Deogade SC et al.; Saudi J. Med. Pharm. Sci.; Vol-1, Iss-2(Oct, 2015):55-61

Saudi Journal of Medical and Pharmaceutical Sciences

Scholars Middle East Publishers
Dubai, United Arab Emirates

ISSN 2413-4929 (Print)
ISSN 2413-4910 (Online)

Website: http://saudijournals.com/ DOI : 10.36348/sjmps.2015.v01i02.004

Review Article

Influence of Impaired Masticatory Function on the Nutrition of Completely

Edentulous Patients
Suryakant C. Deogade’, Dinesh Naitam?, Sushant M. Patil®,
Professor, Department of Prosthodontics and Crown & Bridge, Hitkarini Dental College & Hospital, Jabalpur, Madhya
Pradesh, India
2Asso. Professor, Department of Dentistry, Government Medical College, Akola, Maharashtra, India
*Dental Surgeon, Department of Prosthodontics and Crown & Bridge, Government Dental College and Hospital,
Nagpur, Maharashtra, India

*Corresponding Author:
Dr.Suryakant C. Deogade
Email: dr_deogade@yaho0.co.in

Abstract: Individuals suffering from impaired masticatory function (MF) may adapt food consistency to their existing
dental status or rely on the digestive system to compensate for the lack of oral preparation of food. These circumstances
further leads to deficient nutrient intake or increase the likelihood of digestive diseases and decrease gut absorption.
Dysfunction of masticatory efficiency thus may be detrimental to general health. This article reviews evidence of the
effects of masticatory deficiency on nutrition. It is difficult to draw conclusions from many of the reviewed studies due to
issues related to study design, confounding variables, and the subjective nature of the measurements. The reviewed
evidences supporting an association between MF and deficient dietary intake often are based on relatively weak
correlations and cannot confer a causal relationship between the reviewed variables.
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INTRODUCTION

Loss of tooth following its removal from
mouth leads to a frequent condition of deficient
masticatory function (MF). Most common causes of
tooth loss include caries and periodontal disease, which
may result in total tooth loss causing a complete
edentulism in patients. Manly and Braley [1] have
reported that the prevalence of edentulism in persons
aged 65 to 75 years is 16.9% in France, 24.8% in
Germany, and 26% to 31% in the United States. They
found that the masticatory performance and efficiency
of a denture wearer is considerably less compared to
that of a fully dentate individual.

Diminished MF can result in functional
deficiencies of the tongue, the oral mucosa, the muscles
of mastication, the salivary glands, and the nervous
system. The possible effects of this impairment of MF
on the general health of an individual are not fully
understood and remain unclear. Individuals with
impaired MF may adapt their food choices or swallow
coarse particles that make the problem a digestive one.
This type of behavior induce imbalance in dietary
intake or may result in decreased bioavailability of
nutrients and gastrointestinal disturbances in such
people. In both situations, the impaired dietary or
nutrient intake may increase the incidence of nutrition-
deficient conditions or disease [2]. This article reviews

the impact of impaired MF on nutrition and health of
completely edentulous individuals.

EVALUATION OF MASTICATORY FUNCTION
Several authors [3,4] designed the different
methods for evaluation of masticatory efficiency,
ability, and performance. These workers suggested five
different categories. The first category involves self-
assessment of MF by means of scales and
questionnaires. These methods are used in
epidemiological surveys, where the participating
individuals are asked to score their ability to chew
foods into good, fairly good, or poor or to rate foods
into easy, fairly easy, difficult, or very difficult to chew.
Slagter and colleagues[4] advocated that this method
provides very optimistic results compared to a
practitioner’s evaluation and requires a large sample
population for survey. The second method measures the
individual’s ability to comminute food into smaller
particles, where the chewed test food is retrieved and
analyzed after mastication for a set number of strokes or
set time.*™*The retrieved test food is then screened
through sieves with a range of meshes, from which the
masticatory index is calculated. Some authors also
suggested the swallowing threshold test index, where
the individuals are instructed to chew a standard portion
of test food in as many strokes as required until they are
ready to swallow it. This chewed portion of test food is
then expectorated and analyze through sieving [5, 12,
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14, 15]. The swallowing threshold test index is
considered as an objective method as time and the
number of chewing strokes are not limited and involves
the natural conditions of bolus preparation. Heath [16]
suggested the third method that measures the amount of
sugar extracted from chewing gum. The fourth method
encounters the different techniques which include bite
force measurement, electromyography, kinematics, and
video recording [16-20]. However, these methods
demands expensive equipment and special training and
need to perform in a large-scale epidemiological survey
increasing its difficulties for its implication. The fifth
method considers certain anatomic criteria, where each
tooth is assigned a numerical coefficient according to its
presumed functional importance [11, 21, 22]. These
anatomical based methods encounters the teeth and
neglect the role of other masticatory organs such as
salivary glands, tongue, lips, cheeks and muscles of
mastication.

FACTORS RESPONSIBLE FOR IMPAIRED
MASTICATORY EFFICIENCY

Several authors [23-27] reported that the tooth
loss leads to impairment of masticatory function.
Gunne® studied the effect of removable partial dentures
on mastication and dietary intake. He suggested that the
replacement of missing teeth with removable dentures
can improve mastication. Contrary to this, other authors
[6, 7, 14, 28, 29] believed that such replacement cannot
recover the efficiency of a dentate state. Kubota and
colleagues [30] supported the degenerative changes of
primary neurons following tooth extraction as one of
the reason behind impaired MF. Gobel and Binck [31]
also reported the similar findings in their animal
studies. Appenteng and colleagues [32] investigated the
intraoral mechanoreceptor  activity during jaw
movement in the anesthetized rabbit and found that the
completed dentures often cover large areas of the oral
mucosa and block part of its sensory activity. Several
studies [33-36] have reported an impaired masticatory
efficiency due to dysfunction of tongue motor skills and
lack of tonicity of muscles involved in masticatory
movements. Watanabe and colleagues®” stressed the
role of the tongue in the collection of sensory
information and preparing the food bolus ready for
swallowing. Liedberg and Owall [34] investigated the
masticatory  ability in  experimentally induced
xerostomia and found that such condition may
negatively influence the masticatory process by making
it impossible for individuals to convert food into bolus
form before swallowing.

CORRELATION BETWEEN IMPAIRED MF AND
DEFICIENT DIETARY INTAKE

The correlation between MF and nutrition has
not been established. Experimental and longitudinal
studies may not reveal this relationship due to various
reasons. However, numerous authors [23, 26, 29, 38-49]
have tried to correlate the impaired MF with that of
inadequate food selection in edentulous people. In some

western countries, the edentulous populations have a
wide choice of foods. The individuals suffering from
impaired MF may adapt food consistency to their
existing dentate condition, which may result in an
increased consumption of soft foods and a restricted
consumption of hard-to-chew foods [45-49]. Several
authors [45, 48, 49, 50, 51] categorized the food choice
opted by an edentulous subject. Individuals with
impaired MF may choose to eat industrially processed
instead of natural foods. Fillion and Henry [52]
reviewed the various forms of industrial food
processing and concluded that in patients with impaired
MF, industrial foods may favor the absorption of
substantial amounts of fat and increase the eater’s level
of cholesterol and saturated fatty acids. In other studies
[38, 39, 44, 47, 50, 53], the individuals were found to
avoid hard-to-chew natural foods such as crunchy foods
(raw vegetables and fresh fruits), stringy foods (meat),
and dry fruits (bread or bagels) from their diet.

Renaud and colleagues [47] discussed dietary
problems before and after rehabilitation of the MF in
edentulous subjects. They observed that soft fruits
(raspberries, strawberries, grapes, and tomatoes) may be
avoided by denture wearers because their seeds often
lodge under prostheses. Some authors [54, 55] reported
that denture wearers may choose home processing to
soften foods, which may alter the nutritional value of
foods due to long cooking times. This causes
degradation of essential micronutrients such as vitamin
C, thiamin, and folates and reduces the expected
bioavailability of these nutrients in the ingested food.
Home processing of foods may also produce trans-fatty
acids [52]. Krall and colleagues [51] compared the
dietary intake in complete denture wearers and dentate
subjects and found that the protein and dietary fiber
intake in former group was 15% and 24% lower,
respectively, than that of later group. They also
observed a decrease of 20%, 35%, and 27% in the
intake levels of folic acid, carotene, and iron,
respectively. Other authors [50, 56, 57] reported a
significant decrease in the intake of vitamins C, A, B1,
B2, and B12, folic acid, and essential minerals such as
calcium and iron in complete denture wearers.
Joshipura and colleagues [50] surveyed more than
49,000 dentate and edentulous male health care
professionals and observed that the mean differences in
the intake of 10 different nutrients ranged from 2% to
13%. In partially edentulous subjects the decrease in
nutrient intake was proportional to the number of
missing teeth.

Hamada and colleagues [58] carried a
randomized clinical trial comparing the efficacy of
mandibular  implant-supported  overdentures and
conventional dentures in diabetic patients and failed to
demonstrate substantial changes in patient nutrient
intake after an improvement in dental status. Authors
related the bad dietary habits as the causative factor
rather than the poor dental status. Horwath [41]
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suggested that some studies assessed MF on the basis of
questionnaire which could not reflect the reality of
dental arch efficiency. Overall a weak correlation
between MF and dietary intake has been reported and
needs the future sound scientific studies to reveal any
potential relationship.

IMPAIRED MF AND
NUTRITIONAL CONSEQUENCES
Some workers [33, 42] carried experiments in
animals like rats and pigs and observed that mastication
exhibits a moderate influence on the digestion of foods.
Kapur and Okubo [59] reported the similar findings in
rats and claimed a more evident influence of impaired
MF on the digestion of foods in old than in young rats.
Geissler [42] found that minced meat is at best poorly
digested by dogs but meat is completely digested when
swallowed in large lumps. These findings suggest that
the conclusions drawn from animal and human studies
varied. Hence, species differences should be considered
in this area of research. Prinz and Lucas [15]
experimented mixtures of solid and liquid food in
various proportions in human mastication and reported
that swallowing threshold is related to both particle size
and degree of moistening. Several authors [60, 61]
studied the absorption of whole peanuts, peanut oil,
peanut butter and cereal food and observed that
insufficient mastication of these foods remained intact
in the feces. Rodriguez-Olleros and Rey [62] reported
gastritis and ulcers in subjects with impaired MF.
Hedde and colleagues [63] carried animal (swine)
experiments and concluded that the results appeared to
be dependent on the species. Swines do not exhibit the
problems similar to those of humans. Brodeur and
colleagues [44] suggested the correlation between
masticatory efficiency and gastrointestinal disturbances,
as expressed by the presence of symptoms such as
diarrhea and constipation is mostly seen in the elderly.

RESULTING

EFFECT OF IMPAIRED DIETARY INTAKE ON
VARIOUS DISEASE RISKS

Several studies [64-69] have reported
correlation between poor oral health and general health.
Many micronutrients and macronutrients provide
protection against various types of diseases, and the
excessive consumption of some nutrients may be
harmful to health. Several epidemiologic investigations
[70-78] conducted in various countries have found that
intake of vegetables and fruits (raw carrots, pears, and
apples) can lower the prevalence of cancer at many
sites. Block and colleagues [74] reviewed the
epidemiological evidence of fruits and vegetables in
prevention of cancer involving lung, colon, cervix,
esophagus, oral cavity, stomach, bladder, pancreas or
ovary. They reviewed around 156 articles, out of which
128 concluded that fruit and vegetable consumption had
a significantly protective effect. Scheppach and
colleagues [77] suggested the existence of many
potential anticarcinogenic agents in vegetables and
fruits. The authors suggested the possible mechanism

behind anticarcinogenic potential occurring via an
inhibition of nitrosamine formation, antioxidant effects,
provision of substrates for formation of antineoplastic
agents, and dilution and binding of carcinogens. The
dietary fiber decreases the colorectal cancer mortality
by binding bile acids, lowering acidity, and increasing
fecal bulk [78]. Schneeman [79] reported the active role
of dietary fiber in facilitating gastrointestinal transit,
lowering plasma cholesterol levels, reducing the
glycemic response to carbohydrate-containing meals.
Jenkins and colleagues [80] has recommended the
consumption of dietary fiber for the prevention of
Crohn’s disease, constipation, irritable bowel syndrome,
diverticular disease, and gallstones. Werler and
colleagues [81] reported that low consumption of
vitamin C has been inversely associated with cataracts
and slow healing after injury. A daily periconceptional
consumption of folic acid by women may lower the risk
of neonatal neural tube defects. Several authors [82-84]
reported the potential role of saturated fatty acids in
developing atherosclerosis. Increased cholesterol and
saturated fatty acid consumption increases the risk of
cardiovascular  diseases  especially  myocardial
infarction. Some studies [85, 86] revealed the role of a
fatty diet in increasing the risk of hypertension,
cardiovascular diseases and noninsulin-dependent
diabetes. Thus, impaired MF could be considered as
indirect risk factor for the etiology of cardiovascular
diseases.

CONCLUSION

A compromised oral health causes an
impairment of MF, which further may lead to
inadequate choice of foods altering nutrient
consumption. This suggests that a dysfunction in
masticatory efficiency is correlated with the
disturbances into general health of an edentulous
individual. A significant correlation between a poor oral
health and some gastrointestinal diseases has been
established. Public health services must be given stress
on the need for preserving natural teeth to enable
adequate  nutritional ~ consumption, and dental
practitioners should be aware of various nutritional
risks associated with denture wearing.

REFERENCES

1. Manly, R. S, & Braley, L. C. (1950).
Masticatory performance and efficiency.
Journal of Dental Research, (29), 448-62.

2. N'Gom, P. I., & Woda, A. (2002). Influence of
impaired mastication on nutrition. The Journal
of prosthetic dentistry, 87(6), 667-673.

3. Gunne, H. S. J.,, & Wall, A. K. (1985). The
effect of new complete dentures on mastication
and dietary intake. Acta Odontologica, 43(5),
257-268.

4. Slagter, A. P., Olthoff, L. W., Bosnian, F., &
Steen, W. H. (1992). Masticatory ability,
denture quality, and oral conditions in

Available Online: http://saudijournals.com/

57


http://saudijournals.com/

Deogade SC et al.; Saudi J. Med. Pharm. Sci.; Vol-1, Iss-2(Oct, 2015):55-61

10.

11.

12.

13.

14,

15.

16.

17.

edentulous subjects. The Journal of prosthetic
dentistry, 68(2), 299-307.

Feldman, R. S., Kapur, K. K., Alman, J. E., &
Chauncey, H. H. (1980). Aging and
Mastication: Changes in Performance and in
the Swallowing Threshold with Natural
Dentitiont. Journal of the American Geriatrics
Saciety, 28(3), 97-103.

Gunne, H. S. J. (1985). The effect of
removable partial dentures on mastication and
dietary intake. Acta Odontologica, 43(5), 269-
278.

Gunne, H. S. (1985). Masticatory efficiency
and dental state. A comparison between two
methods. Acta Odontologica Scandinavica,
43(3), 139-146.

Akeel, R., Nilner, M., & Nilner, K. (1991).
Masticatory efficiency in individuals with
natural dentition. Swedish dental journal,
16(5), 191-198.

Slagter, A. P., Olthoff, L. W., Steen, W. H. A,,
& Bosman, F. (1992). Comminution of food
by complete-denture wearers. Journal of
dental research, 71(2), 380-386.

Slagter, A. P., Bosman, F., Van Der Glas, H.
W., & Van Der Bilt, A. (1993). Human jaw-
elevator muscle activity and food comminution
in the dentate and edentulous state. Archives of
oral biology, 38(3), 195-205.

Julien, K. C., Buschang, P. H., Throckmorton,
G. S., & Dechow, P. C. (1996). Normal
masticatory performance in young adults and
children. Archives of oral biology, 41(1), 69-
75.

Garrett, N. R., Perez, P., Elbert, C., & Kapur,
K. K. (1996). Effects of improvements of
poorly fitting dentures and new dentures on
masticatory performance. The Journal of
prosthetic dentistry, 75(3), 269-275.

Kapur, K., Soman, S., & Yurkstas, A. (1964).
Test foods for measuring masticatory
performance of denture wearers. The Journal
of Prosthetic Dentistry, 14(3), 483-491.

Kapur, K. K., & Soman, S. D. (1964).
Masticatory performance and efficiency in
denture wearers. The Journal of Prosthetic
Dentistry, 14(4), 687-694.

Prinz, J. F., & Lucas, P. W. (1995). Swallow
thresholds in human mastication. Archives of
oral biology, 40(5), 401-403.

Heath, M. R. (1982). The effect of maximum
biting force and bone loss upon masticatory
function and dietary selection of the elderly.
International dental journal, 32(4), 345-356.
Diaz-Tay, J., Jayasinghe, N., Lucas, P. W.,
McCallum, J. C., & Jones, J. T. (1991).
Association between surface electromyography
of human jaw-closing muscle and quantified
food breakdown. Archives of oral biology,
36(12), 893-898.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Lassauzay, C., Peyron, M. A., Albuisson, E.,
Dransfield, E., & Woda, A. (2000). Variability
of the masticatory process during chewing of
elastic model foods. European journal of oral
sciences, 108(6), 484-492.

Peyron, M. A., Maskawi, K., Woda, A,
Tanguay, R., & Lund, J. P. (1997). Effects of
food texture and sample thickness on
mandibular ~ movement and  hardness
assessment during biting in man. Journal of
Dental Research, 76(3), 789-795.

Schwartz, J. L., Niman, C. W., & Gisel, E. G.
(1984). Chewing cycles in 4-and 5-year-old
normal children: an index of eating efficacy.
American Journal of Occupational Therapy,
38(3), 171-175.

Miura, H., Araki, Y., Hirai, T., Isogai, E.,
Hirose, K., & Umenai, T. (1998). Evaluation
of chewing activity in the elderly person.
Journal of oral rehabilitation, 25, 190-193.
Wilding, R. J. C. (1993). The association
between chewing efficiency and occlusal
contact area in man. Archives of oral biology,
38(7), 589-596.

Chauncey, H. H., Muench, M. E., Kapur, K.
K., & Wayler, A. H. (1984). The effect of the
loss of teeth on diet and nutrition.
International Dental Journal, 34(2), 98-104.
Tsuga, K., Carlsson, G. E., Osterberg, T., &
Karlsson, S. (1998). Self-assessed masticatory
ability in relation to maximal bite force and
dental state in 80-year-old subjects. Journal of
oral rehabilitation, 25(2), 110-116.

Agerberg, G., & Carlsson, G. E. (1981).
Chewing ability in relation to dental and
general health: analyses of data obtained from
a (questionnaire. Acta Odontologica, 39(3),
147-153.

Wayler, A. H., & Chauncey, H. H. (1983).
Impact of complete dentures and impaired
natural dentition on masticatory performance
and food choice in healthy aging men. The
Journal of prosthetic dentistry, 49(3), 427-433.
Miura, H., Araki, Y., & Umenai, T. (1997).
Chewing activity and activities of daily living
in the elderly. Journal of oral rehabilitation,
24(6), 457-460.

CHONG-SHAN, S. H. I, GUAN, O, &
TIAN-WEN, G. U. O. (1990). Comparison of
food particle distribution masticated by
subjects wearing complete dentures and with
natural teeth. Journal of oral rehabilitation,
17(6), 611-615.

Ettinger, R. L. (1998). Changing dietary
patterns with changing dentition: how do
people cope?. Special Care in Dentistry, 18(1),
33-39.

Kubota, K., Nagae, K., Shibanai, S., Hosaka,
K., Iseki, H., Odagiri, N., ... & Narita, N.
(1987). Degenerative changes of primary

Available Online: http://saudijournals.com/

58


http://saudijournals.com/

Deogade SC et al.; Saudi J. Med. Pharm. Sci.; Vol-1, Iss-2(Oct, 2015):55-61

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

neurons following tooth extraction.
Anatomischer Anzeiger, 166(1-5), 133-139.
Gobel, S., & Binck, J. M. (1977). Degenerative
changes in primary trigeminal axons and in
neurons in nucleus caudalis following tooth
pulp extirpations in the cat. Brain Research,
132(2), 347-354.

Appenteng, K., Lund, J. P., & Seguin, J. J.
(1982). Intraoral mechanoreceptor activity
during jaw movement in the anesthetized
rabbit. Journal of Neurophysiology, 48(1), 27-
37.

Carlsson, G. E. (1974). Bite force and chewing
efficiency.

Liedberg, B., & Owall, B. (1991). Masticatory
ability in experimentally induced xerostomia.
Dysphagia, 6(4), 211-213.

Koshino, H., Hirai, T., Ishijima, T., & lIkeda,
Y. (1997). Tongue motor skills and
masticatory performance in adult dentates,
elderly dentates, and complete denture
wearers. The journal of prosthetic dentistry,
77(2), 147-152.

Hennequin, M., Faulks, D., Veyrune, J. L., &
Bourdiol, P. (1999). Significance of oral health
in persons with Down syndrome: a literature
review. Developmental Medicine & Child
Neurology, 41(04), 275-283.

Watanabe, S., Ohnishi, M., Imai, K., Kawano,
E., & lgarashi, S. (1995). Estimation of the
total saliva volume produced per day in five-
year-old children. Archives of oral biology,
40(8), 781-782.

Hildebrandt, G. H., Dominguez, B. L., Schork,
M. A., & Loesche, W. J. (1997). Functional
units, chewing, swallowing, and food
avoidance among the elderly. The Journal of
prosthetic dentistry, 77(6), 588-595.

Baxter, J. C. (1984). The nutritional intake of
geriatric patients with varied dentitions. The
Journal of prosthetic dentistry, 51(2), 164-168.
Sebring, N. G., Guckes, A. D, Li, S. H.,, &
McCarthy, G. R. (1995). Nutritional adequacy
of reported intake of edentulous subjects
treated with new conventional or implant-
supported mandibular dentures. The Journal of
prosthetic dentistry, 74(4), 358-363.

Horwath, C. C. (1990). Chewing difficulty and
dietary intake in the elderly. Journal of
Nutrition for the Elderly, 9(2), 17-24.

Geissler, C. A., & Bates, J. F. (1984). The
nutritional effects of tooth loss. The American
journal of clinical nutrition, 39(3), 478-489.
Shatenstein, B. (1986). Tooth loss,
mastication, and nutrition: an overview.
Journal of Ethnopharmacology, 17(3), 305.
Brodeur, J. M., Laurin, D., Vallee, R., &
Lachapelle, D. (1993). Nutrient intake and
gastrointestinal disorders related to masticatory

45,

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

performance in the edentulous elderly. The
Journal of prosthetic dentistry, 70(5), 468-473.
Norlén, P., Steen, B., Birkhed, D., & Bjorn, A.
L. (1993). On the relations between dietary
habits, nutrients, and oral health in women at
the age of retirement. Acta Odontologica,
51(5), 277-284.

Ernest, S. L. (1993). Dietary intake, food
preferences, stimulated salivary flow rate, and
masticatory ability in older adults with
complete dentitions. Special Care in Dentistry,
13(3), 102-106.

Renaud, M., Mercier, P., & Gelinas, M. D.
(1981). Dietary problems before treatment and
after rehabilitation of the masticatory function.
Journal of the Canadian Dietetic Association.
Laurin, D., Brodeur, J. M., Bourdages, J.,
Vallee, R., & Lachapelle, D. (1994). Fibre
intake in elderly individuals with poor
masticatory performance. Journal (Canadian
Dental Association), 60(5), 443-6.

Greksa, L. P., Parraga, I. M., & Clark, C. A.
(1995). The dietary adequacy of edentulous
older adults. The Journal of prosthetic
dentistry, 73(2), 142-145.

Joshipura, K. J., WILLETT, W. C, &
DOUGLASS, C. W. (1996). The impact of
edentulousness on food and nutrient intake.
The Journal of the American Dental
Association, 127(4), 459-467.

Krall, E., Hayes, C., & Garcia, R. (1998). How
dentition status and masticatory function affect
nutrient intake. The Journal of the American
Dental Association, 129(9), 1261-12609.
Fillion, L., & Henry, C. J. K. (1998). Nutrient
losses and gains during frying: a review.
International journal of food sciences and
nutrition, 49(2), 157-168.

Garcia, R. 1., Perlmuter, L. C., & Chauncey, H.
H. (1989). Effects of dentition status and
personality on masticatory performance and
food acceptability. Dysphagia, 4(2), 121-126.
Yadav, S. K., & Sehgal, S. (1995). Effect of
home processing on ascorbic acid and B-
carotene content of spinach (Spinacia oleracia)
and amaranth (Amaranthus tricolor) leaves.
Plant foods for human nutrition, 47(2), 125-
131

Severi, S., Bedogni, G., Zoboli, G. P,
Manzieri, A. M., Poli, M., Gatti, G., &
Battistini, N. (1998). Effects of home-based
food preparation practices on the micronutrient
content of foods. European journal of cancer
prevention, 7(4), 331-336.

Hamasha, A. A. H., Hand, J. S., & Levy, S. M.
(1998). Medical conditions associated with
missing teeth and edentulism in the
institutionalized elderly. Special Care in
Dentistry, 18(3), 123-127.

Available Online: http://saudijournals.com/

59


http://saudijournals.com/

Deogade SC et al.; Saudi J. Med. Pharm. Sci.; Vol-1, Iss-2(Oct, 2015):55-61

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Papas, A. S., Joshi, A., Giunta, J. L, &
Palmer, C. A. (1998). Relationships among
education, dentate status, and diet in adults.
Special Care in Dentistry, 18(1), 26-32.
Hamada, M. O., Garrett, N. R., Roumanas, E.
D., Kapur, K. K., Freymiller, E., Han, T., ... &
Levin, S. (2001). A randomized clinical trial
comparing the efficacy of mandibular implant-
supported overdentures and conventional
dentures in diabetic patients. Part 1V:
Comparisons of dietary intake. The Journal of
prosthetic dentistry, 85(1), 53-60.

Kapur, K. K., & Okubo, J. (1970). Effect of
impaired mastication on the health of rats.
Journal of dental research, 49(1), 61-68.
Levine, A. S.,, & Silvis, S. E. (1980).
Absorption of whole peanuts, peanut oil, and
peanut butter. New England Journal of
Medicine, 303(16), 917-918.

Hoebler, C., Karinthi, A., Devaux, M. F.,
Guillon, F., Gallant, D. J. G., Bouchet, B., ... &
Barry, J. L. (1998). Physical and chemical
transformations of cereal food during oral
digestion in human subjects. British Journal of
Nutrition, 80(05), 429-436.

Rodriguez-Olleros, A. (1947). Gastritis in the
toothless. The Review of gastroenterology,
14(3), 180.

Hedde, R. D., Lindsey, T. O., Parish, R. C.,
Daniels, H. D., Morgenthien, E. A., & Lewis,
H. B. (1985). Effect of diet particle size and
feeding of H2-receptor antagonists on gastric
ulcers in swine. Journal of animal science,
61(1), 179-186.

Chen, M. K., & Lowenstein, F. (1984).
Masticatory handicap, socioeconomic status,
and chronic conditions among adults. The
Journal of the American Dental Association,
109(6), 916-918.

Mattila, K. J., Nieminen, M. S., Valtonen, V.
V., Rasi, V. P., Kesaniemi, Y. A., Syrjalg, S.
L., ... & Jokinen, M. J. (1989). Association
between dental health and acute myocardial
infarction. Bmj, 298(6676), 779-781.
DeStefano, F., Anda, R. F., Kahn, H. S,
Williamson, D. F., & Russell, C. M. (1993).
Dental disease and risk of coronary heart
disease and mortality. Bmj, 306(6879), 688-
691.

Beck, J., Garcia, R., Heiss, G., Vokonas, P. S.,
& Offenbacher, S. (1996). Periodontal disease
and cardiovascular disease. Journal of
periodontology, 67(10s), 1123-1137.
Joshipura, K. J.,, Rimm, E. B., Douglass, C.
W., Trichopoulos, D., Ascherio, A., & Willett,
W. C. (1996). Poor oral health and coronary
heart disease. Journal of dental research,
75(9), 1631-1636.

Joshipura, K. J., Douglass, C. W., & Willett,
W. C. (1998). Possible explanations for the

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

tooth loss and cardiovascular disease
relationship. Annals of Periodontology, 3(1),
175-183.

Correa, P., Haenszel, W., Cuello, C.,
Tannenbaum, S., & Archer, M. (1975). A
model for gastric cancer epidemiology. The
Lancet, 306(7924), 58-60.

Negri, E., La Vecchia, C., Franceschi, S.,
D'Avanzo, B., & Parazzini, F. (1991).
Vegetable and fruit consumption and cancer
risk. International journal of cancer, 48(3),
350-354.

Steinmetz, K. A., & Potter, J. D. (1991).
Vegetables, fruit, and cancer. Il. Mechanisms.
Cancer Causes & Control, 2(6), 427-442.
Steinmetz, K. A., & Potter, J. D. (1991).
Vegetables, fruit, and cancer. 1. Epidemiology.
Cancer Causes & Control, 2(5), 325-357.
Block, G., Patterson, B., & Subar, A. (1992).
Fruit, vegetables, and cancer prevention: a
review of the epidemiological evidence.
Nutrition and cancer, 18(1), 1-29.

Willett, W. C. (1994). Diet and health; what
should we eat?. Science, 264(5158), 532-537.
Tavani, A., & La Vecchia, C. (1995). Fruit and
vegetable consumption and cancer risk in a
Mediterranean population. The American
journal of clinical nutrition, 61(6), 1374S-
1377S.

Scheppach, W., Bingham, S., Boutron-Ruault,
M. C., de Verdier, M. G., Moreno, V.,
Nagengast, F. M., ... & Kasper, H. (1999).
WHO Consensus statement on the role of
nutrition in colorectal cancer*. European
Journal of Cancer Prevention, 8(1), 57-62.
Jansen, M. C., Bueno-de-Mesquita, H. B.,
Buzina, R., Fidanza, F., Menotti, A.,
Blackburn, H., ... & Kromhout, D. (1999).
Dietary fiber and plant foods in relation to
colorectal cancer mortality: the Seven
Countries  Study. International journal of
cancer, 81(2), 174-179.

Schneeman, B. O. (1987). Dietary fiber and
gastrointestinal function. Nutrition reviews,
45(7), 129-132.

Jenkins, D. J., Jenkins, A. L., Wolever, T. M.,
Rao, A. V., & Thompson, L. U. (1986). Fiber
and starchy foods: gut function and
implications in disease. The American journal
of gastroenterology, 81(10), 920-930.

Werler, M. M., Shapiro, S., & Mitchell, A. A.
(1993). Periconceptional folic acid exposure
and risk of occurrent neural tube defects.
Jama, 269(10), 1257-1261.

Steinberg, D., & Witztum, J. L. (1990).
Lipoproteins and atherogenesis:  current
concepts. Jama, 264(23), 3047-3052.

Ulbricht, T. L. V., & Southgate, D. A. T.
(1991). Coronary heart disease: seven dietary
factors. The Lancet, 338(8773), 985-992.

Available Online: http://saudijournals.com/

60


http://saudijournals.com/

Deogade SC et al.; Saudi J. Med. Pharm. Sci.; Vol-1, Iss-2(Oct, 2015):55-61

84. Stampfer, M. J., Sacks, F. M., Salvini, S,
Willett, W. C., & Hennekens, C. H. (1991). A
prospective study of cholesterol,
apolipoproteins, and the risk of myocardial
infarction. New England Journal of Medicine,
325(6), 373-381.

85. Sjostrom, C. D., Lissner, L., Wedel, H., &
Sjostrém, L. (1999). Reduction in incidence of
diabetes, hypertension and lipid disturbances
after intentional weight loss induced by
bariatric surgery: the SOS Intervention Study.
Obesity research, 7(5), 477-484.

86. Gumbiner, B. (1999). The treatment of obesity
in type 2 diabetes mellitus. Primary Care:
Clinics in Office Practice, 26(4), 869-883.

Available Online: http://saudijournals.com/



http://saudijournals.com/

