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Abstract 

Mandibular implant-retained overdentures have been reported to improve chewing ability, as 

well as increase satisfaction and Oral Health Quality of Life for edentate individuals. However, 

there is still no enough evidence that this type of treatment improves the overall food choices and 

dietary quality. Moreover, there is no clear classification of the kinds of food that are considered 

challenging for edentate denture-wearing people to eat. Therefore, the aim of this randomised 

clinical study was to determine whether treatment with mandibular implant-retained 

overdentures is different than with conventional dentures regarding food choices. Selected foods 

were categorized into three groups, according to the reason why each is challenging. A total of 

255 edentate individuals ≥ 65 yrs of both genders were randomly divided into two groups and 

assigned to receive a maxillary CD and either a mandibular IOD or a CD. One year following 

prosthesis delivery, 217 participants (CD =114, IOD = 103) reported the food and quantities they 

consumed to a registered dietician through a standard 24-hour dietary recall method. The mean 

and median values of total selected foods and each food category individually consumed by both 

groups were calculated and compared statistically. No significant between-group differences 

were found (p >0.05). Despite the many advantages of IODs, this randomised study detected no 

evidence of dietary advantages for edentate elders wearing two-implant mandibular overdentures 

over those wearing conventional complete dentures in relation to their dietary intake at one year 

following prosthesis delivery. 
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Résumé 

Les prothèses mandibulaires à rétention implantaire sont reconnues pour améliorer la 

mastication, et augmenter la satisfaction et la qualité de vie relative à la santé bucco-dentaire des 

personnes édentées. Cependant, Il existe peu de littérature scientifique sur les effets globaux de 

ce type de traitement sur la qualité et le choix alimentaire. De plus, une classification rigoureuse 

du type d‟aliments que les porteurs de prothèse ont de la difficulté à consommer n‟est pas 

disponible présentement.  Par conséquent, l'objectif de cette étude clinique randomisée était de 

déterminer si la prothèse mandibulaire à rétention implantaire (PMRI) procurerait un avantage 

quant à la qualité et au choix alimentaire comparée à la prothèse conventionnelle (PC).  

Deux cent cinquante-cinq hommes et femmes édentées, âgées de 65 ans ou plus, ont été répartis 

aléatoirement en deux groupes devant recevoir soit une PC maxillaire et une PMRI mandibulaire, 

soit une PC maxillaire et une PC mandibulaire. Un an après la réhabilitation prothétique, 217 

participants (PC = 114, PMRI = 103) ont fournis des renseignements sur le type et la quantité 

d‟aliments consommés à une diététicienne grâce à la standard méthode de rappel alimentaire de 

24 heures. Nous avons classés les aliments en trois groupes selon la difficulté éprouvait par les 

porteurs de prothèse à les consommer. Les valeurs moyennes et médianes de quantité d‟aliments 

consommés pour chacun des 3 groupes ainsi que celles de quantité totale d'aliments consommés 

ont été comparées entre les participants ayant reçu le PC et ceux ayant reçu la PMRI. Nous 

résultats n‟ont montré aucune différence significative entre les 2 types de prothèse (p> 0,05). 

Malgré les nombreux avantages de la PMRI, un an après la réhabilitation prothétique, notre étude 

randomisée n‟a révélé aucune évidence suggérant que les aînés portant une prothèse maxillaire 
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conventionnelle et une mandibulaire retenue par deux implants auraient des avantages 

alimentaires comparés à ceux portant des prothèses maxillaire et mandibulaire conventionnelles. 
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CHAPTER 1: Introduction and Literature Review. 

1.1 Aging and Edentulism in Canada. 

The population in Canada is aging; however, it has one of the lowest percentages of elderly 

people among the OECD countries [1]. As of 2009, over 4.5 million people aged 65+ accounted 

for approximately 14% of the population [1]; this is lower than the percentage of seniors ≥65 

years)  in the United Kingdom (16%), France (16.6%), and Germany (20.2%). One the other 

hand, the proportion of seniors is expected to rise rapidly because, the life expectancy of people 

at age 65 is increasing [1]. In 1985, a Canadian senior could expect to live an additional 17 years, 

but by 2006 that expectation had increased to 20 years. The number of Canadian centenarians 

may well reach over 17,000 by 2030 [1]  

Figure1.1 Proportion (in percentage) of the population aged 65 and over, G8 countries, 2006 and 2011. 

Sources: Statistics Canada, censuses of population, 2006 and 2011; U.S. Census Bureau, 2006 and 2010; National Institute of 
Statistics (Italy), 2006 and 2011; National Institute of Statistics and Economic Studies (France), 2006 and 2011; Statistics Bureau of 

Japan, 2006 and 2011; Russian Federation Federal State Statistics Service, 2006 and 2010; and Human Mortality Database for 

Germany, 2006 and 2010, and for United Kingdom, 2006 and 2010. 
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The Maritime Provinces have the largest proportion of seniors, at ≥15% of the total population, 

while Alberta has the lowest at 10% [1]. 

According to the Canadian Community Health Survey (CCHS) and the Health Promotion 

Service, the prevalence of complete tooth loss has declined over the last 2 decades [2]. In 1990, 

48% of edentate individuals were ≥65 years, declining to 30% in 2003 [2]. Unsurprisingly, this 

decrease can be attributed to pervasive water fluoridation and improved dental care access [3]. In 

addition, there has been a rise in gross income, an increase in the dentist-to-population ratio, and 

growth of dental insurance coverage [4-6]. There is a clear difference in the prevalence of 

edentulism in males (26%) and females (33%) ≥65 years [2]. Quebec has the highest prevalence 

of edentulism (14%), while the Northwest Territories has the lowest (5%). Several factors are 

associated with this high rate, such as: poorer access to fluoridated water in Quebec and a higher 

rate of smoking amongst Quebec residents than in other Canadian provinces [7, 8].  

Several studies show a significant correlation between total income and tooth loss. The 

proportion of edentate Canadians with a low income is 18%, compared to 3% in the highest 

income groups [2]. 

1.2 The Effect of Tooth Loss in the Elderly Population. 

It is well known that the functional perfection of the of the oral cavity is essential for proper 

nutrition, food selection, and enjoyment that is derived from perceptions of taste, smell, 

structure, temperature, and other factors[9]. There are several factors that contribute to tooth loss; 

these include predisposition, race, diet, hormonal status, general health condition and lack of 

access to oral hygiene techniques and dental clinics [10]. Periodontal diseases, rather than dental 

caries, appear to be more responsible for tooth loss in elderly people. However, other studies 
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have shown a strong correlation between dental caries and loss of teeth in elders [11-13]. In one 

study, it was reported that race and socioeconomic status (SES) are important factors associated 

with tooth loss[14]. SES has been reported to be associated with both complete tooth loss [15] 

and with the level of loosing teeth among the dentate population [16]. 

Tooth loss has several negative effects, starting with emotional impact and declines in 

masticatory ability and healthy dietary intake. It has been well-recognised that people with tooth 

loss have a greater tendency toward social avoidance and having negative personality 

characteristics [17]. Even negligible facial abnormalities may lead to social stigma. Tooth loss is 

also responsible for stress [18]. Furthermore, Bergendal has recognized that complete tooth loss 

is a critical life event [19]. Emotional effects have recently been studied in detail. A qualitative 

study showed a broad range of emotional reactions to tooth loss that include disinheritance, lack 

of self confidence, worry about appearance; concealing tooth loss, behaviour change, early aging 

and the request for prosthodontic confidentiality. Moreover, tooth loss has been expressed as a 

feeling similar to losing a part of one‟s own self [20]. Thus, the emotional impact of tooth loss on 

people‟s lives should not be neglected or underestimated [21]. On the clinical side, an increase in 

tooth loss is recognized to decrease occlusal force [22]. There is also a change in function that 

can cause problems with chewing, swallowing and food selection [23]. Perhaps for this reason, it 

has been shown that edentulous populations have poorer nutritional health than dentate 

populations [24].  

Malnutrition in geriatric populations has been reported to increase morbidity and mortality [23]; 

and therefore, failure to maintain a balanced diet may lead to an increased rate of physical 

disability and mortality in edentulous people without prostheses. Some studies have reported that 



 14 

mortality is increased in elderly people with fewer teeth [25, 26]. Not replacing missing teeth 

appears to significantly increase mortality [27]. 

One study has reported that tooth loss is a risk factor for Alzheimer‟s disease[28]. The results of 

an animal experiment suggest that the loss of molar teeth is responsible for disability in spatial 

memory and the cholinergic system, which may suggest that tooth loss is a risk factor for 

dementia[29]. 

Numerous studies have linked edentulism with various medical conditions. Significant 

differences have been reported between edentate and dentate individuals in the prevalence of 

atherosclerotic vascular disease, heart failure, ischemic heart disease and joint diseases [30]. In 

addition, it was reported that deterioration of general health and, subsequently, death may occur 

swiftly in individuals with the fewest teeth [27]. 

Tooth loss has a direct effect on masticatory muscle function [31-33]. According to several 

studies, the presence of tempromandibular joint dysfunction (TMD) is correlated with tooth loss 

[34, 35]. The lost of posterior teeth increases the risk of osteoarthrosis of the Tempro-

Mandibular-Joint (TMJ) [36]. Histologically, after four weeks of removing molars in young rats, 

there was thinning of condylar cartilage and changes in the neck of the condyle [37]. 

Radiographically, there was a reduction in condylar growth by about 7% [38]. Severe tooth loss 

may lead to histomorphological, pathological, and pathophysiological changes in the articular 

structures of the TMJ, and it was reported that these changes worsen with increasing age [37]. 

Loss of teeth has an essential influence on oral health related quality of life, independent from 

the impact of age. That adverse impact increases more  rapidly corresponding to the  increase in 

missing teeth. A complete or close to complete natural dentition has been linked with optimum 
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oral health related quality of life [39]. Tooth loss can affect general health by influencing the 

psychological dimensions of oral health-related quality of life. The World Health Organization 

has clearly defined „health‟ as „a state of well-being which is a broader definition than just an 

absence of the disease‟ [40].  

Finally, tooth loss has been shown to be positively associated with some health-risk behaviours 

such as smoking and alcohol intoxication [41-47]. 

1.3 Conventional Methods in Treating Edentulism. 

Maxillary and mandibular dentures have been used as the first choice of treatment for over a 

century, mostly due to the lack of alternative treatments [48]. For an appropriately selected 

patient, a complete denture may be a safe, predictable, and affordable treatment to restore 

edentulism. However, there is a significant variation amongst individuals regarding their ability 

to adapt to conventional dentures [49, 50]. A strong relationship was reported between patient 

satisfaction and the amount of mandibular residual alveolar bone, as well as retention and 

stability of the mandibular denture and accuracy of reproduction of retruded jaw relationship. It 

has been  suggested that the process of fabricating a denture plays an important role in patient 

satisfaction by influencing denture stability [51]. However, a more recent study has shown that 

the amount of residual bone in the mandible has no relation to patient satisfaction [52].   

Several studies have reported that satisfaction is one of the most important factors for patients 

who wear complete dentures [53-56]. Since patients and clinicians do not usually rate an 

individual prosthesis in the same way, it is now accepted that the patient‟s perspective is the 

most valid [57, 58].  
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Edentulism is a chronic condition [59], just like the loss of any other body part(s). Devices 

(prostheses) are provided to people with missing body parts to improve their function and life 

quality. A denture is one of those types of devices. Since it is the patient who must use the 

device, should it not be the patient who is the most relevant judge of it? 

Furthermore, studies have shown a correlation between high neuroticism and patient satisfaction; 

therefore, neurotic patients are less satisfied with their conventional dentures [60]. In another 

study, there was evidence to support the level of eduction in patients with complete dentures. 

However, use of complete dentures was not influenced by personality traits. [60, 61]. 

While maxillary complete dentures are considered to be an appropriate form of treatment for the 

upper edentulism, the mandibular denture is usually  a source of discomfort for most denture 

wearers because it lacks adequate retention and support due to movement of the tongue and 

lip/cheek muscles, as well as the small tissue bearing area [62, 63]. When mandibular and 

maxillary dentures are compared, it has been shown that stability and comfort are greater for the 

maxillary denture than for the mandibular [64]. It has been suggested that the stability of a 

prosthesis may be a key factor for its acceptance [65]. Anterior bone height of the mandible is 

resorbed approximately four times faster than that of the maxillary bone [66, 67]. The continuous 

resorption of the mandibular alveolar ridge reduces the stability and satisfaction with the 

mandibular denture [68]. Mandibular edentulism and denture instability are associated with a 

wide spectrum of functional impairments that range from decreased masticatory function, to 

phonetic problems and, sometimes, restriction of social activities [57, 69]. 

Several methods have been applied to enhance mandibular denture retention. Denture adhesives 

are widely used as an appropriate method to enhance retention and stability of the conventional 
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dentures [70-79]. It has been reported that there are more benefits of using denture adhesives for 

existing dentures than there are for newly fabricated dentures [80]. In one study, all subjects 

reported that retention of their dentures was improved when using an adhesive paste [78]. In 

another study, five different denture adhesives were compared, and the benefit of using adhesive 

pastes was confirmed [81]. 

Denture stability can be further enhanced by application of the neutral zone technique to 

establish balanced muscular control over the denture [82]. It is an alternative approach for 

fabricating mandibular complete dentures, and it is more efficient when there is a highly atrophic 

ridge and history of denture instability. [82]. 

Other techniques for denture construction may improve denture success. For example, laboratory 

and clinical remount procedures and occlusal corrections decrease the number of follow-up 

visits, and therefore, maximize patient comfort and satisfaction [83]. However, two studies have 

recently shown that these complex techniques do not provide any additional improvement in 

denture success [84, 85] 

Although contemporary techniques have improved over the years to enhance retention and 

stability of mandibular dentures, these devices are still inadequate for many patients.  

1.4 Association of Denture Use with Oral and Systemic Health. 

Denture wearers often have a high prevalence of various oral mucosal conditions. It has been 

reported that problems associated with denture wearing include angular cheilitis, denture 

stomatitis and traumatic ulcers [86]. One of the most common mucosal lesions is denture 

stomatitis [87]. It has been reported that the prevalence of stomatitis among complete denture 

wearers varies between 11% and 67% [87]. The etiology of this condition has been believed to 
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be due to yeast colonization of poorly fitting surfaces of the denture[87]. However, it has been 

recently reported that there is no significant difference between antifungals and other treatment 

alternatives in treating denture stomatitis [88].  

 It also may be associated with allergic reaction to the material of the denture or symptom of 

systemic disease[87]. Denture stomatitis is associated with denture hygiene [89, 90], continuous 

usage of the denture during the night [90], use of faulty dentures [91], and consumption of 

tobacco and alcohol [92]. It has been reported that the prevalence of denture stomatitis is 

increased with  low level of education and long  gaps between dental visits [92]. There are other 

oral lesions associated with wearing dentures such as papillary hyperplasia and traumatic ulcers, 

and theses lesions are commonly seen in 4 to 26% of older dentures [86, 89]. Both lesions were 

reported to be seen more frequently among patients who wear complete dentures than in 

removable partial denture wearers [93]. Nocturnal use of the denture diminishes the positive 

effect of saliva and the protective biological features of the keratinized mucosa [94, 95]. The oral 

biofilm of denture wearers has been studied, and it was reported that the bacterial species 

detected in denture wearers suggested that patients may be at some risk for systemic diseases 

possibly associated with these pathogens [96]. Dentures provide an incubator for bacteria 

associated with different kinds of infections such as bacaterial endocarditis, pneumonia, chronic 

obstructive pulmonary disease, and gastrointestinal infection [97]. Candida Albicans species, 

which are often seen in denture plaque, are responsible for oral mucosal inflammation, especially 

stomatitis [98]. 

Brunello and Mandikos observed that denture design faults are associated with the condition of 

the patient‟s mucosa [99]. Approximately, one-third of the patients with complete dentures are 

reported to have mucosal irritation. The most prevalent problems reported were: denture bases 
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under extension, and incorrect jaw irritation. Less frequent problems were incorrect occlusal 

vertical dimension and inadequate posterior palatal seal [99].  

1.5 Dietary Intake in Edentulous Individuals with Complete Dentures. 

Although the notion that the number and state of the teeth affect food choice, diet, and nutrition 

has been accepted, very little data support this hypothesis [100-102]. A reduced number of teeth 

causes dietary restrictions through difficulty in chewing and some prostheses cover taste buds, 

leading to a decreased sense of taste, thereby compromising nutritional status [103, 104]. It was 

also reported that individuals who can‟t masticate comfortably usually avoid rich-fibre foods 

such as bread, fruit, and vegetables and, therefore, lack some essential nutrients in their food 

intake [105]. In the elderly population, approximately 20% reported that oral conditions like 

tooth loss prevented them from chewing food they like, and 15% took longer to complete their 

meals; of these, they did not enjoy food as usual [106]. Since tooth loss is common in elderly 

people, there is evidence that edentulism may alter food choice and, therefore, decrease the total 

intake of some key nutrients such as iron and fibre [107-110]. It has been reported that edentate 

populations consume fewer vegetables and fruits, less fibre and carotene, and more cholesterol, 

saturated fats, and calories than their dentate counterparts [24, 111, 112]. Other studies have 

reported the reduction in non-starch polysaccharide (dietary fibre) intake by edentate elderly 

people [24, 108, 113]. The intake of this kind of polysaccharides was higher in people with more 

teeth, especially the number of occluding pairs of posterior teeth (POPs) [114, 115].  Elderly 

populations without teeth consumed less energy-rich food and fewer proteins, intrinsic and milk 

sugars, calcium, non-heme iron niacin, and vitamin C than dentate people [116]. Individuals with 

more than 20 teeth consumed  more nutrients than those with fewer teeth and, therefore, had a 
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superior dietary and nutritional intake. Increases in food and vegetable consumption are directly 

proportional to the number of teeth and the POPs.  

Levels of ascorbate in the plasma of elderly populations have been shown to be significantly 

related to the number of occluding pairs of teeth [116]. Only twenty percent of edentate people 

reported that they consumed food rich in vitamin C, especially raw fruits and vegetables, with 

some or no difficulty in chewing [112]. Vegetables and fruits are usually subjected to different 

kinds of processing (cooking, peeling, slicing etc...) by people with fewer teeth, so they may lose 

some of the vitamin C value in their content [112]. 

It was reported that the total intake of a variety of nutrients, such as vitamin C, vitamin E, 

calcium, protein, fibre, non-heme iron, thiamine, riboflavin, niacin, pantothenic acid, and 

intrinsic and milk sugars, was significantly higher in dentate than in edentulous people, [113] 

In two large-scale studies that focused on populations over the age of 65, it was reported that 

edentulism is a significant risk factor in lower intakes of nutrient-rich foods and, therefore, lower 

levels of nutrients in the bloodstream [112, 117]. 

In poorly nourished individuals, the oral tissues can become friable and, therefore, incapable of 

resisting trauma from denture movement [118]. As a result, individuals tend to consume softer, 

more highly flavoured foods, that have lower nutritional value. There is evidence that improving 

the quality of conventional complete dentures does not alter dietary selection in edentulous 

individuals [119, 120]. 

It was also reported in several studies that the percentage of total calories increase in edentulous 

people were obtained from fat and increased amount of consumed cholesterol [24, 107, 121, 

122]. 
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Edentate populations that don‟t have comfortable, stable prostheses are predisposed to poor 

nutrition and may be at a great risk for a variety of diseases. Low consumption of vitamin A may 

be a risk factor for various forms of cancer, heart diseases, and rheumatoid arthritis [123]. 

Vitamin E deficiency is associated with cancers, heart disease, and Parkinson‟s disease [123]. 

Low vitamin C consumption leads to disturbances in immune system function and increased risk 

of cardiovascular disease, myocardial infarction, and hypertension [123]. Thiamin deficiency is 

responsible for nausea, constipation, appetite loss, and weight loss [123]. Riboflavin 

insufficiency can increase the tendency toward cataracts and arthritis, while low levels of 

pantothenic acid may affect the function of the nervous system and wound-healing capabilities 

[123]. In addition, increased intake of fat and cholesterol are associated with obesity and diabetes 

mellitus, atherosclerosis, heart disease, stroke, and hypertension [123, 124].   

1.6 Implant Overdentures as an Alternative Prosthetic Device. 

As described earlier, mandibular alveolar bone volume continuously decreases following tooth 

extraction [66, 125]. This bone resorption progresses more rapidly in the mandible than in the 

maxilla and, therefore, makes well-fitting mandibular denture construction more difficult [68] . 

Although the term “osseointegration” was first coined in the early 1950s when Swedish 

professor Branemark discovered that bone tissue could be integrated with titanium implants; 

osseointegrated dental implants were not well accepted in Dentistry until the early 1980s, when 

they were used as abutments to support intra oral prostheses [126, 127]. Since that time, the 

long-term success of two-implant retained overdentures as a method to stabilize complete 

mandibular dentures has been well reported [128-135]. Oral implant placement may prevent or at 

least reduce the continued resorption of bone [136].  
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The role of the implants in improving the support, stabilization, and retention of complete 

mandibular overdentures has been scientifically supported since the mid-1980s, and several 

studies and clinical trials have shown the feasibility, safety, superior functionality, and 

satisfaction with implant- retained and tissue-supported mandibular overdentures when 

compared with new conventional complete dentures  [54, 69, 137-149]. A prospective study in 

which evaluate a treatment with implants in edentulous mandible over 20 years reported 

excellent results [133]. 

One of the most important factors considered when designing studies comparing conventional 

denture treatment and implant overdenture treatment is cost, as this factor is a top priority when 

selecting treatment type for individual patients [150, 151]. Although implant-retained 

overdentures are more expensive than conventional complete dentures, they are still less costly 

than fixed mandibular prostheses supported by implants due to the increased number of implants 

used and rising prosthodontic complexity required for a fixed implant-supported prosthesis. In 

other words, implant-retained overdentures are a more cost-effective treatment for edentulous 

patients than fixed prosthodontic treatment [152-155]. Furthermore, no significant difference was 

found between implant-retained overdentures and fixed implant-supported prostheses when 

compared and rated by patients for function and satisfaction [156]. Some elderly people who 

were accustomed to wearing conventional dentures prefer removable overdentures over fixed 

implant-supported prostheses [156]. 

In 2002, the McGill Consensus Conference concluded that conventional complete dentures is no 

longer the most appropriate first-choice prosthodontic treatment for edentulous mandible since 

evidence for the superiority of implant overdentures was strong [48]. The consensus declared 

that the first choice of care for the edentulous mandible should be a minimum of two implant- 
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retained overdentures [48]. It also suggested that treatment of the edentulous mandible using 

implant-retained mandibular overdenture should be the “standard of care” [48]. Another 

publication from a literature review concluded that [157]: 

1) Retention and stability problems have negative impacts on treatment results of 

conventional mandibular dentures. 

2) The rate of dental implant success in the anterior mandibular segment is excellent. 

3) Implant-retained mandibular overdentures offer many benefits compared to conventional 

mandibular denture treatment. 

4) Implants inserted in the anterior mandible can slow the process of physiological bone 

resorption. 

5) There is a need for routine recall and follow-up evaluation for inserted implants 

especially during the first year of treatment. 

6) There is a significant increase in patient satisfaction with mandibular implant overdenture 

treatment compared to conventional denture treatment. 

Despite the relative disadvantages of implant-retained overdentures regarding cost, surgical 

approach and potential maladaptation to a complex intraoral appliance, this treatment option 

includes several biological advantages, such as a decrease in bone resorption, considerable 

improvement in masticatory function [158] and avoidance of food impaction [159]. It has been 

reported that pain, perceptions of poor chewing function and speech, and dissatisfaction with 

appearance are important factors that motivate edentulous individuals to consider oral implants 

in their treatment plan. 
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A long-term study (10 -19 years) of implant-retained overdentures reported positive outcomes 

[149]. The cumulative survival rates for both the prostheses and implants were over 90%, and 

relining was not required until up to 4 years, on average [149]. The majority of similar studies 

done on implant-retained overdentures reported high implant survival rates and low biological 

complications [54, 160-163]. 

Furthermore, several studies have reported that the Oral Health Quality of Life was significantly 

higher in individuals with implant-retained overdentures than those with conventional dentures 

[57, 164, 165]. 

1.7 Dietary Quality and Nutrition in Elderly People Wearing Prostheses. 

Restriction of food selection has been shown to influence oral health and nutritional state among 

edentulous individuals[166]. Data analysis from the National Health and Nutrition Examination 

Survey (1988 to 1994) revealed that people with less than 28 natural teeth have significantly 

lower intake of food such as carrots, salads, and daily grams of dietary fibre [167]. When people 

cannot chew easily, their food choice behaviours change in three different ways. First, 

individuals avoid hard natural food by eliminating crunchy food such as raw vegetables and fresh 

fruits[24, 105, 168], tough foods such as steaks[169-171], and dry food such as breads[170-172]. 

Second, people  choose  to consume  processed food that contains large quantities of 

carbohydrates, fats, and cholesterol rather than natural food[103, 166] and, in addition to that, 

they over-cook food to soften it, which degrades essential nutrients and possibly produces trans-

fatty acids, thereby reducing the nutritional value of the food[173, 174]. It has been reported that 

saturated fatty acids are a risk factor in atherosclerosis, and increasing the intake of cholesterol 

and fatty acids raises the risk of cardiovascular diseases[175-178]. In addition, a fatty diet is 
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related to obesity, which increases the risk of hypertension [179], cardiovascular diseases, and 

noninsulin dependent diabetes [180, 181]. Third, some fruits , such as tomatoes, grapes, 

raspberries, and strawberries are also avoided because their seeds can slide under the dentures; 

lack of these may result in a reduced blood level of pro-vitamins (B-carotene), Vitamins A, B1, 

B2, B3, B5, B6, B12, C, and E, proteins (albumin), and minerals (Ca, Fe, and K) [24, 47, 105, 

113, 117, 121, 122, 167, 170, 182-188].  

Epidemiologic studies in different countries have reported that eating vegetables and fruits can 

reduce the prevalence of cancer in several body sites [189-197]. One review study has reported 

that there is a strong relationship between food intake and cancer in the lung, colon, cervix, 

esophagus, mouth, bladder, pancreas, stomach, or ovary, and that consumption of fruits and 

vegetables plays a protective role[193]. Many anti-carcinogenic agents have been detected in 

vegetables and fruits [196]. The mechanism of action of these agents includes inhibition of 

nitrosamine formation, antioxidant effects, provision of substrates for formation of antineoplastic 

agents, and dilution of binding of carcinogen [196]. 

The skin of raw vegetables and fruits are an essential source of fibre. Fibre facilitates 

gastrointestinal transit, reduces plasma cholesterol levels, lowers the glycemic response to meals 

that contain carbohydrates, and decreases the prevalence of colorectal cancer[198]. Moreover, it 

has been reported that a fibre-rich dietary is recommended for the prevention of Crohn‟s disease, 

hyperlipidemia, diabetes, diverticular disease, constipation, gallstones, and irritable bowel 

syndrome, and colonic cancer[199]. 

People may acquire poor dietary habits with tooth loss, poor occlusion, and other pathological 

conditions even with dental devices to improve oral function [200-202]. It has been reported that 
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individuals who wear complete dentures alter their dietary choices by avoiding food that requires 

efficient chewing [203]. Although these individuals should select a diet that is rich in vitamins, 

minerals, and dietary fibre from fresh fruits and vegetables, and reduce their consumption of 

food that is rich in fats and sugars, their prostheses do not provide them with the chewing 

capacity necessary to accomplish this. [204, 205].  

Patient  satisfaction with dental prostheses is associated with masticatory capacity, chewing 

efficiency and understanding that dental treatment affects food choices [206]. Food 

modifications such as steaming, chopping, and liquefying food are common behavioural 

adaptations when there is oral discomfort [206]. Performing a dietary assessment immediately 

after placement of the prosthesis and after six months following placement of the prosthesis 

could provide oral health care providers a chance to educate and provide recommendations to 

patients to assist them in optimizing their dietary choices [207]. One systematic review has 

reported conflicting clinical trial outcomes for selected studies in which several types of 

removable prostheses and related dietary quality were compared [208]. In another systematic 

review of both complete and partial removable prostheses it was found that the occlusal scheme 

of the prosthetic design does not affect diet[209]. Implant-retained overdentures improve a 

person‟s reported chewing ability more than complete dentures; however, this was not associated 

with improvement in dietary quality [119, 210].   

Therefore, we wished to determine whether edentate people wearing mandibular implant-

retained overdentures would eat a healthier diet than those wearing conventional complete 

dentures. 
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1.8 Specific Aims and Objectives.  

I. To determine whether a new treatment changes food choices. 

II. To determine the impact of using implant-retained overdentures on eating food with 

seeds and small particles, and leaves. 

III. To determine the impact of using implant-retained overdentures on eating hard foods. 

IV. To determine the impact of using implant-retained overdentures on eating sticky food. 
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CHAPTER 2: Thesis Objectives and Outline.  

2.1 Hypotheses. 

2.1.1 Primary Hypothesis. 

People change their food choices and dietary quality when they receive new conventional 

dentures and mandibular overdentures. 

2.1.2 Secondary Hypotheses. 

1.  People wearing implant-retained overdentures eat food with seeds, small particles and 

leaves more often than people wearing conventional complete dentures. 

2. People with implant-retained overdentures eat hard food more often than people with 

conventional complete dentures. 

3. People with implant-retained overdentures eat sticky food more often than people with 

conventional complete dentures. 
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CHAPTER 3: Materials and Methods. 

This study is a secondary analysis of a randomized controlled study in which primary analysis 

shows no significant difference in the nutritional state of elderly edentate people at 6 and 12 

months post treatment between the group that was treated with implant-retained overdentures 

and the other group that was treated with conventional complete dentures.  

As mentioned earlier, this is a randomised controlled parallel trial. It compared the impact of two 

types of mandibular prosthetic treatment (conventional denture and implant-retained denture) in 

edentulous elders living in Montreal Quebec, Canada. Neither the subjects nor the treating 

clinicians were blinded to treatment allocation. However, all data were gathered and entered by 

nurses and dieticians who were blind to treatment allocation. 

3.1 Trial Design.  

There were two groups in this trial: 

- Control: Maxillary and mandibular conventional dentures. 

All individuals in this group received new conventional dentures for both the maxilla and 

mandible. 

- Experimental: Maxillary conventional denture and a 2 implant-retained ovedenture 

with ball attachments for the mandible. 
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The study was conducted in Royal Victoria Hospital (RVH) at the clinical investigation unit. 

Using a standard protocol, individuals in this group received two trans-mucosal titanium 

implants (ITI, Staumann- 048.242.243, Waldenburg, Switzerlend) in the inter-canine region 

of the anterior mandible. After a healing period of 3 months, the participants received 

maxillary conventional dentures and mandibular implant-retained overdentures with ball 

attachments. 

3.2 Selection Criteria. 

Advertisements were placed in the local French and English news for individuals who are willing 

to participate in the trial and in a monthly periodical for retired people as well. Individuals who 

were interested in participating were contacted and the study was fully described. Research 

assistants were to determine whether each potential candidate meets the demographic inclusion 

criteria, and then, invite him/her to an information session, in which all aspects of the treatment 

and the study were explained using overheads and slides. In addition, all the information related 

to the study was provided in writing to each potential individual. The consent form was handed 

out and read to each group by the research assistant, who was able to answer all questions raised. 

Patients were then examined by the clinicians, and each patient who met the eligibility criteria 

and was willing to participate was invited to sign the consent form. Ethical approval was granted 

from the McGill University Institutional Review Board (IRB) (International Clinical Trial 

Registration #ISRCTN24273915). Treatment assignment was obtained by the research assistant 

from the randomization center. The treatment group was randomly assigned using a computer 

generated permuted block scheme. All patients received  financial compensation (for the 

transportation and parking costs) to participate in the study. 



 31 

3.3 Inclusion/Exclusion Criteria. 

All potential subjects completed a medical history that includes general health, oral health, and 

any medication usage. In addition, Mini-Mental State Evaluation tested for impaired cognitive 

function [211], as memory must work perfectly to provide accurate 24-hour dietary recall 

information. The clinicians determined if there was any condition that may interfere with the 

surgical or prosthetic treatment such as availability of sufficient bone in the anterior mandible, 

presence of chronic mucositis or hyperplasia. All participants were given dietary advice at 

baseline, 6 months, and 12 months as a standard of care for this condition. Patients who have 

BMI less than 20 or above 32 kg/m² were excluded from the study because they may have 

conditions that would interfere with the interpretation of the data. 

3.3.1 Inclusion Criteria. 

- Male and female. 

- Age 65 years and older. 

- Completely edentulous for 5 years at least. 

- Willing to replace existing conventional dentures. 

- An adequate understanding of written and spoken English or French. 

- Able to understand and respond to questionnaires used in the study. 

- Willing and able to accept the protocol and to give informed consent. 
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3.3.2 Exclusion Criteria. 

- Insufficient bone to place two implants in the anterior mandible. 

- Any oral condition precludes immediate prosthetic treatment. 

- Acute or chronic symptoms of temporomandibular disorders. 

- History of radiation therapy to the orofacial region. 

- Systemic or neurologic disease that contraindicates implant surgery. 

- A neoplasm diagnosed within the last five years. 

- A BMI that is less than 20 or more than 32 kg/m². 

- Subjects with score of 24 or less on the Mini-Mental State Evaluation (who may be suspected 

of having impaired cognitive function). 

- Any health condition that jeopardizes surgical treatment (alcoholism, etc.). 

- Psychological or psychiatric condition that could influence diet and reaction to treatment. 

For each individual participant, conventional denture treatment required approximately two 

months, while implant treatment took approximately five months. The treatment in this study 

was carried out over two and a half years. Data were gathered initially at baseline, then six 

month and twelve months following treatment. In this analysis, we analyzed the baseline and 12-

month follow-up data as no significant change in the food consumed was found between the 6 

and 12 month data collection periods. 
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Information on all types of food consumed by subjects was gathered using standardized and 

validated dietary recall methods [212]. The dietary intake evaluation included 24-hour recalls, 

weighed food records, dietary history, food diaries, and food frequency questionnaires. A 24-

hour recall method was done three times for each recall occasion (Baseline and 12 months) as 

this method is used to describe participants‟ usual intake and to reduce variability between 

subjects. The first 24-hour recall was carried out by registered dieticians at baseline to assess 

portion size using food models. Two further recalls at 6 and 12 months were done over the 

telephone. All interviews were performed by dietitians trained using the Food Habits of 

Canadians Dietary Assessment Group, an FRSQ team headed by Dr Gray-Donald [213]. This 

Group carries out dietary survey and validation studies. (See Chapter 8 for 24-hour recall form 

sample). 

3.4 Sample Size Selected and Completed the Study. 

To insure sufficient power to assess the primary and secondary findings, sample size estimation 

was carried out, and it was found that 104 participants in each group would be adequate for a 

power of 95%, with a two-sided test at a 0.05 significance level for the primary outcome [210]. 

Therefore, a similar level of power was calculated for the secondary variables. 

The following figures showed how many participants were selected for the study and how many 

successfully completed that study: 
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Figure3.1 Flow chart of participants’ enrolment in the study. 

 

3.5 Categorizing Food Choices. 

In order for us to categorize the data on challenging foods consumed by each participant during 

the study period, we randomly selected seven edentate non-participants, aged 65 years and older 

who wore complete dentures for over five years, and we interviewed them over the telephone. 

They were asked to categorize foods that we had taken from the study data bank under one of the 

following categories: food with seeds, small particles or leaves, hard food, or sticky food. 

255 people randomised 

128 people randomized 

(Conventional) 

127 people randomized 

(Implants) 

116 patients in implant 

treatment 

123 patients in 

conventional treatment 

N=13 withdraw at 12 

months 

N=9 withdraw at 12 

month 

103 completed one year 

follow-up 

114 completed one year 

follow-up 

11 withdrawn 

Post-randomization 

(Fear/illness) 

 

5 subjects removed 

pre-treatment- lack 

of interest 
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These kinds of food have been shown to be the most challenging for individuals who are 

edentulous and wearing complete dentures [114, 117, 119, 206, 214-219]. Based on these 

interviews, the selected foods were categorized as follows: 

Food with seeds, small 

particles or leaves 

 (Category I) 

Hard food 

 (Category II) 

Sticky food 

(Category III) 

Nuts 

Tomatoes 

Pears 

Figs 

Grapes 

Raspberries 

Blackberries 

Seeds 

Crunchy peanut butter 

Cooked potato with skin 

Apples with skin 

Meat (Steak) 

Apples (whole) 

Toast (crusts) 

Celery 

Carrot 

Radish 

Raisin 

Cabbage 

Soft bread 

Sticky candy 

Chewing gum 

Dates 

Dried fruits 

Table 3.1 shows the categories of selected foods considered to be challenging for consumption by elderly 

edentate people.   

Data were collected based on the 24-hour dietary recalls at the 12 month follow-up for both the 

conventional denture and implant overdenture groups. If any kind of food fell under more than 

one category; for example toasted bread with seeds (sesame), it was considered to be valid in 

both categories.  

The frequency of the foods consumed was calculated at baseline and at 12-month recall. As the 

collected data has a skewed tendency and is not normally distributed, the medians were used to 

measure the central trend. A Mann-Whitney U test, which is a within-group non-parametric 

statistical test, was used to compare various independent variables. The data in each food 

category (I, II, III) at the 12-month time-point were compared for each of the treatment groups. 

The threshold for statistical significance was P<0.05. 
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CHAPTER 4: Study Results.  

 

A total of 255 participants were randomized into two groups, the implant-retained overdenture 

group, IOD, (n= 127) and conventional complete denture group, CD, (n=128). The total 

cumulative loss to follow-up from the beginning of the study to the 12-month recall was reported 

to be 19% in the implant-retained group (n=24), and 14% (n=14) in the conventional denture 

group. Therefore, a total of 207 participants (n=114 CD, n= 103 IOD) were followed-up after 12-

month post-treatment period and were included in this analysis.  Reasons for withdrawal were 

varied and included fear of surgery, illness, or lack of interest. The ages of both groups were 

almost similar (CD mean = 69.7, SD 4.6; IOD mean = 70.5, SD= 5.0). Gender distribution in 

complete denture group was [males, n=57 (44.5%), females n=71 (55.5%)], while in the implant-

retained denture group it was [males n=57 (44.9%), females n=70 (55.1%)] [Figure 4.1].  
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Figure 4.1 The total participants in the study with their distribution according to gender. 

F=Female. M=Male. CD=Complete denture group. IOD= Implant overdenture group. 

CD, n=114; IOD, n=103. 
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The proportion of food consumed among the three categories [food with seeds, small particles or 

leaves (category I), hard food (category II), and sticky food (category III)] at baseline was 13.3% 

in the implant-retained overdenture IOD group (Mean = 7.9 and SD= 3.6), and 13.7% in the 

conventional denture CD group (Mean= 8.3 and SD= 4.0). At the 12-month recall, the proportion 

of food consumption among the three groups was 13.9% in the implant-retained overdenture 

IOD group (Mean= 8.9 and SD= 4.4) and 13.3% in the conventional denture CD group (Mean= 

8.7 and SD= 4.2) [Figure 4.2] and [Table 4.1]  
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Figure 4.2 The total frequency (number of times) of consumption of all three food categories combined. 

CD=Complete denture group. IOD=Implant overdenture group. 12M= 12 months. CD, n=114.  

IOD,n=103. 
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 Baseline 

 

12 Month Follow-up 

 

 

Variable 

 

Group 

Mean 

(STD) 

Total 

(Proportion) 

Mean 

(STD) 

Total  

(Proportion) 

 

 

Total Food from All 

Categories 

 

 

CD 

 

8.3 

(4.0) 

 

947/6912 

(13.7%) 

 

8.7 

(4.2) 

 

817/6642 

(12.3%) 

 

IOD 

 

 

7.9 

(3.6) 

 

1019/7662 

(13.3%) 

 

8.9 

(4.4) 

 

894/6431 

(13.9%) 

 

 

Food with Seed, particles, 

or Leaves (Category I) 

 

 

CD 

 

 

4.1 

(3.0) 

 

469/6912 

(6.8%)  

 

 

4.4 

(3.0) 

 

 

499/6642 

(6.5%) 

 

IOD 

 

 

3.5 

(2.5) 

 

366/7662 

(5.5%) 

 

4.0 

(3.0) 

 

409/6431 

(6.4%) 

 

 

Hard Food  

(Category II) 

 

 

CD 

 

 

3.9 

(2.2) 

 

445/6912 

(6.4%) 

 

4.3 

(2.5) 

 

486/6642 

(6.3%) 

 

IOD 

 

 

4.3 

(2.1) 

 

446/7662 

(6.7%) 

 

4.7 

(2.3) 

 

479/6431 

(7.4%) 

 

Sticky Food 

(Category III) 

 

CD 

 

0.3 

(1.0) 

 

33/6912 

(0.4%) 

 

0.3 

(1.0) 

 

5/6642 

(0.1%) 

 

IOD 

 

0.1 

(0.3) 

 

34/7662 

(0.5%) 

 

0.1 

(0.3) 

 

6/6431 

(0.2%) 

Table 4.1 Intergroup – Baseline and 12-month Average Means, standard deviations, total amount 

consumed of selected food categories and its proportion of the total food consumed by patients in that 

period for CD and IOD Groups. 

 

The proportion of food from the category I (food with seeds, small particles or leaves) at baseline 

was 5.5% in the implant-retained overdenture IOD group (Mean=3.5 and SD= 2.5), and 6.8% in 

the conventional denture CD group (Mean=4.1 and SD =3.0). At the 12-month recall, the 

proportion of food consumption from category I was 6.4% in the implant-retained overdenture 

IOD group (Mean=4.0 and SD=3.0) and 6.5% in the conventional denture CD group (Mean=4.4 

and SD=3.0). [Figure 4.3] and [Table 4.1]. 
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Status
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Figure 4.3 Total Category I foods consumed (Food with seeds, small particles or leavess). 
CD=Complete denture group.IOD=Implant overdenture group. 12M=12-Month follow up period. CD, 

n=114. IOD, n=103. 

 

The proportion of food from category II (Hard food) at baseline was 6.7% in the implant-retained 

overdenture IOD group (Mean=4.3 and SD=2.1) and 6.4% in the conventional denture CD group 

(Mean=3.9 and SD= 2.2). At the 12 month recall, the proportion of food consumption from 

category II was 7.4% in the implant-retained overdenture IOD group (Mean= 4.7 and SD = 2.3) 

and 6.3% in the conventional denture CD group (Mean= 4.3 and SD= 2.5). [Figure 4.4] and 

[Table 4.1]. 
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Status

Hard Food(12m)Hard Food(baseline)
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Figure 4.4 Total food consumed from Category II (Hard food). CD=Complete denture group 

.IOD=Implant overdenture group. 12M=12-Month follow up period. CD, n=114. IOD, n=103. 

 

The proportion of food from the category III (Sticky food) at the baseline was 0.4% in the 

implant-retained overdenture IOD group (Mean=0.1 and SD=0.3), and 0.5% in the conventional 

denture CD group (Mean=0.3 and SD=1.0). At the 12- month recall, the proportion of food 

consumption from the group 3 was 0.2% in the implant – retained overdenture IOD group 

(Mean=0.1 and SD=0.3), and 0.1% in the conventional denture CD group (Mean=0.3 and 

SD=1.0). [Figure 4-5] and [Table 4-1]. 
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Status

Sticky Food(12m )Sticky Food(baseline )
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Figure 4.5 Total food consumed from Category III (Sticky food). CD=Complete denture group. 

IOD=Implant overdenture group. 12M=12-Month follow up period. CD, n=114; IOD, n=103. 

 

Mann-Whitney U test was used to evaluate if there are inter-group changes at baseline and 12- 

month recall. The analysis failed to reject the primary hypothesis, which means changing the 

type of treatment from conventional denture to mandibular implant-retained overdenture will not 

change food choices and dietary quality of people who wear these prostheses. (p=.50, table 4-2). 

The analysis also failed to reject any of the three secondary hypotheses. That means that 

changing the prosthesis from conventional denture to mandibular implant-retained overdenture 

will not change the consumption of food with small particles or leaves, hard food, and/or sticky 

food ( p=.30, p=.20, p=.10 respectively) [table 4.2]. 
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 Baseline 

 

12 Month Follow-up 

 

 

Variable 

 

Group 

Median 

(Q1,Q3) 

95% CI P value  Median 

(Q1,Q3) 

95% CI P value 

 

 

Total Food of All 

Categories 

 

 

CD 

 

8.0 

(5.8,11.0) 

 

 

  

9.0 

(5.75,12.0) 

 

 

 

 

 

IOD 

 

 

5.0 

(7.0,10.0) 

 

(-1.0,1.0) 

 

0.40 

 

8.0 

(6.0,12.0) 

 

(-1.0,2.0) 

 

0.50 

 

 

Food with Seed, 

Particles, or Leaves 

(Category I) 

 

 

CD 

 

 

4.0 

(2.0,6.0) 

 

 

 

 

 

4.0 

(2.0-6.0) 

 

 

 

 

 

IOD 

 

 

3.0 

(1.0,5.0) 

 

(0.0,1.0) 

 

0.20 

 

3.0 

(1.0,6.0) 

 

(0.0,1.0) 

 

0.30 

 

 

Hard Food  

(Category II) 

 

 

CD 

 

 

4.0 

(2.0,6.0) 

 

 

 

 

 

4.0 

(3.0,6.0) 

  

 

IOD 

 

 

3.0 

(4.0,6.0) 

 

(-1.0,0.0) 

 

0.20 

 

4.0 

(3.0,6.0) 

 

(-1.0,-0.0) 

 

0.20 

 

Sticky Food 

(Category III) 

 

CD 

 

0.0 

(0.0,0.0) 

 

 

 

 

 

0.0 

(0.0,0.0) 

 

 

 

 

 

IOD 

 

0.0 

(0.0,0.0) 

 

(-0.0,0.0) 

 

0.20 

0.0 

(0.0,0.0) 

 

(-0.0,0.0) 

 

0.10 

Table 4.2 Intergroup – Baseline and 12-month Median Daily consumption of selected food categories 

with results of Mann-Whitney U test for IOD and CD Groups. All ps= ns. 

 

The following figure shows a comparison of the consumption of selected kinds of food according to their 

categories between the two groups in the 12-month follow up period. It can clearly be seen that 

consumption of sticky food (Category III) is significantly lower than consumption of the other two 

categories (food with small particles, seed or leaves, or hard food) [Figure 4.6]. 
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Status
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Figure 4.6 The total consumption of foods from the three categories. 

CD=Complete denture group.IOD=Implant overdenture group. 12M=12-Month follow up period. CD, 

n=114. IOD, n=103. 
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CHAPTER 5: Discussion. 

The current study was carried out as a secondary analysis of data gathered in a randomized 

controlled study in which the primary analysis aimed to determine whether there was an 

association between implant-retained overdenture treatment and blood plasma levels of 

homocysteine (tHcy), which is a nutritional marker for inflammation. We [220] found that using 

mandibular dentures retained by two implants for individuals accustomed to conventional 

dentures resulted in  people reporting that they had greater chewing ability increase their choices 

of  the foods they could eat. The implant-retained overdenture wearers reported that it was easier 

to consume hard, tough, and crispy food such as raw vegetables and fruits, and different types of 

meat. However, any associated dietary changes were not reflected in the nutritional intake that 

was calculated from their food diaries. Therefore, they found no significant effect of treatment 

with mandibular 2-implant overdentures.  

The aim of this study was to assess whether there is difference in food choices and dietary 

quality between individuals who wear implant-retained overdentures and those who wear 

complete dentures. 

To the best of our knowledge, this is the first randomised clinical trial that has a sufficient 

sample size to study the differences in dietary quality and intake between conventional denture 

and implant-retained overdenture wearers. It is also one of the first randomised studies that was 

designed to classify food into categories and address the question of whether food choices 

change from baseline and whether these choices are different in edentate elderly individuals who 

wear implant-retained overdentures or conventional dentures. 
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To determine which foods we would use in this study, we consulted a list of various kinds of 

food that are considered challenging to chew by edentate people based on previous studies [114, 

117, 119, 206, 214-219]. We found no publication in which the listed foods had been classified 

into categories based on the properties that made them challenging to chew. Therefore, we did 

this through a survey of similar edentate individuals who had not participated in our study. 

In doing this, we tried to avoid any bias or conflict by not using the same participants who were 

enrolled in the primary study, as well as those who would not have met the main study‟s 

inclusion/exclusion criteria. In other words, we chose participants who  were similar to the 

individuals who were participants in the main study. Based on the results of that survey, we 

established the categories shown in Table 3-1. 

We found that there is no statistical difference in the frequency of choice of foods in the chosen 

categories from baseline to 12 months whether a person wore implant overdentures or 

conventional dentures. Both groups have similar food choices and dietary quality among certain 

types of food that are considered challenging for elderly edentate people. 

We also found that people who wear implant–retained overdentures show no significant 

difference in eating food with seeds, small particles or leaves, hard food, or sticky food 

compared to those who wear conventional dentures. 

It was reported that the frequency of eating sticky foods was significantly lower than that of 

eating other challenging foods in both groups. It may be that sticky foods are problematic for 

both groups; no matter how well stabilized the prosthesis is. On the other hand, sticky foods are 

generally less healthy, so the fact that both groups avoid sticky foods, is actually beneficial  
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These findings agree with a few studies that we found in the literature of investigations using a 

similar design. 

De Oliveira and Frigerio reported that implant-supported denture users are less susceptible to 

malnutrition when compared to complete denture users, due to the increased ability to chew 

various types of food in the implant-supported group [221]. However, food choices and dietary 

quality, along with improving nutritional intake, was not mentioned. That study did not mention 

how many implants supported the overdenture, whereas the overdentures in our study were 

retained by only 2 implants. Regardless, there were serious flaws in that study, including the fact 

that its sample was small and they did not carry out a sample size estimation; this could have led 

to an alpha error. 

Sebring et al [222] also studied the nutritional outcomes of implant overdenture and 

conventional denture wearers. They reported no significant differences in intake of calories and 

27 studied nutrients by implant-supported mandibular overdenture wearers and conventional 

denture wearers after receiving their new prostheses. A decrease in the percentage of calories 

derived from fat with a corresponding increase in carbohydrate calories was detected in both 

groups. It was also reported that around half of the subjects in both groups had an inadequate 

intake of dietary fibre and/or calcium, and 25% to 50% had a low intake of vitamins A, E, D, B6 

and/or magnesium. Unfortunately, they did not carry out a dietary assessment; thus, we cannot 

compare their findings against ours. 

Garrett et al [223] have reported no significant difference between users of fixed partial dentures 

supported by implants and users of removable partial dentures after analysing 30 nutritional 

variables of food intake before and after treatment. Moreover, both treatments increased the 
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intake of calories and 27 nutrients in the low caloric group and decreased the intake of calories 

and 27 nutrients in the high caloric group. However, the decrease in the caloric intake and eight 

nutrients including total proteins, fat, carbohydrates, and cholesterol were significantly greater in 

the fixed partial denture group than those in the removable partial denture group. Thus, although 

these investigators did measure food intake, they evaluated people with some teeth and only 

partial denture prostheses. Unfortunately, due to differences in analyses as well as in treatment 

populations, we cannot compare our results with theirs. 

K. Muller et al [224] reported that no significant differences were found for frequency of cutting 

or chopping hard food (e.g.: apples, carrot, beef) between conventional denture and implant 

overdenture wearers. They also reported that both groups had a very a similar nutritional status 

and dietary intake, and that they ate the same types of foods, even though the complete denture 

wearers reported having more difficulty in chewing hard foods.  

Our findings are in agreement with Allen et al[119], who reported that, although implant 

retained-dentures improve in the ability of chewing food and satisfaction, both implant retained 

and conventional denture wearers avoided eating challenging foods like whole raw carrots and 

apples. 

Published literature on food choices of edentate people wearing prostheses is lacking; thus, it 

was not possible to include any additional comparative studies in this discussion. 

Although mandibular implant-retained overdentures have been shown to lead to better 

improvement in chewing ability and overall patient satisfaction than conventional dentures, our 

similarity in findings between the two treatment groups can be discussed from many 

perspectives: 
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First, although almost the same types of food were eaten by both groups, the method of food 

preparation was different. It was reported in the primary analysis of the collected data [210] that 

there were differences in food preparation between the two groups. This information may assist 

in understanding the similarity of our findings, e.g., a person who cannot chew certain types of 

meat may cook it more to make it softer and be able to eat it. 

Second, changing dietary habits that had been adopted many years previously is a complicated 

process involving multiple factors and, therefore, may take longer than 12 months to observe any 

difference[225]. 

Third, both groups received new prostheses during this study and, therefore, improvement was 

similar in food choice and dietary quality in both groups. Thus, differences in food choices were 

not found to be statistically significant. 

This study has several strengths. First, participants were randomly selected following strict 

inclusion/exclusion criteria to ensure equivalence of both groups at baseline. Second, the number 

of participants in this study was larger than in any other similar study, thereby strengthening the 

validity of the findings. Third, data collection was carried out 12 months post-treatment, 

providing considerable time for all participants to become accustomed to the new prostheses and 

to allow ample opportunity for the participants to be able to eat various types of food before the 

dietary data were gathered. Fourth, although attrition was low, it was taken into consideration 

during the design and statistical analysis phase. 

There were some study limitations: This study was not designed to evaluate participants‟ food 

choices. Moreover, a follow-up period of longer than 12 months might be needed to evaluate 

changes in food choices since changing eating habits or increasing the frequency of eating some 
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challenging foods could take a longer period of time. In fact, there are several factors that govern 

eating habits and food choices, including socioeconomic and behavioural ones [225]. It has also 

been suggested that dietary counselling is necessary to effect behaviour change in food intake 

[226]. We believe that, had we included individual dietary counselling, it could have led to very 

different findings in the present investigation. 

5.1 Summary. 

In summary, we found no significant difference in consumption of challenging foods between 

individuals wearing mandibular overdentures and those wearing conventional dentures.  

These foods include those with seeds, small particles or leaves, as well as hard and sticky foods. 

Sticky foods were avoided more than the other challenging foods by both groups. 
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CHAPTER 6: Conclusions and Future Research. 

Although the main study showed that patients who received mandibular implant-retained 

overdentures had a significant improvement in perceived ability to chew and improved food 

choice, no difference was detected in their consumption of various challenging foods as reported 

in this investigation.  

We recommend that future studies consider studying foods that are challenging for edentate 

individuals, and that evaluation of eating habits and food choices by edentate elders should be 

assessed. In addition, studies should be followed up for periods longer than 12 months. This may 

allow for the evaluation of any possible changes in eating habits or food choices that may occur 

over a longer period.   

 

 

 

 

 

 

 

 

 

 



 51 

Chapter 7 List of References. 

1. Canada, S., The Canadian Population in 2011: Age and Sex, 2011: Ottawa. 
2. Millar, W.J. and D. Locker, Edentulism and denture use. Health reports / Statistics Canada, 

Canadian Centre for Health Information = Rapports sur la sante / Statistique Canada, Centre 
canadien d'information sur la sante, 2005. 17(1): p. 55-8. 

3. Fluorides and oral health. Report of a WHO Expert Committee on Oral Health Status and Fluoride 
Use. World Health Organization technical report series, 1994. 846: p. 1-37. 

4. O'Keefe, J.P. and A. Hochstein, A study of factors affecting dental expenditures in Quebec: 1962-
1991. Journal, 1994. 60(7): p. 617-23. 

5. Brodeur, J.M., et al., [Trends in the level of edentulism in Quebec between 1980 and 1993]. 
Journal, 1996. 62(2): p. 159-60, 162-6. 

6. Brodeur, J.M., et al., [Use of dental services and the percentage of persons possessing private 
dental insurance in Quebec]. Journal, 1996. 62(1): p. 83-90. 

7. Locker, D., Smoking and oral health in older adults. Canadian journal of public health. Revue 
canadienne de sante publique, 1992. 83(6): p. 429-32. 

8. Brodeur, J.M., et al., Dental caries in Quebec adults aged 35 to 44 years. Journal, 2000. 66(7): p. 
374-9. 

9. KK Kapur, H.C., IM. Sharon, Oral physiological factors concerned with the ingestion of food. 
Nutrition in clinical dentistry, 1966: p. 296–304. 

10. Petersen, P.E., The World Oral Health Report 2003: continuous improvement of oral health in the 
21st century--the approach of the WHO Global Oral Health Programme. Community dentistry 
and oral epidemiology, 2003. 31 Suppl 1: p. 3-23. 

11. Chauncey, H.H., R.L. Glass, and J.E. Alman, Dental caries. Principal cause of tooth extraction in a 
sample of US male adults. Caries research, 1989. 23(3): p. 200-5. 

12. Vignarajah, S., Various reasons for permanent tooth extractions in a Caribbean population--
Antigua. International dental journal, 1993. 43(3): p. 207-12. 

13. Takala, L., P. Utriainen, and P. Alanen, Incidence of edentulousness, reasons for full clearance, 
and health status of teeth before extractions in rural Finland. Community dentistry and oral 
epidemiology, 1994. 22(4): p. 254-7. 

14. Gilbert, G.H., R.P. Duncan, and B.J. Shelton, Social determinants of tooth loss. Health services 
research, 2003. 38(6 Pt 2): p. 1843-62. 

15. Burt, B.A., et al., Risk factors for tooth loss over a 28-year period. Journal of dental research, 
1990. 69(5): p. 1126-30. 

16. Brennan, D.S., A.J. Spencer, and K.F. Roberts-Thomson, Caries experience among 45-54 year olds 
in Adelaide, South Australia. Australian dental journal, 2007. 52(2): p. 122-7. 

17. Newton, J.T., et al., Preliminary study of the impact of loss of part of the face and its prosthetic 
restoration. The Journal of prosthetic dentistry, 1999. 82(5): p. 585-90. 

18. French, S., Experiences of disabled health and caring professionals. Sociology of health & illness, 
1988. 10(2): p. 170-88. 

19. Bergendal, B., The relative importance of tooth loss and denture wearing in Swedish adults. 
Community dental health, 1989. 6(2): p. 103-11. 

20. Fiske, J., et al., The emotional effects of tooth loss in edentulous people. British dental journal, 
1998. 184(2): p. 90-3; discussion 79. 

21. Davis, D.M., et al., The emotional effects of tooth loss: a preliminary quantitative study. British 
dental journal, 2000. 188(9): p. 503-6. 



 52 

22. van der Bilt, A., et al., The effect of missing postcanine teeth on chewing performance in man. 
Archives of Oral Biology, 1993. 38(5): p. 423-9. 

23. Sullivan, D.H., et al., Impact of nutrition status on morbidity and mortality in a select population 
of geriatric rehabilitation patients. The American journal of clinical nutrition, 1990. 51(5): p. 749-
58. 

24. Joshipura, K.J., W.C. Willett, and C.W. Douglass, The impact of edentulousness on food and 
nutrient intake. Journal of the American Dental Association, 1996. 127(4): p. 459-67. 

25. Osterberg, T., D. Mellstrom, and V. Sundh, Dental health and functional ageing. A study of 70-
year-old people. Community dentistry and oral epidemiology, 1990. 18(6): p. 313-8. 

26. Appollonio, I., et al., Dental status, quality of life, and mortality in an older community 
population: a multivariate approach. Journal of the American Geriatrics Society, 1997. 45(11): p. 
1315-23. 

27. Shimazaki, Y., et al., Influence of dentition status on physical disability, mental impairment, and 
mortality in institutionalized elderly people. Journal of dental research, 2001. 80(1): p. 340-5. 

28. Kondo, K., M. Niino, and K. Shido, A case-control study of Alzheimer's disease in Japan--
significance of life-styles. Dementia, 1994. 5(6): p. 314-26. 

29. Kato, T., et al., The effect of the loss of molar teeth on spatial memory and acetylcholine release 
from the parietal cortex in aged rats. Behavioural brain research, 1997. 83(1-2): p. 239-42. 

30. Hamasha, A.A., J.S. Hand, and S.M. Levy, Medical conditions associated with missing teeth and 
edentulism in the institutionalized elderly. Special care in dentistry : official publication of the 
American Association of Hospital Dentists, the Academy of Dentistry for the Handicapped, and 
the American Society for Geriatric Dentistry, 1998. 18(3): p. 123-7. 

31. Ramfjord, S.P. and M.M. Ash, Jr., Significance of occlusion in the etiology and treatment of early, 
moderate, and advanced periodontitis. Journal of periodontology, 1981. 52(9): p. 511-7. 

32. Schaerer, P., R.E. Stallard, and H.A. Zander, Occlusal interferences and mastication: an 
electromyographic study. The Journal of prosthetic dentistry, 1967. 17(5): p. 438-49. 

33. Hannam, A.G., et al., The effects of working-side occlusal interferences on muscle activity and 
associated jaw movements in man. Archives of Oral Biology, 1981. 26(5): p. 387-92. 

34. Helkimo, M., Studies on function and dysfunction of the masticatory system. 3. Analyses of 
anamnestic and clinical recordings of dysfunction with the aid of indices. Svensk tandlakare 
tidskrift. Swedish dental journal, 1974. 67(3): p. 165-81. 

35. Carlsson, G.E., Symptoms of mandibular dysfunction in complete denture wearers. Journal of 
dentistry, 1976. 4(6): p. 265-70. 

36. Oberg, T., G.E. Carlsson, and C.M. Fajers, The temporomandibular joint. A morphologic study on 
a human autopsy material. Acta odontologica Scandinavica, 1971. 29(3): p. 349-84. 

37. Christensen, L.V. and G.J. Ziebert, Effects of experimental loss of teeth on the 
temporomandibular joint. Journal of oral rehabilitation, 1986. 13(6): p. 587-98. 

38. Yokoyama, M., et al., Dynamic changes in bone metabolism in the rat temporomandibular joint 
after molar extraction using bone scintigraphy. European journal of oral sciences, 2009. 117(4): 
p. 374-9. 

39. Steele, J.G., et al., How do age and tooth loss affect oral health impacts and quality of life? A 
study comparing two national samples. Community dentistry and oral epidemiology, 2004. 
32(2): p. 107-14. 

40. Locker, D. and B. Gibson, The concept of positive health: a review and commentary on its 
application in oral health research. Community dentistry and oral epidemiology, 2006. 34(3): p. 
161-73. 

41. Ahlqwist, M., et al., Smoking habits and tooth loss in Swedish women. Community dentistry and 
oral epidemiology, 1989. 17(3): p. 144-7. 



 53 

42. Eklund, S.A. and B.A. Burt, Risk factors for total tooth loss in the United States; longitudinal 
analysis of national data. Journal of Public Health Dentistry, 1994. 54(1): p. 5-14. 

43. Holm, G., Smoking as an additional risk for tooth loss. Journal of periodontology, 1994. 65(11): p. 
996-1001. 

44. Daniell, H.W., Postmenopausal tooth loss. Contributions to edentulism by osteoporosis and 
cigarette smoking. Archives of internal medicine, 1983. 143(9): p. 1678-82. 

45. Osterberg, T. and D. Mellstrom, Tobacco smoking: a major risk factor for loss of teeth in three 
70-year-old cohorts. Community dentistry and oral epidemiology, 1986. 14(6): p. 367-70. 

46. Ragnarsson, E., S.T. Eliasson, and S.H. Olafsson, Tobacco smoking, a factor in tooth loss in 
Reykjavik, Iceland. Scandinavian journal of dental research, 1992. 100(6): p. 322-6. 

47. Norlen, P., et al., On the relations between dietary habits, nutrients, and oral health in women at 
the age of retirement. Acta odontologica Scandinavica, 1993. 51(5): p. 277-84. 

48. Feine, J.S., et al., The McGill Consensus Statement on Overdentures. Montreal, Quebec, Canada. 
May 24-25, 2002. The International journal of prosthodontics, 2002. 15(4): p. 413-4. 

49. Kapur, K.K. and S.D. Soman, Masticatory performance and efficiency in denture wearers. 1964. 
The Journal of prosthetic dentistry, 2006. 95(6): p. 407-11. 

50. van Waas, M.A., The influence of clinical variables on patients' satisfaction with complete 
dentures. The Journal of prosthetic dentistry, 1990. 63(3): p. 307-10. 

51. Fenlon, M.R. and M. Sherriff, An investigation of factors influencing patients' satisfaction with 
new complete dentures using structural equation modelling. Journal of dentistry, 2008. 36(6): p. 
427-34. 

52. Pan, S., et al., Does mandibular edentulous bone height affect prosthetic treatment success? 
Journal of dentistry, 2010. 38(11): p. 899-907. 

53. Carlsson, G.E., Clinical morbidity and sequelae of treatment with complete dentures. The Journal 
of prosthetic dentistry, 1998. 79(1): p. 17-23. 

54. Meijer, H.J., G.M. Raghoebar, and M.A. Van 't Hof, Comparison of implant-retained mandibular 
overdentures and conventional complete dentures: a 10-year prospective study of clinical 
aspects and patient satisfaction. The International journal of oral & maxillofacial implants, 2003. 
18(6): p. 879-85. 

55. Allen, P.F., A.S. McMillan, and D. Walshaw, A patient-based assessment of implant-stabilized and 
conventional complete dentures. The Journal of prosthetic dentistry, 2001. 85(2): p. 141-7. 

56. Geertman, M.E., et al., Denture satisfaction in a comparative study of implant-retained 
mandibular overdentures: a randomized clinical trial. The International journal of oral & 
maxillofacial implants, 1996. 11(2): p. 194-200. 

57. Heydecke, G., et al., Relationship between prosthodontic evaluation and patient ratings of 
mandibular conventional and implant prostheses. The International journal of prosthodontics, 
2003. 16(3): p. 307-12. 

58. Fenlon, M.R., M. Sherriff, and J.D. Walter, Comparison of patients' appreciation of 500 complete 
dentures and clinical assessment of quality. The European journal of prosthodontics and 
restorative dentistry, 1999. 7(1): p. 11-4. 

59. de Grandmont, P., et al., Within-subject comparisons of implant-supported mandibular 
prostheses: psychometric evaluation. Journal of dental research, 1994. 73(5): p. 1096-104. 

60. Fenlon, M.R., M. Sherriff, and J.T. Newton, The influence of personality on patients' satisfaction 
with existing and new complete dentures. Journal of dentistry, 2007. 35(9): p. 744-8. 

61. Bolender, C.L., C.C. Swoope, and D.E. Smith, The Cornell Medical Index as a prognostic aid for 
complete denture patients. The Journal of prosthetic dentistry, 1969. 22(1): p. 20-9. 

62. Berg, E., The influence of some anamnestic, demographic, and clinical variables on patient 
acceptance of new complete dentures. Acta odontologica Scandinavica, 1984. 42(2): p. 119-27. 



 54 

63. Pietrokovski, J., et al., Oral findings in elderly nursing home residents in selected countries: 
quality of and satisfaction with complete dentures. The Journal of prosthetic dentistry, 1995. 
73(2): p. 132-5. 

64. Fenlon, M.R., M. Sherriff, and J.D. Walter, Agreement between clinical measures of quality and 
patients' rating of fit of existing and new complete dentures. Journal of dentistry, 2002. 30(4): p. 
135-9. 

65. Fenlon, M.R., M. Sherriff, and J.D. Walter, An investigation of factors influencing patients' use of 
new complete dentures using structural equation modelling techniques. Community dentistry 
and oral epidemiology, 2000. 28(2): p. 133-40. 

66. Atwood, D.A., Reduction of residual ridges: a major oral disease entity. The Journal of prosthetic 
dentistry, 1971. 26(3): p. 266-79. 

67. Tallgren, A., The continuing reduction of the residual alveolar ridges in complete denture 
wearers: a mixed-longitudinal study covering 25 years. The Journal of prosthetic dentistry, 1972. 
27(2): p. 120-32. 

68. Jennings, D.E., Treatment of the mandibular compromised ridge: a literature review. The Journal 
of prosthetic dentistry, 1989. 61(5): p. 575-9. 

69. Awad, M.A., et al., Comparing the efficacy of mandibular implant-retained overdentures and 
conventional dentures among middle-aged edentulous patients: satisfaction and functional 
assessment. The International journal of prosthodontics, 2003. 16(2): p. 117-22. 

70. Tarbet, W.J., M. Boone, and N.F. Schmidt, Effect of a denture adhesive on complete denture 
dislodgement during mastication. The Journal of prosthetic dentistry, 1980. 44(4): p. 374-8. 

71. Karlsson, S. and B. Swartz, Denture adhesives - their effect on the mobility of full upper dentures 
during chewing. A cineradiographic study. Swedish Dental Journal, 1981. 5(5-6): p. 207-11. 

72. Chew, C.L., et al., Denture adhesives: their effects on denture retention and stability. Journal of 
dentistry, 1985. 13(2): p. 152-9. 

73. Karlsson, S. and B. Swartz, Effect of a denture adhesive on mandibular denture dislodgment. 
Quintessence international, 1990. 21(8): p. 625-7. 

74. Grasso, J.E., J. Rendell, and T. Gay, Effect of denture adhesive on the retention and stability of 
maxillary dentures. The Journal of prosthetic dentistry, 1994. 72(4): p. 399-405. 

75. Hasegawa, S., T. Sekita, and I. Hayakawa, Effect of denture adhesive on stability of complete 
dentures and the masticatory function. Journal of medical and dental sciences, 2003. 50(4): p. 
239-47. 

76. Psillakis, J.J., et al., In practice evaluation of a denture adhesive using a gnathometer. Journal of 
prosthodontics : official journal of the American College of Prosthodontists, 2004. 13(4): p. 244-
50. 

77. Ozcan, M., et al., The effect of a new denture adhesive on bite force until denture dislodgement. 
Journal of prosthodontics : official journal of the American College of Prosthodontists, 2005. 
14(2): p. 122-6. 

78. Kulak, Y., M. Ozcan, and A. Arikan, Subjective assessment by patients of the efficiency of two 
denture adhesive pastes. Journal of prosthodontics : official journal of the American College of 
Prosthodontists, 2005. 14(4): p. 248-52. 

79. Pradies, G., et al., Clinical study comparing the efficacy of two denture adhesives in complete 
denture patients. The International journal of prosthodontics, 2009. 22(4): p. 361-7. 

80. de Baat, C., et al., An international multicenter study on the effectiveness of a denture adhesive 
in maxillary dentures using disposable gnathometers. Clinical oral investigations, 2007. 11(3): p. 
237-43. 



 55 

81. Kelsey, C.C., B.R. Lang, and R.F. Wang, Examining patients' responses about the effectiveness of 
five denture adhesive pastes. Journal of the American Dental Association, 1997. 128(11): p. 
1532-8. 

82. Gahan, M.J. and A.D. Walmsley, The neutral zone impression revisited. British dental journal, 
2005. 198(5): p. 269-72. 

83. Shigli, K., G.S. Angadi, and P. Hegde, The effect of remount procedures on patient comfort for 
complete denture treatment. The Journal of prosthetic dentistry, 2008. 99(1): p. 66-72. 

84. Kawai, Y., et al., Do traditional techniques produce better conventional complete dentures than 
simplified techniques? Journal of dentistry, 2005. 33(8): p. 659-68. 

85. Regis, R.R., et al., A randomised trial of a simplified method for complete denture fabrication: 
patient perception and quality. Journal of oral rehabilitation, 2013. 40(7): p. 535-45. 

86. Jainkittivong, A., V. Aneksuk, and R.P. Langlais, Oral mucosal conditions in elderly dental 
patients. Oral Diseases, 2002. 8(4): p. 218-23. 

87. Jeganathan, S. and C.C. Lin, Denture stomatitis--a review of the aetiology, diagnosis and 
management. Australian dental journal, 1992. 37(2): p. 107-14. 

88. Elham EMAMI, M.K., Pierre H. ROMPRÉ , Jocelyne S. FEINE, Are antifungals the first choice in 
treating denture stomatitis? A meta-analysis. in press, 2013. 

89. Vigild, M., Oral mucosal lesions among institutionalized elderly in Denmark. Community 
dentistry and oral epidemiology, 1987. 15(6): p. 309-13. 

90. Schou, L., C. Wight, and C. Cumming, Oral hygiene habits, denture plaque, presence of yeasts 
and stomatitis in institutionalised elderly in Lothian, Scotland. Community dentistry and oral 
epidemiology, 1987. 15(2): p. 85-9. 

91. Fleishman, R., D.B. Peles, and S. Pisanti, Oral mucosal lesions among elderly in Israel. Journal of 
dental research, 1985. 64(5): p. 831-6. 

92. Hand, J.S. and J.M. Whitehill, The prevalence of oral mucosal lesions in an elderly population. 
Journal of the American Dental Association, 1986. 112(1): p. 73-6. 

93. Coelho, C.M., Y.T. Sousa, and A.M. Dare, Denture-related oral mucosal lesions in a Brazilian 
school of dentistry. Journal of oral rehabilitation, 2004. 31(2): p. 135-9. 

94. Williamson, J.J., Diurnal variation of Candida albicans counts in saliva. Australian dental journal, 
1972. 17(1): p. 54-60. 

95. Cooper, L.F., The current and future treatment of edentulism. Journal of prosthodontics : official 
journal of the American College of Prosthodontists, 2009. 18(2): p. 116-22. 

96. Freitas, J.B., et al., Relationship between the use of full dentures and mucosal alterations among 
elderly Brazilians. Journal of oral rehabilitation, 2008. 35(5): p. 370-4. 

97. Coulthwaite, L. and J. Verran, Potential pathogenic aspects of denture plaque. British journal of 
biomedical science, 2007. 64(4): p. 180-9. 

98. Radford, D.R., S.J. Challacombe, and J.D. Walter, Denture plaque and adherence of Candida 
albicans to denture-base materials in vivo and in vitro. Critical reviews in oral biology and 
medicine : an official publication of the American Association of Oral Biologists, 1999. 10(1): p. 
99-116. 

99. Brunello, D.L. and M.N. Mandikos, Construction faults, age, gender, and relative medical health: 
factors associated with complaints in complete denture patients. The Journal of prosthetic 
dentistry, 1998. 79(5): p. 545-54. 

100. Geissler, C.A. and J.F. Bates, The nutritional effects of tooth loss. The American journal of clinical 
nutrition, 1984. 39(3): p. 478-89. 

101. Moynihan, P.J., The relationship between diet, nutrition and dental health: an overview and 
update for the 90s. Nutrition research reviews, 1995. 8(1): p. 193-224. 



 56 

102. Papas, A.S., et al., The effects of denture status on nutrition. Special care in dentistry : official 
publication of the American Association of Hospital Dentists, the Academy of Dentistry for the 
Handicapped, and the American Society for Geriatric Dentistry, 1998. 18(1): p. 17-25. 

103. Chauncey, H.H., et al., The effect of the loss of teeth on diet and nutrition. International dental 
journal, 1984. 34(2): p. 98-104. 

104. Papas, A.S., et al., Longitudinal relationships between nutrition and oral health. Annals of the 
New York Academy of Sciences, 1989. 561: p. 124-42. 

105. Brodeur, J.M., et al., Nutrient intake and gastrointestinal disorders related to masticatory 
performance in the edentulous elderly. The Journal of prosthetic dentistry, 1993. 70(5): p. 468-
73. 

106. Locker, D., The burden of oral disorders in a population of older adults. Community dental 
health, 1992. 9(2): p. 109-24. 

107. Krall, E., C. Hayes, and R. Garcia, How dentition status and masticatory function affect nutrient 
intake. Journal of the American Dental Association, 1998. 129(9): p. 1261-9. 

108. Moynihan, P.J., et al., Intake of non-starch polysaccharide (dietary fibre) in edentulous and 
dentate persons: an observational study. British dental journal, 1994. 177(7): p. 243-7. 

109. Carlos, J.P. and M.D. Wolfe, Methodological and nutritional issues in assessing the oral health of 
aged subjects. The American journal of clinical nutrition, 1989. 50(5 Suppl): p. 1210-8; discussion 
1231-5. 

110. Wayler, A.H., et al., Masticatory performance and food acceptability in persons with removable 
partial dentures, full dentures and intact natural dentition. Journal of gerontology, 1984. 39(3): 
p. 284-9. 

111. Ranta, K., et al., Dental status and intake of food items among an adult Finnish population. 
Gerodontics, 1988. 4(1): p. 32-5. 

112. Sheiham, A., et al., The impact of oral health on stated ability to eat certain foods; findings from 
the National Diet and Nutrition Survey of Older People in Great Britain. Gerodontology, 1999. 
16(1): p. 11-20. 

113. Sheiham, A., et al., The relationship among dental status, nutrient intake, and nutritional status 
in older people. Journal of dental research, 2001. 80(2): p. 408-13. 

114. Leake, J.L., An index of chewing ability. Journal of Public Health Dentistry, 1990. 50(4): p. 262-7. 
115. Aukes, J.N., A.F. Kayser, and A.J. Felling, The subjective experience of mastication in subjects with 

shortened dental arches. Journal of oral rehabilitation, 1988. 15(4): p. 321-4. 
116. Sheiham, A. and J. Steele, Does the condition of the mouth and teeth affect the ability to eat 

certain foods, nutrient and dietary intake and nutritional status amongst older people? Public 
health nutrition, 2001. 4(3): p. 797-803. 

117. Nowjack-Raymer, R.E. and A. Sheiham, Association of edentulism and diet and nutrition in US 
adults. Journal of dental research, 2003. 82(2): p. 123-6. 

118. Allen, P.F. and A.S. McMillan, A review of the functional and psychosocial outcomes of 
edentulousness treated with complete replacement dentures. Journal, 2003. 69(10): p. 662. 

119. Allen, F. and A. McMillan, Food selection and perceptions of chewing ability following provision 
of implant and conventional prostheses in complete denture wearers. Clinical oral implants 
research, 2002. 13(3): p. 320-6. 

120. Shinkai, R.S., et al., Dietary intake in edentulous subjects with good and poor quality complete 
dentures. The Journal of prosthetic dentistry, 2002. 87(5): p. 490-8. 

121. Greksa, L.P., I.M. Parraga, and C.A. Clark, The dietary adequacy of edentulous older adults. The 
Journal of prosthetic dentistry, 1995. 73(2): p. 142-5. 

122. Johansson, I., et al., Dental status, diet and cardiovascular risk factors in middle-aged people in 
northern Sweden. Community dentistry and oral epidemiology, 1994. 22(6): p. 431-6. 



 57 

123. Reavley N, H.S., The new encyclopedia of vitamins, minerals, supplements, and herbs: How they 
are best used to promote health and well-being1999: M. Evans Publishers. 

124. Tremblay, A., Nutritional determinants of the insulin resistance syndrome. International journal 
of obesity and related metabolic disorders : journal of the International Association for the 
Study of Obesity, 1995. 19 Suppl 1: p. S60-8. 

125. Tallgren, A., The continuing reduction of the residual alveolar ridges in complete denture 
wearers: a mixed-longitudinal study covering 25 years. 1972. The Journal of prosthetic dentistry, 
2003. 89(5): p. 427-35. 

126. Ring, M.E., A thousand years of dental implants: a definitive history--part 1. Compendium of 
continuing education in dentistry, 1995. 16(10): p. 1060, 1062, 1064 passim. 

127. Ring, M.E., A thousand years of dental implants: a definitive history--part 2. Compendium of 
continuing education in dentistry, 1995. 16(11): p. 1132, 1134, 1136 passim. 

128. Adell, R., et al., A 15-year study of osseointegrated implants in the treatment of the edentulous 
jaw. International journal of oral surgery, 1981. 10(6): p. 387-416. 

129. Adell, R., et al., Long-term follow-up study of osseointegrated implants in the treatment of 
totally edentulous jaws. The International journal of oral & maxillofacial implants, 1990. 5(4): p. 
347-59. 

130. Henry, P.J., R.C. Bower, and C.D. Wall, Rehabilitation of the edentulous mandible with 
osseointegrated dental implants: 10 year follow-up. Australian dental journal, 1995. 40(1): p. 1-
9. 

131. Lindquist, L.W., G.E. Carlsson, and T. Jemt, A prospective 15-year follow-up study of mandibular 
fixed prostheses supported by osseointegrated implants. Clinical results and marginal bone loss. 
Clinical oral implants research, 1996. 7(4): p. 329-36. 

132. Zarb, G.A. and A. Schmitt, The edentulous predicament. I: A prospective study of the 
effectiveness of implant-supported fixed prostheses. Journal of the American Dental Association, 
1996. 127(1): p. 59-65. 

133. Ekelund, J.A., et al., Implant treatment in the edentulous mandible: a prospective study on 
Branemark system implants over more than 20 years. The International journal of 
prosthodontics, 2003. 16(6): p. 602-8. 

134. Attard, N.J. and G.A. Zarb, Long-term treatment outcomes in edentulous patients with implant-
fixed prostheses: the Toronto study. The International journal of prosthodontics, 2004. 17(4): p. 
417-24. 

135. Engquist, B., et al., A retrospective multicenter evaluation of osseointegrated implants 
supporting overdentures. The International journal of oral & maxillofacial implants, 1988. 3(2): p. 
129-34. 

136. Davis, W.H., et al., Using restorations borne totally by anterior implants to preserve the 
edentulous mandible. Journal of the American Dental Association, 1999. 130(8): p. 1183-9. 

137. Awad, M.A., et al., Oral health status and treatment satisfaction with mandibular implant 
overdentures and conventional dentures: a randomized clinical trial in a senior population. The 
International journal of prosthodontics, 2003. 16(4): p. 390-6. 

138. Thomason, J.M., et al., Patient satisfaction with mandibular implant overdentures and 
conventional dentures 6 months after delivery. The International journal of prosthodontics, 
2003. 16(5): p. 467-73. 

139. MacEntee, M.I., J.N. Walton, and N. Glick, A clinical trial of patient satisfaction and 
prosthodontic needs with ball and bar attachments for implant-retained complete overdentures: 
three-year results. The Journal of prosthetic dentistry, 2005. 93(1): p. 28-37. 



 58 

140. Mericske-Stern, R., Clinical evaluation of overdenture restorations supported by osseointegrated 
titanium implants: a retrospective study. The International journal of oral & maxillofacial 
implants, 1990. 5(4): p. 375-83. 

141. Johns, R.B., et al., A multicenter study of overdentures supported by Branemark implants. The 
International journal of oral & maxillofacial implants, 1992. 7(4): p. 513-22. 

142. Cune, M.S., C. de Putter, and J. Hoogstraten, Treatment outcome with implant-retained 
overdentures: Part I--Clinical findings and predictability of clinical treatment outcome. The 
Journal of prosthetic dentistry, 1994. 72(2): p. 144-51. 

143. Cune, M.S., C. de Putter, and J. Hoogstraten, Treatment outcome with implant-retained 
overdentures: Part II--Patient satisfaction and predictability of subjective treatment outcome. 
The Journal of prosthetic dentistry, 1994. 72(2): p. 152-8. 

144. Jemt, T., et al., A 5-year prospective multicenter follow-up report on overdentures supported by 
osseointegrated implants. The International journal of oral & maxillofacial implants, 1996. 11(3): 
p. 291-8. 

145. Naert, I.E., et al., The reliability of implant-retained hinging overdentures for the fully edentulous 
mandible. An up to 9-year longitudinal study. Clinical oral investigations, 1997. 1(3): p. 119-24. 

146. Batenburg, R.H., et al., Treatment concept for mandibular overdentures supported by 
endosseous implants: a literature review. The International journal of oral & maxillofacial 
implants, 1998. 13(4): p. 539-45. 

147. Bergendal, T. and B. Engquist, Implant-supported overdentures: a longitudinal prospective study. 
The International journal of oral & maxillofacial implants, 1998. 13(2): p. 253-62. 

148. Naert, I., et al., A 10-year randomized clinical trial on the influence of splinted and unsplinted 
oral implants retaining mandibular overdentures: peri-implant outcome. The International 
journal of oral & maxillofacial implants, 2004. 19(5): p. 695-702. 

149. Attard, N.J. and G.A. Zarb, Long-term treatment outcomes in edentulous patients with implant 
overdentures: the Toronto study. The International journal of prosthodontics, 2004. 17(4): p. 
425-33. 

150. Takanashi, Y., et al., A cost comparison of mandibular two-implant overdenture and conventional 
denture treatment. The International journal of prosthodontics, 2004. 17(2): p. 181-6. 

151. Carlsson, G.E., et al., A survey of the use of mandibular implant overdentures in 10 countries. The 
International journal of prosthodontics, 2004. 17(2): p. 211-7. 

152. van der Wijk, P., et al., The cost of dental implants as compared to that of conventional 
strategies. The International journal of oral & maxillofacial implants, 1998. 13(4): p. 546-53. 

153. Lewis, D.W., Optimized therapy for the edentulous predicament: cost-effectiveness 
considerations. The Journal of prosthetic dentistry, 1998. 79(1): p. 93-9. 

154. Attard, N., et al., A cost minimization analysis of implant treatment in mandibular edentulous 
patients. The International journal of prosthodontics, 2003. 16(3): p. 271-6. 

155. Zitzmann, N.U., P. Sendi, and C.P. Marinello, An economic evaluation of implant treatment in 
edentulous patients-preliminary results. The International journal of prosthodontics, 2005. 18(1): 
p. 20-7. 

156. Feine, J.S., et al., Within-subject comparisons of implant-supported mandibular prostheses: 
choice of prosthesis. Journal of dental research, 1994. 73(5): p. 1105-11. 

157. Burns, D.R., Mandibular implant overdenture treatment: consensus and controversy. Journal of 
prosthodontics : official journal of the American College of Prosthodontists, 2000. 9(1): p. 37-46. 

158. Fueki, K., et al., Effect of implant-supported or retained dentures on masticatory performance: a 
systematic review. The Journal of prosthetic dentistry, 2007. 98(6): p. 470-7. 



 59 

159. Zitzmann, N.U. and C.P. Marinello, A review of clinical and technical considerations for fixed and 
removable implant prostheses in the edentulous mandible. The International journal of 
prosthodontics, 2002. 15(1): p. 65-72. 

160. Chiapasco, M. and C. Gatti, Implant-retained mandibular overdentures with immediate loading: 
a 3- to 8-year prospective study on 328 implants. Clinical implant dentistry and related research, 
2003. 5(1): p. 29-38. 

161. Chiapasco, M., et al., Implant-retained mandibular overdentures with Branemark System MKII 
implants: a prospective comparative study between delayed and immediate loading. The 
International journal of oral & maxillofacial implants, 2001. 16(4): p. 537-46. 

162. Schwartz-Arad, D., N. Kidron, and E. Dolev, A long-term study of implants supporting 
overdentures as a model for implant success. Journal of periodontology, 2005. 76(9): p. 1431-5. 

163. Meijer, H.J., et al., Implant-retained mandibular overdentures compared with complete dentures; 
a 5-years' follow-up study of clinical aspects and patient satisfaction. Clinical oral implants 
research, 1999. 10(3): p. 238-44. 

164. Awad, M.A., et al., Measuring the effect of intra-oral implant rehabilitation on health-related 
quality of life in a randomized controlled clinical trial. Journal of dental research, 2000. 79(9): p. 
1659-63. 

165. Allen, P.F., et al., A randomized controlled trial of implant-retained mandibular overdentures. 
Journal of dental research, 2006. 85(6): p. 547-51. 

166. N'Gom P, I. and A. Woda, Influence of impaired mastication on nutrition. The Journal of 
prosthetic dentistry, 2002. 87(6): p. 667-73. 

167. Nowjack-Raymer, R.E. and A. Sheiham, Numbers of natural teeth, diet, and nutritional status in 
US adults. Journal of dental research, 2007. 86(12): p. 1171-5. 

168. Wayler, A.H., et al., Effects of age and dentition status on measures of food acceptability. Journal 
of gerontology, 1982. 37(3): p. 294-9. 

169. Baxter, J.C., The nutritional intake of geriatric patients with varied dentitions. The Journal of 
prosthetic dentistry, 1984. 51(2): p. 164-8. 

170. Hildebrandt, G.H., et al., Comparison of the number and type of dental functional units in 
geriatric populations with diverse medical backgrounds. The Journal of prosthetic dentistry, 
1995. 73(3): p. 253-61. 

171. Hildebrandt, G.H., et al., Functional units, chewing, swallowing, and food avoidance among the 
elderly. The Journal of prosthetic dentistry, 1997. 77(6): p. 588-95. 

172. Sandstrom, B. and L.W. Lindquist, The effect of different prosthetic restorations on the dietary 
selection in edentulous patients. A longitudinal study of patients initially treated with optimal 
complete dentures and finally with tissue-integrated prostheses. Acta odontologica Scandinavica, 
1987. 45(6): p. 423-8. 

173. Severi, S., et al., Effects of home-based food preparation practices on the micronutrient content 
of foods. European journal of cancer prevention : the official journal of the European Cancer 
Prevention Organisation, 1998. 7(4): p. 331-5. 

174. Fillion, L. and C.J. Henry, Nutrient losses and gains during frying: a review. International journal 
of food sciences and nutrition, 1998. 49(2): p. 157-68. 

175. Steinberg, D. and J.L. Witztum, Lipoproteins and atherogenesis. Current concepts. JAMA : the 
journal of the American Medical Association, 1990. 264(23): p. 3047-52. 

176. Ulbricht, T.L. and D.A. Southgate, Coronary heart disease: seven dietary factors. Lancet, 1991. 
338(8773): p. 985-92. 

177. Stampfer, M.J., et al., A prospective study of cholesterol, apolipoproteins, and the risk of 
myocardial infarction. The New England journal of medicine, 1991. 325(6): p. 373-81. 



 60 

178. Willetts, J., R.L. Balster, and J.D. Leander, The behavioral pharmacology of NMDA receptor 
antagonists. Trends in pharmacological sciences, 1990. 11(10): p. 423-8. 

179. The effects of nonpharmacologic interventions on blood pressure of persons with high normal 
levels. Results of the Trials of Hypertension Prevention, Phase I. JAMA : the journal of the 
American Medical Association, 1992. 267(9): p. 1213-20. 

180. Sjostrom, C.D., et al., Reduction in incidence of diabetes, hypertension and lipid disturbances 
after intentional weight loss induced by bariatric surgery: the SOS Intervention Study. Obesity 
research, 1999. 7(5): p. 477-84. 

181. Gumbiner, B., The treatment of obesity in type 2 diabetes mellitus. Primary care, 1999. 26(4): p. 
869-83. 

182. Hartsook, E.I., Food selection, dietary adequacy, and related dental problems of patients with 
dental prostheses. The Journal of prosthetic dentistry, 1974. 32(1): p. 32-40. 

183. Osterberg, T. and B. Steen, Relationship between dental state and dietary intake in 70-year-old 
males and females in Goteborg, Sweden: a population study. Journal of oral rehabilitation, 1982. 
9(6): p. 509-21. 

184. Wayler, A.H. and H.H. Chauncey, Impact of complete dentures and impaired natural dentition on 
masticatory performance and food choice in healthy aging men. The Journal of prosthetic 
dentistry, 1983. 49(3): p. 427-33. 

185. Ernest, S.L., Dietary intake, food preferences, stimulated salivary flow rate, and masticatory 
ability in older adults with complete dentitions. Special care in dentistry : official publication of 
the American Association of Hospital Dentists, the Academy of Dentistry for the Handicapped, 
and the American Society for Geriatric Dentistry, 1993. 13(3): p. 102-6. 

186. Laurin, D., et al., Fibre intake in elderly individuals with poor masticatory performance. Journal, 
1994. 60(5): p. 443-6, 449. 

187. Yadav, S.K. and S. Sehgal, Effect of home processing on ascorbic acid and beta-carotene content 
of spinach (Spinacia oleracia) and amaranth (Amaranthus tricolor) leaves. Plant foods for human 
nutrition, 1995. 47(2): p. 125-31. 

188. Hutton, B., J. Feine, and J. Morais, Is there an association between edentulism and nutritional 
state? Journal, 2002. 68(3): p. 182-7. 

189. Correa, P., et al., A model for gastric cancer epidemiology. Lancet, 1975. 2(7924): p. 58-60. 
190. Negri, E., et al., Vegetable and fruit consumption and cancer risk. International journal of cancer. 

Journal international du cancer, 1991. 48(3): p. 350-4. 
191. Steinmetz, K.A. and J.D. Potter, Vegetables, fruit, and cancer. II. Mechanisms. Cancer causes & 

control : CCC, 1991. 2(6): p. 427-42. 
192. Steinmetz, K.A. and J.D. Potter, Vegetables, fruit, and cancer. I. Epidemiology. Cancer causes & 

control : CCC, 1991. 2(5): p. 325-57. 
193. Block, G., B. Patterson, and A. Subar, Fruit, vegetables, and cancer prevention: a review of the 

epidemiological evidence. Nutrition and cancer, 1992. 18(1): p. 1-29. 
194. Willett, W.C., Diet and health: what should we eat? Science, 1994. 264(5158): p. 532-7. 
195. Tavani, A. and C. La Vecchia, Fruit and vegetable consumption and cancer risk in a 

Mediterranean population. The American journal of clinical nutrition, 1995. 61(6 Suppl): p. 
1374S-1377S. 

196. Scheppach, W., et al., WHO consensus statement on the role of nutrition in colorectal cancer. 
European journal of cancer prevention : the official journal of the European Cancer Prevention 
Organisation, 1999. 8(1): p. 57-62. 

197. Jansen, M.C., et al., Dietary fiber and plant foods in relation to colorectal cancer mortality: the 
Seven Countries Study. International journal of cancer. Journal international du cancer, 1999. 
81(2): p. 174-9. 



 61 

198. Schneeman, B.O., Dietary fiber and gastrointestinal function. Nutrition reviews, 1987. 45(5): p. 
129-32. 

199. Jenkins, D.J., et al., Fiber and starchy foods: gut function and implications in disease. The 
American journal of gastroenterology, 1986. 81(10): p. 920-30. 

200. Beighton, D., The complex oral microflora of high-risk individuals and groups and its role in the 
caries process. Community dentistry and oral epidemiology, 2005. 33(4): p. 248-55. 

201. Friedlander, A.H., et al., Metabolic syndrome: pathogenesis, medical care and dental 
implications. Journal of the American Dental Association, 2007. 138(2): p. 179-87; quiz 248. 

202. Bullon, P., et al., Metabolic syndrome and periodontitis: is oxidative stress a common link? 
Journal of dental research, 2009. 88(6): p. 503-18. 

203. Remond, D., et al., Postprandial whole-body protein metabolism after a meat meal is influenced 
by chewing efficiency in elderly subjects. The American journal of clinical nutrition, 2007. 85(5): 
p. 1286-92. 

204. Preshaw, P.M., et al., Association of removable partial denture use with oral and systemic 
health. Journal of dentistry, 2011. 39(11): p. 711-9. 

205. Savoca, M.R., et al., Association between dietary quality of rural older adults and self-reported 
food avoidance and food modification due to oral health problems. Journal of the American 
Geriatrics Society, 2010. 58(7): p. 1225-32. 

206. Ellis, J.S., et al., A randomized-controlled trial of food choices made by edentulous adults. Clinical 
oral implants research, 2008. 19(4): p. 356-61. 

207. Diet, nutrition and the prevention of chronic diseases. World Health Organization technical 
report series, 2003. 916: p. i-viii, 1-149, backcover. 

208. Sanchez-Ayala, A., et al., Nutritional effects of implant therapy in edentulous patients--a 
systematic review. Implant dentistry, 2010. 19(3): p. 196-207. 

209. Klineberg, I., D. Kingston, and G. Murray, The bases for using a particular occlusal design in tooth 
and implant-borne reconstructions and complete dentures. Clinical oral implants research, 2007. 
18 Suppl 3: p. 151-67. 

210. Awad, M.A., et al., Implant overdentures and nutrition: a randomized controlled trial. Journal of 
dental research, 2012. 91(1): p. 39-46. 

211. Miranda Lde, P., et al., Cognitive impairment, the Mini-Mental State Examination and socio-
demographic and dental variables in the elderly in Brazil. Gerodontology, 2012. 29(2): p. e34-40. 

212. Katamay, S.W., et al., Eating well with Canada's Food Guide (2007): development of the food 
intake pattern. Nutrition reviews, 2007. 65(4): p. 155-66. 

213. Gray-Donald, K., H. Payette, and V. Boutier, Randomized clinical trial of nutritional 
supplementation shows little effect on functional status among free-living frail elderly. The 
Journal of nutrition, 1995. 125(12): p. 2965-71. 

214. Anastassiadou, V. and M.R. Heath, Food choices and eating difficulty among elderly edentate 
patients in Greece. Gerodontology, 2002. 19(1): p. 17-24. 

215. Al-Ansari, A., Food choices of edentulous adults with implant-supported overdentures and 
conventional dentures. Evidence-based dentistry, 2008. 9(4): p. 107-8. 

216. Budtz-Jorgensen, E., J.P. Chung, and C.H. Rapin, Nutrition and oral health. Best practice & 
research. Clinical gastroenterology, 2001. 15(6): p. 885-96. 

217. Quandt, S.A., et al., Food avoidance and food modification practices of older rural adults: 
association with oral health status and implications for service provision. The Gerontologist, 
2010. 50(1): p. 100-11. 

218. Brennan, D.S. and K.A. Singh, Grocery purchasing among older adults by chewing ability, dietary 
knowledge and socio-economic status. Public health nutrition, 2011. 14(7): p. 1279-84. 



 62 

219. Ellis, J.S., et al., The impact of dietary advice on edentulous adults' denture satisfaction and oral 
health-related quality of life 6 months after intervention. Clinical oral implants research, 2010. 
21(4): p. 386-91. 

220. Morais, J.A., et al., The effects of mandibular two-implant overdentures on nutrition in elderly 
edentulous individuals. Journal of dental research, 2003. 82(1): p. 53-8. 

221. de Oliveira, T.R. and M.L. Frigerio, Association between nutrition and the prosthetic condition in 
edentulous elderly. Gerodontology, 2004. 21(4): p. 205-8. 

222. Sebring, N.G., et al., Nutritional adequacy of reported intake of edentulous subjects treated with 
new conventional or implant-supported mandibular dentures. The Journal of prosthetic 
dentistry, 1995. 74(4): p. 358-63. 

223. Garrett, N.R., et al., Veterans Administration Cooperative Dental Implant Study--comparisons 
between fixed partial dentures supported by blade-vent implants and removable partial 
dentures. Part V: Comparisons of pretreatment and posttreatment dietary intakes. The Journal 
of prosthetic dentistry, 1997. 77(2): p. 153-61. 

224. Muller, K., J. Morais, and J. Feine, Nutritional and anthropometric analysis of edentulous patients 
wearing implant overdentures or conventional dentures. Brazilian Dental Journal, 2008. 19(2): p. 
145-50. 

225. Schlettwein-Gsell, D., Nutrition and the quality of life: a measure for the outcome of nutritional 
intervention.? The American journal of clinical nutrition, 1992. 55(6 Suppl): p. 1263S-1266S. 

226. Moynihan, P.J., et al., Do implant-supported dentures facilitate efficacy of eating more healthily? 
Journal of dentistry, 2012. 40(10): p. 843-50. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 63 
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