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Abstract 
 

Untreated periodontal disease can have detrimental consequences on oral health. 

Consequences such as tooth loss can significantly affect an individual’s daily habits such as eating, 

speaking, and socializing. Sanative therapy (ST) followed by ongoing periodontal maintenance 

appointments is necessary to attenuate periodontal disease and prevent tooth loss. In addition to ST 

and periodontal maintenance appointments, saliva has an essential role in oral health. However, the 

relationship between salivary flow and periodontal outcomes, particularly in terms of low salivary 

production, has not been extensively investigated. The first objective was to determine if patients 

with dry mouth have similar probing depths as patients without dry mouth when receiving regular 

periodontal maintenance post-ST. The second objective was to determine if patients who alternate 

periodontal maintenance appointments between a general dental clinic and a periodontal specialty 

clinic have different probing depths than patients who solely have periodontal maintenance at a 

periodontal specialty clinic post-ST. Patients who had completed initial ST 1 to 5 years prior and 

continued with routine periodontal maintenance provided an unstimulated saliva sample and 

completed questionnaires assessing their symptoms of dry mouth. It was hypothesized that patients 

who have inadequate salivary flow exhibit worsened probing depths than patients who have adequate 

salivary output. However, periodontal health was maintained post-ST to present day for both groups.  

The second hypothesis was that patients who have periodontal maintenance performed solely at a 

periodontal specialty clinic have improved periodontal outcomes than those who alternate 

appointments 1 to 5 years post-ST There was a significant difference in probing depth between 

patients who do or do not alternate appointments (p < 0.05). Patients who do not alternate 

appointments had significantly greater probing depth than those who alternate. This may be due to 

the periodontist’s recommendation for patients of unstable periodontal health to be solely seen at 

specialty clinic.
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1.1 Periodontal Disease  
 

Periodontal disease is an advanced stage of gum disease that is characterized by chronic 

inflammation of soft and hard tissues that support tooth structure [1]. The chronic condition is 

caused by bacteria on supragingival (above the gum line) and subgingival (below the gum line) 

surfaces. However, it is predominantly caused by an over active immune response to the 

bacteria. The oral disease begins when undisturbed plaque and biofilm invade gingival tissues, 

known as gingivitis. If treated, gingivitis is reversible. However, if ignored, gingivitis can 

advance to periodontal disease, which is often manageable with treatment. Periodontal disease 

results in the loss of alveolar bone leading to tooth loss [1, 2]. Tooth loss can significantly affect 

an individual’s ability to eat a healthful diet, perform daily oral hygiene efficiently, speak, and 

even limit socialization due to embarrassment [3]. As such, the treatment and prevention of 

periodontal disease is fundamental for daily functions. 

Globally, mild periodontal disease affects between 45 and 50 percent of the population, 

whereas severe periodontal disease affects 9 to 11 percent of the entire population [4-6]. The 

Centers for Disease Control and Prevention estimates that approximately 50% of North 

Americans are living with the chronic inflammatory disease [4]. In Canada, seven out of 10 

people will develop a form of gum disease (gingivitis or periodontal disease) during their life [2]. 

The prevalence of the periodontal disease increases to over 70 percent in adults 65 years of age 

and older [4]. Periodontal disease has several associations with systemic illness that may 

significantly impair one’s health [7-9]. The presence of bacteria triggers an inflammatory 

response and can affect individuals, especially those with a compromised immune system, and 

have systemic effects. Figure 1.1 outlines the chronic diseases and compromised metabolic states 

associated with periodontal disease.  
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Figure 1.1. Chronic diseases and compromised metabolic states associated with periodontal 
disease. 
 

1.1.1 Definition and Anatomy  

1.1.1.1 Definition of Periodontal Disease 

The American Academy of Periodontology introduced the classification of periodontal 

disease at the International Workshop for a Classification of Periodontal Diseases and Conditions 

in 1999 [10]. They defined periodontal disease as “an infectious disease resulting in 

inflammation within the supporting structures of teeth, progressive loss of attachment and bone 

loss. It is characterized by pocket formation and/or gingival recession” [10]. The two diagnostic 

categories of periodontal disease are gingival disease and periodontal disease. Gingival disease 

involves inflammation of gingiva that are most often plaque-induced, however some cases are 

not caused by plaque-induced gingival lesions such as viral or fungal infections, mechanical 
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trauma, medications, or allergic reactions. Periodontal disease is classified based on the extent, 

severity, and etiology. The most common type is chronic periodontal disease. Chronic 

periodontal disease progresses at a slow to moderate rate and may affect different areas of the 

oral cavity. Although majority of periodontal disease is chronic, the extent of the disease may 

vary. For instance, localized periodontal disease affects <30% of sites while generalized 

periodontal disease affects >30% of sites [11]. The severity of periodontal disease is classified by 

the depth of periodontal pockets [12]. Periodontal pocket depths of 1 to 3 mm, 4 or 5 mm or ³ 5 

mm are classified as mild, moderate and severe, respectively [13].   

In 2018, the periodontal classification scheme was updated by the American Academy of 

Periodontology and the European Federation of Periodontology [11] (Appendix 8.10). The goal 

of this updated classification system was to align diagnoses with current research. Since 1999 

there have been new discoveries within periodontal disease and links to systemic illness [11]. 

Additionally, the new system makes clear distinctions that patients who have gingivitis can 

revert back to healthy gingiva whereas patients with periodontal disease will never be free of 

periodontal disease.  

Periodontal disease can be managed surgically or non-surgically. Non-surgical sanative 

therapy (ST), is an initial treatment to thoroughly debride the tooth’s surface to achieve reduction 

in pocket depth and improve gingival health. Once controlled, periodontal maintenance, 

maintains the improvement of periodontal health achieved following ST. These treatments of 

periodontal disease will be discussed in more detail in Section 1.2. Regardless of successful ST, 

life-long periodontal maintenance is necessary to manage periodontal disease. Periodontal 

disease is now classified into one of three forms; necrotizing periodontal disease, periodontal 

disease as a manifestation of systemic disease (Figure 1.1), and periodontal disease [11]. 
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Furthermore, the classification now involves a multidimensional staging and grading system. 

The staging component involves the severity of the disease and is categorized into four stages 

(stages 1 to 4). Stage 1 represents initial periodontal disease, Stage 2 represents moderate 

periodontal disease Stage 3 represents severe periodontal disease with potential for additional 

tooth loss, and Stage 4 represents severe periodontal disease with potential for loss of the 

dentition. The patient’s staging depends on several variables such as the Clinical Attachment 

Levels (CAL), bone loss percentage, PD, furcation involvement, angular bony defects, teeth 

mobility, and the number of teeth lost due to periodontal disease (excluding third molars) [11]. 

The grading component involves a patient’s periodontal history, the progression rate of the 

disease and is categorized into three grades. Grade A represents a low risk, Grade B represents a 

moderate risk and Grade C represents a high risk of development. Grading also considers a 

patient’s smoking status, overall health status, and whether they are diabetic [11]. Because the 

present research study began in 2018, the same year as the new classification was announced, 

patients in this study were classified using both the previous and the new classification.   

 

1.1.1.2 Clinical Measures of Periodontal Health  

 Periodontal health is assessed through various clinical measures (Figure 1.2). The gold 

standard for assessment of periodontal health or disease is probing depth (PD). Active 

periodontal disease can result in inflammation, thereby increasing the probing depth due to the 

gingival swelling. As such, for the purpose of the thesis research, PD was used as the main 

outcome to determine periodontal status. PD is determined through manual use of a periodontal 

probe by measuring the distance from the gingival margin to the base of the gingival sulcus. A 

normal, healthy PD measures 3 millimeters (mm) or less, whereas, a PD of 4 mm or greater 



 6 

suggests periodontal disease. Gingival recession is an additional clinical marker used to evaluate 

the amount of exposed root surface. Also using a periodontal probe, recession is measured from 

the gingival margin to the cemento-enamel junction. In a healthy mouth, there is 0 mm of 

gingival recession, resulting in no loss of gum tissue. Recession is an important clinical indicator 

of oral health as it further identifies the health of gingival tissues. For instance, increasing 

gingival recession increases the prevalence for sensitivity, and even tooth loss. Clinical 

Attachment Loss (CAL) can also be used to determine periodontal health by accounting for 

recession and PD.  CAL should ultimately be 3 mm or less. Although both CAL and PD are used 

to assess periodontal health, CAL represents previous bone loss and PD is used to diagnose 

current periodontal disease [14]. Bleeding on probing (BOP) is another common measure that 

accounts for the number of sites that bleed upon probing. A lack of BOP is an important 

indicator of periodontal health as it depicts areas of acute inflammation and can be an indicator 

of poor oral hygiene care [15]. In a healthy mouth, BOP should be less than 10%. Another 

indicator of a patient’s oral hygiene practice is their plaque index (PI). PI represents the number 

of teeth with visible plaque and is a common measurement in periodontal disease assessment as 

it provides information of a patient’s oral hygiene diligence at home.  

In order to diagnose periodontal disease and obtain an accurate representation of bone 

levels and active inflammation, clinical measurements and radiographic interpretations are 

necessary in addition to measures of PD. Together, PD and radiographs (dental x-rays) are 

utilized for assessment of bone levels, and BOP assesses areas of active inflammation. PD, 

recession, and BOP are measured at six sites per tooth. These sites include three sites on the 

buccal surface (mesiobuccal, mesial, and distobuccal) and three sites on the lingual surfaces 

(mesiolingual, lingual, and distolingual). In additional to clinical measurements a radiographic 
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full mouth series is required to diagnosis periodontal disease. This set of radiographs identifies 

the maximum percentage of bone loss necessary for diagnosis.  

Figure 1.2. Probing depth, gingival recession, and clinical attachment loss. 

 

1.1.1.3 Anatomy of the Periodontium  

The periodontium consists of tissues that surround and attach teeth to the jaw bone [10]. 

These tissues include the gingiva, periodontal ligament, cementum, and alveolar bone (Figure 

1.3). The function of gingiva is to provide a tight seal around the cervical portion of the tooth. 

This seal acts as a defense against exposures such as temperatures from food and drink, 

mechanical forces such as eating, and bacteria. It is composed of a thin outer layer of epithelium 

and connective tissue. There are four anatomical components of gingiva: free gingiva that is the 

unattached portion of gingiva surrounding the crown of a tooth, gingival sulcus that is the space 

between the free gingiva and the tooth, interdental gingiva that is the portion of gingiva filling 
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interproximal space between two adjacent teeth and attached gingiva that is connected to the 

tooth’s cementum and periosteum of the alveolar bone. The periodontal ligament is composed of 

fibrous connective tissue that attaches the root of a tooth to the socket within the alveolar bone of 

the jaw. In addition, the periodontal ligament acts as a support by absorbing mechanical loads 

generated by speaking and mastication, which could otherwise damage the tooth structure. Other 

functions include delivering nutrients to the cementum and bone and providing sensory feelings 

such as pressure and pain. The cementum is a layer of hard, mineralized connective tissue 

covering the tooth’s root surface. Its primary function is to provide attachment for collagen 

fibers, called (Sharpey’s fibers), to the periodontal ligament. It also serves as protection for the 

underlying dentin by sealing dentinal tubules, preventing temperature sensitivity. Without 

cementum there would be no adhesion of the tooth to the alveolar bone and the tooth would 

ultimately fall out. Lastly, the alveolar bone is the upper and lower jaw bone that supports and 

surrounds the roots of teeth. It consists of 60% inorganic material (i.e. calcium hydroxyapatite), 

25% organic material (i.e. osteocalcin), and approximately 15% water. The alveolar bone is 

composed of four layers: alveolar bone proper, cortical bone, trabecular bone, and periosteum. 

Within the alveolar bone proper is the alveolus, a cavity that contains the root of a tooth. Ends of 

periodontal ligament fibers are embedded in the alveolar bone proper. The cortical bone forms 

the outside wall of the maxilla and mandible and surrounds the alveolar bone proper thus giving 

it support. The trabecular bone is found between the alveolar bone proper and the cortical bone. 

Lastly, the outer surface of bone is covered by a layer of soft connective tissue called the 

periosteum.   
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Figure 1.3. The Periodontium. The periodontium consists of the gingiva, cementum, periodontal 
ligament, and alveolar bone including cortical and trabecular bone. 
 
 
1.1.2 Pathogenesis of Periodontal Disease 
 

Oral disease occurs in two stages: gingivitis and periodontal disease. Gingivitis, the first 

stage of oral disease, is clinically observable at 14 days from the onset of bacterial exposure. 

Periodontal disease, the last stage of oral disease, occurs intermittently following gingivitis. 

Major gram-negative bacteria associated with periodontal disease include Aggregatibacter 

actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, and Treponema 

denticola [16]. Although it was previously thought bacteria was the sole cause of periodontal 

destruction, current research disproves this [17, 18]. It is now understood that the pathogenesis of 

periodontal disease is characterized by the complex interaction between bacterial pathogens and 

the host response [19]. Once bacteria successfully enter the periodontium, the host responds by 

mobilizing defensive immune cells, biochemical mediators, that initiate the body’s inflammatory 

response. Important mediators in periodontal disease include cytokines, prostaglandins, and 

matrix metalloproteinases (MMPs) [20].  
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In periodontal disease, interleukin-1 beta (IL-1b), interleukin-6 (IL-6), interleukin 8, and 

tumor necrosis factor-alpha (TNF-a) are released by immune cells and signal the immune system 

to send additional phagocytic cells to the site of infection [20]. This results in an overproduction 

of phagocytic cells that cause both soft tissue (periodontal ligaments and gingiva) and hard tissue 

(alveolar bone) destruction. IL-1b activates osteoclast activity and IL-6 inhibits osteoblast action 

[20]. Similarly, TNF-a stimulates osteoclast activity and initiates break down of gingiva, 

periodontal ligaments, and alveolar bone [10]. In addition, cytokines recruit polymorphonuclear 

neutrophils (PMNs) and macrophages to the area of bacterial invasion. Prostaglandins, 

specifically prostaglandin E2, play a significant role in alveolar bone destruction by activating 

osteoclasts, resulting in bone resorption. The production of MMPs by PMNs and gingival 

fibroblasts to help eliminate the invasion of bacteria [10] also results in the breakdown of 

connective tissue within the periodontium. Figure 1.4 illustrates the pathogenesis of periodontal 

disease. 
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Figure 1.4. Pathogenesis of periodontal disease. Bacteria first enters the host and activates 
defensive mediators; cytokines, prostaglandins, and matrix metalloproteinases. This stimulates 
osteoclast activity and bone resorption. 
 
 
1.1.3 Risk Factors for Periodontal Disease 
 

Periodontal disease has a multifactorial etiology. Some individuals may have significant 

plaque accumulation though they may not develop periodontal disease, whereas others who are 

diligent with plaque removal may suffer severely with the disease. This suggests that an 

individual’s susceptibility to developing periodontal disease has additional contributing factors 

(Figure 1.5).  

Risk factors for periodontal disease are non-modifiable and modifiable [10]. 
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Figure 1.5. Risk factors for periodontal disease. Periodontal disease has a multifactorial etiology, 
besides the presence of bacteria, that can significantly contribute to a person’s development of 
periodontal disease. Diet and systemic diseases are represented with a bidirectional arrow: 
a. both risk factors can attribute to the development of periodontal disease and  
b. periodontal disease can affect the development of certain systemic diseases (i.e. diabetes and 
cardiovascular disease) and inhibit intake of certain nutritious foods (i.e. raw fruits and 
vegetables) and promote intake of foods containing higher levels of fat and less nutrients if tooth 
loss has occurred.  
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1.1.3.1 Non-Modifiable Risk Factors  

There are a few non-modifiable risk factors that determine the progression of periodontal 

disease (Figure 1.5). Although bacteria initiate development, studies have shown genetics is a 

strong determinant of the disease. A study of identical twins found that approximately 50% of 

chronic periodontal disease may be due to genetic factors [21]. Currently, gene variations 

(polymorphisms) are being studied to determine if there are associations with periodontal 

disease. The most promising association between genes and periodontal disease involve several 

interleukin genes. This relationship has only been demonstrated in non-smokers [22] and because 

periodontal disease is complex, further research is required [21, 22]. Additional non-modifiable 

risk factors of periodontal disease include age and sex. There is a significant increase in the 

prevalence of periodontal disease in the aging population, however this has been associated with 

a lack of oral hygiene as people age as opposed to the aging process itself [23]. For example, 

elderly populations, age 65 years and older, may have an increased risk of dental caries due to 

poor oral hygiene practices [24]. Compromised dexterity, limited mobility and/or cognitive 

impairments can contribute to poor oral hygiene. Furthermore, greater periodontal destruction in 

aging may be a result of a multiple variables, such as poor oral hygiene and systemic diseases, as 

opposed to an increased rate of damage due to aging [23]. Lastly, sex has been identified as a 

non-modifiable risk factor of periodontal disease. A 2010 systematic review found that out of 12 

studies evaluated and 50,604 participants included, there was a greater susceptibility of 

periodontal disease in males than females. The rate of which periodontal disease develops was 

also found to be greater in males than females [25]. This was found to be due to behavioural 

factors and poor oral hygiene compliances in males [26]. In order to control for non-modifiable 
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risk factors, this study collected data regarding patient age and sex through medical and dental 

history forms (Appendix 8.5).  

 

1.1.3.2 Modifiable Risk Factors  
 

There are several modifiable risk factors associated with periodontal disease including 

cardiovascular disease, hyperglycemia [27], osteoporosis, smoking, psychological factors and 

obesity (Figure 1.5). CVD is one of the most common causes of mortality globally [28] and 

periodontal disease is a significant risk factor for CVD. Specifically, individuals with periodontal 

disease have a higher risk of stroke [29]. Additionally, periodontal disease has been found to be a 

risk factor for atherosclerosis [30]. The Canadian Dental Association has recognized the 

association of CVD and periodontal disease and identifies that oral symptoms of the disease may 

appear before any other areas of the body [31]. For instance, symptoms of periodontal disease 

such as persistent halitosis, red swollen or bleeding gums, recession, and mobile teeth can appear 

prior to CVD diagnosis. Moreover, those with CVD are at higher risk for developing periodontal 

disease and associated symptoms of periodontal disease including bleeding gums, bad breath, or 

shifting teeth, will later appear [31]. The relationship of CVD and periodontal disease may be 

caused by similar systemic markers in both periodontal disease and CVD (C-reactive protein, 

IL1-b, IL-6, IL-8, and TNF-a) [32]. A recent systematic review has assessed the significant bi-

directional relationship of CVD and periodontal disease [33]. The relationship between 

periodontal disease and CVD is bi-directional as patients with untreated CVD are more likely to 

develop periodontal disease and similarly, patients with periodontal disease are more likely to 

develop CVD if not treated [34]. A 12 year follow up study of 41,407 males and a 6 year follow 

up of 58,974 females found that individuals with fewer teeth had a significantly higher risk of 
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CVD [35]. This study showed there is a significant association between the risk of CVD and the 

number of teeth in patients with heart disease. However, it is important to note that the study did 

not specify the specific cause of tooth loss, whether being due to periodontal disease, dental 

decay, or trauma.   Although the study did not identify the mechanism behind the relationship, it 

did reveal that patients with CVD are at a higher risk for having fewer teeth [35]. 

Another modifiable risk factor of periodontal disease is hyperglycemia. Hyperglycemia 

results in an increased amount of glucose in the gingival crevicular fluid. As many bacteria use 

glucose for energy, glucose-rich gingival crevicular fluid can influence bacterial composition in 

plaque biofilm and stimulate the development of periodontal disease [36]. Although 

hyperglycemia  can increase the development of periodontal disease, if blood glucose levels are 

controlled, individuals are not at a higher risk of having periodontal disease than individuals 

without diabetes who have regular periodontal maintenance [37]. Moreover, connective tissue 

destruction and periodontal disease occurs more frequently in individuals with poorly controlled 

blood glucose than in individuals with well-controlled blood glucose [37-39].  

Recently, there has been more research linking osteoporosis and loss of alveolar bone 

[40]. A 5-year longitudinal study in Japan found a significant relationship between bone mineral 

density at femoral neck and lumbar spine sites and the number of lost teeth in postmenopausal 

women [41]. The loss of alveolar bone can result in the loss of teeth due to the lack of functional 

support required for tooth support. It should be noted that osteoporosis is not a direct cause of 

periodontal disease, however, osteoporosis has been associated with tooth loss and thus existing 

periodontal disease may exacerbate bone resorption. Additional research from a 2-year clinical 

trial of oral bone loss in women with osteoporosis compared with women with a normal bone 

mineral density found that osteoporotic women had a higher risk of alveolar bone loss [42]. Oral 
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bone loss was measured by individual dental radiographs (x-rays) and analysed by computer 

assisted densitometry, for changes in bone levels at interproximal bone height. They found that 

women with osteoporosis had a higher frequency of alveolar bone height, and crestal and 

subcrestal density loss compared to women with normal body mass densities (p < 0.05) [42]. 

Smoking is a major risk factor for periodontal disease [43-45]. Epidemiological, clinical, 

and in vitro studies have shown the negative effects smoking has on periodontal health [43-45]. 

Use of cigars, cigarettes, and pipes have similar negative effects on alveolar bone and associated 

soft tissues [46]. Smoking damages gingival fibroblasts thus causing soft tissue damage and 

compromising tissue repair [44]. Neutrophils in smokers have a decreased ability to ingest 

periodontal pathogens [47]. However, the amount of bone loss is a dose-dependent relationship 

where the amount of cigarettes smoked daily contributed to the likelihood of periodontal disease 

[48]. Moreover, healing is generally compromised after initial ST among smokers [49, 50]. 

Although evidence is lacking regarding cannabis use and periodontal health, the recent 

legalization of cannabis in Ontario, Canada has been a concern for dental professions. This 

schedule I drug has been found to be a potential risk factor for periodontal disease independent 

of tobacco use [51]. Because the legalization of cannabis in Canada occurred on October 17, 

2018, shortly prior to the completion of data collection for this study, cannabis consumption by 

the study population was not included in this thesis. Interestingly, one study revealed there was a 

significantly greater prevalence of dry mouth after smoking marijuana when compared with 

smoking cigarettes [52]. Similar to prescription medications, cannabis is also a drug with 

parasympathetic properties and can hinder salivary gland functions [52]. Dry mouth can 

influence an individual’s plaque retention and therefore lead to gingivitis and periodontal 

disease. Effects of dry mouth is further explained in Section 1.2. 
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More research is now being done to understand the psychological effects of stress has on 

periodontal disease. Several studies have demonstrated that individuals who are under more 

stress are more inclined to develop bone loss [53-56]. This may be due to the increase in IL-6 

production in response to stress and a compromising host response of stressed individuals to 

Porphyromonas gingivalis, a known bacterium that is associated with periodontal disease [57]. 

Although these findings demonstrate potential links of stress to periodontal disease, longitudinal 

studies have not been conducted. Some studies identify that stressed individuals are less likely to 

engage in regular oral hygiene therapy, thus increasing their risk of developing periodontal 

disease [58]. 

As bacteria in plaque initiates the pathogenesis of periodontal disease, plaque control is 

essential in preventing disease progression [59]. A six-year clinical trial of oral hygiene 

procedures and periodontal disease found that preventative programs designed to teach proper 

oral hygiene habits may prevent the development of periodontal disease. In addition, participants 

in the control group who only received regular dental care and no oral hygiene coaching were 

more likely to develop periodontal disease [58]. Therefore, educating patients on effective plaque 

removal techniques is critical in preventing bone loss.  

 Globally, obesity is increasingly recognized as a major risk factor for several chronic 

diseases. The World Health Organization defines obesity as a chronic non-communicable 

disease, a similar classification to periodontal disease [60]. In 2017, the Public Health Agency of 

Canada has reported more than half of  adults (18 years and older) are overweight or obese [61]. 

An individual with a BMI of 25 to 29.9 kg/m2 is considered to be overweight while a BMI of 30 

kg/m2 or greater is considered to be obese. Meta-analyses and systematic reviews have found that 

research supports an association between an overweight and obese BMI and periodontal disease 
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[62, 63]. More recently, a case-control study of 286 participants found that those considered to 

be overweight or obese were more 1.6 times more likely to have periodontal disease than 

individuals with a normal BMI of 18.5 to 24.9 kg/m2 [64].  

 With respect to diet, there is bidirectional relationship between diet and periodontal 

disease (Figure 1.5). Foremost, consuming a nutritious and healthy diet plays an important role 

in preventing oral diseases such as dental cavities and dental erosion [65]. There are also 

numerous epidemiological studies showing relationships between dietary patterns, intakes of 

specific foods or nutrients and periodontal health [66-69]. There is a higher prevalence of 

periodontal disease in undernourished populations [70]. This may be due to the lack of 

antioxidant nutrients (vitamin C, beta-carotene, and vitamin E) found in fruits and vegetables 

[70]. Research has also found correlations between diets high in saturated fatty acids and non-

milk extrinsic sugars and periodontal disease [71]. However, there is limited research regarding 

the prevention of periodontal disease and the role for healing of periodontal tissues after a 

periodontal procedure. A study in 2015 examined the association between of diet and periodontal 

healing following ST in patients with moderate to severe periodontal disease and found an 

association between beta-carotene, vitamin C, alpha-tocopherol, EPA, and DHA intakes and 

reduced PD in non-smokers [68]. As for smokers, there was no positive association found, 

further demonstrating the overwhelming negative effects of smoking [68].  Further research 

examining the relationship between diet and periodontal disease is required. The effect 

periodontal disease may have on diet is also a risk factor. As tooth loss and mobility are common 

consequences of periodontal disease, dietary choices are altered to accommodate difficulty 

chewing. One study followed 31,813 men for 8 years and found that tooth loss resulted in 

decreased consumption of whole fruits and vegetables including apples, pears, and raw carrots 
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[72]. Additionally, a clinical trial examining the relationship between calcium and vitamin D 

supplementation and bone loss found that these supplements are also beneficial at preventing 

tooth loss [73]. Overall, these studies demonstrate the importance of tooth retention and dietary 

choices. Within this thesis research, the following modifiable and non-modifiable risk factors for 

periodontal disease were included in the data collection and/or analyses: medical conditions, 

BMI, daily oral habits. Also, because this thesis research focused on medication-induced dry 

mouth and its relationship with periodontal disease, a patients’ medical history and prescription 

drug use was evaluated to identify possible associations between their salivary function and 

certain health conditions (Table 4.1A, 4.1B, 4.6A, 4.6B). 

 
 
1.2 Dry Mouth  

1.2.1 Definition and Symptoms of Dry Mouth 

 
The American Dental Association describes dry mouth as the following: “the subjective 

sensation of dry mouth, is a frequent complaint and the most common symptom of salivary gland 

hypofunction” [74]. Although some patients may have adequate salivary flow, determined by the 

patient’s Registered Dental Hygienist or dentist, dry mouth can still occur without decreases in 

saliva production due to the subjectivity of the condition. In contrast, salivary gland 

hypofunction is an objective measurement of saliva production that requires salivary flow rate 

measurements for diagnosis. For the purpose of this thesis research, patients who produce an 

unstimulated salivary flow of 0.1 mL/min or less were classified with dry mouth, were classified 

as having dry mouth [75]. Supplementary information of dry mouth symptoms was collected 

through completion of a commonly used validated questionnaire, the Xerostomia Inventory 

(Appendix 8.4). This questionnaire is often used in assessing severity of self-reported dry mouth 
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symptoms through a scoring system, later explained in Section 1.4.4. A second questionnaire 

was utilized to assess the accuracy of Registered Dental Hygienist’s observations of known dry 

mouth symptoms and patient’s salivary flow rate. This questionnaire was adapted from the 

American Dental Association’s list of common dry mouth symptoms and is further described in 

Section 1.4.4. 

Symptoms of dry mouth range from mild oral discomfort to substantial burdens on 

health, diet, and quality of life. Initially, dry mouth is exhibited through symptoms such as bad 

dental decay, breath (halitosis), increased plaque accumulation, demineralization, fissured tongue 

appearance, cracked lips, mouth sores, and a dry or sore throat. More progressively, low saliva 

can lead to damaging oral conditions such as chelitis (inflammation of lips), dysgeusia (taste 

alteration), fungal infections, glossodynia (burning mouth), polydipsia (excessive thirst), and the 

inability to retain dentures or removable prostheses [75].  

These oral observations are a direct result of hyposalivation and can further lead to a 

number of health concerns. For instance, a low salivary flow rate can increase the risk of 

developing dental caries, tooth sensitivity, oral infections, oral pain, periodontal disease and 

tooth loss [76]. There are also financial implications with dry mouth. Dental caries, abscesses, 

periodontal disease, and resultant tooth extractions require supplementary treatment and will 

increase treatment costs. In addition, speech impediments and eating difficulties may result from 

xerostomia and limit social interactions due to embarrassment [76]. Oral pain and difficulty with 

mastication can alter dietary choices, specifically higher intakes of soft and cariogenic foods. A 

cross-sectional study in North Carolina examined the association of xerostomia with beverage 

intake and dietary quality and found that older people with dry mouth consume more sugar-

sweetened, non-carbonated beverages to help alleviate dryness compared to those without dry 
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mouth symptoms [77]. Sugary liquids may temporarily relieve dry mouth but can also promote 

dental decay. Another study examined literature related to masticatory efficiency and food 

choices. They found that individuals who have difficultly chewing often chose food softer in 

texture or avoid food all together [78]. Individuals with fewer or no natural teeth can see eating 

as a deterrent, and ultimately miss out on consuming key nutrients that would otherwise be 

consumed from a healthy diet. This avoidance can translate into several health problems as a 

result of malnutrition due to individuals not meeting daily recommended intakes of nutrients and 

food servings [78]. In contrast, there is a link between individuals with few or no natural teeth 

and obesity due to the poor dietary choices that tooth loss promotes, such as soft foods high in 

sugar and carbohydrates [79].  Overall, untreated dry mouth can significantly impact an 

individual’s health, dietary choices, and quality of life. 

 

1.2.2 Functions of Saliva 

Made primarily of water (99%) and with proteins and electrolytes, saliva protects and 

maintains the health of the oral cavity. There are five main functions for saliva. These functions 

include moistening and lubrication of oral tissues in the mouth, taste and digestion of foods, 

protection of the oral mucosa and esophagus, antibacterial activity and tooth protection against 

erosion, abrasion, attrition, and dental cavities [80].  

 Salivary glands produce a continuous flow of saliva that aids to lubricate and create a 

moist environment. This allows the mouth to be less vulnerable to abrasion and irritations. In 

addition, the constant flow rate requires swallowing which removes remaining food debris, 

microorganisms, desquamated epithelial cells and leukocytes.  
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In regard to taste and smell, saliva allows for solid food items to dissolve and distribute to 

their associated taste bud locations on the tongue. Without salivary flow, foods would not be 

properly broken down and therefore result in a disordered taste. Additionally, a dry oral mucosa 

can increase taste thresholds which can damage taste buds’[81]. 

With respect to mastication and digestion, the moist environment created with saliva 

assists with food bolus formation, which consists of thoroughly chewing food and forming the 

remains into a ball-shaped form in order to swallow without damaging the esophagus. The fluid 

component in saliva also assists with swallowing or constant water consumption would be 

required while eating [82].  

Saliva also contains buffering properties that help with acid introduced through food and 

drink into the oral cavity. Once an acidic food or drink is consumed, production of saliva is 

stimulated to act as a buffer agent to prevent damage to the oral cavity and dentition.  

Importantly, saliva also protects teeth from erosion, abrasion, attrition, and dental 

cavities. The tooth surface is covered with a protein layer called the acquired enamel pellicle. 

The acquired enamel pellicle begins to form almost immediately on clean enamel surfaces after 

exposed with saliva and prevents friction from opposing teeth during speaking and mastication 

[82]. In individuals with low salivary flow, they lack these protective factors from saliva. 

Additionally, with inadequate salivary flow comes an increased development of plaque and thus 

a higher risk of developing periodontal disease from periodontal disease associated bacteria in 

plaque. However, this association has not been extensively studied. 
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1.2.3 Dry Mouth, Xerostomia and Salivary Gland Hypofunction 
  
 Dry mouth, also known as xerostomia, is a common and damaging oral condition caused 

by salivary gland hypofunction. As salivary gland hypofunction, xerostomia and dry mouth are 

similar terms, for the purpose of this thesis, the term dry mouth will be utilized throughout to 

ensure consistency. Moreover, patients who provide a salivary flow rate of 0.1mL/min or less 

will be classified as having dry mouth. Dry mouth is caused by various factors including 

prescription medications that act through the anticholinergic pathway, radiation therapy, 

smoking, and certain systemic diseases [74]. Symptoms of dry mouth may range from mild 

discomfort to significant oral consequences such as tooth loss, dental cavities, halitosis (bad 

breath), and gingivitis [83]. Similar to periodontal disease, a dry oral environment impacts the 

quality of life for individuals and causes significant strain on daily tasks such as eating and 

speaking [84]. 

The precise prevalence of dry mouth is unclear within the general population. Because 

this oral condition is subjective and lacks routine use of diagnostic criteria it is often difficult to 

determine the affected population. However, the estimated prevalence of dry mouth ranges from 

10% to 38% of the elderly population though it is most often reported as 20% for those 65 years 

and older [84-87] but has been reported to be up to 30% among this age group [88]. It is clearly 

more prevalent among users of prescription medication within the aging population [76]. These 

prevalence data are based on self-reported complaints [84-87] and measured salivary flow rates 

[76].  Although dry mouth has been linked to gingivitis, there is no available research examining 

the direct association between dry mouth and periodontal disease. Therefore, this is a knowledge 

gap that was studied within this thesis: the relationship between dry mouth and periodontal 

disease. 
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1.2.4 Diagnosing Dry Mouth 

A salivary flow measurement is the gold standard measurement to accurately diagnose 

dry mouth (Sialometry) [89]. Salivary flow is characterized by the rate by which saliva is 

secreted through major and minor salivary glands [75]. A normal unstimulated and stimulated 

salivary flow rate is on average 0.3-0.4 mL/min or 1.5-2.0 mL/min, respectively [90]. The 

American Dental Association classifies an individual with an unstimulated salivary flow rate of 

0.1 mL/min or less, or a stimulated salivary flow rate of 0.5-0.7 mL/min or less to have dry 

mouth [75]. Although two options for saliva collection is available (stimulated or unstimulated) 

stimulated saliva contains more contaminants including food debris, microorganisms and 

crevicular fluid which can interfere with an accurate salivary flow rate measurement [89]. 

Without a salivary flow measurement, dry mouth can be identified through self-reported 

questionnaires albeit with varying accuracy. Although there are various questionnaires designed 

to assess one’s dry mouth condition, there is no definitive questionnaire that diagnoses dry 

mouth as reliably and accurately as a flow rate measurement. As such, for the purpose of this 

study, two questionnaires were utilized to determine if salivary flow rates correspond to the 

findings from a questionnaire that is completed by the patient using self-reported symptoms, or a 

questionnaire completed by the Registered Dental Hygienist based on observable symptoms. For 

patient self-reported symptoms, findings from the Xerostomia Inventory questionnaire are 

commonly reported [91, 92]. This multi-item questionnaire is used to measure the wide range of 

dry mouth symptoms in a single quantitative measure (Appendix 8.4). This questionnaire has 

been examined for validity in assessing dry mouth symptoms and has found to be a valid multi-

item approach to measure the severity of dry mouth. However, this prospective cohort examined 

patients who were undergoing radiotherapy for head and neck cancer compared to middle aged 
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and older individuals who were not expected to have oral dryness during the study period [92]. 

This questionnaire has not been tested for validity in patients with medication-induced dry 

mouth. As individuals frequently use prescription medication, is it important to determine if 

there are questionnaires that provide an accurate assessment of dry mouth and can be delivered 

chair-side [93]. Use of such a questionnaire would be easier for health care professionals, such as 

Registered Dental Hygienists, to administer than to collect a timed unstimulated salivary flow 

rate. A second questionnaire was used in this research to assess the agreement between oral signs 

of dry mouth identified by a Registered Dental Hygienist and salivary flow rate. The Registered 

Dental Hygienist observation questionnaire was developed by the American Dental Association 

using common dry mouth symptoms identified in the literature [74] (Appendix 8.6). Both these 

questionnaires were used in this study and compared with a diagnosis of dry mouth based on a 

patient’s measured salivary flow rate.  

 

1.2.5 Risk Factors for Dry Mouth 

 There are various risk factors that contribute to dry mouth symptoms. The most common 

is due to use of prescription medication. Other risk factors include smoking, radiation or 

chemotherapy of the head and neck, drug abuse, certain systemic diseases, such as Sjogren’s 

syndrome, an autoimmune connective tissue disorder that highly compromises salivary and 

lacrimal gland function [76]. Although various risk factors can impact salivary function, such 

factors can influence salivary output in different mechanisms. For instance, radiation and 

chemotherapy result in dry mouth through destruction of salivary glands whereas medication-

induced dry mouth inhibits salivary function [94].  
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1.2.5.1 Prescription Medications 

Prescription medication is the most frequent cause of dry mouth [95]. To date, more than 

500 prescription medications and over-the-counter medications have a side effect of exacerbated 

oral dryness [96]. There are many common medications that affect saliva secretion including 

anticholinergics, antidepressants, antihypertensives, antihistamines, anti-reflux medications, 

opioids, cannabinoids, diuretics, anti-psychotics and skeletal muscle relaxants [97, 98]. For the 

purpose of this thesis prescription medication was categorized according to health conditions 

commonly known for having a side effect of dry mouth including mental health, cardiovascular, 

diabetes, and osteoporosis [95].  Although a use of a single medication may alter saliva 

production, multiple medication use – also known as polypharmacy - can significantly increase 

the probability of developing dry mouth [99].  

From 2007-2011, 41% of Canadians of 6 to 79 years of age had taken at least one 

prescription medication within the last 2 days [100]. Moreover, 30% of individuals age 65 to 79 

years were using 5 or more prescriptions. Of note is that many individuals with periodontal 

disease are also in this age range [93]. Other risk factors that contribute to dry mouth include 

Sjogren’s syndrome that is later explained in Section 1.5.  

 

1.2.6 Anticholinergic Medications 

 Although various prescription medications cause dry mouth, anticholinergic drugs are 

most commonly linked to dry mouth [83]. A survey of 300 participants revealed a strong 

relationship between self-reported dry mouth symptoms and anticholinergic medication 

consumption. Additionally, participants taking more than one prescription medication had a 

higher prevalence of dry mouth symptoms [101]. Common anticholinergic medications are listed 
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in Appendix 8.7. The most common conditions anticholinergic medications are prescribed for 

include chronic obstructive pulmonary disease, overactive bladder and incontinence, certain 

gastrointestinal disorders such a diarrhea, motion sickness or dizziness, asthma and symptoms 

related to Parkinson’s disease [102-105] The mechanism of anticholinergic medication on saliva 

production is later discussed in Section 1.4.8.   

 

1.2.7 Anticholinergic Cognitive Burden Scale 

 As the side effects of pharmaceuticals, especially anticholinergic medication, have 

become more evident in the population, questionnaires and scales are being formulated to 

determine the accuracy of identifying side effects, and those most at risk to encounter them. 

Specifically, for anticholinergic medications, the Anticholinergic Cognitive Burden Scale was 

developed in 2008 to quantify the effects of the medications and the potential for developing 

symptoms related to anticholinergic medication consumption [106]. Aside from oral side effects 

including dry mouth, longitudinal research has identified associations between anticholinergic 

use and cognitive impairment [107]. Furthermore, a dose-dependent relationship between long-

term consumption of anticholinergics and the risk of developing dementia has also been found 

[108]. Thus, not only can anticholinergic medication negatively impact oral health but also brain 

health. The Anticholinergic Cognitive Burden Scale helps to identify the risk that medication(s) 

may result in cognitive impairments. This scale is later discussed in Section 3.7. 

 

1.2.8 Mechanism of M6edication-Induced Dry Mouth 

The cause of medication-induced dry mouth has been associated with a variety of 

mechanisms. Such mechanisms include dehydration, vasocontraction of salivary glands, and 
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sympathomimetic effects. Inhaled medications can result in dry mouth and alterations in fluid 

and balance [109]. However, the most common mechanism of drug induced dry mouth is due to 

anticholinergic effects [110]. Anticholinergic drugs cause dry mouth by inhibiting the binding of 

acetylcholine to M3 -muscarinic receptors of acinar cells that produce saliva. Thus, medications 

that inhibit neurotransmitters from binding with M3 receptors of acinar cells, or alter ion 

transportation within salivary glands, have the ability to modify the amount of saliva [111]. For 

instance, antidepressants block histaminic, cholinergic, and alpha1-adrenergic receptor sites 

causing dry mouth. In contrast, antihistamines are associated with sedating effects on the central 

nervous system and antimuscarinic effects, specifically, xerostomia [97]. Figure 1.5 depicts the 

stimulation and inhibition of salivary glands by an anticholinergic drug. 
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Figure 1.6. Mechanism of medication induced dry mouth. Saliva secretion relies on the 
parasympathetic nervous system activating muscarinic acetylcholine receptors on salivary acinar 
cells. Afferent stimuli (i.e. an apple) arrive at VII and IX cranial nerves at the solitary tract 
(NST) nucleus in the brainstem. Stimuli may include chewing, smells, and tastes that activate 
salivary glands. The neural tracts connect to salivary nuclei. Parasympathetic nerves from the 
superior salivary nucleus innervate the submandibular and sublingual glands through the 
submandibular ganglion. Whereas the parasympathetic nerves from the inferior salivary nucleus 
innervate the parotid gland through the Otic ganglion. Medications with anticholinergic effects, 
listed in Section 1.4.8) inhibit muscarinic R receptor function in salivary gland, thus resulting in 
decreased salivary output (modified from [83]). 
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1.2.9 Current Products for Dry Mouth Relief 
 

Currently, products accessible for relief of dry mouth include mouth rinses, mouth 

sprays, gums, lozenges, toothpastes, and xylitol products [112]. Although these products are 

readily available and effective in managing symptoms of dry mouth, they are often expensive 

and require daily application, or more, to achieve optimal results. The main purpose behind such 

products are to stimulate saliva in order to keep the oral cavity moist. This is achieved through 

enzymes within products such as glucose oxidase, lactoperoxidase, and lysozyme, to replenish an 

individual’s saliva. The enzymes work by substituting a patient’s endogenous enzyme system, 

which has been significantly diminished as a result of dry mouth [111].  

There is research outlining potential benefits of dry mouth products for patient’s 

symptoms of dry mouth [113-115] . For instance, topical relieving products with main 

ingredients of olive oil, betaine and xylitol were found effective in increasing salivary flow rate, 

reducing complaints of dry mouth and were shown to improve quality of life if used daily as 

indicated [113]. A double-blind crossover trial of topical Oralbalance gel and Biotene toothpaste 

versus a placebo found that patients with radiation-induced dry mouth preferred the control 

products over the placebo (caboxymethylcellulose gel and commercial toothpaste) due to the 

taste and effects upon their oral symptoms [114]. Another study examining dry mouth relieving 

products (Biotene toothpaste, mouthwash and chewing gum, and Oralbalance gel) in patients 

with head and neck cancer found that after two months of use, Biotene and Oralbalance products 

improved many symptoms of radiation-induced dry mouth [115]. Although these studies have 

demonstrated benefits to current dry mouth products, the study populations are limited to 

participants with radiation-induced dry mouth, and no other causes such as medication 

consumption or smoking. As the majority of North American population is taking at least one 
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medication it is necessary to determine potential periodontal effects caused by dry mouth. In 

addition, these products require daily use and often multiple use per day depending on an 

individual’s severity of dry mouth. Therefore, compliance and cost are influencing factors in 

current available products. Research often summarizes that although dry mouth products are 

beneficial for relieving symptoms associated with medication or radiation-induced dry mouth 

they require daily application and longer studies are required to observe compliance [116]. 

Another limitation is that there are no definitive studies examining periodontal outcomes 

following dry mouth product usage. Studies have reported reduced complaints, increased quality 

of life, and increased oral moisture, however they have not examined how these products can 

benefit periodontal health, if at all.  

Furthermore, determining if periodontal maintenance is as effective in individuals with 

dry mouth than those without is important. Educating patients on the necessary frequency of 

periodontal maintenance in order to maintain their periodontal health and prevent disease 

reoccurrence is essential for not only their oral health, but overall health as well. For instance, if 

a patient with dry mouth is seen to infrequently for periodontal maintenance, they may be at risk 

of developing certain systemic illnesses related to periodontal disease (see Section 1.1.3.2)  

Prescription pharmacologic agents that stimulate salivary glands with sialogogues, pilocarpine 

and cevimeline, can be prescribed however various adverse effects have been observed and 

research on these medications are limited to populations with radiation-induced dry mouth [76].  

 

1.3 Mechanism of Dry Mouth and Periodontal Disease 

As previously stated, periodontal disease is initiated through the formation of biofilm and 

plaque [117]. As well, lack of salivary flow contributes to an increase of plaque accumulation on 
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gingival surfaces [76]. Therefore, dry mouth has the potential to increase the risk of periodontal 

disease due to the increase in plaque formation. Without adequate salivary flow there is a lack of 

lubrication and buffering for gingival tissues, and allows for more food and plaque to remain on 

gingival surfaces surrounding tooth structure [76]. Although depending on a patient’s immune 

susceptibility and oral hygiene habits, the accumulated plaque potentiate begin the process of 

gingivitis and periodontal disease [117]. Figure 1.5 outlines the process of various 

factors that cause dry mouth and the transition to develop into periodontal disease. For instance, 

once an individual is consuming prescription medication with a potential side effect of dry 

mouth, they are at higher risk to retain more dental plaque, which can increase amount of plaque 

formation, thus contributing to their developing of calculus, and finally contribute to an 

increased risk of periodontal disease [58, 59]. 

 

 
 
Figure 1.5.  Development of dry mouth, due to medication consumption, may increase the risk 
of periodontal disease, and if untreated, may result in tooth loss. Loss of teeth will compromise 
dietary choices and overall nutritional status which is a risk factor for many chronic diseases [58, 
59, 72]. 

 

Within the literature, there are few studies that examine salivary function in relation to 

periodontal disease. A prospective study examining hyposalivation in elderly Thai men and 

women, with an average age of 68, found that subjects in the hyposalivation group had more 



 33 

tooth decay and a higher prevalence of periodontal disease than those in a normal salivary 

function group [82]. The hyposalivation group were categorized based on their salivary flow, and 

14.4% of the 612 study participants had salivary flow rates less than 0.1 mL/min [118]. They 

also discovered that the elderly with hyposalivation had less teeth [118]. Comparably, another 

study evaluated periodontal disease in patients with Sjogren’s syndrome. They found that 

patients with Sjogren’s syndrome and dry mouth, had higher amounts of plaque, increase 

alveolar bone loss, and an increased risk of periodontal disease as compared with controls [119]. 

These studies demonstrate that dry mouth is a risk factor for periodontal disease. 

 

1.4 Sanative Therapy for Periodontal Disease 
 

To combat the consequences of periodontal disease including bad breath, bleeding gums, 

foul taste, difficulty eating, and tooth loss, ST is required as a first line treatment. ST functions to 

treat periodontal disease by removing bacteria in the oral cavity [120]. The goal of ST is to 

remove as much biofilm, plaque and calculus residing on the tooth surface as possible without 

surgery. Attachment gain or healing results following debridement of the surfaces of teeth. Once 

the scaling and root plaining of a tooth has been performed, tissues are able to re-adhere to the 

surface [121]. This procedure is accomplished with a variety of hand instruments (scalers and 

curettes), and through use of ultrasonic instrumentation which consists of water and vibration to 

debride surfaces [122]. To effectively remove bacteria, periodontal tissues are frozen with local 

anesthesia. This alleviates discomfort during debridement and provides the Registered Dental 

Hygienist and the patient relief knowing they will not cause pain during the therapy. In addition, 

ST appointments include thorough oral hygiene instruction. Oral hygiene instruction is delivered 

through demonstration and discussion of oral hygiene products tailored to the patient’s 
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periodontal needs. Such products include electric toothbrushes and interdental aids such as tape 

floss and rubber tip stimulators. From start to finish the initial ST takes approximately 3 hours. 

At the periodontal clinic where my thesis research was conducted, a 90 percent improvement in 

periodontal pockets is typically achieved 8 to 12 weeks following initial ST [68]. Improved 

health of gingival tissues, breath, and overall feeling of freshness is often self-reported by 

patients at the re-examination. After the re-examination appointment at 8 to 12 weeks following 

ST, patients are then placed on routine periodontal maintenance in which they are to receive 

periodontal maintenance every 3, 4, 6, or 12 months, depending on their periodontal needs. 

Frequent periodontal maintenance is essential to maintain the improvement achieved following 

ST as periodontal disease can be managed but a patient is never fully recovered. Patients may be 

recommended to either have the appointments solely at a periodontal clinic or they may alternate 

appointments between a periodontal clinic, and their general dental clinic. 

 
 
1.5 Periodontal Maintenance  
 

The overall goal of periodontal maintenance is to prevent tooth loss and maintain 

periodontal health following ST. While tooth loss can occur due to traumatic injury or decay, 

periodontal disease is a major risk factor for tooth loss [1, 2, 123].  Data from the 1999-2004 

United States National Health and Nutrition Examination Survey (NHANES) provides insight 

into the extent of tooth loss among Americans, albeit not all tooth loss is attributable to 

periodontal disease. On average, individuals 50 to 64 years of age were missing 6 out of a total 

of 28 teeth [124]. For those age 65 to 74 years and 75 years or older, an average 8.6 and 9.6 out 

of 28 total teeth were missing, respectively [124]. Table 1.1 outlines the significance periodontal 

maintenance has on tooth retention and maintaining PD reduction achieved following ST. Each 
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study listed in Table 1.1 examined the effectiveness of periodontal maintenance and collectively 

represent the importance of periodontal patients attending routine periodontal maintenance to 

prevent further destruction of periodontal disease and tooth loss. 

The new periodontal disease classification scheme highlights the importance of 

periodontal maintenance following ST [11]. Although there is an abundant amount of research 

validating the importance of periodontal maintenance in preventing periodontal disease, the new 

classification emphasizes this necessity in post-ST treatment to maintain healing achieved 

following ST. The system states that periodontal maintenance is necessary to prevent disease 

recurrence [11]. Following ST, patients are scheduled for a 3, 4, 6, or 12-month periodontal 

maintenance intervals to sustain their periodontal health. This frequency interval depends on the 

severity of a patient’s periodontal health prior to ST as well as their periodontal health following 

ST. A systematic review found that shorter periodontal maintenance intervals of 3 to 6 months 

maintained greater tooth retention than intervals greater than 6 months. However, they concluded 

that evidence of a specific periodontal maintenance interval to optimize management of 

periodontal disease is limited [125]. Normally, a patient is placed on a 3-month periodontal 

maintenance interval following ST. However, this interval may be adjusted overtime based on 

clinical outcomes. This is to ensure the improvement achieved from ST is maintained. The 2003 

American Academy of Periodontology’s position paper on periodontal maintenance recommends 

an initial interval of 3-months to decrease the risk of reoccurrence: recommendations have not 

yet been updated since the new classification took effect [126]. The position paper also further 

explains that patients who receive periodontal maintenance on a less frequent basis have an 

increased likelihood of redeveloping the disease [126]. The decision to extend the periodontal 

maintenance interval ultimately relies on the periodontist. However, there are algorithms 
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developed to provide guidance on periodontal maintenance interval recommendation. As the new 

classification has not set recommendations on periodontal maintenance intervals, the periodontal 

risk assessment is the main algorithm in determining the frequency of intervals [127]. This 

algorithm includes the patients age, number of missing teeth, bleeding sites, percentage of bone 

loss, systemic conditions, and smoking status to suggest a recommended periodontal 

maintenance interval. It is unlikely for patients to not see improvement following ST and in those 

circumstances further medical testing is recommended to rule out other potential causes that may 

be causing periodontal destruction and prevent healing. High risk factors for periodontal disease 

include patients who smoke, have uncontrolled diabetes, cardiovascular disease, osteoporosis, or 

those who have a family history of periodontal disease [128]. In addition, patients who have poor 

oral hygiene are at an increased risk of developing alveolar bone loss [129]. The long-term 

results of periodontal maintenance therapy have shown its effectiveness in minimizing tooth loss 

for patients with previous periodontal disease. Although there are many studies that have 

demonstrated the effectiveness of periodontal maintenance in patients with periodontal disease 

and decreasing their risk of losing teeth, Table 1.1 summarizes findings from studies with the 

strongest study designs in terms in large sample sizes, longest follow-up times post-ST, both 

sexes and inclusion of a wide range of ages. These studies demonstrate the effectiveness of 

maintaining periodontal health following ST through periodontal maintenance. Patients who 

engaged in routine and frequent periodontal maintenance were found to have less tooth loss, 

maintained PD’s, and secure tooth prognoses, meaning the teeth are stable with treatment and the 

risk of being lost is reduced.  It is evident that periodontal maintenance is necessary to maintain 

the improvements in periodontal health achieved through ST over the long-term. 
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Long-term periodontal maintenance can also increase attachment gain. For example, 

Axelsson et al, showed at the end of the 30 year follow-up study of periodontal maintenance, 

there was mean attachment gain of 0.3 to 0.4 mm at interproximal tooth surfaces in all age 

groups, and majority of other sites exhibited no further attachment loss [130]. These findings 

emphasize the important of frequent, thorough, periodontal maintenance and plaque control in 

long term prevention of periodontal disease.  
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Table 1.1 Summary of Studies Investigating the Effectiveness of Periodontal Maintenance Appointments for Maintaining Periodontal 
Health. 

Study Title, Year Study Duration & Design Participant Details Outcomes 
 

Study Summary 
 

“The long‐term effect 
of a plaque control 
program on tooth 
mortality, caries and 
periodontal disease in 
adults” [130] (2004). 

1971-1972 participants were 
recruited, followed for 30 years 
(at baseline, year 3, 6, 15 and 
30) with recalls every 2 months 
for the first 2 years, then every 
3 to 12 months for years 3-30 

• 375 participants  
• 51 to 65 years of 

age 
• Sex not identified 

• Few teeth were lost 
(main reason was root 
fracture) 

• 21 teeth lost due to 
periodontal disease or 
dental caries 

Over the 30 years of 
periodontal 
maintenance, few teeth 
were lost, and the 
incidence of periodontal 
disease was very low 

Summary: With periodontal maintenance frequencies of 2 months for the first two years following ST and then 3 to 12 months afterwards, 
only a few teeth were lost collectively and there was low reoccurance of periodontal disease in patients being followed for 30 years. 

“Periodontal 
conditions of adult 
regular dental care 
attendants” [131]. 
(1993). 

1978 patients were recruited, 
then re-examined at a 12-year 
follow-up. periodontal 
maintenance frequency was not 
identified. Baseline data did not 
include ST as treatment.  

• 225 participants 
• 18 to 65 years of 

age 
• Sex not identified 

• Average of 0.4 teeth 
were lost 

• No major changes in 
mean PD 

With patients who had 
periodontal maintenance 
appointments, average 
PD remained the same 
12 years following the 
initial data collection  

Summary: With periodontal maintenance, although frequencies were not identified, average PD can be maintained in patients being 
followed for 12 years.  

“Long-term 
maintenance of 
patients treated for 
advanced periodontal 
disease” [132]. (1984). 

14-year follow-up of 
participants post ST who had 
recalls every 3 to 6 months 

• 61 participants out 
of initial 75 

• 26 to 60 years of 
age 

• Sex not identified 

• Individual PD, CAL, 
and bone heights did 
not significantly differ 
over 14 years 

• Recurrent periodontal 
disease occurred in 15 

Over 14 years, 
attachment levels in 
patients was maintained 
with periodontal 
maintenance  
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patients and caused 7 
patients to lose teeth 

Summary: With periodontal maintenance frequencies of 3 to 6 months following ST, attachment levels were maintained in patients 14 
years later. 

“Prognosis versus 
actual outcome: a 
long-term survey of 
100 treated 
periodontal patients 
under maintenance 
care” [133]. (1991). 

Initial, 5- and 8-year follow-up 
of participants who underwent 
periodontal maintenance every 
3 months 

• 100 participants  
• 22 to 71 years of 

age 
• Sex not identified 

• Teeth prognoses 
remained stable from 
initial to 5 and 8 years 

• Teeth in good 
prognosis category 
remained stable 

• Teeth in fair and poor 
categories improved 
over time 

• Most hopeless teeth 
were lost, some 
retained 

Tooth prognoses are 
often stable when 
periodontal maintenance 
frequencies are adhered 
to 

Summary: With periodontal maintenance frequencies of 3 months, patients being followed 8 years had stable tooth prognoses if 
periodontal maintenance frequencies are adhered to. 



 40 

“A long-term survey 
of tooth loss in 600 
treated periodontal 
patients” [134]. 
(1978). 

15 to 53-year follow-up with 
periodontal maintenance every 
4 to 6 months 

• 600 patients  
• 12 to 73 years of 

age 
• 391 females, 209 

males 

• After initial treatment 
most, patients had 
relatively stable 
prognoses 

• 83.2% of participants 
were stable at follow-
up 

• 16.8% went had 
unstable tooth 
prognosis at follow-up 

• 1.8% tooth loss for all 
groups combined 

Majority of patients 
following initial treated 
were stable and well-
maintained  

Summary: With periodontal maintenance frequencies of every 4 to 6 months, majority of patients had stable tooth prognosis 15 to 53 years 
following initial ST. 

“Tooth loss in 
patients treated for 
periodontal disease. 
A long-term study of 
periodontal disease 
and root caries” 
[135]. (2012). 
 

11 to 14-year follow-up of 
periodontal conditions 
(periodontal maintenance 
frequencies not specified) 

• 64 participants  
• 41-91 years of age 
• Sex not identified 

• 211 teeth lost due to 
periodontal disease, 
caries, endodontic 
complications 

• Number of periodontal 
maintenance visits 
significantly 
contributed to tooth 
loss (more frequent 
periodontal 
maintenance 
appointments was 
associated with 
reduced tooth loss) 

The more frequent of 
periodontal maintenance 
intervals the less likely 
patients were to lose 
teeth 

Summary: With more frequent periodontal maintenance, although frequencies not specified, patients are less likely to lose teeth 11 to 14 
years later. 
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1.5.1 Alternating Periodontal Maintenance Appointments 

Patients who exhibit a significant improvement following ST are encouraged to alternate 

their periodontal maintenance between the periodontal clinic and their general dentist’s clinic. 

This recommendation, based on clinical improvement, is not evidence-based and more so based 

on the recommendation of the periodontist. It is also encouraged to alternate periodontal 

maintenance appointments between periodontal clinics and general dental clinics, so their 

general dentist can perform yearly examinations and prescribe routine radiographs to identify 

potential cavities and perform any restorative work if needed. If patients are in an unstable 

periodontal state, where any PD is ³ 5 mm, the periodontist may take responsibility for the 

patient’s periodontal health and oversee their periodontal maintenance appointments until the 

patient is stabilized. 

Although many studies have examined the long-term benefits of periodontal maintenance 

therapy [130-135], there is no known literature that evaluates the difference between solely 

having periodontal maintenance at a periodontal clinic versus having periodontal maintenance at 

alternating clinics. As such, this study examined potential differences in periodontal health 

between patients who alternate periodontal maintenance appointments and patients who solely 

having periodontal maintenance at the periodontal clinic. If differences are present it is important 

to know what periodontal maintenance recommendations to give to patients in order for patients 

to achieve optimal oral health. For instance, if patients who alternate periodontal maintenance 

appointments have worsened PD it may be recommended for them to decrease the frequency of 

alternating periodontal maintenance appointments, or to stop alternating these appointments all 

together. This is especially true if a patient has a history of periodontal disease and has risk 

factors associated with periodontal disease. 
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1.6 Summary and Rationale 

It is unclear whether post-ST patients with dry mouth have worsened periodontal disease 

than post-ST patients without dry mouth, despite both having frequent periodontal maintenance. 

Studies have demonstrated plaque control is essential in preventing periodontal disease, however 

there are no clinical studies assessing if patients with dry mouth have different periodontal health 

than those who do not have dry mouth once they have undergone ST to help manage periodontal 

disease. If periodontal maintenance appointments produce the same clinical outcomes for 

patients with dry mouth and patients without dry mouth, this would reassure patients that their 

periodontal health can be maintained with routine periodontal maintenance. Lastly, determining 

if patients who alternate periodontal maintenance appointments between their general dentist and 

a periodontal specialty clinic, have any difference in their periodontal health than patients who 

have periodontal maintenance appointments solely at a periodontal specialty clinic is important 

to determine as it can influence an effective strategy to optimize an individuals’ periodontal 

health, and thus overall health. 
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2.1 Objectives  
 
There were two main objectives of this study: 

1. To determine if patients with or without dry mouth have the same clinical outcome (# of sites 

³ 4mm) when receiving regular periodontal maintenance, 1 to 5 years post-ST; and 

2. To determine if patients who have periodontal maintenance appointments solely at a 

periodontal clinic have a different clinical outcome (PD) than patients who alternate periodontal 

maintenance appointments between a general dental clinic and a periodontal clinic, 1 to 5 years 

post-ST.   

 
2.2 Hypotheses  

 
1. It was hypothesized that patients with dry mouth compared to patients without dry mouth who 

undergo routine periodontal maintenance appointments would have no difference in periodontal 

outcomes 1 to 5 years post-ST. As periodontal maintenance is a generally effective form of 

therapy post-ST in preventing tooth loss and further periodontal disease, it was postulated that 

patients who have dry mouth and routine periodontal maintenance would experience the same 

benefits as those without a dry mouth.  

2. The second hypothesis was that patients who have periodontal maintenance performed solely 

at a periodontal clinic would have improved periodontal outcomes and better periodontal health 

than those who alternate periodontal maintenance appointments with a general dentist’s clinic 1 

to 5 years post-ST. This was assumed due to the difference in the skills and experience of the 

hygienists as well as instruments and technology at periodontal clinics compared to general 

dental clinics.  
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3.1 Experimental Design 
 

The study was conducted at a periodontal specialty clinic in Fonthill, Ontario. Patients 

who had ST within 1 to 5 years and who routinely visited the clinic for periodontal maintenance 

were invited to participate. The minimum of 1-year post-ST was chosen to allow patients to 

return to their routine periodontal maintenance frequencies and to allow patients to engage in 

their regular oral hygiene and daily habits that may have initially impacted their periodontal 

health. This 5-year limited time frame was specifically chosen to include patients who have 

received similar ST and periodontal maintenance treatments over the last 5 years. 

This study was approved by the Human Bioscience Research Ethics Board at Brock 

University, St. Catharines, Ontario (File 17-387-WARD, Appendix 8.1). The study design is 

shown in Figure 4.1. Prior to the periodontal maintenance appointment, patients are contacted 

one week prior to their appointment to confirm the appointment time. During this confirmation 

call patients were first invited to the study and asked if they would be interested in participating. 

If so, patients were scheduled 15 minutes prior to their scheduled periodontal maintenance 

appointment. During this time patients were required to complete the Xerostomia Inventory 

questionnaire to identify their perceived severity of possible dry mouth symptoms (Appendix 

8.4) and their salivary flow rate was measured. As dry mouth is a subjective symptom and there 

are no definitive questionnaires or visual signs that identify the oral disorder, salivary flow rate is 

currently the gold standard method to diagnose if a patient has dry mouth [74]. At the beginning 

of the appointment the patient’s medical and dental history was updated by their registered dental 

hygienist (Appendix 8.5). Following the periodontal maintenance appointment, the Registered 

Dental Hygienist completed the Registered Dental Hygienist observation questionnaire 

(Appendix 8.6) to identify any oral observations of dry mouth noticed during the appointment. 
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PD was measured at three time points, before ST (pre-ST), 8 to 12 weeks following ST (post-

ST), and at present day periodontal maintenance appointment where all data and salivary 

samples were collected (present day). PD at pre-ST and post-ST were collected through the 

patient’s dental charting history and PD at present day was collected at the time of saliva 

collection. In addition to these three time points of PD, PD was also collected from all 

periodontal maintenance appointments in between post-ST and present day through dental 

charting history. Analysing the patient’s clinical outcomes retrospectively allowed any changes 

in periodontal health to be measured over time.  

 

Inclusion criteria:  Patients who had received ST within the previous 1 to 5 years and had 

regular periodontal maintenance at a 3, 4, 6, or 12-month interval were invited to participate. A 

patient with an unstimulated salivary flow rate of 0.1 mL/min or less was categorized as having 

dry mouth. A patient with an unstimulated salivary flow rate of 0.1 mL/min or greater was 

determined to be without dry mouth.  

 

Exclusion criteria:  Patients with autoimmune disorders (i.e Sjogren’s syndrome) or patients 

who had received head and neck radiation therapy and/or chemotherapy were excluded from the 

study as these conditions have been shown to obstruct salivary gland function and thus affect 

study results. We also wanted to isolate medication-induced dry mouth patients as there is 

limited research regarding periodontal implications in this population.  Individuals with physical 

or mental limitations that inhibit one from conducting their own personal oral hygiene were also 

excluded as oral hygiene is a key component in maintaining periodontal health
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Figure 3.1 The Retrospective Study Design. Data was collected and analyzed in a retrospective manner including: the patients pre-ST 
comprehensive examination (1 to 5 years ago), post-ST appointments, and at all periodontal maintenance appointments post-ST. The last 
data collection was the present day appointment where saliva was collected, and questionnaires were completed. At each time point, the 
following information was collected: probing depth, medical history information, medication and supplement intake (list of medication, 
allergies, smoking status, and existing health conditions). Data was collected from the patient’s chart. 
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3.2 Periodontal Examination 

Clinical outcomes were assessed and recorded by one of five Registered Dental 

Hygienists. Prior to the study, all Registered Dental Hygienists were calibrated for probing 

pressure by an electronic scale to ensure PD’s were obtained with a pressure of 0.25 Newtons. 

Calibrating probing pressure is essential in determining accurate PD measures as excessive or 

insufficient pressure can result in inaccurate measures. The main outcome that was examined is 

PD using the 1999 classification as the new classification was revealed after the study began [11, 

13]. PD was measured at six sites per tooth using a UNC15 Probe (Hu-Friedy). These sites 

included mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolingual. PDs of < 4 

mm, categorized as ‘healthy’ sites, were estimated as 3 mm. Other clinical measures of 

periodontal health including BOP and PI were recorded. PI was calculated by assessing the 

percentage of tooth surfaces covered in soft deposits, either plaque or dental biofilm. BOP was 

visually assessed immediately following PD measurements to accurately assess active gingivitis. 

This visual assessment was completed at the beginning of the appointment.  

 

3.3 Anthropometry  

 As body weight and height are potential confounders for periodontal disease, prior to the 

patient’s periodontal maintenance appointment, the height and weight of the patient was 

measured and recorded by their Registered Dental Hygienist.  

 

3.4 Saliva Collection and Determination of Flow Rate for Diagnosis of Dry Mouth 

Saliva was collected at the beginning of the patient’s appointment. Patients were 

instructed to refrain from eating, drinking all liquids except water, and smoking for 1 hour prior 
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to their appointment time. At the time of collection, patients were given tap water to rinse and 

spit 10 minutes before the collection occurred. During these 10 minutes, patients were asked to 

complete the Xerostomia Inventory questionnaire and anthropometry was obtained (Appendix 

8.4). Since an unstimulated salivary flow rate was measured, patients were given 5 minutes to 

provide a passive saliva sample into a 2 mL cryovial (Salimetrics Item No. 5002.01). The 

amount of saliva provided in millilitres was divided by the five minutes allotted for collection to 

determine the salivary flow rate. An unstimulated salivary measurement was collected as 

stimulated salivary measurements have greater risk for contamination with food and debris. A 

contaminated sample of food and debris represents an inaccurate flow rate measurement as it will 

present as a greater fluid sample. Saliva was collected in aliquots of 200 microliters and stored in 

a freezer at -80 degree Celsius.  

 

3.5 Use of Questionnaires to Diagnose Dry Mouth 

 Currently the gold standard for diagnosis of dry mouth is by measuring the salivary flow 

rate. However, due to limited time a Registered Dental Hygienist has with patients, this is often 

not utilized in clinical practice. Limited time in periodontal maintenance appointments is often a 

concern Registered Dental Hygienists encounter as they must complete reviewing medical/dental 

history, update radiographs, update PD, complete intraoral and extraoral exams, scale and 

debride, polish and review oral hygiene instructions. Given the time constraints of the 

appointment, it is more efficient for the Registered Dental Hygienist to have patients complete 

the questionnaire prior or following the appointment. The purpose of including the Xerostomia 

Inventory questionnaire, the questionnaire completed by patients in this study, and the Registered 

Dental Hygienist observation questionnaire was to compare the results with the patient’s salivary 



 51 

flow rate to assess if there is a relationship between salivary flow rate and the questionnaires. If 

patients produce an inadequate salivary flow rate, and either score high on the Xerostomia 

Inventory questionnaire or have noticeable oral signs of dry mouth viewed by their Registered 

Dental Hygienist, then the questionnaires will be seen to have value in assessing one’s dry mouth 

status. Furthermore, one questionnaire may be more closely aligned with saliva production than 

the other.  

 

3.5.1 Xerostomia (Dry Mouth) Inventory Questionnaire 

Due to the subjectivity of dry mouth and previous limitations in diagnosis, many dental 

professionals have utilized questionnaires to help diagnose dry mouth. However, available 

questionnaires lack accuracy in diagnosing patients with dry mouth and limited salivary output. 

A questionnaire that is frequently utilized in research is the Xerostomia Inventory questionnaire 

[92, 136]. Each statement of the 11-item questionnaire is scored providing a single summated 

score to determine an individual’s severity of dry mouth (Appendix 8.4) [91]. This questionnaire 

has shown an association between self-reported symptoms and a dry mouth diagnosis in 

longitudinal research [91, 92]. At the start of the patient’s appointment, they completed this 

questionnaire and then provided a salivary flow rate sample for comparison (Table 1.2). Each of 

the 11-item statement was scored as follows: “Never” = 1 point, “Hardly Ever” = 2 points, 

“Occasionally” = 3 points, “Fairly Often” = 4 points, “Very Often” = 5 points. Scores of 11 

equate to no symptoms of dry mouth reported, score of 12 to 33 were categorized to patients 

reporting mild to moderate dry mouth symptoms, and lastly scores greater than 33 equate to 

severe dry mouth symptoms. 
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3.5.2 Registered Dental Hygienist Observation Questionnaire 

 Following a patient’s periodontal maintenance appointment, the Registered Dental 

Hygienist was asked to complete the Registered Dental Hygienist observation questionnaire 

(Appendix 8.6). This questionnaire was used assess the potential correlation between a patient’s 

unstimulated salivary flow rate and dry mouth observations made by the Registered Dental 

Hygienist. Although there are no questionnaires that precisely diagnose dry mouth, assessing 

correlations between questionnaires and clinical diagnosis (salivary flow rate) is advantageous. It 

is beneficial for dental professionals to have a reliable questionnaire that can be used to assist 

with diagnosing dry mouth that does not require the time that is needed to measure flow rate. The 

American Dental Association developed a list of common signs and symptoms of dry mouth that 

was adapted to create this questionnaire [74]. The questionnaire includes questions about the 

patient’s salivation volume and consistency. Ideally oral environments consist of an adequate to 

copious volume with a serous consistency. Slight and deficient salivary volumes are indications 

of a dry mouth as well as sticky and frothy salivary consistencies. These consistencies are also 

high-risk environments for plaque retention. As such, patient’s plaque index was also assessed 

by the Registered Dental Hygienist and reported in the questionnaire. The questionnaire also 

includes questions about specific symptoms associated with dry mouth such as dental decay, 

fissured tongue, and angular chelitis. The questionnaire also includes a section where the 

Registered Dental Hygienist is instructed to record any use of over-the-counter supplement or 

treatment for dry mouth. The questionnaire requires yes or no responses to determine if dry 

mouth is present. There is a scoring component for the observed symptoms noted, 1 symptom 

equating to 1 point, with a possible total of 14 points. 
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3.6 Patient Information 

 Patients completed an updated medical and dental history form at the time of their 

periodontal maintenance appointment and provided details about any health condition(s), 

smoking status and medication use. Names, dosages, and frequency of prescription medications 

were required and reviewed individually with the patient (Appendix 8.5). 

 

3.7 Anticholinergic Scoring System 

 Due to the association between dry mouth and anticholinergic drugs, a patient’s 

medication list was assessed using the Anticholinergic Cognitive Burden Scale. This scale is 

used to determine the risk that a patient will develop a cognitive impairment as a result of 

anticholinergic medication use (Appendix 8.7) [106, 137]. Although this thesis research does not 

assess cognitive burdens, we aimed to assess the correlation between anticholinergic effects and 

the occurrence of dry mouth and included this scoring system as it is currently being utilized 

within ongoing research [106, 137]. Additionally, anticholinergics are common medications that 

inhibit salivary flow rates [83],  therefore this scoring system was included to assess 

anticholinergic drugs independently from other prescription medications. Drugs with a score of 1 

equate to drugs with potential anticholinergic effects, whereas drugs with scores of 2 or 3 equate 

to definite anticholinergic effects with 3 being the most associated with cognitive impairments. 

Patients were given an overall score to determine if there is a relationship between salivary flow 

rates and anticholinergic drug intake. 
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3.8 Statistical Analyses 

A factorial analysis of variance (ANOVA) model was used to test if there was a 

significant difference in PD between patients with or without dry mouth and between patients 

who do or do not alternate periodontal maintenance appointments. Missing values for PD of one 

patient at the present day time point was replaced with the series mean. There was one 

identifiable outlier for PD present. This outlier did not influence the final results, and thus was 

included in the analysis. Univariate normality distribution, homogeneity of variance, equal cell 

sizes and independence of observation assumptions were tested. The equal cell size assumption 

was not met. PD at pre-ST, post-ST, and present day were used as continuous dependent 

variables and examined against independent variables; dry mouth status or alternating status.  

Independent t-tests were performed to determine if there was a significant difference for 

continuous variables such as age, number of medications consumed and PD between patients 

with or without dry mouth (Table 4.1A and 4.1B) and patients who do or do not alternate 

periodontal maintenance appointments (Table 4.4A and 4.4B). As for categorical variables such 

as sex, BMI, smoking status and types of medication, chi-squared tests were performed to 

determine whether there is a significant difference between the expected and observed 

frequencies between patients with or without dry mouth (Table 4.1A and 4.1B) and patients who 

do or do not alternate periodontal maintenance appointments (Table 4.4A and 4.4B). 

Questionnaire data was also assessed through independent t-test and chi-square tests (Table 4.2 

and 4.3). 

SPSS version 25 was used to analyze all statistical procedures (Armonk, New York). 

Statistical significance was defined as p < 0.05. 
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4.1 Results  

A total of 120 patients participated in the study (Figure 4.1). Of those patients, 1 patient 

was excluded due to high blood pressure that was noted following the collection of the saliva 

sample and the completion of the questionnaires. Dental treatment is not recommended in 

patients with blood pressure above normal range (>160 systolic and >100 diastolic) [138].  

 

 

Figure 4.1. Flow diagram of study patients.  
 
 
 
 
 
 
 
 

 
 



 57 

4.1.1 Results for Patients With or Without Dry Mouth  
 
4.1.1.1 Patient Characteristics and Clinical Outcomes of Patients with or without Dry 
Mouth  
 
 Patient characteristics and clinical outcomes of patients with or without dry mouth are 

shown in Table 4.1A and Table 4.1B. Age in both groups was similar. There was no significant 

difference between the number of males and females with dry mouth (p > 0.05). In regard to 

BMI, more patients without dry mouth had normal BMI compared to patients with dry mouth (p 

< 0.05). Furthermore, more patients with dry mouth were overweight (p < 0.001). There was no 

significant difference in the number of obese patients between groups. There were also no 

significant differences in smoking status (current smoker, former smoker, or never smoked) 

between groups (Table 4.1A).  

 

There was a significant difference in medication use between groups where patients with 

dry mouth were using more medications than patients without dry mouth (p < 0.05) (Table 

4.1B). Of patients with dry mouth, almost all were using at least one type of prescription 

medication (91%). When medications were categorized based on health condition (mental health, 

cardiovascular, diabetes, and osteoporosis) no significant difference was found (p > 0.05). For 

both patients with or without dry mouth, there was a wide range of medication use. Zero to 11 

different medications were used by patients with dry mouth and 0 to 13 different medications 

were used by patients without dry mouth. There was no association between the number of 

medications used and dry mouth status (0.1mL/min salivary flow rate). However, the number of 

medications was positively associated with salivary flow rate whereby the increase in 

medications used resulted in a decreased salivary flow (p < 0.001) (Figure 4.2; Appendix 8.9). 

As anticholinergic drugs are a significant predictor of dry mouth symptoms, use of such drugs 
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was assessed according to dry mouth status. No significant relationship was found between 

patients with or without dry mouth and use of anticholinergic drugs.   

There was no difference in PI between groups (p > 0.05). The results for the factorial 

ANOVA indict there a non-significant interaction between PD and dry mouth status. Therefore, 

main effects were examined. Collectively, a significant difference in PD was found between PD 

at pre-ST and post-ST, as well as PD at pre-ST and present day. However, when dry mouth 

groups were considered, no relationship was found (p > 0.05). Given the new classification 

scheme, periodontal diagnoses were categorized into stages and grades and examined for 

associations of dry mouth status. There were no differences between groups for Stage II Grade 

A, Stage II Grade B, Stage II Grade C, Stage III Grade B, Stage III Grade C, Stage IV Grade B, 

and Stage IV Grade C (p > 0.05). A significant difference was found among patients with a 

periodontal diagnosis of Stage III Grade A and their dry mouth status. More patients without dry 

mouth were classified as Stage III Grade A than patients with dry mouth (p < 0.05). In terms of 

current periodontal status, a higher number of patients without dry mouth had a current stable 

periodontal status than patients with dry mouth (p < 0.05). There were no differences (p > 0.05) 

between dry mouth groups in terms of patients with unstable periodontal disease or periodontal 

disease that was in remission. The number of patients that alternated periodontal maintenance 

appointments between the general dentist’s clinic and the periodontal clinic did not significantly 

differ (p > 0.05) between patients with or without dry mouth. (Table 4.1B). 
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Table 4.1A. Characteristics of Patients With or Without Dry Mouth1 
 

Patient Characteristics Patients with dry mouth  
(n = 34) 

Patients without dry mouth  
(n = 86) p – value2, 3 

Age, years 61.6 ± 8.7  
(34 - 79) 

61.6 ± 11.1  
(33 – 90) p > 0.052 

Sex, n (%) 
Males 
Females 

 
13 (38.2) 
21 (61.8) 

 
43 (50) 
43 (50) 

 
p > 0.053 

BMI 
Normal 
Overweight 
Obese 
All 

 
 

17 (50.0) 
15 (44.1) 
2 (5.9) 

23.28 ± 4.00  
(14.05 – 38.85) 

 
 

61 (70.9) 
20 (23.3) 
5 (5.8) 

22.6 ± 4.23 
(14.05 – 38.85) 

 
p < 0.053 
p < 0.0013 
p > 0.053 

p > 0.052 

Smoking Status, n (%) 
Current smoker 
Former smoker 
Never smoked 

 
9 (26.5) 
12 (35.3) 
13 (38.2) 

 
18 (20.9) 
34 (39.5) 
34 (39.5) 

 
p > 0.053 

p > 0.053 
p > 0.053 

1 Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2 Independent samples t-test was used to analyze group significance for continuous 
variables 

3 Chi-squared test was used to analyze group significance for categorical variables 
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Table 4.1B. Characteristics and Clinical Outcomes of Patients With or Without Dry Mouth1 

 
Patient Characteristics and 
Clinical Outcomes 

Patients with dry mouth  
(n = 34) 

Patients without dry mouth  
(n = 86) p – value2, 3 

Medication Use, n (%) 
Mental Health  
Cardiovascular  
Diabetes  
Osteoporosis  

31 (91.2) 
8 (23.5) 
18 (52.9) 
3 (8.8) 
3 (8.8) 

58 (67.4) 
13 (15.1) 
39 (45.3) 
4 (4.7) 
7 (8.1) 

p < 0.053 

p > 0.053 

p > 0.053 

p > 0.053 

p > 0.053 

Number of Medications 3.8 ± 3.0  
(0 – 11) 

2.23 ± 2.4  
(0 – 13) 

p > 0.052 

Anticholinergic Drugs4
, 

n (%) 
9 (26.5) 13 (15.1) p > 0.053 

Plaque Index (PI) 40.1 ± 21.1 
(10 – 100)  

39.6 ± 19.6 
 (10 – 100)  p > 0.052 

Pre-ST PD, 
# of sites ³ 4mm 

85.6 ± 34.7  
(13 – 144) 

92.6 ± 40.6 
(9 – 183) p > 0.052 

Post-ST PD,  
# of sites ³ 4mm 

17.03 ± 11.8 
(1– 52) 

14.3 ± 13.8  
(0 – 72) p > 0.052 

Present Day PD,  
# of sites ³4 mm 

16.5 ± 16.1  
(0 – 69) 

14.9 ± 13.7 
(0 – 90) p > 0.052 

Periodontal Classification 
Stage II Grade A 
Stage II Grade B 
Stage II Grade C 
Stage III Grade A 
Stage III Grade B 
Stage III Grade C 
Stage IV Grade B 
Stage IV Grade C 

 
3 (8.8) 
7 (20.6) 

0 (0) 
2 (5.9) 

13 (38.2) 
1 (2.9) 
3 (8.8) 
5 (14.7) 

 
2 (2.3) 

13 (15.1) 
1 (1.2) 
6 (7.0) 

39 (45.3) 
8 (9.3) 

12 (14.0) 
5 (5.8) 

 
p > 0.053 

p > 0.053 

p > 0.053 

p < 0.053 

p > 0.053 

p > 0.053 

p > 0.053 

p > 0.053 

Current Periodontal Status 
In Remission 
Stable 
Unstable 

 
1 (2.9) 
5 (14.7) 
28 (82.4) 

 
7 (8.1) 

14 (16.3) 
65 (75.6) 

 
p > 0.053 
p < 0.053 

p > 0.053 

Alternating Patient, 
n (%) 22 (64.7) 51 (59.3) 

p > 0.053 Non-Alternating Patient, 
n (%) 

12 (35.3) 35 (40.7) 

1. Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2. Independent samples t-test was used to analyze group significance for continuous 
variables 

3. Chi-squared test was used to analyze group significance for categorical variables 
(alternating patients, non-alternating patient, medication use, mental health drugs, 
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cardiovascular drugs, diabetes drugs, osteoporosis drugs, anticholinergic drugs, 
periodontal classification and current periodontal status) 

4. Anticholinergic drugs treat a variety of conditions including chronic obstructive 
pulmonary disease, incontinence, gastrointestinal disorders, respiratory conditions, 
Parkinson’s disease and mental health disorders. 

 

 
 
Figure 4.2. Correlation between patient’s salivary flow rate and the number of medications used. 
 
 
4.1.1.2. Self-Reported Scores and Registered Dental Hygienist Observations for Dry Mouth  

 Symptoms in Patients With or Without Dry Mouth 
  
 Table 4.2 shows the average scores from the self-reported Xerostomia Inventory 

questionnaire (Appendix 8.4). No patients with dry mouth reported an absence of dry mouth 

symptoms (n = 0). Of patients without dry mouth, 3.5% reported an absence of dry mouth 

symptoms (n = 3). The majority of patients in either group reported “mild to moderate” 
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symptoms scores between 12 to 33 (n = 29, 85.3% for patients with dry mouth, n = 79, 91.9% for 

patients without dry mouth). Patients who reported average scores greater than 33, indicating 

severe dry mouth symptoms, included 14.7% of those with dry mouth and 4.7% of those without 

dry mouth. There was no statistical difference in average scores of dry mouth symptoms between 

patients with or without dry mouth (p > 0.05).  

 

Table 4.3 summarizes the results from the Registered Dental Hygienist observation 

questionnaire (Appendix 8.6). There was a significant difference between the number of patients 

with dry mouth and patients without dry mouth who exhibited copious, slight, and deficient 

saliva volumes (p < 0.001, p < 0.001, p < 0.05). The majority of patients who did not have dry 

mouth were found to have a copious salivary volume. More patients who had dry mouth 

exhibited saliva volumes that were slight or deficient compared to patients who do not have dry 

mouth (p < 0.001). A significance difference between patients with dry mouth and patients 

without dry mouth was found in those who exhibited saliva consistency of serous or frothy (p < 

0.05). Patients with dry mouth had exhibited a frothy saliva consistency more frequently than 

patients without dry mouth. Whereas, patients without dry mouth more frequently exhibited a 

consistency described as serous. Each observable symptom of dry mouth including dental caries, 

demineralization, hypersensitivity, mucositis, candidiasis, ulcerations, non-specific 

inflammation, fissured tongue, crenulations, dry lips, angular chelitis, halitosis, food retention 

and loss of papilla was examined for potential associations with dry mouth status. Fissured 

tongue and crenulations were found to have associations with dry mouth status (p < 0.05). More 

patients with fissured tongues and crenulations were in the dry mouth group. There was no 

association between number of symptoms observed (symptom score) and dry mouth status (p > 
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0.05). There was also no association between the use of dry mouth aids and dry mouth status (p > 

0.05). 

 

Table 4.2. Self-Reported Score for Dry Mouth Symptoms in Patients With or Without Dry 
Mouth1 

1 Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2 Dry Mouth status was determined through salivary flow rate samples collected at the 
patient’s present day sanative therapy appointment (<0.1mL/min samples are considered 
dry mouth patients). 

3 Independent samples t-test was used to analyze group significance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dry Mouth Score 
(0-55) 

Patients with 
 Dry Mouth 

(n = 34)2 

Patients without  
Dry Mouth 

(n = 86)2 
p – value3 

n (%) 

0 - 11 
(No Dry Mouth 
Symptoms Reported) 

0 (0) 3 (3.5) 
 

 

12 - 33   
(Mild – Moderate 
Symptoms Reported) 

29 (85.3) 79 (91.9) 

> 33 
(Severe Symptoms 
Reported) 

5 (14.7) 4 (4.7) 

Average Score  26.97 ± 7.12 
 (14-44) 

23.17 ± 7.34  
(11-40) p > 0.053 
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Table 4.3 Characteristics of Patients With or Without Dry Mouth Using the Registered 
Dental Hygienist Observation Questionnaire1 

1 Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2 Dry mouth status was determined through salivary flow rate samples collected at the 
patient’s present day sanative therapy appointment (a flow rate of <0.1 mL/min was used 
to define if a patient had dry mouth). 

3 Symptoms included dental caries, enamel demineralization, tooth hypersensitivity, 
mucositis, oral candidiasis, traumatic gingival ulcerations, nonspecific gingival 
inflammation, fissured tongue, crenulations on tongue (scalloped borders), dry lips, 
angular chelitis, halitosis, food retention and debris on teeth and/or tongue, loss of papilla 
on tongue 

4 Examples of dry mouth aids utilized by patients include: Biotene Mouth Rinse, Biotene 
Toothpaste, Xyliment lozenges, sugarless gum, and frequent water consumption 

5 Chi-Square test was used to analyze group significance.  
6 Independent samples t-test was used to analyze group significance 

 
Characteristics of Patients 

Patients with 
 Dry Mouth 

(n = 34)2 

Patients without  
Dry Mouth 

(n = 86)2 
p – value5, 6 

Saliva Volume 
n (%) 

Copious 0 (0) 28 (32.6) p < 0.0015 
Adequate 19 (55.9) 50 (58.1) p > 0.055 
Slight 12 (35.3) 8 (9.3) p < 0.0015 
Deficient in Volume 3 (8.8) 0 (0) p < 0.055 

Saliva Consistency 
n (%) 

Serous 14 (41.2) 60 (69.8) p < 0.055 
p > 0.055 
p < 0.055 

Sticky 15 (44.1) 24 (27.9) 
Frothy 5 (14.7) 2 (2.3) 

Observable Symptoms 
Dental Caries 
Demineralization 
Hypersensitivity 
Mucositis 
Candidiasis 
Ulcerations 
Non-Specific Inflammation 
Fissured Tongue 
Crenulations 
Dry Lips 
Angular Chelitis 
Halitosis 
Food Retention 
Loss of Papilla 

 
6 (17.6) 
3 (8.8) 
8 (23.5) 
1 (2.9) 
0 (0) 

1 (2.9) 
3 (8.8) 
9 (26.5) 
8 (23.5) 
6 (17.6) 
3 (8.8) 
3 (8.8) 

18 (52.9) 
4 (11.8) 

 
10 (11.6) 
9 (10.5) 
27 (31.4) 
1 (1.2) 
0 (0) 

3 (3.5) 
4 (4.7) 
7 (8.1) 
8 (9.3) 

15 (17.4) 
2 (2.3) 
5 (5.8) 

30 (34.9) 
10 (11.6) 

 
 p > 0.055 

p > 0.055 

p > 0.055 

p > 0.055 

p > 0.055 

p > 0.055 

p > 0.055 

p < 0.055 
p < 0.055 
p > 0.055 
p > 0.055 
p > 0.055 
p > 0.055 
p > 0.055 

Symptom Score (n)3 

 
2.32 ± 1.63  

(0 – 6) 
1.63 ± 1.54  

(0 – 7) 
p > 0.056 

Use of Dry Mouth Aids4 

 4 (11.8) 6 (7.0) p > 0.055 
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4.1.2 Average Probing Depth for Patients With or Without Dry Mouth 

 There were no significant differences in average PD at each of the three time points (pre-

ST, post-ST and present day) between patients with or without dry mouth (p > 0.05) (Table 

4.1B). Figure 4.3A shows the average PD for patients with or without dry mouth at each time 

point (pre-ST, post-ST, present day). Figure 4.3B also shows average PD values at each time 

point for all participants. Regardless of dry mouth status, the PD at the pre-ST visit was higher (p 

< 0.05) than the PD measured at post-ST and present day and PD at post-ST and present day did 

not differ (p < 0.05) (Figures 4.3a-c).  As shown in Figure 4.4, PD remains relatively constant 

after ST has been completed.   
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Figure 4.3 Average PD, measured as number of sites with PD ³ 4mm, of (A) patients with or without dry mouth, and (B) all patients 
combined. Data is expressed as mean ± SD for each time point. a versus b, p < 0.05.  
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Figure 4.4 Average PD post-ST, measured as number of sites with PD ³ 4mm, of (A) patients with dry mouth, (B) patients without 
dry mouth, and (C) all patients combined. Data is expressed as mean PD from 2014 to 2019. Because of the retrospective design, the 
sample size increases with time as patients who had received ST within the previous 1 to 5 years were recruited to the study. PD has 
not changed over time once ST is completed.
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4.1.3 Results for Patients Who Do or Do Not Alternate Periodontal Maintenance 
Appointments  
 

4.1.3.1 Patient Characteristics and Clinical Outcomes of Patients Who Alternate 
Periodontal Maintenance Appointments Between a General Dental Clinic and a 
Specialty Clinic  
 

 Table 4.4A and Table 4.4B provide a summary of patient characteristics and clinical 

outcomes observed in patients who alternate periodontal maintenance appointments between 

their general dental clinic and a periodontal clinic and patients who do not alternate their 

periodontal maintenance appointments and receive periodontal maintenance appointments solely 

at a periodontal clinic (n = 47).  The average age in both groups was similar. There was no 

significant difference in numbers of males and females who do or do not alternate appointments 

(p > 0.05). Additionally, there was no difference in BMI between groups (p > 0.05). For patients 

who were current or former smokers, no difference was noted between groups (p > 0.05). 

However, there was a significant difference between patients who do or do not alternate and who 

have never smoked. Patients who alternate periodontal maintenance appointments are more 

likely to have never smoked compared to patients who do not alternate appointments (Table 

4.4A).  

 

The average number of medications being consumed did not differ between groups (p > 

0.05) (Table 4.4B). There was a significant difference between patients who do or do not 

alternate periodontal maintenance appointments in regard to medication consumption (p < 0.05). 

For patients who alternate appointments, almost all use medications (n = 59, 80.8%) compared to 

patients who do not alternate appointments (n = 30, 63.8%) Once medications were categorized 

into health conditions there was a difference between groups in patients who are prescribed 

medication for osteoporosis (p < 0.05) but not for mental health, cardiovascular disease, or 
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diabetes (p > 0.05). Patients who alternate appointments are more likely to take medication for 

osteoporosis. There was no difference between patients using anticholinergic drugs (p > 0.05).  

There was no significant difference in PI between patients who did or did not alternate (p 

> 0.05). For all three time points where PD was measured (pre-ST, post-ST, and present day) 

there was only a significant difference between patients at the present day appointment. At this 

time point, patients who do not alternate periodontal maintenance appointments have higher PD 

compared to patients who alternate appointments (p < 0.05).  

Periodontal disease was classified into stages and grades and examined for associations 

with alternating status. No associations with alternating status were noted with Stage II Grade A, 

Stage II Grade B, Stage II Grade C, Stage III Grade A, Stage III Grade B, Stage III Grade C, or 

Stage IV Grade B (p > 0.05). There was a significant difference in alternating status for patients 

classified with Stage IV Grade C periodontal disease (Table 4.4B). Patients who alternate 

periodontal maintenance appointments are more often to be classified as Stage IV Grade C (p < 

0.05). The current periodontal status (stable, unstable, in remission) did not differ between the 

two groups (p > 0.05). The number of patients with or without dry mouth did not differ by 

whether or not they alternate their periodontal maintenance appointments (Table 4.4B). 
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Table 4.4A. Characteristics of Patients Who Do or Do Not Alternate Periodontal Maintenance 
Appointments Between a General Dental Clinic and a Periodontal Clinic1 

 

Patient Characteristics  
Patients who alternate 

appointments 
(n = 73) 

Patients who do not 
alternate appointments 

 (n = 47) 
p – value2, 3 

Age, years 62.37 ± 10.36  
(33 - 90) 

60.45 ± 10.65  
(39 - 88) 

p > 0.052 

Sex, n (%) 
      Males 
      Females 

 
33 (45.2) 
40 (54.8) 

 
23 (48.9) 
24 (51.1) 

p > 0.053 

BMI 
      Normal 
      Overweight 
      Obese 
      All 

 
 

45 (61.6) 
23 (31.5) 
5 (6.8) 

23.3 ± 4.25  
(14.1 – 32.9) 

 
 

33 (70.2) 
12 (25.5) 
2 (4.3) 

22.8 ± 4.18  
(14.4 – 38.9) 

 
p > 0.053 
p > 0.053 
p > 0.053 
p > 0.052 

Smoking Status, n (%) 
      Current smoker 
      Former smoker 
      Never smoked 

 
15 (20.5) 
24 (32.9) 
34 (46.6) 

 
12 (25.5) 
22 (46.8) 
13 (27.7) 

 
p > 0.053 
p > 0.053 
p < 0.053 

1 Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2 Independent samples t-test was used to analyze group significance 
3 Chi-Square test was used to analyze group significance. 
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Table 4.4B. Characteristics and Clinical Outcomes of Patients Who Do or Do Not Alternate 
Periodontal Maintenance Appointments Between General Dental Clinic’s and Specialty Clinics1 

 

Patient Characteristics and 
Clinical Outcomes 

Patients who alternate 
appointments 

(n = 73) 

Patients who do not 
alternate appointments 

(n = 47) 
p – value2, 3 

Medication User, n (%) 
    Mental Health  
    Cardiovascular  
    Diabetes 
    Osteoporosis 

59 (80.8) 
9 (12.3) 
37 (50.7) 
3 (4.1) 
9 (12.3) 

30 (63.8) 
12 (25.5) 
20 (42.6) 
4 (8.5) 
1 (2.1) 

p < 0.053 
p > 0.053 
p > 0.053 
p > 0.053 
p < 0.053 

Number of Medications 
2.9 ± 2.9  
(0 – 13) 

2.3 ± 2.3 
 (0 – 9) 

p > 0.052 

Anticholinergic Drugs4
, 

n (%) 
14 (19.2) 8 (17.0) p > 0.053 

Plaque Index (PI), 
39.8 ± 21.6  
(10 – 100) 

39.7  ± 17.3  
(10 – 80) 

p > 0.052 

Pre-ST PD,  
# of sites ³4mm 

82.7  ± 37.06 
(13– 158) 

102.9 ± 39.1 
(9 – 183) 

p > 0.052 

Post-ST PD,  
# of sites ³4mm 

12.9 ± 12.2 
(0 – 72) 

18.6 ± 14.2 
(1– 72) 

p > 0.052 

Present Day PD,  
# of sites ³4mm 

12.9 ± 11.0 
(0 – 52) 

19.3 ± 18.0 
(0 – 90) 

p < 0.052 

Periodontal Classification 
Stage II Grade A 
Stage II Grade B 
Stage II Grade C 
Stage III Grade A 
Stage III Grade B 
Stage III Grade C 
Stage IV Grade B 
Stage IV Grade C 

 
4 (5.5) 

17 (23.3) 
0 (0) 

5 (6.8) 
27 (37.0) 
5 (6.8) 
8 (11.0) 
7 (9.6) 

 
1 (2.1) 
3 (6.4) 
1 (2.1) 
2 (4.3) 

25 (53.2) 
4 (8.5) 
7 (14.9) 
4 (8.5) 

 
p > 0.053 
p > 0.053 
p > 0.053 
p > 0.053 
p > 0.053 
p > 0.053 
p > 0.053 
p < 0.053 

Current Periodontal Status 
Stable 
Unstable 
In Remission 

 
14 (19.2) 
53 (72.6) 
6 (8.2) 

 
5 (10.6) 
40 (85.1) 
2 (4.3) 

 
p > 0.053  
p > 0.053 
p > 0.053 

Patients with Dry Mouth, 
n (%) 

22 (30.1) 12 (25.5) 
p > 0.053 

Patients without Dry Mouth,  
n (%) 

51 (69.9) 35 (74.5) 

1 Data are expressed as mean ± SD, range as (lower and upper values) for continuous 
variables, and n (%) for categorical variables.  

2 Independent samples t-test was used to analyze group significance 
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3 Chi-squared test was used to analyze group significance for categorical variables 
(alternating patients, non-alternating patient, medication use, mental health drugs, 
cardiovascular drugs, diabetes drugs, osteoporosis drugs, anticholinergic drugs, 
periodontal classification and current periodontal status) 

4 Anticholinergic drugs treat a variety of conditions including chronic obstructive 
pulmonary disease, incontinence, gastrointestinal disorders, respiratory conditions, 
Parkinson’s disease and mental health disorders. 

 
 
 
4.1.4 Average Probing Depth for Patients Who Do or Do Not Alternate Periodontal  

Maintenance Appointments  
 
 The results for the factorial ANOVA indicted a significant interaction between PD and 

alternating status. Therefore, main effects were examined. Specifically, at present day, PD was 

significantly higher in patients who alternated compared to patients who did not alternate 

periodontal maintenance appointments (p < 0.05. At the present day time point, patients who 

alternate appointments have a lower PD than patients who do not alternate (p < 0.05) (Table 

4.4B). Figure 4.5A shows the average PD at each time point (pre-ST, post-ST, and present day) 

in patients who alternate periodontal maintenance appointments between their general dentist’s 

clinic and the periodontal clinic and patients who do not alternate appointments and solely attend 

a periodontal clinic for periodontal maintenance. Figure 4.5B shows the average PD for all 

patients at each time point (pre-ST, post-ST, and present day). Regardless of whether patients 

alternated appointments, the PD at the pre-ST visit was higher (p < 0.05) than the PD measured 

at post-ST and present day, and PD at post-ST and present day did not differ (p < 0.05) (Figures 

4.5a-c).  As shown in Figure 4.6, PD remains relatively constant after ST has been completed.   
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Figure 4.5 Average probing depth, measured as number of sites with PD ³ 4mm, of (A) patients who do or do not alternate 
periodontal maintenance appointments, and (B) all patients combined. Data is expressed as mean ± SD for each time point. a versus b, 
p < 0.05 
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Figure 4.6 Average probing depth post-ST, measured as number of sites with PD ³ 4mm, of (A) patients who alternate periodontal 
maintenance appointments, (B) patients who do not alternate periodontal maintenance appointments, and (C) all patients combined. 
Data is expressed as mean PD from 2014 to 2019. Because of the retrospective design, the sample size increases with time as patients 
who had received ST within the previous 1 to 5 years were recruited to the study 
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5.1 Discussion 
 

Although there is an abundant amount of research examining the effects of dry mouth on 

oral health such as tooth decay, bad breath, and poor quality of life  [82, 83, 139], this is the first 

study to investigate the relationship between dry mouth and periodontal health following initial 

ST. While dry mouth is considered a risk factor for periodontal disease, direct evidence of this 

relationship is lacking [83]. Given plaque formation is associated with periodontal disease and 

individuals with dry mouth are more prone to plaque and bacteria accumulation, these patients 

may be at a higher risk of developing periodontal disease [59]. In our study no differences were 

found between PI and dry mouth status or whether patients alternated their periodontal 

maintenance appointments. It was expected that patients with a dry mouth would have a higher 

PI compared with patients who do not have a dry mouth however PI did not influence PD and no 

difference was found between patients with or without dry mouth. Although there is substantial 

research on the significance of periodontal maintenance [130-135], there is limited research 

examining outcomes of periodontal maintenance for patients who alternate appointments with a 

general dentist and a periodontal specialty clinic or solely have maintenance at a specialty clinic.  

Overall, this study aimed to focus on knowledge gaps surrounding medication-induced 

dry mouth, specifically it’s potential association with PD. Additionally, as periodontal 

maintenance is as a necessary treatment for patients with a history of periodontal disease, this 

study also examined if patients who do or do not alternate their periodontal maintenance 

appointments with a general dental clinic and specialty clinic or solely had periodontal 

maintenance at a specialty clinic had any difference in periodontal health (PD) following ST. 
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5.1.1 Dry Mouth 

The first objective of this study was to determine if patients with dry mouth have similar 

clinical outcomes (PD) as patients without dry mouth who receive regular periodontal 

maintenance. It was hypothesized that regardless of dry mouth status, there would be no 

difference in PD between the two groups of patients. The findings have supported the hypothesis 

as no significant difference in PD was observed between patients with dry mouth and patients 

without dry mouth at any of the three time points (pre-ST, post-ST, and present day). As 

expected, based on the fact that ST is a proven procedure for managing periodontal disease, post-

ST PD was markedly improved compared to PD pre-ST, and these benefits were maintained at 

up to 5 years post-ST, likely due to  routine periodontal maintenance appointments [130-135]. 

Although previous literature has shown that routine periodontal maintenance appointments is 

effective in preventing tooth loss and controlling periodontal disease [130-135], it is important to 

educate patients who present with dry mouth signs or symptoms that periodontal maintenance is 

also effective for preventing and treating periodontal disease for medication-induced dry mouth 

as both groups showed a similarly favourable response over the long-term with respect to PD. It 

is important to note that these previous long-term follow-up studies on the benefits of periodontal 

maintenance did not assess dry mouth, and thus findings from this thesis research suggest that 

periodontal health can be maintained even among those with dry mouth and at higher risk of the 

disease. Due to the prevalence of medication use in the population and associated risks of 

medication-induced dry mouth, it is important to evaluate all consequences, including potential 

effects on the progression of periodontal disease. Now that periodontal maintenance has been 

shown to as effective in patients with dry mouth as patient without dry mouth it is necessary to 

continue investigating the implications of medications of dry mouth as medications often change 



 78 

composition, dosages, and delivery methods over time. As these changes in medications occur, 

the influence on oral health can also be affected and may potentially increase an individual’s risk 

of developing periodontal disease. 

The study population of patients is similar to the general population in terms of the 

average age of patients with periodontal disease [4]. Therefore, these findings may be 

generalizable and applicable to the Canadian population. As for sex, periodontal disease has a 

higher prevalence in males, yet this study did not show a difference between sexes, which may 

be a limitation of the sample size [26]. In 2017 Statistics Canada reported that 40.3% of 

Canadians 65 years and older were overweight (25.0 to 29.9) and 38.6% of Canadians 50 to 64 

years of age were also reported as overweight [140]. Comparatively to this study population, 

44.1% of patients with dry mouth, and 23.3% of patients without dry mouth were overweight. 

Additionally the Public Health Agency of Canada has found over half of adult Canadians are 

overweight and obese [61]. Interestingly, patients without dry mouth were found to have more 

normal BMI scores and patients with dry mouth were more likely to be overweight. As 

previously discussed, individuals with dry mouth tend to consume more sugary drinks to combat 

the feeling of oral dryness [77]. As sugary drinks and diets with high intakes of sugar are risks 

for obesity, this correlates to the study’s finding that patients with dry mouth are more likely to 

be overweight than those without dry mouth [141]. One study in Japan found that individuals 

who wear dentures who reported oral dryness, had lower BMIs [142]. However, this may be a 

result from inadequate dietary intake from ill-fitting dentures. A few patients included in this 

study wore partial or complete dentures which may have influenced salivary output from their 

personal dietary intakes. Furthermore, as overweight and obese individuals have been found to 

be at higher risk of developing periodontal disease due to possible consequences of chronic 
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inflammation and oxidative stress, it would have been expected to have more patients that are 

overweight or obese [143]. Although, as patients are now receiving routine periodontal 

maintenance, they are more likely to have an improvement in periodontal health and PD’s [64].  

In addition to similar ages, the majority of the study population had a normal BMI, which 

differs from the overall population. However, this may be due to socioeconomic status, as the 

cost for periodontal maintenance at a periodontal clinic is higher than a general dental clinic, 

depending on the specialty clinic and specific scaling and root planing codes used [144]. 

Furthermore, some simply cannot afford the cost of dental care solely at a specialty clinic and 

must alternate to avoid such fees. A higher socioeconomic status has been related to a healthy 

BMI [145]. Socioeconomic status was not evaluated in our study patients. As for smoking status, 

the majority of patients with dry mouth reported never smoking (38.2%), and the majority of 

patients without dry mouth reported either being a former smoker or never smoked (39.5%, 

39.5%). Comparatively to the Canadian population, 9.8% of Canadians 65 years and over are 

smoking daily, whereas 19.5% of Canadians 50 to 64 years are smoking daily [146]. Within this 

study, 26.5% of patients with dry mouth and 20.9% of patients without dry mouth are current 

smokers.  

As smoking is a risk factor for dry mouth it would be expected that more patients with 

dry mouth reported daily smoking [52]. To confirm smoking status, Registered Dental 

Hygienists completed routine intraoral and extraoral examinations. Observable signs of tobacco 

use include tooth discolouration, gingival conditions and lesions, palatal texture (nicotinic 

stomatitis), and halitosis [147]. Furthermore, smoking status may also be related to 

socioeconomic status. Within the general population, lower socioeconomic status is associated 

with higher rates of smoking and less success in quitting the habit [148], the higher 
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socioeconomic status of the study population may have been associated with less smoking and a 

healthy BMI.  

On average, more patients with dry mouth were found to be taking prescription 

medications than patients without dry mouth. This was expected as patients using medications 

are more likely to report having a dry mouth [99]. It should also be considered that as this study 

population engages in routine periodontal maintenance treatment, they may be generally 

healthier as they prioritize oral health care. This adherence to periodontal maintenance treatment 

may also be preventing patients from needing additional medication as periodontal disease is 

related to various systemic diseases. Approximately 30 percent of Canadians 65 to 79 years old 

are consuming at least 5 prescription medications [93]. When compared with the study 

population’s average medication usage (µ = 3.8 and µ = 2.23) for patients with or without dry 

mouth, respectively, the Canadian average is greater. One may argue that this is due to the 

priority in health the study population of this thesis exhibits.  

When medication use was categorized into health conditions with medications commonly 

associated with dry mouth (mental health, cardiovascular, diabetes and osteoporosis), no 

relationship was found. Perhaps a larger sample size is needed to evaluate the specific effects of 

individual drug types. Similarly, as anticholinergics are strong predicators for dry mouth, we 

anticipated a difference in dry mouth status with anticholinergic drug use, however, there was no 

significant relationship [88, 98]. This may be due to the unequal group size or number of 

anticholinergic medications being used in this specific population, as the more medications 

consumed enhances the potential for dry mouth [106]. Additionally, certain anticholinergic 

medications are more likely to produce side effects of dry mouth compared with others as 

discussed in Section 3.7. Other possibilities that may have hindered a significant relationship 
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may include dosage, frequency, and anxiety. Side effects of drugs are dose dependent. Not only 

does drug type influence different effects, side effects are dose dependent [83]. Although the 

medical history forms probe drug dosage, patients often do not remember or record that 

information and so without confirming with the prescribing physician and having a more 

thorough follow-up with the patient, information pertaining to drug dose may be limited. 

Medication usages is always reviewed at the beginning of periodontal maintenance 

appointments, as required by The College of Dental Hygienists of Ontario, however, dosages of 

drugs were not included in this study due to an unreliable history. Additionally, if a patient has 

been taking a medication for only short period of time, they may not yet be experiencing related 

symptoms or if a patient has been taking a medication for a long period of time, they may be 

experiencing association symptoms more often. Patients also often have difficulty recalling how 

long they have been taking medications, so this component is not typically included in the 

medical history. Lastly, anxiety can contribute to decreased production of salivary flow. Patient 

anxiety is initially discussed at the first appointment at the periodontal clinic, at pre-ST. Patients 

are asked to rate their nervousness, with respect to dental treatment, on a scale from 1 to 5, 1 

being not nervous at all to 5 being extremely nervous. Although we presume that since patients 

are now in routine periodontal maintenance and understand what occurs during these 

appointments, they may still have underlying dental anxiety that can cause a reduction in saliva 

output [149]. Furthermore, as saliva secretion is reliant on the autonomic nervous system, if 

patients experience dental anxiety, they may produce less saliva then in a different setting such 

as their home [149]. Although dry mouth and dental anxiety has not been conclusively linked, 

one questionnaire based study examined the anxiety related symptoms in musical performers and 

found that one of the most commonly reported symptoms of anxiety prior to performing was 
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self-reported dry mouth [150]. A dental anxiety score was not obtained at the time of saliva 

collection so it is not possible to discern whether anxiety may have impacted salivary flow. 

 Following the new international periodontal disease classification system, we assessed all 

patient’s classifications and status’ in relation to their dry mouth status [11]. The importance of 

including this information was to ensure the data is relevant and follows the updated 

classification scheme and to determine if there is a relationship between dry mouth status and 

periodontal disease classification. As patients are now receiving new periodontal classification 

diagnoses, if a specific diagnosis is found to be related to dry mouth, it would deem important to 

identify this and include treatment recommendations to this findings. However, the only 

relationship found was between patients without dry mouth and Stage III Grade A classification 

(p < 0.05). Stage III represents a CAL of 5 mm or greater, radiographic bone loss extending to 

the middle third of the root and beyond or a patient who has lost a maximum of 4 teeth due to 

periodontal disease. Grade A represents a slow rate of periodontal disease progression, with less 

than 25% bone loss [1]. Thus, patients who present without dry mouth are more likely to exhibit 

a slower rate of severe periodontal disease progression. It is understandable that patients with dry 

mouth would not have a slower disease progression compared to those with adequate salivary 

flow. It is important to note that periodontal classifications were made on the patient’s last 

available set of radiographs, which may have been over 5 years old. In order to make a current 

diagnosis following the new classification system, it is essential to have recent radiographs 

within the last 5 years. As for patient’s current periodontal status, a difference between patients 

with or without dry mouth was observed in patients with a stable periodontal status (p < 0.05). 

Stable periodontal status refers to a CAL that is less than or equal to 4 mm with no BOP present. 

In this study population a higher number of patients without dry mouth have a stable periodontal 
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status than patients with dry mouth. This demonstrates the effect of a dry mouth on periodontal 

health as most patients without a dry mouth had a CAL less than or equal to 4 mm and no BOP 

present at these sites. In addition, a stable periodontal status for patients without dry mouth 

underscores the effect dry mouth may have on gingival tissues and bleeding.   

  

5.1.1.1 Questionnaires that Screen for Dry Mouth 

 The purpose of incorporating questionnaires in this study was to assess correlation 

between self-reported symptoms (Xerostomia Inventory) and dry mouth, as well as Registered 

Dental Hygienists’ observations (Registered Dental Observation Questionnaire) and dry mouth. 

Though the Xerostomia Inventory questionnaire has been assessed for validity, the questionnaire 

itself has not been examined in a population that includes individuals with dry mouth that would 

be attributed to medication use, or with salivary flow rate samples. As prescription medication 

usage is common, it would be useful to have a questionnaire that screens for dry mouth is a side 

effect of medications. For this study specifically, 28.3% of participants demonstrated dry mouth 

measured by an inadequate salivary flow. Although timed salivary flow rates are the current gold 

standard for assessing dry mouth, Registered Dental Hygienists’ may be hesitant to incorporate 

this into the appointment due to time constraints [151]. Time is a critical factor in dental 

appointments and Registered Dental Hygienists often struggle to complete all required tasks in 

one appointment. Limited appointment time is often due to scheduling practices, dentist’s 

philosophies and insurance restrictions. Questionnaires may be an easier more adaptable 

chairside tool to use in assessing dry mouth in patients. Furthermore, it is possible for patients to 

take questionnaires home or complete them online before or following appointments. Overall, 

looking at the limitations Registered Dental Hygienists often face, dry mouth questionnaires may 
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be a suitable substitute if they are found to be associated with the gold standard of salivary flow 

rates. However, in terms of which questionnaire to utilize requires further evaluation. The 

questionnaires in this study did not provide significant information regarding dry mouth status 

and questionnaire results. Though a difference was not noted between dry mouth status and PD, 

dry mouth still has significant daily oral consequences and it should not be overlooked based on 

the results of this study. 

 

5.1.1.2 Self-Reported Dry Mouth  

 When assessing patient’s self-reported dry mouth symptoms through the Xerostomia 

Inventory questionnaire, the average score was not associated to the patient’s dry mouth status. 

Most patients, both with and without dry mouth, scored themselves between having mild to 

moderate dry mouth symptoms. Interestingly, approximately 5 percent of patients without dry 

mouth scored themselves of having severe dry mouth symptoms. Although the Xerostomia 

Inventory has shown validity in previous studies by correlating the questionnaire scores and oral 

observations, there is currently no available research that includes salivary flow rates and the 

Xerostomia Inventory [91, 92]. The aim in including this questionnaire was to assess if there is a 

relationship between a well utilized dry mouth questionnaire and salivary flow rate. 

Unfortunately, there was no relationship noted between dry mouth status and the questionnaire 

results. This may be due to uncertainty and misleading statements within the questionnaire. For 

instance, the statement “the skin on my face feels dry” is one that may have various causes. Dry 

skin may arise from changes in climate, conditions such as eczema, frequency of showering, 

dehydration and even systemic conditions such as diabetes [152, 153]. Additionally dry skin may 

be a result from aging, and as the thesis’ study population was over 60 years old, age may be a 
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potential cause of the patients reported dry skin [153]. During the time patients were given the 

questionnaire to complete, many patients required clarification while they were completing it due 

to often unclear or confusing choices. Overall the limitations of this questionnaire do not make it 

ideal in assessing dry mouth symptoms.  

 

5.1.1.3 Registered Dental Hygienist Observation Questionnaire 

 A questionnaire for Registered Dental Hygienist’s was used to identify correlations 

between oral signs of dry mouth and salivary output [74]. Significant differences were observed 

between patients with dry mouth and patient’s without dry mouth in copious, slight, and deficient 

in volume salivary volumes (p < 0.001, p < 0.001, p < 0.05). Thus, based on the Registered 

Dental Hygienist’s observed volume of patient’s saliva, there is a notable difference between 

groups when patients have a copious, slight and deficient volumes of saliva. No patients with dry 

mouth had a copious amount of saliva, and in contrast, no patients without dry mouth had a 

deficiency in saliva volume. This questionnaire was overall effective in determining the 

relationship between observed salivary volume and salivary output and may be a useful and 

efficient method to a tool to assess dry mouth status. 

 Based on this study population and the uncertainty and clarifications needed during the 

Xerostomia Inventory questionnaire, the Registered Dental Hygienists questionnaire is deemed 

more appropriate and clinically suited in assessing dry mouth signs and inadequate salivary flow 

rates. 
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5.1.2 Periodontal Maintenance Appointments: Alternating or Not Alternating  

The second objective of this study was to determine if patients who have periodontal 

maintenance appointments solely at a periodontal clinic have a different clinical outcome (PD) 

than patients who alternate periodontal maintenance appointments with their general dentist’s 

clinic. Initially it was hypothesized that patients who alternate their periodontal maintenance 

appointments would have worsened clinical outcomes than patients who did not alternate 

periodontal maintenance appointments. This was assumed due to the difference in training, 

equipment, and experience in debriding deep periodontal pockets at a periodontal specialty 

clinic. We did find patients who did not alternate their periodontal maintenance appointments 

had significantly deeper PD than patients who alternated. Deciding whether a patient will 

alternate their periodontal maintenance appointments may be determined by the periodontal risk 

assessment algorithm [127], improvement in PD post-ST, systemic conditions, patient’s 

compliance with oral hygiene habits, and generally the periodontist’s clinical decision at the 

post-ST appointment. If a patient has less successful healing, generalized BOP, low oral hygiene 

compliance, and systemic risk factors for periodontal disease, the treating periodontist will most 

likely recommend continuing periodontal maintenance appointment at the specialty clinic until 

the patient is stable. A study examining the effectiveness of periodontal maintenance at a 

periodontal specialty practice or a general dental clinic found that patients who underwent ST 

had no difference in clinical outcomes regardless of if they received periodontal maintenance at a 

specialty periodontology clinic or at a general dental clinic [154]. However, this study was only 

one year in duration, within 6 months of initial ST, and had a sample size of 35 subjects. As the 

ST occurred 6 months prior to assessment, it is arguable that patients have not yet returned to 

their daily habits. Therefore, they are still benefiting off of the initial ST outcomes. It was also 
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emphasized that the periodontal specialty clinic provides guidance to the general dental clinic 

regarding the frequency of periodontal maintenance [154]. Longer term studies (>1 year in 

duration) assessing periodontal maintenance do not generally report whether patients are 

alternating or if this affects periodontal outcomes (Table 1.1).  

Initially as it was believed that the higher skill level and specialized instruments and 

equipment available at a periodontal specialty clinic would result in better outcomes for the 

patient, we postulated the PD would be lower in those who did not alternate appointments as 

they are continually receiving this level of care. However, patients who do not alternate are 

generally more medically compromised and take more prescription medications, have worse 

periodontal health presently, and have higher periodontal disease classification than patients who 

alternate.  
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5.2 Conclusions 
 
 

1. Patients with or without dry mouth and who underwent sanative therapy and had 

subsequently received regular periodontal maintenance did not exhibit different 

periodontal outcomes, including probing depth, at 1 to 5 years post-ST. This may be 

due to the effectiveness of periodontal maintenance in the prevention of periodontal 

disease.  

 
 

2. Patients who solely had periodontal maintenance appointments at a periodontal clinic 

had significantly different periodontal outcomes (deeper probing depths) than patients 

who alternate periodontal maintenance appointments between their general dentist 

clinic and a periodontal specialty clinic. This may be due to the periodontist’s 

recommendation for patients of unstable periodontal health to be solely seen at 

periodontal specialty clinic. 
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 This the first retrospective observational study examining potential relationships between 

periodontal outcomes and dry mouth. Thus, findings from this study serve as a basis for future 

studies in this field. 

 

6.1 Future Observational Studies 
 
 As salivary flow rate can fluctuate depending on certain factors including dehydration 

and medication use, it would be important to elaborate on the findings of this study to determine 

if the flow rate measurements collected at the periodontal maintenance appointments are 

consistent over time. One study emphasized the importance of collecting periodic salivary flow 

rate samples to discover the average flow rate, thus determining a more accurate representation 

of the patient’s usual salivary flow [74]. As such, patients in this study could now be followed 

prospectively and provide salivary samples at each periodontal maintenance appointment. This 

also could reveal potential changes in salivary flow rate with current periodontal health status. In 

the current study, there was an inclusion criteria of 1 to 5 years post-ST designated to ensure 

patients had sufficient time following their post-ST improvement and to return back to their 

regular periodontal maintenance as well as to restrict potential confounding variables such as 

previous periodontal instruments that have since been updated within the last few years. It is 

possible for future research to examine patients retrospectively 10 to 20 years prior through 

dental charting. Dental charting allows for accessible data on a patient’s dental and medical 

history that can assess periodontal health longitudinally. Additionally, as this study began prior 

to the cannabis legalization, future research can examine the effect of cannabis on salivary 

function and periodontal disease through salivary flow rate measurements. Lastly, as the new 

2018 periodontal disease classification scheme has changed how we view periodontal disease, 
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assessing how diagnoses and dry mouth status correlate overtime would be interesting. 

Prospectively, one study could assess periodontal diagnoses and salivary output measurements at 

each periodontal maintenance appointment to assess if flow rate is related to periodontal 

diagnoses and radiographic bone loss. Overall, this study has provided a platform for future 

research regarding periodontal health and dry mouth.  

As prescription medication is prevalent in society and dry mouth is a frequent side effect, 

future research is essential. Further examination of dry mouth is also important due to the 

detrimental health consequences of dry mouth such as taste distortion, oral discomfort, and  poor 

dietary choices and tooth decay that are also linked to tooth loss and social withdrawal [75, 88] 

Additional observational studies could assess the effectiveness of dry mouth 

questionnaires, including the Xerostomia Inventory questionnaire and Registered Dental 

Hygienist observation questionnaire used in this study. For example, periodontal patients could 

complete a Xerostomia Inventory, provide a salivary flow measurement, and the Registered 

Dental Hygienist complete the Registered Dental Hygienist observation questionnaire at each 

periodontal maintenance appointment to examine if the questionnaires are reliable over time. As 

dry mouth can be influenced by smoking status, medication consumption, and anxiety, it would 

be interesting to see if these variables truly influenced the rate of salivary output.   

 
 
6.2 Future Intervention Studies 
  
 There are numerous studies examining benefits of available dry mouth products and 

quality of life. However, since this study demonstrated that regardless of patient’s dry mouth 

status, there is no difference in periodontal health, the need for dry mouth products may be solely 

based on how significant the complaints are from patients. Therefore, the focus of future 
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intervention studies could focus on the effects of prescription medication and anxiety in relation 

to dry mouth. There is a gap in research that evaluates the effects prescription medication has on 

dry mouth as research focuses more on radiation and chemotherapy induced dry mouth as well as 

dry mouth due to Sjogren’s syndrome. An example of an intervention study could be to recruit 

patients who take prescription medications and split them into two equal groups. The 

intervention group would receive a meditation therapy prior to salivary flow sample collection 

and then receive periodontal maintenance. The control group would provide their salivary flow 

sample and then immediately receive periodontal maintenance. If this intervention showed that a 

calming therapy prior to periodontal maintenance stimulates salivary production, it could be 

utilized in day to day activities that cause anxiety. 
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Appendix 8.1 Certificate of Ethics Clearance for Human Participant Research 
 
 

 
 

 
 
 
 
 

Bioscience Research Ethics Board 
 

 

Certificate of Ethics Clearance for Human Participant Research 
 

Brock University 
Research Ethics Office 
Tel: 905-688-5550 ext. 3035 
Email:  reb@brocku.ca 

 

 

                    
 

DATE: July 16, 2018 
  
PRINCIPAL INVESTIGATOR: WARD, Wendy - Kinesiology 
  
FILE: 17-387 - WARD 
  
TYPE: Masters Thesis/Project STUDENT: Taylor Sparrow 

SUPERVISOR: Wendy Ward 

TITLE: Retrospective Study of Periodontal Outcomes After Sanative Therapy 
 

ETHICS CLEARANCE GRANTED  
 

Type of Clearance:  MODIFICATION Expiry Date:  6/1/2019 
 
The Brock University Bioscience Research Ethics Board has reviewed the above named research proposal and 
considers the procedures, as described by the applicant, to conform to the University’s ethical standards and the 
Tri-Council Policy Statement.   
 
Modification: Addition of measurement of thickness of gum tissue, measurement of Body Mass Index, use of 
paper points to collect gingival crevicular fluid, and option to have patients who have consented to the study 
come prior to their appointment to provide the saliva sample, have height and weight measured, and complete 
the dry mouth questionnaire. 
 
The Tri-Council Policy Statement requires that ongoing research be monitored by, at a minimum, an annual 
report.  Should your project extend beyond the expiry date, you are required to submit a Renewal form before 
6/1/2019.  Continued clearance is contingent on timely submission of reports. 
 
To comply with the Tri-Council Policy Statement, you must also submit a final report upon completion of your 
project.  All report forms can be found on the Research Ethics web page at 
http://www.brocku.ca/research/policies-and-forms/research-forms.   
 
In addition, throughout your research, you must report promptly to the REB: 

a) Changes increasing the risk to the participant(s) and/or affecting significantly the conduct of the study; 
b) All adverse and/or unanticipated experiences or events that may have real or potential unfavourable 

implications for participants; 
c) New information that may adversely affect the safety of the participants or the conduct of the study; 
d) Any changes in your source of funding or new funding to a previously unfunded project. 

 
We wish you success with your research. 
 
Approved: 
 
  ____________________________ 
  Craig Tokuno, Chair 
  Bioscience Research Ethics Board  
 
Note: Brock University is accountable for the research carried out in its own jurisdiction or under its auspices 

and may refuse certain research even though the REB has found it ethically acceptable. 
 

If research participants are in the care of a health facility, at a school, or other institution or community 
organization, it is the responsibility of the Principal Investigator to ensure that the ethical guidelines and 
clearance of those facilities or institutions are obtained and filed with the REB prior to the initiation of 
research at that site. 
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Appendix 8.2 Letter of Invitation 
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Appendix 8.3 Consent Form 
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Appendix 8.4 Xerostomia Inventory Questionnaire 
 

 Never Hardly Ever Occasionally Fairly Often Very Often 

1 I sip liquids to aid in swallowing food      

2 My mouth feels dry when eating a meal      

3 I get up at night to drink      

4 My mouth feels dry      

5 I have difficulty in eating dry foods      

6 I suck sweets or cough lollies to relieve dry mouth      

7 I have difficulties swallowing certain foods      

8 The skin of my face feels dry      

9 My eyes feel dry      

10 My lips feel dry      

11 The inside of my nose feels dry      

 

 
 
 
 
 



 108 

Appendix 8.5 Patient Medical and Dental History Form 
  

 

Confidential Patient Information and Medical History 

Name:         Date of Birth (dd/mm/yyyy):      

Home Address:               

City:         Postal Code:        

Home Telephone:       Cell Phone:        

Best Number to Contact You:             

Email Address:        Marital Status:        

Employer:        Occupation:        

Business Address:              

Business Phone:      How would you like us to confirm your next appointment? 

        Text  Email  Phone Call 

Emergency Contact Name:             
Relationship:        Phone Number:       
 
General Dentist Name:       Referred by:        
Do you have dental insurance?    Yes  No 

Family Physician Name:       Phone Number:       
Pharmacy:        Phone Number:       
 
When was your last physical exam?      Are you in good health?           Yes             No 
Has there been any change in your health in the last year?       Yes             No  
If yes, please elaborate:              
 
Has it ever been recommended that you routinely have antibiotic coverage before surgery or dental treatment?        
 Yes             No 

Are you allergic or have you reacted adversely to any of the following? 

Other allergies (please list):             

Do you smoke?    Yes  No 
If so, how many cigarettes/day?      How many years have you smoked?     

Are you a former smoker?    Yes  No 
If so, how many cigarettes/day?      How many years did you smoke?      
How long ago did you quit?      

Do you or have you had any of the following conditions? 

Yes No Yes No

Aspirin Codeine or other narcotics

Penicillin Sedatives or sleeping pills

Tetracycline Local anesthetics

Other antibiotics Latex gloves

Yes No Yes No

High Blood Pressure/Heart Trouble Sleep Apnea

Angina Pectoris Artificial Joint

Mitral Valve Prolapse (MVP) Kidney Trouble
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Are you willing to spend 15 minutes a day to keep your teeth for a lifetime?  Yes         No 

On a scale of 1 to 5, how nervous are you about dental treatment? (Please circle) 
(Not nervous at all) 1 ——— 2 ——— 3 ——— 4 ——— 5 (Very nervous) 

I understand the above information is necessary to provide me with dental care in a safe manner.  I have answered 
all questions truthfully and to the best of my knowledge.  I consent to your obtaining, from other practitioners who 
are currently treating or have treated me such further information as may be necessary for providing me with proper 
treatment and care. 

Signature:         Date:        

Please be advised that our office policy is not to accept assignment of benefits as payment for accounts.

Heart Murmur Stomach Ulcer

Artificial Heart Valve Glaucoma

Heart Surgery or Heart Attack Liver Disease

Anemia Hepatitis A/B/C

Excessive Bruising Yellow Jaundice

Thyroid Disease Leukemia

Hemophilia or Blood Transfusion HIV (AIDS)

Persistent Cough Venereal Disease

Emphysema/Bronchitis Cold Sores

Asthma Drug Addiction

Tuberculosis Alcohol Dependency

Hayfever Fainting

Sinus Troubles Eating Disorders

Diabetes or Excessive Thirst Psychiatric Treatment

Arthritis Epilepsy/Seizures

Cancer Stroke

Osteoporosis Rheumatic or Scarlet Fever

Yes No

Have you ever been hospitalized? If so, why? Why:

Are there any medical conditions that run in your family? 
(i.e., high blood pressure, diabetes cancer)

Have you ever had abnormal bruising or bleeding associated 
with previous extractions, surgery, or injuries?

Have you ever had any serious trouble with any previous 
dental treatment?

Do you have any disease, condition, or problem not listed 
above that you think we should know about?

Women only: Are you pregnant? Due Date:

Women only: Are you nursing?
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Medication List 

Name:       Date:         

Please include all prescription and non-prescription medications. 

If you are unable to fill out this form, please bring your medicine bottles with you to your 
appointment so that we can assist you in completing this information.  Alternatively, with your 
permission, we can call your pharmacy to request a list of your current medications.

Medication Name Dose Frequency (i.e., once daily)
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Supplement List 

Name:       Date:         

Supplement Dose Brand Frequency (i.e., 
once daily)

Duration (length 
of intake)

B vitamin complex

Beta-carotene

Calcium

Chondroitin

Copper

Dong Quai

Echinacea

Fish oil (DHA or 

EPA)

Omega 3, 6, 9

Cod Liver Oil

Flaxseed (ground)

Flaxseed (unground)

Flaxseed oil

Folic Acid (Folate)

Garlic

Ginko

Glucosamine

Goldenseal

Green Tea

Iron

Kava

Lycopene

Magnesium

Multivitamin/

mutlimineral

Selenium
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Dr. Fritz is committed to providing his patients with evidence-based care.  In doing so, there may 
be research questions that he would like to answer using date collected during your visit to 
improve future patient care.  Please know that in using such information your personal identity 
would never be revealed. 

Please check this box if you allow us to use your anonymized information in a future 
research study.  Your decision will in no way impact the care you receive.

St. John’s wort

Valerian root

Vitamin B6

Vitamin B12

Vitamin C

Vitamin D

Vitalux (for eye 

health)

Zinc

Other:

Supplement Dose Brand Frequency (i.e., 
once daily)

Duration (length 
of intake)
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CDAnet Patient Information Form - Insurance Information 

Is this an accident claim?     Yes          No 
Accident Claim Number:             

PRIMARY INSURANCE INFORMATION 
Name of Patient:               
Name of Policy Holder:             
Policy Holder’s Date of Birth (dd/mm/yyyy):          
Insurance Company:             
Policy/Group Number:             
Subscriber/Certificate Number:            
Place of Employment:             
Relationship of patient to policy holder:      Self  Dependant          Spouse 

Are you claiming from more than one insurance company?     Yes          No 
If yes, please complete the following: 

SECONDARY INSURANCE INFORMATION 
Name of Patient:               
Name of Policy Holder:             
Policy Holder’s Date of Birth (dd/mm/yyyy):          
Insurance Company:             
Policy/Group Number:             
Subscriber/Certificate Number:            
Place of Employment:             
Relationship of patient to policy holder:   Dependant         Spouse 

AUTHORIZED CONSENT TO RELEASE INFORMATION 

I authorize release to my dental benefits plan administrator, information contained in claims 
submitted electronically. 

I also understand that the office of Dr. Peter Fritz is a non-assignment office, meaning that all 
reimbursement cheques will be sent to the insurance subscriber, and that I am personally 
responsible for payment of my account. 

Signature of Patient/Parent/Guardian:           

Date:                
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Patient Consent for the Office Privacy Policy 

For Collection, Use and Disclosure of Personal Information 
Privacy of your personal information is an important part of our office providing you with quality 
dental care.  We understand the importance of protecting your personal information.  We are 
committed to collecting, using and disclosing your personal information responsibly.  We are as 
open and transparent as possible about the way that we handle your personal information. 

In this office, Dr. Fritz acts as the Privacy Information Officer.  All staff members who come in 
contact with your personal information are aware of the sensitive nature of the information that 
you have disclosed to us.  They are all trained in the appropriate uses and protection of your 
information. 

In this document, we have outlined what our office is doing to ensure that: 
• Only absolutely necessary information is collected; 
• We only share your information to your other health care providers with your consent; 
• storage, retention and destruction of your personal information complies with existing 

legislation and privacy protection protocols; 
• Our privacy protocols comply with privacy legislation, standards of our regulatory body, the 

Royal College of Dental Surgeons of Ontario (RCDSO) and the law. 

Please, do not hesitate to discuss our policies with any member of our office staff. 

How our Office Collects, Uses and Discloses Personal Patient Information 
This office will collect, use and disclose information for the following purposes: 
• To deliver safe and efficient patient care; 
• To identify and to ensure continuous high quality service; 
• To assess your health needs; 
• To advise you of treatment options; 
• To establish and maintain communication with you; 
• To allow us to efficiently follow-up for treatment, care and finances; 
• To complete and submit dental claims for third party adjudication and payment; 
• To comply with legal and regulatory requirements, including the delivery of patient information 

and records to the RCDSO in a timely fashion, when required, according to the provisions of 
the Regulated Health Professionals Act; 

• To comply with agreements/undertakings entered into voluntarily by the member with the 
RCDSO, including the delivery and/or review of patient information and records to the College 
in a timely fashion for regulatory and monitoring purposes; 

• To deliver information and records to the dentist’s insurance carrier to enable the insurance 
company to assess liability and quantify damages, if any; 

• To prepare materials for the Health Professions Appeal and Review Board (HPARB); 
• To invoice for goods and services; 
• To process credit card payments; 
• To collect unpaid accounts; 
• To comply with all regulatory requirements and the law. 

By signing below, I have agreed and given my informed consent to the collection, use and/or 
disclosure of my personal information for the purposed that are listed above.  If a new purpose 
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arises for the use and/or disclosure of my personal information, we will seek your approval and 
permissions in advance. 

Your information may be accessed by regulatory authorities under the terms of the Regulated 
Health Professions Act (RHPA) for the purposes of the RCDSO fulfilling its mandate under the 
RHPA, and for the defence of a legal issue. 

Our office will not under any condition supply your insurer with your confidential medical 
history.  In the event this kind of a request is made, we will forward the information directly to 
you for review, and for your specific consent. 

When unusual requests are received, we will contact you for permission to release such 
information.  We may also advise you if such a release is inappropriate. 

You may withdraw your consent for use or disclosure of your personal information, and we will 
explain the ramifications of that decision and the process. 

I have reviewed the Office Privacy Act that explains how Dr. Peter C. Fritz Periodontal Wellness 
and Implant Surgery will use my personal information and the steps this office is taking to protect 
my information. 

I know that the office has a Privacy Code and I can ask to see the Code at any time. 

I agree that Dr. Fritz can collect, use and disclose personal information about me as set out in the 
information about the office’s privacy policies. 

              
Patient Name       Authorized Witness Name 

              
Patient and/or Authorized Substitute   Authorized Witness Signature 
Signature 

       
Date
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Appendix 8.6 Registered Dental Hygienist Observation Questionnaire 

Registered Dental Hygienist Observational Questionnaire  
To be completed by the Registered Dental Hygienist at time of patient’s periodontal 
maintenance appointment 
Adapted from the executive summary of The American Dental Association Council on Scientific 
Affairs1 
 
For the following questions, identify the listed associated oral symptoms of a patient’s mouth 
by checking the related box. 

1. Rate the patient’s initial salivation volume and consistency. 
 

Copious Adequate Slight Deficient in 
Volume 

� � � � 
 
 
 

2. What is the patient’s plaque index (PI)? 
 

10 20 30 40 50 60 70 80 90 100 
� � � � � � � � � � 

 
3. Does the patient have any of the following? 

Dental Caries � 
Enamel demineralization � 
Tooth hypersensitivity � 
Mucositis � 
Oral Candidiasis � 
Traumatic gingival ulcerations  � 
Nonspecific gingival inflammation � 
Fissured tongue � 
Crenulations on tongue (scalloped borders) � 
Dry lips � 
Angular chelitis � 
Halitosis � 
Food retention and debris on teeth and/or tongue � 
Loss of papilla on tongue � 

4. Is the patient taking any over-the-counter, supplement, treatment for dry mouth? If yes, 
please list product. 
_________________________________________________________________ 
_________________________________________________________________ 

References 
 
1. Plemons, J.M., Al-Hashimi, I., & Marek, C. L. , Managing xerostomia and salivary gland hypofunction: executive summary of a report from the American Dental Association Council on Scientific Affairs. 

The Journal of The American Dental Association, 2015. 145(8): p. 867-8 

Serous Sticky Frothy 

� � � 
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Appendix 8.7 Anticholinergic Cognitive Burden Scale 
 

 

 
 
 
 
 
 
 

 

Generic Name Brand Name
Alimemazine Theralen™
Alverine Spasmonal™
Alprazolam Xanax™
Aripiprazole Abilify™
Asenapine Saphris™
Atenolol Tenormin™
Bupropion Wellbutrin™, Zyban™
Captopril Capoten™
Cetirizine Zyrtec™
Chlorthalidone Diuril™, Hygroton™
Cimetidine Tagamet™
Clidinium Librax™
Clorazepate Tranxene™
Codeine Contin™
Colchicine Colcrys™
Desloratadine Clarinex™
Diazepam Valium™
Digoxin Lanoxin™
Dipyridamole Persantine™
Disopyramide Norpace™
Fentanyl Duragesic™, Actiq™
Furosemide Lasix™
Fluvoxamine Luvox™
Haloperidol Haldol™
Hydralazine Apresoline™
Hydrocortisone Cortef™, Cortaid™
Iloperidone Fanapt™
Isosorbide Isordil™, Ismo™
Levocetirizine Xyzal™
Loperamide Immodium™, others
Loratadine Claritin™
Metoprolol Lopressor™, Toprol™
Morphine MS Contin™, Avinza™
Nifedipine Procardia™, Adalat™
Paliperidone Invega™
Prednisone Deltasone™, Sterapred™
Quinidine Quinaglute™
Ranitidine Zantac™
Risperidone Risperdal™
Theophylline Theodur™, Uniphyl™
Trazodone Desyrel™
Triamterene Dyrenium™
Venlafaxine Effexor™
Warfarin Coumadin™

Generic Name Brand Name
Amantadine Symmetrel™
Belladonna Multiple
Carbamazepine Tegretol™
Cyclobenzaprine Flexeril™
Cyproheptadine Periactin™
Loxapine Loxitane™
Meperidine Demerol™
Methotrimeprazine Levoprome™

Molindone Moban™
Nefopam Nefogesic™
Oxcarbazepine Trileptal™
Pimozide Orap™

Generic Name Brand Name
Amitriptyline Elavil™
Amoxapine Asendin™
Atropine Sal-Tropine™
Benztropine Cogentin™
Brompheniramine Dimetapp™
Carbinoxamine Histex™, Carbihist™
Chlorpheniramine Chlor-Trimeton™
Chlorpromazine Thorazine™
Clemastine Tavist™
Clomipramine Anafranil™
Clozapine Clozaril™
Darifenacin Enablex™
Desipramine Norpramin™
Dicyclomine Bentyl™
Dimenhydrinate Dramamine™, others
Diphenhydramine Benadryl™, others
Doxepin Sinequan™
Doxylamine Unisom™, others 
Fesoterodine Toviaz™
Flavoxate Urispas™
Hydroxyzine Atarax™, Vistaril™
Hyoscyamine Anaspaz™, Levsin™
Imipramine Tofranil™
Meclizine Antivert™
Methocarbamol Robaxin™
Nortriptyline Pamelor™
Olanzapine Zyprexa™
Orphenadrine Norflex™
Oxybutynin Ditropan™
Paroxetine Paxil™
Perphenazine Trilafon™
Promethazine Phenergan™
Propantheline Pro-Banthine™
Propiverine Detrunorm™
Quetiapine Seroquel™
Scopolamine Transderm Scop™
Solifenacin Vesicare™
Thioridazine Mellaril™
Tolterodine Detrol™
Trifluoperazine Stelazine™
Trihexyphenidyl Artane™
Trimipramine Surmontil™
Trospium Sanctura™

Drugs with ACB Score of 3Drugs with ACB Score of 2Drugs with ACB Score of 1

Categorical Scoring:
t� Possible anticholinergics include those listed with a 

score of 1;  Definite anticholinergics include those 
listed with a score of 2 or 3

Numerical Scoring:
t� Add the score contributed to each selected medication 

in each scoring category
t� Add the number of possible or definite Anticholinergic 

medications

Notes:
t� Each definite anticholinergic may increase the risk of 

cognitive impairment by 46% over 6 years. 3

t� For each on point increase in the ACB total score, a 
decline in MMSE score of 0.33 points over 2 years has 
been suggested. 4

t� Additionally, each one point increase in the ACB total 
score has been correlated with a 26% increase in the 
risk of death. 4 

Aging Brain Care
www.agingbraincare.org
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Appendix 8.8 Factorial ANOVA Analysis and Assumptions for Patients With or Without Dry 
Mouth 
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Appendix 8.9 Factorial ANOVA Analysis and Assumptions for Patients Who Do or Do Not 
Alternate Periodontal Maintenance Appointments 
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Appendix 8.10 Periodontal Disease Classification System 

 
 
 
 
 

PERIODONTITIS: GRADING 
Grading aims to indicate the rate of periodontitis progression, responsiveness to standard therapy, and potential impact on systematic health.  
Clinicians should initially assume grade B diseases and seek specific evidence to shift to grade A or C. 
See perio.org/2017wwdc for additional information. 

Progression Grade A:  
Slow Rate

Grade B:  
Moderate Rate

Grade C:  
Rapid Rate

Primary Criteria 

Whenever available, direct  
evidence should be used.

Direct evidence 
of progression

Radiographic bone 
loss or CAL No loss over 5 years <2 mm over 5 years >2 mm over 5 years

Indirect evidence 
of progression

% bone loss/age <0.25 0.25 to 1.0 >1.0

Case phenotype
Heavy biofilm deposits 

with low levels of 
destruction

Destruction 
commensurate with 

biofilm deposits

Destruction exceeds 
expectations given biofilm 
deposits; specific clinical 

patterns suggestive of 
periods of rapid progression 
and/or early onset disease. 

Grade Modifiers Risk factors
Smoking Non-smoker <10 cigarettes/day >10 cigarettes/day

Diabetes Normoglycemic 
No diabetes diagnosis

HbA1c <7.0% in 
patients with diabetes

HbA1C >7.0% in 
patients with diabetes

The 2017 Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions was co-presented  
by the American Academy of Periodontology (AAP) and the European Federation of Periodontology (EFP).

Table recreated from Tonetti, Greenwell, Kornman. J Periodontal 2018;89 (Suppl 1): S159-S172

All Rights Reserved

CLASSIFICATION OF PERIODONTAL AND PERI-IMPLANT DISEASES AND CONDITIONS 2017

Periodontal Diseases and Conditions

Periodontal Health, Gingival 
Diseases and Conditions

Periodontitis Other Conditions Affecting the Periodontium

Periodontal 
Health and 

Gingival 
Health

Gingivitis: 
Dental Biofilm-

Induced

Gingival 
Diseases: Non-
dental Biofilm- 

Induced

Necrotizing 
Periodontal 

Diseases
Periodontitis

Periodontitis  
as a 

Manifestation 
of Systematic 

Diseases

Systemic 
Diseases or 
Conditions 

Affecting the 
Periodontal 
Supporting 

Tissues

Periodontal 
Abscesses and 
Endodontic-
Periodontal 

Lesions

Mucogingival 
Deformities 

and Conditions

Traumatic 
Occlusal 
Forces

Tooth and 
Prosthesis 

Related Factors

Peri-Implant Diseases and Conditions

Peri-Implant Health Peri-Implant Mucositis Peri-Implantitis Peri-Implant Soft and Hard Tissue Defencies

All Rights Reserved
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Step 1: 
Initial Case Overview to 

Access Diseases

Screen: 
• Full mouth probing depths 
• Full mouth radiographs 
• Missing teeth 

Mild to moderate periodontist will typically be Stage I or Stage II 

Severe to very severe periodontitis will typically be Stage III or Stage IV

Step 2:  
Establish Stage

For mild to moderate periodontitis (typically Stage I or Stage II): 
• Confirm clinical attachment loss (CAL) 
• Rule out non-periodontitis causes of CAL (e.g., cervical restorations or caries, root 
fractures, CAL due to traumatic causes) 

• Determine maximum CAL or radiographic bone loss (RBL) 
• Confirm RBL patterns 
 
For moderate to severe periodontitis (typically Stage III or Stage IV): 

• Determine maximum CAL or RBL 
• Confirm RBL patterns 
• Assess tooth loss due to periodontitis 
• Evaluate case complexity factors (e.g., severe CAL frequency, surgical challenges)

Step 3:  
Establish Grade

• Calculate RBL (% of root length x 100) divided by age 
• Assess risk factors (e.g., smoking, diabetes) 
• Measure response to scaling and root planning and plaque control 
• Assess expected rate of bone loss 
• Conduct detailed risk assessment 
• Account for medical and systematic inflammatory considerations

Steps to 
Staging 

and 
Grading 

Periodontal 
Disease

All Rights Reserved

PERIODONTITIS: STAGING 
Staging intends to classify the severity and extent of a patient’s disease based on the measurable amount of destroyed and/or damaged tissue as a result of 
periodontitis and to assess the specific factors that may attribute to the complexity of long-term case management. Initial stage should be determined using 
clinical attachment loss (CAL). If CAL is not available, radiographic bone loss (RBL) should be used. Tooth loss due to periodontitis may modify stage definition. 
One or more complexity factors may shift the stage to a higher level. See perio.org/2017wwdc for additional information.

Periodontitis Stage I Stage II Stage III Stage IV

Severity

Interdental CAL 
(at site of greatest loss)

1 - 2 mm 3 - 4 mm >5 mm >5 mm

Radiographic Bone Loss 
(RBL)

Coronal third (<15%) Coronal third (15% - 33%) Extending to middle 
third of root and beyond.

Extending to middle third 
of root and beyond.

Tooth loss  
(due to periodontitis) No tooth loss <4 teeth lost <5 teeth lost

Complexity Local

• Max. probing depth  
<4 mm 

• Mostly horizontal  
bone loss

• Max. probing depth  
<5 mm 

• Mostly horizontal  
bone loss

In addition to Stage II 
complexity: 

• Probing depths >6 mm 

• Vertical bone loss <3 
mm 

• Furcation involvement 
Class II or III 

• Moderate ridge 
defects

In addition to Stage III 
complexity: 
• Need for complex 

rehabilitation due to: 
Masticatory dysfunction 
Secondary occlusal 
trauma (tooth mobility 
degree >2) 
Severe ridge defects 
Bite collapse, drifting, 
flaring 
<20 remains teeth (10 
opposing pairs)

Extent and 
Distribution

Add to stage as 
descriptor

For each stage, describe event as: 
Localized (<30% of teeth involved); 

Generalized; or 
Molar/incisor pattern

Staging and 
Grading 

Periodontitis
The 2017 World 
Workshop on the 
Classification of 
Periodontal and 

 Peri-Implant Diseases 
and Conditions resulted 
in a new classification of 

periodontitis 
characterized by a 
multidimensional 

staging and grading 
system. The charts 

adjacent provide an 
overview. Please visit 

perio.org/2017wwdc 
for the complete suite of 
reviews, case definition 
papers, and consensus 

reports.

All Rights Reserved
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Periodontitis  
(reduced periodontium)

Pristine Periodontal 
Health

Clinical Periodontal 
Health  

(intact periodontium)
Gingivitis Periodontal Disease 

Stability
Periodontal Disease 
Remission/Control

Bleeding on probing None None - Minimal Yes None - Minimal Significantly Reduced

Normal gingival 
sulcus depth Yes Yes Yes No No

Normal bone heights Yes Yes Yes No No

Modifying factors Controlled Controlled May be present Controlled Not fully controlled

Predisposing factors Controlled Controlled May be present Controlled Not fully controlled
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