, namely Weight,
Height, BMI and Waist circumference are given in Table (4.2).
4.2.1 Weight:
The mean for Natural and Prosthetic equal (

and

), respectively. This result

indicates insignificant difference between the means of Weight.
4.2.2 Height:
The mean for Natural and Prosthetic equal (

and

), respectively. This result indicates

insignificant difference between the means of Height.
4.2.3 Body mass index (BMI):
The mean for Natural and Prosthetic equal (

and

), respectively. This result

indicates insignificant difference between the means of Body Mass Index (BMI).
4.2.4 Waist circumference:
The mean for Natural and Prosthetic equal (

and

), respectively. This result

indicates insignificant difference between the means of Waist circumference.
Table (4.2): Results for Anthropometric Measures

Anthropometrics
Weight

Height

Body mass index (BMI)

Waist circumference

Subject

Number

Mean

SD

Natural

25

87.08 kg

11.46

Prosthetic

25

85.58 kg

15.93

Natural

25

1.72 m

0.06

Prosthetic

25

1.73 m

0.08

Natural

25

29.40

3.74

Prosthetic

25

28.61

4.98

Natural

25

100.72 cm

8.72

Prosthetic

25

100.56 cm

12.33

*Statistically Significant (P value  0.05)
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t

P value

0.382

0.704

-0.593

0.556

0.629

0.532

0.053

0.958

4.3 Health 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 Allergy. There was a significant relationship (0.001) in the
prevalence of chronic diseases between natural and 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. Two (8%) of them have Bronchial Asthma, 12 (48%) have
hypertension, and 7 (28%) have Artharalgia.
While, just 7 participants (28%) from natural teeth group have at least one or more from the
mentioned diseases. 6 (24%) participants have Hypertension, 4 (16%) have Arthralgia, and
nobody had Bronchial Asthma.
Table (4.3): Results for prevalence of Chronic Diseases

Natural
Do you have any chronic
No. (%)
disease?
Yes
7 (28.0)
No.
18 (72.0)
Total
25 (100.0)
Do you have bronchial asthma?
No. (%)
Yes
0 (0.0)
No.
25 (100.0)
Total
25 (100.0)
Do you have hypertension?
No. (%)
Yes
6 (24.0)
No.
19 (76.0)
Total
25 (100.0)
Do you have arthralgia?
No. (%)
Yes
4 (16.0)
No.
21(48.0)
Total
25 (100.0)
Do you have allergy?
No. (%)
Yes
-No.
25 (100.0)
Total
25 (100.0)
*Statistically Significant (P value  0.05)

42

Prosthetic

Total

No. (%)

No. (%)

19 (76.0)
6 (24.0)
25 (100.0)
No. (%)
2 (8.0)
23 (92.0)
25 (100.0)
No. (%)
12 (48.0)
13 (52.0)
25 (100.0)
No. (%)
7 (28.0)
18 (72.0)
25 (100.0)
No. (%)
-25 (100.0)
25 (100.0)

26 (52.0)
24 (48.0)
50 (100.0)
No. (%)
2 (4.0)
48 (96.0)
50 (100.0)
No. (%)
18 (36.0)
32(64.0)
50 (100.0)
No. (%)
11 (22.0)
39 (78.0)
50 (100.0)
No. (%)
-50 (100.0)
50 (100.0)

P value

0.001*

0.245

0.070

0.248

NA

4.3.2 Prevalence of gastrointestinal disturbances
Table (4.4) explain the prevalence of five gastrointestinal disturbances which are:
Constipation, Diarrhea, Heart burn, abdominal distension, and abdominal colic. There was a
significant relationship (0.001) in prevalence of these disturbances between natural and
prosthetic teeth groups, with higher percentage among prosthetic teeth group.
14 participants (56%) from prosthetic teeth group have at least one or more Gastrointestinal
disturbances. 9 (36%) of them had Constipation, one (4%) had diarrhea, 10 (40%) had heart
burn, two (8%) had Abdominal distension, and two had Abdominal colic.
While, just three participants (12%) from natural teeth group had only Heart burn.
There was significant differences between both groups in getting constipation (0.001) and
heart burn (0.025), with higher percentage among prosthetic teeth group.
Table (4.4): Results for prevalence of Gastrointestinal Disturbances

Do you have frequent gastro
intestinal disturbances?
Yes
No.
Total
Do you have constipation?
Yes
No.
Total
Do you have diarrhea?
Yes
No.
Total
Do you have heart burn?
Yes
No.
Total
Do you have abdominal
distension?
Yes
No.
Total
Do You have abdominal colic?
Yes
No.
Total

Natural

Prosthetic

Total

No. (%)

No. (%)

No. (%)

3 (12.0)
22 (88.0)
25 (100.0)
No. (%)
0 (0.0)
25 (100.0)
25 (100.0)
No. (%)
0 (0.0)
25 (100.0)
25 (100.0)
No. (%)
3 (12.0)
22 (88.0)
25 (100.0)

14 (56.0)
11 (44.0)
25 (100.0)
No. (%)
9 (36.0)
16 (64.0)
25 (100.0)
No. (%)
1 (4.0)
24 (96.0)
25 (100.0)
No. (%)
10 (40.0)
15 (60.0)
25 (100.0)

17 (34.0)
33 (66.0)
50 (100.0)
No. (%)
9 (18.0)
41 (82.0)
25 (100.0)
No. (%)
1 (2.0)
49 (98.0)
25 (100.0)
No. (%)
13 (26.0)
37 (74.0)
25 (100.0)

No. (%)

No. (%)

No. (%)

0 (0.0)
25 (100.0)
25 (100.0)
No. (%)
0 (0.0)
25 (100.0)
25 (100.0)

2 (8.0)
23 (92.0)
25 (100.0)
No. (%)
2 (8.0)
23 (92.0)
25 (100.0)

2 (4.0)
48 (96.0)
25 (100.0)
No. (%)
2 (4.0)
15 (96.0)
25 (100.0)

*Statistically Significant (P value  0.05)
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P value

0.001*

0.001*

0.500

0.025*

0.245

0.245

4.3.3 Only for Edentulous
The researcher asked four special questions for edentulous participants, the first was about
occurrence and severity of gastrointestinal disturbances, the second was about losing some of
taste sense, the third was about weight changes, and the fourth was about type of teeth they
prefer.
Nine participants from 14 who had gastrointestinal disturbances said that the occurrence
and/or acuity of signs and symptoms came after total teeth extraction.
All edentulous participants 100% said that they had lost some taste sense after total teeth
extraction.
Thirty six percent of all edentulous group‟s participants gained weight after teeth extraction,
4% lost weight, and 60% had no change in their weight after total teeth extraction.
96% of them preferred natural teeth, and just 4% preferred prosthetic teeth.
Table (4.5): Only for Edentulous Participants

Did you observe that the above
mentioned gastrointestinal signs
and symptoms occurred or
increased after teeth extraction?
Yes
No.
Total
Did you lose some taste sense
after teeth extraction?
Yes
No
Did you observe change in body
weight after teeth extraction?
Increase
Decrease
No. change
Total
What type of teeth you prefer?
Natural
Prosthetic

Natural

Prosthetic

Total

No. (%)

No. (%)

No. (%)

----

9 (36.0)
16 (64.0)
25 (100.0)

9 (36.0)
16 (64.0)
25 (100.0)

No. (%)

No. (%)

No. (%)

---

25 (100.0)
--

25 (100.0)

No. (%)

No. (%)

No. (%)

----No. (%)

9 (36.0)
1 (4.0)
15 (60.0)
25 (100.0)
No. (%)
24(96.0)
1(4.0)

9 (36.0)
1 (4.0)
15 (60.0)
25 (100.0)
No. (%)
24(96.0)
1(4.0)
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4.4 Lifestyle
Table (4.6) illustrates some habits and behaviors of participants from both groups.


Smoking habit was investigated, 48% of all population were smokers. 40% of natural
teeth participants were smokers, and 56% of prosthetic teeth were smokers.



Nobody of both groups was Vegetarian.



Twenty percent of participants from natural teeth group were use Miswak, while
nobody from the prosthetic teeth group use it.



There was a statically significant (0.048) in presence of Laziness among both groups.
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 prosthetic teeth
have it.



Sixty percent of natural teeth group were Irate, and 68% from prosthetic were Irate.



Seventy eight percent of all participants practice Walking exercise.



Just 10% of all participants practice heavy duty.
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Table (4.6): Results for Life style

Life style

Natural

Prosthetic

Total

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)

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)

Total

25 (100.0)

25 (100.0)

50 (100.0)

Usually, do you use "Miswak"?

No. (%)

No. (%)

No. (%)

Yes

5 (20.0)

0 (0.0)

5 (10.0)

No.

20 (80.0)

25 (100.0)

45 (90.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

Do you complain of laziness?

No. (%)

No. (%)

No. (%)

Yes

3 (12.0)

9 (36.0)

12 (24.0)

No.

22 (88.0)

16 (64.0)

38 (76.0)

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)

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)

Total

25 (100.0)

25 (100.0)

50 (100.0)

Do you practice walking ?

No. (%)

No. (%)

No. (%)

Yes

18 (72.0)

21 (84.0)

39 (78.0)

No.

7 (28.0)

4 (16.0)

11 (22.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

Do you practice heavy duties?

No. (%)

No. (%)

No. (%)

Yes

3 (12.0)

2 (8.0)

5 (10.0)

No.

22 (88.0)

23 (92.0)

45 (90.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

*Statistically Significant (P value  0.05)
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P value

0.198

NA

0.025*

0.048*

0.040*

0.384

0.248

0.500

4.5 Dietary habits
Table (4.7) illustrates some dietary habits for both groups and explains the differences
between the results.


Almost of all population 84% preferred White bread, when just 16% preferred Brown.
There were no significant differences between both groups.



No significant difference were shown between both groups in Bread consumption
form. 74% from all population preferred Mushy bread, and 26% preferred Toast.



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



56% of total population preferred to add two teaspoons of sugar to their tea, 30% add
just one teaspoon, and 14% more than two. Without statistically significant between
both groups.



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 (4.7): Results for Some dietary habits

Natural

Prosthetic

Total

No. (%)

No. (%)

No. (%)

Brown

5 (20.0)

3 (12.0)

8 (16.0)

White

20 (80.0)

22 (88.0)

42 (84.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

No. (%)

No. (%)

No. (%)

Mushy

16 (64.0)

21 (84.0)

37 (74.0)

Toast

9 (36.0)

4 (16.0)

13 (26.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

No. (%)

No. (%)

No. (%)

Unpeeled

24 (96.0)

6 (24.0)

30 (60.0)

Peeled

1 (4.0)

18 (72.0)

19 (38.0)

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)

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 sugar

15 (60.0)

17 (68.0)

32 (64.0)

Dislike it

1 (4.0)

2 (8.0)

3 (6.0)

Total

25 (100.0)

25 (100.0)

50 (100.0)

Which type of bread is favorite
for you?

Habitually, which form of bread
do you prefer?

Habitually, in which form do
you eat the fruits?

*Statistically Significant (P value  0.05)
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P value

0.351

0.098

0.000*

0.838

0.771

4.6 Food frequency
Table (4.8) explains food frequency and some dietary habits among both participants‟ groups.


Prosthetic teeth participants were founded to avoid eating of so solid fruits, versus
natural teeth participants who showed more tendency. The mean for natural and
prosthetic equal (



and

), respectively.

For eat honey, the mean for natural and prosthetic equal (

and

), respectively.

This result indicates significant difference between the means of eat honey in favor to
prosthetic teeth participants.


Both groups‟ participants were founded to consume nuts sometimes, the mean for
natural and prosthetic equal (



and

), respectively.

Both groups‟ participants often consume dairy products, the mean for natural and
prosthetic equal (



and

), respectively.

Both groups‟ participants think that they chew their food enough as needed, the mean
for natural and prosthetic equal



), respectively, without significance.

Also both groups‟ participants sometimes consume dried fruits. The mean for natural
and prosthetic equal (



and

and

), respectively.

Prosthetic teeth participants were more interest to brush their dentures after eating.
The mean for natural and prosthetic equal

and

), respectively. This result

indicates significant difference.


Natural teeth participants showed more tendency to consume fresh leafy vegetables,
the mean for natural and prosthetic equal (



and

For eat rice, the mean for Natural and Prosthetic equal

), respectively.
and

), respectively.

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


Rarely, both groups‟ participants prefer "diet" soft drinks, the mean for natural and
prosthetic equal (



), respectively.

Also rarely, both groups‟ participants chew gum, the mean for natural and prosthetic
equal



and

and

), respectively.

Natural teeth participants always consume a lot of bread during meal, and prosthetic
teeth participants often. The mean for natural and prosthetic equal (

and

),

respectively.


Sometimes, both groups‟ participants prefer to filter natural juice, the mean for natural
and prosthetic equal (

and

), respectively.
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Often, both groups‟ participants prefer to add sugar to their natural juice, the mean for
natural and prosthetic equal (



and

and

), respectively.

Also consume similar amounts of lamb meat, the mean for natural and prosthetic equal
and



), respectively.

Both groups‟ participants consume similar amounts of beef meat. The mean for
natural and prosthetic equal (



), respectively.

Sometimes, both groups‟ participants drink water during meal, the mean for natural
and prosthetic equal (



and

), respectively.

Same amounts of fish too, the mean for natural and prosthetic equal

and

),

respectively.


Also, same amounts of Poultry, the mean for natural and prosthetic equal

and

), respectively.


Both groups‟ participants eat sweets and chocolates, the mean for natural and
prosthetic equal

and

), respectively. This result indicates insignificant

difference between the means of eat sweets and chocolates.
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Table (4.8): Results for Food Frequency

Subject
Natural
Do you eat solid fruits?
Prosthetic
Natural
Do you eat honey?
Prosthetic
Natural
Do you eat nuts?
Prosthetic
Natural
Do you eat dried fruits?
Prosthetic
Natural
Do you eat/drink dairy
products?
Prosthetic
Do you think, you chew Natural
your food as desired?
Prosthetic
Do you brush your teeth Natural
directly after eating?
Prosthetic
Natural
Do you eat fresh leafy
vegetables?
Prosthetic
Natural
Do you eat rice?
Prosthetic
Do you prefer "diet" soft Natural
drinks?
Prosthetic
Natural
Do you chew gum?
Prosthetic
Do you eat a lot of bread Natural
during meal?
Prosthetic
Natural
Do you prefer to filter
natural juice?
Prosthetic
Natural
Do you add sugar to
your natural juice?
Prosthetic
Natural
Do you drink water
during meal?
Prosthetic
Natural
Do you eat beef meat?
Prosthetic
Natural
Do you eat lamb meat?
Prosthetic
Natural
Do you eat fish?
Prosthetic
Natural
Do you eat Poultry?
Prosthetic
Natural
Do you eat sweets and
chocolates?
Prosthetic
*Statistically Significant (P value  0.05)

Number
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
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Mean
3.44
2.80
2.72
3.24
3.52
3.00
3.08
2.72
4.32
4.08
4.08
4.32
2.56
4.52
4.44
3.84
3.96
3.64
1.28
1.04
1.80
1.24
4.52
4.00
1.80
2.12
3.16
3.16
2.28
2.16
3.56
3.48
2.24
2.28
4.00
3.80
3.84
3.80
3.60
3.44

SD
0.82
0.82
0.74
0.72
0.87
1.00
0.57
0.94
1.03
1.32
0.86
0.48
1.36
1.23
0.51
0.80
0.68
0.57
0.68
0.20
0.82
0.72
0.65
0.71
0.91
1.09
1.31
1.34
1.37
1.37
0.71
0.71
0.60
0.61
0.50
0.50
0.62
0.65
0.71
0.87

t

P value

2.764

0.008*

-2.517

0.015*

1.960

0.056

1.641

0.107

0.717

0.477

-1.218

0.229

-5.354

0.000*

3.168

0.003*

1.812

0.076

1.697

0.096

2.567

0.013*

2.701

0.010*

-1.124

0.267

0.000

1.000

0.309

0.759

0.397

0.693

-0.234

0.816

1.414

0.164

0.223

0.825

0.714

0.479

4.6 Blood sugar tests’ results
Blood sugar tests' samples were taken immediately before the trials, and one hour after
consuming chocolate.
Then the researcher measure the gap between the two results “pre and post” for all trials to
detect the rabidity of glucose metabolism. And also the median of the second result was
measured and detected.
4.6.1 Mastication of solid chocolate by natural teeth group
Figure (4.1) 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 annex shows very
small gaps between the two results, sometimes there are no gaps, and many times the second
results were lesser than the first.
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Figure (4.1): First trial for natural teeth volunteers (chewing of solid chocolate)
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4.6.2 Drinking of liquid chocolate by natural teeth group
Figure (4.2) detect the gap between blood sugar test results before drinking of liquid
chocolate immediately (pre), and the results after one hour from drinking (post). The annex
shows wide gaps between both results.
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Figure (4.2): Second trial for natural teeth volunteers (drinking of liquid chocolate)

4.6.3 Mastication of solid chocolate by prosthetic teeth group
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 annex shows wide
gaps between both results.
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Figure (4.3): First trial for prosthetic teeth volunteers (chewing of solid chocolate)
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4.6.4 Drinking of liquid chocolate by prosthetic 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 from drinking (post). The annex
shows wide gaps between both results.
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Figure (4.4): Second trial for prosthetic teeth volunteers (drinking of liquid chocolate)

54

4.6.5 Comparisons
4.6.5.1 Comparison of mastication results between natural versus prosthetic teeth group:


Gaps between “pre and post” results
Natural

Prosthetic

Figure (4.5): Comparison of mastication results between natural versus prosthetic teeth group

Table (4.9) shows that the Levene's test was not significant, with p = 0.099. Therefore, we use
independent samples T-test with equal variances assumed. The value of independent samples
T-Test equals t= -3.701, Sig. (p-value) = 0.001. So we reject the null hypothesis of equality of
means for mastication by natural versus prosthetic teeth groups. That is, there is sufficient
evidence to conclude that the means of mastication by natural versus prosthetic teeth groups
are significantly different. That is, there is sufficient evidence to conclude that there exists a
significant difference between mastication by natural versus prosthetic teeth groups.
Since the sign of the t-test is negative, then the mean of blood glucose level for mastication by
prosthetic teeth group is significantly greater than natural teeth group.
Table (4.9): Independent Samples T-Test for gaps between “pre and post one hour” 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.(P-value)

t

df

Sig. (P-value)

2.828

0.099

-3.701

48

0.001*

* The mean difference is significant a 0.05 level
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Median of “post” glucose level

Table (4.10) shows that the Levene's test was not significant, with p = 0.131. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = -3.503, Sig. (p-value) = 0.001. So we reject the null hypothesis of
equality of means for mastication by natural versus prosthetic teeth groups. That is, there is
sufficient evidence to conclude that the means of mastication by natural versus prosthetic
teeth groups are significantly different. That is, there is sufficient evidence to conclude that
there exists a significant difference between mastication by natural versus prosthetic teeth
groups.
Since the sign of the t-test is negative, then the mean of blood glucose level for mastication by
prosthetic teeth group is significantly greater than natural teeth group.
Table (4.10): Independent Samples t-Test for medians of “post one hour” 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. (P-value)

t

df

Sig. (P-value)

2.366

0.131

-3.503

48

0.001

* The mean difference is significant a 0.05 level

4.6.5.2 Comparison between mastication versus drinking results among natural teeth group:


Gaps between “pre and post” results
Chewing

Drinking

Figure (4.6): Comparison between mastication versus drinking results among natural teeth group
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Table (4.11) shows that the Levene's test was not significant, with p = 0.892. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t= -6.199, Sig. (p-value) = 0.000. So we reject the null hypothesis of
equality of means for mastication versus drinking among natural teeth group. That is, there is
sufficient evidence to conclude that the means of mastication versus drinking among natural
teeth group are significantly different. That is, there is sufficient evidence to conclude that
there exists a significant difference between mastication and drinking among natural teeth
group.
Since the sign of the t-test is negative, then the mean of blood glucose level for drinking of
liquid chocolate group is significantly greater than mastication of solid chocolate group.
Table (4.11): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for
mastication versus drinking among natural teeth‟s group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig.(P-value)

t

df

Sig. (P-value)

0.018

0.892

-6.199

48

0.000*

* The mean difference is significant a 0.05 level



Median of “post” glucose level

Table (4.12) shows that the Levene's test was not significant, with p = 0.515. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = -3.878, Sig. (p-value) = 0.000. So we reject the null hypothesis of
equality of means for mastication versus drinking among natural teeth group. That is, there is
sufficient evidence to conclude that the means of mastication versus drinking among natural
teeth group groups are significantly different. That is, there is sufficient evidence to conclude
that there exists a significant difference between mastication versus drinking among natural
teeth groups.
Since the sign of the t-test is negative, then the mean of blood glucose level for drinking of
liquid chocolate group is significantly greater than mastication of solid chocolate group.
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Table (4.12): Independent Samples t-Test for medians of “post one hour” blood glucose for mastication versus
drinking among natural teeth group

Levene's Test for Equality of Variances

T-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

0.431

0.515

-3.878

48

0.000

* The mean difference is significant a 0.05 level

4.6.5.3 Comparison between chewing versus drinking among prosthetic teeth group:


Gaps between “pre and post” results
Chewing

Drinking

Figure (4.7): Comparison between chewing versus drinking among prosthetic teeth group

Table (4.13) shows that the Levene's test was not significant, with p = 0.813. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.813, Sig. (p-value) = 0.568. So we do not reject the null
hypothesis of equality of means between chewing versus drinking among prosthetic teeth
group. That is, there is insufficient evidence to conclude that the means of chewing versus
drinking among prosthetic teeth group are statistically different. We conclude that means
there is an equivalent in blood glucose levels between chewing and drinking among prosthetic
teeth group.
Table (4.13): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for chewing
and drinking among prosthetic teeth‟s group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

0.057

0.813

0.574

48

0.568

* The mean difference is significant a 0.05 level
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Median of “post” glucose level

Table (4.14) shows that the Levene's test was not significant, with p = 0.366. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.437, Sig. (p-value) = 0.664. So we do not reject the null
hypothesis of equality of means between mastication versus drinking among prosthetic teeth
group. That is, there is insufficient evidence to conclude that the means of mastication versus
drinking among prosthetic teeth group are statistically different. We conclude that means
there is an equivalent in blood glucose levels between mastication and drinking among
prosthetic teeth group.
Table (4.14): Independent Samples T-Test for medians of “post one hour” blood glucose for mastication versus
drinking among prosthetic teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

0.834

0.366

0.437

48

0.664

* The mean difference is significant a 0.05 level

4.6.5.4 Comparison between chewing by prosthetic teeth group versus drinking by natural
teeth group:


Gaps between “pre and post” results
Prostheti
c

Natural

Figure (4.8): Comparison between chewing by prosthetic teeth group versus drinking by natural teeth group

Table (4.15) shows that the Levene's test was not significant, with p = 0.147. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.797, Sig. (p-value) = 0.429. So we do not reject the null
59

hypothesis of equality of means between chewing by prosthetic teeth group versus drinking
by natural teeth group. That is, there is insufficient evidence to conclude that the means of
chewing by prosthetic teeth group versus drinking by natural teeth group are statistically
different. We conclude that means there is an equivalent in blood glucose levels between
chewing by prosthetic teeth‟s group and drinking by natural teeth group.
Table (4.15): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for chewing
by prosthetic teeth group versus drinking by natural teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

2.190

0.145

0.797

48

0.429

* The mean difference is significant a 0.05 level



Median of “post” glucose level

Table (4.16) shows that the Levene's test was significant, with p = 0.036. Therefore, we use
independent samples T-test with equal variances not assumed. The value of independent
samples T-Test equals t = 0.402, Sig. (p-value) = 0.690. So we do not reject the null
hypothesis of equality of means between chewing by prosthetic teeth group versus drinking
by natural teeth groups. That is, there is insufficient evidence to conclude that the means of
chewing by prosthetic teeth group versus drinking by natural teeth groups are statistically
different. We conclude that means there is an equivalent in blood glucose levels between
chewing by prosthetic teeth group and drinking by natural teeth groups.
Table (4.16): Independent Samples T-Test for medians of “post one hour” blood glucose for chewing by
prosthetic teeth group versus drinking by natural teeth groups

Levene's Test for Equality of Variances

T-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

4.633

0.036

0.402

41.875

0.690

* The mean difference is significant a 0.05 level
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4.6.5.5 Comparison between drinking by natural teeth group versus drinking by prosthetic
teeth group:


Gaps between “pre and post” results
Natural

Prosthetic

Figure (4.9): Comparison between drinking by natural teeth group versus drinking by prosthetic teeth group

Table (4.17) shows that the Levene's test was not significant, with p = 0.072. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.109, Sig. (p-value) = 0.913. So we do not reject the null
hypothesis of equality of means between drinking by natural teeth group versus drinking by
prosthetic teeth group. That is, there is insufficient evidence to conclude that the means of
drinking by natural teeth group versus drinking by prosthetic teeth group are statistically
different. We conclude that means there is an equivalent in blood glucose levels between
drinking by natural teeth group versus drinking by prosthetic teeth group.
Table (4.17): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for drinking
by natural teeth group versus drinking by prosthetic teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

3.393

0.072

0.109

48

0.913

* The mean difference is significant a 0.05 level



Median of “post” glucose level

Table (4.18) shows that the Levene's test was not significant, with p = 0.255. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.088, Sig. (p-value) = 0.930. So we do not reject the null
hypothesis of equality of means between drinking by natural teeth group versus drinking by
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prosthetic teeth group. That is, there is insufficient evidence to conclude that the means of
drinking by natural teeth group versus drinking by prosthetic teeth group are statistically
different. We conclude that means there is an equivalent in blood glucose levels between
drinking by natural teeth group and drinking by prosthetic teeth group.
Table (4.18): Independent Samples t-Test for medians of “post one hour” blood glucose for drinking by natural
teeth group versus drinking by prosthetic teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

1.326

0.255

0.088

48

0.930

* The mean difference is significant a 0.05 level
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4.6.6 Stimulation of natural teeth by “Miswak” after drinking of liquid chocolate
Figure (4.5) detect the gap between blood sugar test results before drinking of liquid
chocolate immediately (pre), and the results after one hour from using “Miswak” every 10
minutes for a full minute (post). The annex shows very small gaps between the two results,
sometimes there are no gaps, and many times the second results were lesser than the first.
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Figure (4.10): Stimulation trial for natural teeth by using “Miswak” after drinking of liquid chocolate
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4.6.7 Comparisons
4.6.7.1 Comparison between mastication versus teeth stimulation by “Miswak” results among
natural teeth group:


Gaps between “pre and post” results
Chewing

Miswak

Figure (4.11): Comparison between mastication versus teeth stimulation by “Miswak” results among natural
teeth group

Table (4.19) shows that the Levene's test was not significant, with p = 0.147. Therefore, we
use independent samples t-test with equal variances assumed. The value of independent
samples t-test equals t= -0.157, Sig. (p-value) = 0.876. So we do not reject the null hypothesis
of equality of means between mastication versus teeth stimulation by Miswak usage among
natural teeth group. That is, there is insufficient evidence to conclude that the means of
mastication versus teeth stimulation by Miswak usage among natural teeth group are
statistically different. We conclude that means there is an equivalent in blood glucose levels
between mastication and stimulation by Miswak usage among natural teeth group.
Table (4.19): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for
mastication versus stimulation of teeth by Miswak usage among natural teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig.(P-value)

t

df

Sig. (P-value)

2.176

0.147

-0.157

48

0.876

* The mean difference is significant a 0.05 level
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Median of “post” glucose level

Table (4.20) shows that the Levene's test was not significant, with p = 0.925. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = 0.677, Sig. (p-value) = 0.502. So we do not reject the null
hypothesis of equality of means between mastication versus teeth stimulation by Miswak
usage among natural teeth group. That is, there is insufficient evidence to conclude that the
means of mastication versus teeth stimulation by Miswak usage among natural teeth group are
statistically different. We conclude that means there is an equivalent in blood glucose levels
between mastication versus teeth stimulation by Miswak usage among natural teeth group.
Table (4.20): Independent Samples T-Test for medians of “post one hour” blood glucose for mastication versus
teeth stimulation by Miswak usage among natural teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

0.009

0.925

0.677

48

0.502

* The mean difference is significant a 0.05 level

4.6.7.2 Comparison between teeth stimulation by “Miswak” results versus drinking among
natural teeth group:


Gaps between “pre and post” results

Miswak

Drinking

Figure (4.12): Comparison between teeth stimulation by “Miswak” results versus drinking among natural teeth
group

Table (4.21) shows that the Levene's test was not significant, with p = 0.229. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
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samples t-test equals t= -5.144, Sig. (p-value) = 0.000. So we reject the null hypothesis of
equality of means for teeth stimulation by Miswak usage versus drinking among natural teeth
group. That is, there is sufficient evidence to conclude that the means of teeth stimulation by
Miswak usage versus drinking among natural teeth group are significantly different. That is,
there is sufficient evidence to conclude that there exists a significant difference between teeth
stimulation by Miswak usage versus drinking among natural teeth group. Since the sign of the
t-test is negative, then the mean of blood glucose level for drinking group is significantly
greater than teeth stimulation by Miswak usage group.
Table (4.21): Independent Samples T-Test for gaps between “pre and post one hour” blood glucose for teeth
stimulation by Miswak usage versus drinking among natural teeth group

Levene's Test for Equality of Variances

t-test for Equality of Means

F

Sig.(P-value)

t

df

Sig. (P-value)

1.487

0.229

-5.144

48

0.000*

* The mean difference is significant a 0.05 level



Median of “post” glucose level

Table (4.22) shows that the Levene's test was not significant, with p = 0.504. Therefore, we
use independent samples T-test with equal variances assumed. The value of independent
samples T-Test equals t = -4.460, Sig. (p-value) = 0.000. So we reject the null hypothesis of
equality of means for teeth stimulation by Miswak usage versus drinking among natural teeth
group. That is, there is sufficient evidence to conclude that the means of teeth stimulation by
Miswak usage versus drinking among natural teeth group are significantly different. That is,
there is sufficient evidence to conclude that there exists a significant difference between teeth
stimulation by Miswak usage and drinking among natural teeth group. Since the sign of the ttest is negative, then the mean of blood glucose level for drinking group is significantly
greater than Miswak usage group.
Table (4.22): Independent Samples T-Test for medians of “post one hour” blood glucose for teeth stimulation by
Miswak usage versus drinking among natural teeth group

Levene's Test for Equality of Variances

T-test for Equality of Means

F

Sig. (P-value)

t

df

Sig. (P-value)

0.454

0.504

-4.460

48

0.000
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Chapter 5
Discussion
In this chapter, the researcher attempts to explain the findings of this study in the light of
other studies. The results could improve the understanding of the impact of mastication on
glucose metabolism in Gaza city, and help in developing policy and determining health
promotion and health education activities.
This study included 50 healthy participants from nearly all areas of Gaza city, to investigate
the effect of mastication either by natural or prosthetic teeth on glucose metabolism. Half of
the participants were edentulous but complete dentures wearers, while the others have more
than 20 natural and healthy teeth inside their mouths.
However, it can be concluded that the results were matched with other similar studies in some
findings and contradicted with others related to the relationship between mastication and
glucose metabolism.
The current study followed a systematic analysis, thus we can comment the following issues:
5.1 Anthropometric measurements
Anthropometric measures (Height, Weight, BMI, and Waist circumference) results showed
that there are insignificant differences between natural teeth and prosthetic teeth groups.
These results agree with a study‟s results done by researchers from Germany and Australia,
and found that there is no doubt that the number of teeth - independent of whether they are
replaced or natural - has an impact on BMI (Mack et al, 2008).
Also in a study aimed to compare modifications of chewing function before and after bariatric
surgery in three groups of obese patients differing in dental status. Three groups were formed:
the fully dentate group, the partially dentate group and the denture wearer group, the BMI
didn‟t differ between groups with different dental status (Godlewski et al, 2011).
However, these results contradict with results of a study done by Johansson and his
colleagues who reported in their cross-sectional study on edentulous people aged 25-64 years
that those who lost the teeth have a higher BMI than dentate individuals (Johansson et al,
1994).
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On other hand, 36% of edentulous participants gained weight after complete teeth extraction,
60% had no weight change, and just one person lost some body weight. The researcher Lee
found that edentulism was associated with a weight gain of >5% in one year (Lee et al, 2004).
This means that edentulous persons gain some weight after teeth extraction, which may
related to slow nutrient metabolism. Moreover this study‟s sample is considered as small
sample which may affect the results, so further studies are needed to confirm anthropometric
differences between both groups.
5.2 Correlation of edontulism with chronic diseases
There was a significant relationship (0.001) in the prevalence of chronic diseases between
natural and prosthetic teeth groups. 19 participants (76%) from prosthetic teeth group had at
least one or more chronic disease. While just 7 participants (28%) from natural teeth group
had at least one or more from the mentioned diseases.
These results agree with results of a study was done by a researcher from the department of
prosthodontics in the university of North Carolina, which showed that completely edentulous
patients were founded to be at higher risk for coronary artery plaque formation (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 arthritis (odds ratio 2.27), and to having
certain cancers (odds ratios varying from 1.54 to 2.85, depending on the type of cancer)
(Felton, 2009).
We have to know that the neuropeptide vasoactive intestinal polypeptide (VIP) emerges as an
attractive candidate to treat the immunopathology of atherosclerosis and myocarditis, and
consequently, to reduce the risk of brain stroke, ischemia and myocardial infarct in these
disorders (Delgado et al, 2013). And as known, VIP fibres were distributed in several nerve
bundles inside natural teeth (Luthman et al, 1992).
This may means that edentulous persons lost some VIP by their teeth extraction.
5.2.1 Hypertension
Only 6 (24%) participants from natural teeth group had high blood pressure, while a double
number from prosthetic teeth group (48%) had hypertension.
These results agree with a cross-sectional survey‟s results participated in South African was
done to detect if complete edentulousness is a risk indicator for hypertension. Compared 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 multiple logistic regression model, being completely
edentulous remained significantly associated with hypertension (Ayo-Yusuf et al, 2008).
Also agree with a study results showed that edentulism increased risk of electrocardiographic
abnormalities, hypertension, heart failure, ischemic heart disease, stroke, and aortic valve
sclerosis (Volzke et al, 2005).
On the other hand some neuropeptides which have nerve endings inside natural teeth, have an
effect on blood vessels. VIP is considered as potent vasodilator (Liddle, 2010), and as known
hypertension is induced by vasoconstriction. The researcher suggests that teeth extraction may
affect VIP concentration negatively.
5.2.2 Arthralgia
When 4 (16%) participants of natural teeth group complained of arthralgia, there were 7
(28%) participants of edentulous group complained of arthralgia.
This result demonstrates that there is potential bone loss among edentulous more than natural
teeth participants. This study agree with a study showed that bone loss is an ongoing process
following tooth loss (Allen et al 2003). And/or as mentioned before that completely
edentulous persons are at higher risk to having rheumatoid arthritis (Felton, 2009).
Rheumatoid arthritis (RA) and osteoarthritis (OA) -which maybe the cause of arthralgia- are
two rheumatic diseases of unknown etiology which development is associated with a chronic
inflammatory response localized in the synovium of diathrodial joints, leading to a
progressive destruction of articular cartilage and bone. Vasoactive intestinal peptide (VIP) has
emerged as a potential candidate for treatment of inflammatory and autoimmune diseases.
According to previous studies, VIP modulates different pro-inflammatory pathways ex vivo in
human RA synovial cells (Carrion et al, 2013).
Also the researchers found that beneficial effects have been observed with VIP, as a potential
therapeutic agent with protective effect upon cartilage and bone destruction in Rheumatoid
arthritis and Osteoarthritis (Perez-Garcia et al, 2013).
Together, the researcher thinks that edentulous people may lost some neuropeptides‟ activities
when extract their teeth. Because decreased amounts of some neuropeptides like (VIP) was
69

shown to associated with some chronic diseases, on the other hand this peptide may protect
people from some serious disorders. Researchers from the department of oral cell biology in
Sweden suggested a possibility that anabolic processes in bone are under neurohormonal
control. Then confirmed that VIP without affecting cell proliferation, can stimulate
osteoblastic alkaline phosphatase biosynthesis and bone noduli, and enhance calcium content
in bone noduli (Lundberg et al, 1999).
5.3 Correlation of edentulouism with gastrointestinal disturbances
There was a significant relationship (0.001) in prevalence of gastrointestinal disturbances
between natural and prosthetic teeth groups. Fourteen participants (56%) from prosthetic teeth
group have at least one or more gastrointestinal disturbance. While, just three participants
(12%) from natural teeth group have only Heart burn from the mentioned GI disturbances.
In addition, 64% from 14 edentulous participants who complain of GI disturbances had
gained those disturbances and/or increased acuity of them after complete teeth extraction.
These results agree with a study results showed that edentulism may increase the risk of
gastrointestinal disorders (Osterberg et al, 2010).
Also agree with a study‟s results showed that edentulism can lead to increased rates of
chronic inflammatory changes of the gastric mucosa, upper gastrointestinal and pancreatic
cancer, and higher rates of peptic or duodenal ulcers (Sierpinska et al, 2007).
5.3.1 Constipation
There was a significant difference between both groups in complaining of constipation
(0.001). 9 participants (36%) of prosthetic teeth group have constipation, when nobody from
the other group have it.
Constipation as known related to decreased peristalses or intestinal fluids. VIP increases
intestinal fluids as mentioned by Rodger Liddel who said that VIP stimulates ﬂuid and
electrolyte secretion from intestinal epithelium (Liddle,2010).
5.3.2 Heart burn
There was a significant difference between both groups in having heart burn (0.025). 10
participants (40%) from prosthetic teeth group have heart burn, when there are just 3
participants from the other group have it.
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The researcher thinks that edentulous people may haven‟t enough neuropeptides after food
ingestion, despite their chewing. In contrast with natural teeth group participants. And this
deficiency may lead to some heart burn which may due to excess hydrochloric acid secretion.
For instance, it has been shown that glucose-dependent insulinotropic polypeptide (GIP)-,
glucagon-like polypeptide (GLP)-, amylin-, and calcitonin gene-related peptide (CGRP)induced inhibition of acid secretion in rats and bombesin-induced inhibition of acid secretion
in mice are mediated through somatostatin release (Piqueras et al, 2004).
Another important study confirmed the idea that neuropeptides may prevent or limit some GI
disturbances. Scientists from university of Osmangazi in Turkey did a unique trial to explore
the effect of VIP on gastric ulceration in rats. They found that VIP prevented stress-induced
ulcers and mast cell degranulation and protected gastric tissue from lipid peroxidation. And
when VIP was used after induction of stress ulcer it was therapeutically beneficial (Tuncel et
al, 1998).
So the researcher thinks that teeth extraction may lead to neuropeptides‟ insufficiency,
because vital teeth contain nerve fibers for those peptides which sourly are lost by losing
natural teeth.
5.4 Life style
5.4.1 Smoking
Smoking habit was investigated, 48% of all population were smokers. 40% of natural teeth
participants were smokers, and 56% of prosthetic teeth were smokers.
These results show an increase of smoking habits among edentulous participants. This agree
with a study‟s results found that completely edentulous patients were founded to be smokers
(odds ratio 2.42) (Felton, 2009).
5.4.2 Laziness
There was a statically significant (0.048) in presence of Laziness among both groups. Only
12% from natural teeth group have Laziness, while 36% from prosthetic teeth group have
Laziness.
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These results agree with results of a study found that edentulism associated with decreased
daily function, physical activity, and physical domains of health-related quality of life
(Mollaogla et al 2005).
5.4.3 Forgetfulness
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 prosthetic teeth have it.
Numerous studies have linked dementia to the subsequent deterioration of oral health. Few
investigators, however, have examined oral disease and teeth loss as potential risk factors in
the development of dementia.
Researchers from Umea university in Sweden and Tromso university in Norway worked
together to assess the relationship between natural teeth loss and memory. For 273
participants (55–80 years old), the researchers concluded that the number of natural teeth
contributed uniquely and significantly to explaining variance (3-4%) in performance on
measures of episodic memory and semantic memory. Scientists said that Sensory impulses
created by the movement of the jaw and teeth are fed to the area of the brain that forms and
retrieves memories. Those without their own teeth produce fewer signals to be sent to this
region, which is called the hippocampus. Artificial dental implants can restore sensory input
"to some extent" but still result in fewer signals to the brain (Hansson et al, 2013).
In a longitudinal study of aging and Alzheimer disease, a researcher Pamela Sparks Stein et
al, conducted a study to investigate a potential association between a history of oral disease
and the development of dementia. Then they found that a low number of teeth increased the
risk of higher prevalence and incidence of dementia, and Participants with the fewest teeth
had the highest risk of prevalence and incidence of dementia (Stein et al, 2007).
Also results of a study which was done to explain if there is a relationship between dental
health and cognitive impairment, showed that lack of teeth was significantly associated with
cognitive impairment (odds ratio=3.59, 95%) (Stewart et al, 2007).
And to explain the importance of natural teeth on cognition, Maud Bergdahl and other
researchers did acomparison between 211 natural teeth participants and 188 edentulous. The
results suggest that functional natural teeth relate to relatively preserved cognitive functioning
in older age (Bergdahl et al, 2008).
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In Japan, the researchers tried to detect the cause of dementia after teeth loss. They divided
the rats into three groups: the first fed solid food, the second fed the same contents of
nutrients food but in powder form, and the third was molar crown-less group and fed powder
diet. They found that the number of choline acetyl transferase (ChAT) positive neurons in
nucleus of the diagonal band/medial septal nucleus NDB/MS of the soft diet group and the
molar crown-less group were smaller than those of the control group. Nevertheless,
acetylcholine (ACh) concentration in the hippocampus of the molar crown-less group was
significantly lower than that of the control group. So they concluded that a decrease of oral
sensory information may have caused a reduction in the number of ChAT-positive neurons
selectively in NDB/MS, which in turn caused a decline of ACh concentrations in the
hippocampus (Terasawa et al, 2002).
A very important study showed that frequency of teeth brush protect people from memory
loss. Researchers from California discovered that dentate individuals who reported not
brushing their teeth daily had a 22% to 65% greater risk of dementia than those who brushed
three times daily (Paganini-Hill et al, 2012).
Neuropeptides too were founded to enhance cognition according to results of a study was
done by researchers from department of neuroscience in Sweden, and said that accumulating
evidence during the past 40 years has implicated a number of neuropeptides in various
cognitive functions including learning and memory. It has become increasingly clear that
most transmitter systems in the brain can release a cocktail of signaling molecules including
classical transmitters and several neuropeptides. Neuropeptides in 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 neurodegenerative and neuropsychiatric
disorders associated with cognitive impairments (OveOgren et al, 2009). On the other hand,
VIP and PACAP were founded to paving the path to better understanding and better
treatments

of

prevalent

neurodegenerative

-including

Alzheimer‟s

disease-

and

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
became clear that loss of natural teeth which contain nerve endings of those neuropeptides,
causes memory loss.
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After these literatures the researcher thinks that the factor protects people from memory loss
is not chewing, because complete denture wearers require 7 times more chewing strokes than
those with natural dentitions to be able to cut food into half of its original size (Michael et al,
1990). And teeth brush isn‟t only for cleaning because denture wearers clean their dentures
many times daily but still have higher percentage of dementia, so the researcher thinks that
teeth brush stimulate nerve endings which present inside the tooth itself, then send signals to
the brain. The scientists said that teeth extraction can induce cell death in the trigeminal
mesencephalic neurons (Kimoto, 1990), and nut only this but they add that tooth pulp
extirpations induces degenerative changes in primary trigeminal axons and in their target
neurons of the nucleus caudalis (Gobel et al, 1977). So the researcher concluded that
trigeminal nerve degeneration may be the etiology of memory loss.
5.5 Dietary habits and Food frequency
Tables of dietary habits and food frequency explained that both groups‟ participants had
nearly the same dietary habits, but with some differences. The main difference was that the
participants of prosthetic teeth group avoid consumption of some vegetables and/or fruits
which are so hard or high in fibers.
Both groups‟ participants consume all types of meat -which are the main source of Protein
and Fat- (beef, lamb, poultry and fish) without significant differences.
Also both groups‟ participants consume the same types of high carbohydrate foods
(chocolate, rice, dried fruits, nuts and bread) with significant increase of “bread” consumption
among natural teeth group participants.
There was insignificant difference between both groups‟ participants in the consumption of
the main source of Calcium (dairy products).
Some of these findings agree with results of a study done on both white and black edentulous,
and the researchers found that regardless of race, total energy intake and solid food intake did
not differ significantly between edentate and dentate elderly, and edentate people consume
less dietary fibers. White edentate elderly had significantly higher intakes of meats than did
their dentate counterpart, unlike black edentate elderly, who did not have significantly
different intake of meats from dentate black elderly. Among blacks, however, intakes of most
dietary fats and several micronutrients were not significantly different between edentate and
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dentate elderly. So the researchers demonstrated racial-ethnic differences in dietary intake
patterns (Lee et al, 2004).
Also Nowjak-Raymer and his colleague Sheiham demonstrated that the association between
dentition and nutrition was independent of age, sex, race ethnicity, and socioeconomic factors
(Nowjack-Raymer et al, 2007).
In Gaza, all family members eat together and consume the same cooked food even they were
dentate or edentate. According to their norms and habits.
On the other hand there was insignificant difference in mastication functionally and as
required between both groups. 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 8% of edentulous subjects rated their chewing efficiency as poor
(Agerberg et al, 1981).
The results contrast with weak study‟s results showed that the masticatory performance of
edentulous individuals was one-sixth of that achieved by dentate individuals (Osteberg et al
1996). A weakness of this study was that the control 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 dentures wearers group. In other words, edentulous people chew their food
as required before swallowing, but need more time.
5.6 Blood sugar tests
After one hour of consumption of chocolate (either chewing or drinking), blood glucose level
test‟s results were different between both groups as the following:
5.6.1 Natural teeth group
To investigate the effect of mastication on glucose metabolism, two trials were done upon
natural teeth group‟s participants (chewing and drinking of chocolate).
In chewing or mastication trial the gap between “pre and post” chewing results were
measured and showed very small gaps between the two results, sometimes there are no gaps,
and many times the second results were lesser than the first.
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These results indicate a rapid glucose metabolism among natural teeth group participants after
mastication process.
While in drinking trial for the same participants, the gap between “pre and post” results were
measured and showed wide gaps between both results. These results indicate a slow glucose
metabolism in the absence of mastication.
In addition the median blood glucose level after chewing trial was lesser than it after drinking
trial.
These results indicate that glucose metabolism in chewing trial was more rapid than in
drinking trial. This may related to the hypothesis that in humans food texture might modify
both pre and post absorptive plasma levels of metabolites and hormones, eating behavior, and
oxidative metabolism (Laboure et al, 2002).
These results agree with several results for studies done to investigate the relationship
between mastication and blood glucose level.
To evaluate the effects of mastication on postprandial plasma glucose concentration, some
researchers in Japan compared between usual and thorough mastication among human
subjects, then they explored that thorough mastication elicited a significantly higher
insulinogenic index than usual mastication in the normal glucose tolerance group participants.
So they confirmed their suggestion that in the normal glucose tolerance group the
postprandial plasma glucose concentration upon thorough mastication of meal was
significantly lower. On the other hand, plasma glucose in thorough mastication decreased
more rapidly than in usual mastication (Suzuki et al, 2005).
A study done by Zhu and other researchers to determine the influence of masticatory
efficiency on postprandial satiety and glycemic response, detected some etiologies which
make chewing useful for glucose metabolism. The researchers asked the participants to chew
the same portion of food either fifteen or forty times before swallowing. They observed
increase in release of some gut hormones like glucose-dependent insulinotropic peptide (GIP)
and insulin after fifteen chews. The results suggest that a higher number of masticatory cycles
before swallowing may provide beneficial effects on satiety and facilitate glucose absorption
(Zhu et al, 2013).
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Another study was done to elucidate the effects of preferred properties of food that affect the
daily masticatory habits on the onset of lifestyle-related disease, scientists from Japan
investigated whether groups of rats continuously fed with diet having distinct properties show
differences in glucose metabolism. So they divided the rats into two groups; only the pellet
type feed was given to one (solid diet group), and the powdered feed to the other (powder diet
group). The results were: the median blood glucose level in the 51-week-old rats in the
powder diet group was significantly higher than those in the solid diet group at 30, 45, 60, and
120 min after glucose load. The peak in glucose levels remained and the high blood glucose
levels were sustained longer in the powder diet group than in the solid diet group of rats. After
these results they concluded that the rats which had been fed with solid diet and therefore had
been masticating the feed plentifully enhanced glucose metabolism (Hashimoto et al, 2011).
Helene Laboure and colleagues tried to discover if there are plasma and calorimetric changes
related to food texture modification in men. They used liquid food (puree and liquid rusk) and
consistence food (sandwich loaf and mixture). They discovered that the lowest increase in
plasma glucose occurred with a sandwich loaf, postprandial glucose reached the highest point
earlier after a mixture lunch (at 45 min) than for the other lunches (at 60 min) and insulin
changes were -parallel to glucose changes- reaching their highest level earlier with mixture
and sandwich loaf (at 45 min) than with puree (at 60 min). However, they also discovered that
respiratory quotient ( RQ) tended to fall after puree consumption and increase after mixture
consumption (Laboure et al, 2002).
So, the food requiring a higher masticatory activity enhances glucose metabolism (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 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 release) modulate postprandial metabolism (eg glucose tolerance) (DiMeglio et al,
2000).
Immediately after gum chewing, Hashimoto and colleagues tested blood sugar, insulin and cpeptide to detect the relation between them and chewing. They revealed that the gum-chewing
showed an early drop in blood glucose level associated with an early increase in insulin and
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C-peptide levels, and an early decrease in insulin and C-peptide values (Hashimoto et al,
2004).
Furthermore, Suzuki and colleagues investigated the levels of blood glucose and insulin after
consuming a test food according to the predetermined mastication protocols and found that
sufﬁcient mastication prevents an elevation in the blood glucose level and also increases
insulin responsiveness in the blood in the early phase (Suzuki et al, 2005).
A preabsorptive or cephalic phase insulin release is induced by sensory stimulation in the oral
cavity and is involved in the regulation of insulin secretion after meal ingestion in humans
(Teff, 2000). The response occurs within the first few minutes of food ingestion, peaking at 4
minutes and returning to baseline at 10 min before nutrient absorption (Teff et al, 1999).
Increase in insulin during the ﬁrst 10 minutes after meal intake did inversely correlate to the
change in glucose levels between 25 and 60 minutes. This because Maximal postprandial
hepatic glucose uptake has been shown to be achieved at 15 minutes after meal ingestion in
dogs; if portal insulin delivery is retarded during the initial minutes after meal intake,
impairment of hepatic glucose uptake with exaggerated glycemia at 25-45 minutes after meal
intake would be expected (Ahren et al, 2001).
Thorough mastication increased insulin secretion from 5 minutes to nearly 90 minutes, the
major difference occurring at 60 minutes when 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 insulin response to meal ingestion is of great
importance for subsequent glucose tolerance. Furthermore, prevention of the early insulin
response results in glucose intolerance, and noncholinergic mechanisms also contribute to the
response, includes several neuropeptides in parasympathetic nerves in addition to
acetylcholine, such as vasoactive intestinal polypeptide (VIP), pituitary adenylate cyclase
activating polypeptide (PACAP), and

gastrin-releasing polypeptide (GRP). These

neuropeptides are released after vagal nerve activation of the pancreas and stimulate insulin
secretion (Ahren et al, 2001).
Karen Teff and colleagues suggested that activation of the parasympathetic nervous system
(PNS) by food-related oral sensory stimulation enhances glucose metabolism. The researchers
demonstrated that when intragastric glucose was paired with a modified sham feed, in which
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subjects tasted, chewed, and expectorated food for a 5-min period, glucose tolerance was
improved compared with intragastric glucose alone (Teff et al, 1996).
Also Teff and colleagues talked about the role of the parasympathetic nervous system (PNS)
in human glucoregulation. And said that Activation 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 activity at the level of the pancreas stimulates neurally mediated insulin and glucagon
release, which results in significant increases of both hormones in the portal vein. They
hypothesized that the combined insulin-acetylcholine signal is involved in the regulation of
hepatic glucose metabolism, whereas the increased glucagon release maintains plasma
glucose levels that would otherwise drop as a result of the increase in insulin (Teff et al,
1999).
A study showed that in response to food intake a number of peptides, including VIP and
substance P, are likely to be involved in the so called non-adrenergic, non-cholinergic
(NANC) transmission of the parasympathetic secretory impulses. The scientists found that the
reflex mobilization of the NANC mechanisms depended on mastication rather than on taste,
and involved the release of VIP and substance P (Ekstrom et al, 1998). This indicate that
mastication induce the cephalic phase insulin release, because this phase of insulin secretion
is largely mediated by the autonomic nerves (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 and via some neuropeptides which are released by irritation
and rubbing which occur during chewing process.
From other side, the researcher thinks that enhancement of glucose metabolism may occur by
inducing of digestion and absorption of carbohydrates. And this occur when the pancreatic
amylase find his chance to work well inside gastrointestinal canal by increasing its amount
and on opposite side decreasing the amount of hydrochloric acid secretion under effect of
some neuropeptides which are released by chewing and related to parasympathetic nervous
system.
In 1982, the researcher Singh concluded that cyclic adenosine monophosphate rise (due to
VIP effect) increased amylase secretion from rat pancreatic acinar cells (Singh, 1982).
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Also it has been suggested that PACAP, acting as a neuropeptide, might play an important
role in the regulation of gastric acid secretion. This occur by increasing somatostatin release
which mediate acid inhibition. Release of somatostatin is occur by PACAP and its related
neuropeptide VIP; both VIP and PACAP stimulate calcium signaling and somatostatin release
with almost equal efficacy. Other neuropeptides that inhibit gastric acid secretion also release
somatostatin or have a somatostatin-dependent mechanism of action. For instance, it has been
shown that glucose-dependent insulinotropic polypeptide (GIP), glucagon-like polypeptide
(GLP), amylin, and calcitonin gene-related peptide (CGRP) induced inhibition of acid
secretion in rats and bombesin-induced inhibition of acid secretion in mice are mediated
through somatostatin release (Piqueras et al, 2004).
In addition, Mastication is involved in maintaining good motility in the digestive tract by
enhancing physiological gastric motion through the activation of parasympathetic nervous
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 (Godlewski et al,2011).
5.6.2 Prosthetic teeth group
In both cases (chewing and drinking of chocolate) by edentulous who wear complete
dentures, the gaps between two tests results “pre and post” were the same, and were so wide,
like the results of second natural teeth trial (drinking chocolate).
Also the median blood glucose level after both trials was the same, and the same of drinking
trial of natural teeth group participants; which was higher than natural teeth chewing trial.
These results indicate that edentulous participants have no differences in blood sugar results
despite their chewing act. In contrast with natural teeth participants who showed a significant
differences between chewing and drinking results.
2.6.3 Rationalization
When compare glucose levels after chewing by natural teeth with levels after chewing by
prosthetic teeth, significant differences were 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
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chewing); is the same etiology which make differences between chewing and drinking trial‟s
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 sensation. This leaded the researcher to think that there is a role in glucose metabolism, of
dental nerves which have neuropeptides related to parasympathetic nervous system, like VIP.
Especially when we know that many peptidergic nerve fibres in teeth were observed in
association with blood vessels of various sizes, the occurrence of vasoactive intestinal
polypeptide (VIP) and peptide histidine isoleucine (PHI) immunoreactive fibres lends support
to the hypothesis that human tooth may be supplied by parasympathetic nerves (Casasco et al,
1990). Then Karen Teff and colleagues suggested that activation of the parasympathetic
nervous system (PNS) by food-related oral sensory stimulation enhances glucose metabolism
(Teff et al, 1996).
VIP and PACAP are members of the same neuropeptide superfamily (Hamelink et al, 2002).
In rat and human tooth pulps, PACAP-immunoreactive (IR) nerve fibers were observed
around blood vessels and in the subodontoblastic and odontoblastic layers. On the other hand,
almost all PACAP-IR nerve fibers in the human tooth pulp co-expressed VIP-IR and, thus,
thought to be autonomic in nature (Ichikawa et al, 2003).
So the researcher supposes that prosthetic teeth participants may be lost some sensation by
losing their natural teeth which contain neuropeptides‟ nerve endings, which may lead to
some delay in glucose metabolism.
It has recently been established that the early insulin response to meal ingestion is of great
importance for subsequent glucose tolerance. Furthermore, prevention of the early insulin
response results in glucose intolerance, and noncholinergic mechanisms also contribute to
insulin response, includes several neuropeptides in parasympathetic nerves in addition to
acetylcholine, such as vasoactive intestinal polypeptide (VIP), pituitary adenylate cyclase
activating polypeptide (PACAP), and gastrin-releasing polypeptide (GRP) (Ahren et al,
2001).
Now the question is, can natural teeth extraction makes the person loose these important
peptides and their nerve endings which share in glucose metabolism process?
The answer is when a tooth is lost, its periodontal and pulp sensory receptors (including
mechanoreceptors, proprioceptive receptors, nociceptive receptors, and other related receptors
81

and nerve endings) are also lost (Henry 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). Additionally, the sensory functions of
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adjacent oral membrane, tongue membrane, and taste buds are also affected and changed by
tooth loss (Boucher et al., 2006).
Also the scientists said that teeth extraction can induce cell death in the trigeminal
mesencephalic neurons (Kimoto, 1990), and nut only this but they added that tooth pulp
extirpations induces degenerative changes in primary trigeminal axons and in their target
neurons of the nucleus caudalis (Gobel et al, 1977).
After this the researcher concluded that tooth extraction and/or dental pulp extirpations 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 system (Yamaguchi, 1998). On other hand, prosthetic teeth hasn‟t the
same characteristics of natural teeth according to a study showed that endodontically treated
teeth and dental implant-retained prostheses provide less mechanosensory information than
vital teeth (Levy, 2009). Then natural teeth extraction and losing the nerves lead to glucose
intolerance, and may lead to diabetes mellitus according to a study showed that functionally
edentulous subjects were at greater risk for type 2 diabetes mellitus than the obese (Cleary et
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 this it was a reduction
in the number of choline acetyltransferase (ChAT) positive neurons selectively in NDB/MS,
which in turn caused a decline of acetylecholine (Ach) concentrations in the hippocampus
which related to a decrease of oral sensory information (Terasawa et al, 2002).
In other words, in presence of natural teeth -which contain nerves- acetylcholine will be
increased, and in absence of natural teeth this neurotransmitter will be decreased, due to loss
of oral sensory information by losing natural vital teeth. The question is, can acetylcholine
induce glucose metabolism?
And the answer is, glucose-dependent insulin secretion is modulated by several hormones and
neurotransmitters, among which acetylcholine plays a prominent role (Gilon et al, 2001). At
the onset of food ingestion, the PNS is activated, eliciting acetylcholine release at multiple
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tissue sites, including the pancreas and the liver (Teff et al, 1999). Also In 1986, researchers
explored that acetylcholine stimulates insulin secretion in the presence of physiological
concentrations of glucose (Meglasson et al, 1986).
So the researcher suggest that natural teeth may induce glucose metabolism by increasing
acetylcholine release, while prosthetic teeth have no effect on acetylcholine release.
Another rational of this delay in glucose metabolism among prosthetic teeth group‟s
participants despite their mastication, is insufficient salivary glands‟ secretions, as mentioned
by Emami and colleagues who demonstrated that edentulism can be accompanied by
functional and sensory deficiencies of the oral mucosa, oral musculature, and the salivary
glands (Emami et al, 2013). And as known, in normal cases, adequate mastication facilitates
the initial steps of digestion by stimulating saliva production and activating the cephalic
controls that initiate the assimilation of foods (Godlewski et al,2011).
This means that prosthetic teeth participants are disable to secrete enough saliva which
contain some enzymes that sharing in glucose digestion and metabolism, like α- amylase
(Ptylin) which is secreted by salivary glands mainly by the parotid glands and starts the
digestion of carbohydrates (Butterworth et al, 2011).
We have to pay attention that the 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 the function of the salivary glands (Dawidson et al,
1997).
Taken together, it‟s became clear that extraction of natural teeth affect many glucose
metabolism‟s modulators due to decreased oral sensation after losing dental and periodontal
nerve fibers. On the tip of those modulators are neuropeptides.
And to detect if natural teeth stimulation affect neuropeptides‟ release, Maria Zubrzycka and
her colleagues explored that tooth pulp electric stimulation increases mRNA of some
neuropeptides (eg. VIP) in the rat‟s brain (Zubrzycka et al, 2011).
This means that neuropeptides‟ release after teeth nerve stimulation isn‟t limited locally just
inside tooth pulp or 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- in glucose metabolism process. The trial was
stimulation of natural teeth by the stick “Miswak”.
5.6.4 Stimulation by “Miswak”
The researcher asked natural teeth participants to do one more trial to discover and detect the
role of dental nerve in glucose metabolism process by irritate the teeth for one full minute
every 10 minutes and through one hour after drinking of liquid chocolate.
After the second trial for natural teeth group (liquid chocolate drinking), the gaps between pre
and post results were wide, and the median of post blood glucose was higher than chewing
trial. But when the researcher repeated the same trial for the 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 chocolate). The gaps were very small, sometimes
there were no gaps and many times the second results were lesser than the first, with a lesser
median of 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 done in 1979, by Shetter and his colleague
Sweet, who explored that cerebral glucose metabolism evoked by dental-pulp stimulation in
the rat via electrical stimulation (Shetter et al, 1979).
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 nerve stimulation as Maria
Zubrzycka and her colleagues explored that tooth pulp electric stimulation increases mRNA
of some neuropeptides (eg. VIP) in the rat‟s brain (Zubrzycka et al, 2011).
The question now is, can this mild stimulation of dental nerve by “Miswak” play the same
role of electrical stimulation to induce neuropeptides‟ release then evoke glucose metabolism?
In 1993, Scientists from Japan suggest that light stimulation of eyes may influence the activity
of the autonomic outflows. Efferent activities of the pancreatic, hepatic, and gastric branches
of the vagus nerve and those of pancreatic, hepatic, splenic, adrenal, and renal branch of the
splanchnic nerve were recorded. Then they concluded that light stimulation modulates
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visceral functions through changes in the autonomic nervous system activities (Niijima 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 that dental pulp tissue is not the only tissue with its
characteristic, the eye cornea and the tympanic membrane of the ear are also like the pulp, of
high neural density (Gomez, 2011).
If the light affected and modulated visceral functions, it‟s more accepted that stimulation of
dental nerve by a stick will give at least the same results.
Light stimulation trial was done because the authors suggested that there is an importance of
retino-hypothalamic pathway, and there is also a direct relationship between dental pulp and
the hypothalamus as demonstrated by Rutz Carson who said that there is a coordinated
intervention between the central nervous system and the endocrine system, the hypothalamus
and hypophysis gland may be related with some of the events that occur in the pulp during a
symptomatic period, establishes an interesting relationship between the endocrine system and
the dental pulp (Carson et al, 2007). As it‟s known, that natural teeth contain PACAP nerve
fibers, and we have to know that a dense PACAP immunoreactive fiber network present in the
suprachiasmatic nucleus suggests the presence of PACAP in retinal ganglion cells, that is,
PACAP has to be present in the retinohypothalamic tract (Koves, 2013).
Neural mechanisms play an important although not so succinct a role in the over-all control of
exocrine secretion of 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 cells (Singh et al, 1978).
Pancreatic islets are richly innervated by parasympathetic, sympathetic, and, sensory nerves
and these nerves have been shown to be of importance for the regulation of islet function. The
neuropeptides vasoactive intestinal polypeptide (VIP), pituitary adenylate cyclase activating
polypeptide (PACAP), and gastrin releasing peptide (GRP) are in the parasympathetic nerve
terminals. These neuropeptides may mediate activation of the autonomic nerves on islet
hormone secretion. Thus, insulin secretion stimulated by parasympathetic nerves may be
mediated by VIP, PACAP, and GRP, which all stimulate insulin secretion (Ahren, 2003).
The researcher suggest that there is a relationship between VIP and PACAP which have nerve
endings in natural teeth, and pancreatic functions. And this relationship increased by dental
nerve stimulation either by solid foods and/or by “Miswak”.
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On other hand, scientists demonstrates the ability of human amniotic fluid stem cells and
human dental pulp stem cell to differentiate into insulin-producing cells, offering a nonpancreatic, low-invasive source of 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 both organs.
5.6.5 In general
Glucose metabolism was found to be increased after chewing, but just among natural teeth
group participants, despite the prosthetic teeth participants chew their food several times more
than others, as some researchers registered that complete denture wearers need about seven
times more masticatory movements to achieve equal number of sample parts (Markovic et al
1999). This more chews mean that prosthetic teeth group are supposed to have the chance to
stay the food more additional time in their mouths to manipulate it and then increase
stimulation of oral sensation which will lead to enhancement of glucose metabolism,
Godlewski and colleagues demonsterated that increasing the number of chewing cycles leads
to an increase in the time food is manipulated in the mouth that, in turn, could possibly trigger
the cephalic reflexes (Godlewski et al, 2011). But it‟s appears that chewing hasn‟t this effect
among the prosthetic teeth participants.
Delay of glucose metabolism after chewing by prosthetic teeth, leads the author to say that
edentulous participants had lost more than just teeth after extraction but also lost some of the
unique neuroendochrine coordination. As demonstrated in a study which showed the sensory
functions of the adjacent oral membrane, tongue membrane, and taste buds are also affected
and changed by tooth loss (Boucher et al, 2006). In our present study, it‟s founded that all
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 system (Markovic et al 1999).
So mastication alone doesn‟t induce glucose metabolism as desired, but this act must be done
by natural teeth to obtain this characteristic. This suggestion was confirmed when natural
teeth stimulation by Miswak, enhanced glucose metabolism, nearly as the same as post
chewing by natural 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 system (Ichikawa et al, 2003).
Also natural teeth have Mechanoreceptors which are sensory end organs that respond to
mechanical stimuli such as tension, pressure, or vibration (Levy, 2009).
Experiments suggest endodontic procedures may limit patients‟ abilities to perceive vibrations
associated with textural assessment of objects with their teeth, and demonstrated that vital
maxillary and mandibular incisors encode vibrations and endodontically treated teeth lack the
ability to encode vibrations (Robertson et al, 2003). So, what we can say about teeth
extraction which will lead to losing of several things, when a tooth is lost its periodontal and
pulp sensory receptors (including mechanoreceptors, proprioceptive receptors, nociceptive
receptors, and other related receptors and nerve endings) are also lost (Henry 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 role of natural teeth sensation,
this because the neurophysiologic properties of intradental and periodontal mechanoreceptors
are functionally different. Intradental mechanoreceptors are able to encode mechanical
vibrations, have rapidly adapting response characteristics and encode vibrations throughout a
wide frequency range. Periodontal mechanoreceptors have slowly adapting response
characteristics and encode only lower vibration frequencies (levy, 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 2 (Cleary et al, 1995).
Stimulation of natural teeth by Miswak leads to rapid glucose metabolism as demonstrated.
For this the prophet Mohammed peace of Allah be upon him, prevented fasting Moslims to
use it afternoon, this maybe because stimulation at this time in which the person complains of
hypoglycemia, may induces glucose metabolism of the little amount of glucose remained,
then severe hypoglycemia may occur. On other hand this stimulation may increase VIP
release which considered as vasodilator, and releasing of this peptide at this time when the
person complains of some fluid deficit, may lead to hypotension.
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Chapter 6
Conclusion
This chapter addresses the main conclusions of the study. In the present study, glucose
metabolism after mastication either by natural or prosthetic teeth, was investigated or assessed
among 50 participants who were divided into two groups, 25 of them were edentulous but
complete dentures‟ wearers, and the other 25 participants had at least 20 natural and vital
teeth. All participants aged between 45 to 65 years.
We can conclude the following:
1. There are significant differences in glucose metabolism results between mastication by
natural and/or prosthetic teeth, when prosthetic teeth participants have higher levels.
2. Median blood sugar level post chewing was lesser than it post drinking.
3. Mastication by natural teeth which contain dental pulp which includes nerves, enhance
glucose metabolism.
4. Complete edentulous persons who wear complete prosthetic dentures, had nearly the
same results of non-chew persons who have natural teeth, and both types had delay in
glucose metabolism.
5. Stimulation of natural teeth subjects‟ teeth by Miswak, gave the results which nearly
the same when they chewed.
6. Edentulous subjects had chronic diseases (hypertension, bronchial asthma, and
arthralgia) more than natural teeth‟s people.
7. Gastrointestinal disturbances (constipation, Colic, distension, and heart burn) were
more common among edentulous volunteers.
8. Edentulous subjects complain of laziness more than natural teeth‟s persons.
9. Edentulous volunteers as demonstrated complain of forgetful and potential memory
loss, more than natural teeth‟s volunteers.
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Chapter 7
Recommendations
Some recommendations drawn from the results of this study, this part directed to both clients
and health care providers. It provides perceptions of what they can do to enhance glucose
metabolism.

7.1 Recommendations for clients
1. Active or thorough chewing is recommended to enhance glucose metabolism.
2. It‟s recommended to use Miswak for all people who have natural teeth, especially
those who complain of prediabetic case.
3. It‟s recommended for persons who complain of gastrointestinal disturbances
(constipation, heart burn, etc.) to chew thoroughly their 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 professionals
1. Health care professionals have to explain chewing benefits to their clients.
2. Chewing benefits must be explained in mass media for the populations.
3. Dentists have to be more careful when deal with dental pulp, and avoid tooth
extraction as possible.
4. It‟s recommended to stimulate comatose patients‟ teeth to promote digestion and
absorption, and enhance glucose metabolism.

7.3 Recommendations for further research
1. There is a need for further researches to explore the roles of dental nerves.
2. More studies are needed to confirm the relation between natural teeth and glucose
metabolism.
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3. Further researches are needed to detect the relationship between neuropeptides and
glucose metabolism.
4. Another studies are needed to recognize natural teeth stimulation effect on systemic
neuropeptides‟ release.
5. Further researches are needed to explain the relationship between teeth loss and
chronic diseases.
6. There is a need for further researches to explain the relationship between edentulous
and gastrointestinal disturbances.
7. 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
I‟m the researcher Hammam I. Nasman, I assembly to make a research study about the effect
of mastication either by natural or prosthetic teeth on human glucose metabolism, in the Gaza
city, supervised program of Clinical Nutrition 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 questions about yourself, your family, your dietary habits, make
some anthropometric measures. Also, some blood 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 and also non- participation in this study.

Serial number:

Thanks

Researcher
Hammam I. Nasman
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2. Do you have frequent gastro intestinal disturbances?
Yes
No
If the answer "Yes", please answer the following questions:
 Do you have constipation?

Yes

No

 Do you have diarrhea?

Yes

No

 Do you have heart burn?

Yes

No

 Do you have abdominal distension?

Yes

No

 Do You have abdominal cholic?

Yes

No

If you are edentulous:

Did you lose some taste sense after teeth extraction?
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1. Which type of bread is favorite for you?
Brown
With rose
White

Fino

2. Habitually, which form of bread do you prefer?
Mushy
Toast
Crispy

gestured

3. Habitually, in which form do you eat the fruits?
Unpeeled
Peeled
Mushy

Juice

4. What about your tea's sugar?
One spoon
Two spoons

More

Without

5. How do you prefer coffee?
Sweet
Mild sugar

Withoutsug.

Dislike it

…………………………………………………………………………………………………………

6. Do you eat solid fruits?
Always

Often

Sometimes

Rarely

No

Often

Sometimes

Rarely

No

Often

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Rarely

No

7. Do you eat honey?
Always
8. Do you eat nuts?
Always

9. Do you eat dried fruits?
Always

Often

10. Do you eat/drink dairy products?
Always

Often

11. Do you think that you chew your food enough as needed?
Always

Often

Sometimes
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12. Do you brush your teeth directly after eating?
Always

Often

Sometimes

Rarely

No

Often

Sometimes

Rarely

No

Often

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

13. Do you eat fresh leafy vegetables?
Always
14. Do you eat rice?
Always

15. Do you prefer "diet" soft drinks?
Always

Often

16. Do you chew gum?
Always

Often

17. Do you eat a lot of bread during meal?
Always

Often

18. Do you prefer to filter natural juice?
Always

Often

19. Do you add sugar to your natural juice?
Always

Often

20. Do you drink water during meal?
Always

Often

21. Do you eat beef meat?
Always

Often

22. Do you eat lamb meat?
Always

Often
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23. Do you eat fish?
Always

Often

Sometimes

Rarely

No

Sometimes

Rarely

No

Sometimes

Rarely

No

24. Do you eat Poultry?
Always

Often

25. Do you eat sweets and chocolates?
Always

Often

With my best wishes
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Annex (2): Arabic dietary questionnaire

إدتبانةتغذوية
رزيزي المذارك ......المحترم

أّب اىجبدشَٕ :بً اثشإّ ٌٞسَبُ ،أقً٘ ثذساسخ ثذضٞخ ثعْ٘اُ :رأصٞش ٍؼغ اىطعبً س٘اء ثبألسْبُ اىطجٞعٞخ
أٗ اإلططْبعٞخ عي ٚاىزَضٞو اىغزائ ٜىيسنش ف ٜجسٌ اإلّسبُ ,فٍ ٜذْٝخ غضحٝٗ ....قً٘ ثبإلششاف عيٚ
اىذساسخ ثشّبٍج اىزغزٝخ اإلميْٞٞنٞخ /ميٞخ اىظٞذىخ ثجبٍعخ األصٕش ثغضح.
ٗٝزطيت إجشاء اىجذش اإلجبثخ عي ٚثعغ األسئيخ اىقظٞشح اىَ٘ػذخ ف ٜاالسزجبّخ اىزبىٞخ ٗاىز ٜرزؼَِ
اىَْط اىغزائٗ ٜاىذٞبرٗ ٜاىظذ ٜىل ،مَب ٗ ٝزطيت أخز عْٞبد دًٗ ,ثعغ اىقٞبسبد مبىط٘ه ٗاى٘صُ،
ٗس٘ف ٝسزغشق ٍوء ٕزٓ االسزجبّخ ّذ٘ خَسخ عشش دقٞقخ.
أسج٘ اىزنشً ثزعجئخ ٕزٓ االسزجبّخ عيَب ثأُ جَٞع اىَعيٍ٘بد اى٘اسدح داخيٖب رسزخذً فقط ف ٜأٍ٘س اىجذش
اىعيَٗ ٜىٞس ألغشاع أخشّٗ ,ٙؤمذ ىنٌ أُ ٍشبسمزنٌ فٕ ٜزا اىجذش ط٘عٞخ.

ذاكرين لكم حدن تعاونكم

الباحث /هوام نسواى
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إذاكنت صاحب أسنان إصطناعية:
.

.

.

.
.
.
.
.
.
.
.
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 .1أي أوىاع انخثس تفضم تىاونها عادج؟
أسمر

أتيض

ردج

 .2عهى أي األشكال تفضم أكم انخثس عادج؟
محمص
نيه

مقرمش

 .3عهى أي األشكال تفضم أكم انفاكهح عادج؟
مقشرج
تقشىرها

مهروسح

 .4طريقح تحهيح انشاي عادج؟
مهعقح سكر

مهعقتيه

أكثر

 .5كيف تفضم انقهىج عادج؟
سكرزيادج

عهى انريحح

سادج

فيىى

مفتىخ

معصىرج

تذون

الأرغة

.............................................................................................
 .6هم تتىاول انفىاكه انصهثح (تهح ,جىافح )...؟
دائما

أحياوا

غانثا

وادرا

ال

 .7هم تتىاول عسم انىحم؟
دائما

غانثا

 .8هم تتىاول انمكسراخ؟
دائما

غانثا

أحياوا

أحياوا

وادرا

وادرا

ال

ال

 .9هم تتىاول انفىاكه انمجففح (انتمر ,انستية ,انقطيه)...
دائما

أحياوا

غانثا

وادرا

ال

 .11هم تشرب انحهية أو تتىاول مشتقاخ األنثان؟
دائما

أحياوا

غانثا

.

.

.
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وادرا

ال

.

.

.

.

.

.

.
دائَب

أدٞبّب

غبىجب

ّبدسا

ال

ٕ .21و رزْبٗه ىذً٘ اىجقش؟
دائَب

أدٞبّب

غبىجب

ّبدسا

ال

ٕ .22و رزْبٗه ىذً٘ اىؼأُ؟
دائَب

أدٞبّب

غبىجب

ّبدسا

ال

ٕ .23و رزْبٗه ىذً٘ األسَبك؟
دائَب

أدٞبّب

غبىجب

ّبدسا

ال

ٕ .24و رزْبٗه ىذً٘ اىذٗاجِ؟
دائَب

أدٞبّب

غبىجب

ّبدسا

ال

ٕ .25و رزْبٗه اىذي٘ٝبد ٗ اىش٘م٘الرخ؟
دائَب

أدٞبّب

غبىجب

مع خالص أمنياتنا لكم دوما بوافر الصحة و العافية
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ّبدسا

ال

