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ABSTRACT 

Periodontal disease is a chronic state of inflammation that can destroy the supporting 

tissues around the teeth, leading to the resorption of alveolar bone. The initial strategy for 

treating periodontal disease is non-surgical sanative therapy (ST). Periodontal disease can also 

induce dysbiosis in the gut microbiota and contribute to low-grade inflammation. Prebiotic 

fibres, such as inulin, can selectively alter the intestinal microbiota and support homeostasis by 

improving gut barrier function, preventing systemic inflammation which may help local 

inflammation in the periodontal tissues. Providing an inulin supplement may benefit periodontal 

health while providing insight into the complex relationship between periodontal disease and the 

gut microbiota. The primary objective is to determine if a daily 10 g dose of inulin for 14 weeks 

is more effective than the placebo at improving clinical periodontal outcomes including probing 

depth (PD) and bleeding on probing (BOP). Secondary objectives include determining the effects 

of inulin supplementation pre and post ST on salivary markers of inflammation and periodontal-

associated pathogens, as these outcomes reflect more rapid changes than clinical periodontal 

outcomes. This thesis has involved the design and registration of a single-center, randomized, 

double-blind, placebo-controlled study design in which 170 participants who are receiving ST to 

manage periodontal disease will be randomized to the intervention (inulin) or placebo 

(maltodextrin) group. The intervention period will begin 4 weeks before ST through to their 

follow up appointment at 10 weeks post ST. Clinical outcomes of periodontal disease including 

number of sites with PD ≥ 4 mm and the absence of BOP will be measured at baseline and post 

ST. Salivary markers of inflammation (interleukin-1beta, interleukin-6, c-reactive protein and 

matrix metalloproteinase-8), periodontal-associated pathogens (Porphyromonas gingivalis, 

Treponema denticola, Tannerella forsythia and Aggregatibacter actinomycetemcomitans), body 

mass index (BMI) and diet assessments will be measured at baseline, pre ST and post ST. Inulin 
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is expected to enhance the positive effect of ST on the management of periodontal disease. The 

results of the study results will help to provide guidance regarding the use of prebiotics prior to 

and as a supportive adjunct to ST for periodontal health.  
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CHAPTER ONE 

LITERATURE REVIEW 

1.1. Periodontal Disease 

Periodontal disease is a multifactorial, complex, chronic inflammatory disease in which 

supporting structures, such as connective tissue attachment and bone in the jaw can be degraded. 

Initially, when bacteria accumulate between and around the teeth and cause inflammation, the 

resultant condition is called gingivitis. Gingivitis is reversible but has the potential to progress to 

periodontal disease. Periodontitis is a dysbiosis of the oral ecosystem that results in a shift in the 

composition from predominantly healthy bacteria to an increased prevalence of disease-

promoting bacteria (Nath & Raveendran, 2013). The pathogenesis of periodontal disease is 

mediated by the inflammatory host response to bacteria in dental plaque.  

 The general consensus of the literature is that there is no single specific bacterial species 

that has been identified as the cause of periodontal disease. Instead, a consortium of bacteria acts 

together in the initiation and progression of the disease (Hoare et al., 2019; Nishihara & Koseki, 

2004). Bacteria are one of the domains of life and can be classified based on a hierarchy: 

domain, kingdom, phylum, class, order, family, genus, species and finally, strain. The first name 

in bacteria nomenclature refers to the genus, followed by the species and strain. The human oral 

microbiota contains approximately 700 species of bacteria, with distinct bacteria residing in 

different areas of the mouth (Dewhirst et al., 2010; Verma, Garg, & Dubey, 2018). Perturbations 

of the oral microbiota can have negative consequences on our oral health and poor oral health 

has been found to be associated with overall health and systemic diseases (reviewed in Olsen, 
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2015). When periodontal disease is untreated, tooth loss may occur which can affect basic life 

processes such as chewing. 

1.2. Periodontal Biofilm 

 Bacteria implicated in periodontal disease are not free-floating within the oral cavity, and 

instead reside within an organized biofilm matrix on the tooth surfaces. Biofilms are comprised 

of mainly bacteria as well as protozoa, yeasts, mycoplasmas, Archaea, fungi, or protozoa (Do, 

Devine, & Marsh, 2013). The biofilm development commences when glycoproteins, 

phosphoproteins, and lipids form a dental pellicle on the surfaces of clean teeth (Darveau, 

Tanner, & Page, 1997). Early bacterial colonizers, which include Actinomyces and Streptococcus 

species, will attach to the pellicle through weak electrostatic forces (Larsen & Fiehn, 2017). This 

immature biofilm is easily removed upon mechanically disruption. If this does not occur, other 

bacteria will form an irreversible attachment to the initial bacteria via adhesions and receptor 

interaction (Larsen & Fiehn, 2017). During maturation, the bacteria will develop, receiving 

nutrients through aqueous channels, and produce extracellular polymers (Darveau, Tanner, & 

Page, 1997; Do, Devine, & Marsh, 2013). Developed biofilms form a solid network and can 

become calcified from the precipitation of minerals from saliva and gingival crevicular fluid. 

This leads to the formation of calculus. Calculus cannot be perturbed by antibiotics and requires 

professional removal. 

1.3. Classifying Periodontal Disease 

A new classification of periodontal disease was published in 2017, updating the 1999 

classification system. Characterizing periodontal disease is now based on a multidimensional 

staging and grading system (Caton et al., 2018). These changes have updated the classification 

https://en.wikipedia.org/wiki/Saliva


3 
 

scheme to reflect the new research and information that has transpired over the past 18 years 

(Caton et al., 2018). The goal of staging is to classify the severity and extent of a patient’s 

disease by measuring the amount of destroyed tissue. Specifically, periodontal disease is defined 

in four stages, from the least severe (Stage 1) to the most severe (Stage 4) which is determined 

by measuring the clinical attachment loss (CAL) or radiographic bone loss. Staging may be 

modified if a patient has had any tooth loss. For example, a patient may be moved into a higher 

severity stage if factors exist that add to the complexity of their disease. Also, the extent of 

periodontal disease is described as localized, generalized or molar/incisor pattern depending on 

the frequency of probing depths (PD) greater than 3 mm.  

Grading indicates the rate of disease progression by determining the radiographic bone 

loss over 5 years. If this information is not available, the percentage of bone loss is divided by 

the patient’s age to determine if they are either Grade A, B or C. Grade A is a slow rate of 

periodontal disease progression while Grade C is a rapid rate of progression. If a patient has 

diabetes or is a smoker, they will experience an accelerated rate of tissue destruction. The 

absence of bleeding on probing (BOP) can serve as a predictor of periodontal stability (Lang et 

al., 1990). Additionally, PD and BOP is used to assess the patient’s current periodontal state and 

to determine a treatment strategy.  

1.4. Risk Factors for Periodontal Disease 

While dysbiosis of the oral environment and the host response influences the progression 

of periodontal disease, other factors such as lifestyle habits, dental factors, 

comorbidities/systemic diseases, genetics, and microbial communities also play a role in this 

disease (Loos & Vandyke, 2020). Modifiable risk factors of periodontal disease include oral 
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hygiene, smoking status and diet. Improper oral hygiene techniques can lead to the accumulation 

of dental plaque and calculus and result in gingival inflammation. Poor oral hygiene significantly 

increases the risk of developing periodontal disease while tooth brushing, flossing and frequent 

dental visits have a protective effect (Lertpimonchai et al. 2017). Smoking has a destructive role 

on periodontal tissue and thus accelerates the rate of disease progression. Sanative therapy (ST) 

is a mainline non-surgical strategy for managing periodontal disease. However, it is reported to 

be less effective at reducing PD and periodontal-associated pathogens in those who smoke 

because of the greater susceptibility to recolonization of pathogenic bacteria than non‐smokers 

(Feres et al., 2015; Grossi et al., 1997; Preber & Bergström, 1986). Also, smokers have a greater 

amount of periodontal inflammation which may make it harder to resolve BOP at deeper pockets 

after ST (Ardais et al., 2014). Poor diet quality is also associated with an increased risk to 

develop periodontal disease (Jauhiainen et al., 2020). Vitamins, omega‐3 fatty acids, calcium and 

fibre play a protective role in preventing periodontal disease development (Naqvi et al., 2010; 

Nielsen et al., 2016; Nishida et al., 2000; Varela-López et al., 2018). Certain nutrients have also 

been associated with improved healing and periodontal maintenance after ST (Dodington et al., 

2015; Sparrow et al., 2020), though this relationship is less studied. Nutritional interventions 

have the capability of modifying the oral microbiota and help resolve the host inflammation, 

both locally and systemically, to improve clinical outcomes of periodontal disease, namely PD 

and BOP.  

There are many different systemic diseases that play a role in the etiology of periodontal 

disease. These include obesity, type 2 diabetes (T2DM), metabolic syndrome, cardiovascular 

disease, respiratory disease, chronic kidney disease, rheumatoid arthritis, cognitive impairment, 

and cancer (reviewed in Winning & Linden, 2015). All of these diseases contribute to low-grade 
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inflammation which can ultimately exacerbate each condition. Low-grade inflammation and 

periodontal disease have a bidirectional relationship. Periodontal disease can exacerbate low-

grade inflammation in many systemic diseases while the systemic production of inflammatory 

factors through various disease states can exacerbate periodontal disease. Managing periodontal 

disease may be a strategy to improve overall health and pre-existing systemic disease.  

1.5. Measurement of Salivary Pathogens to Assess Periodontal Disease 

Within the oral cavity, there are many different areas for bacteria to reside. These 

different niches have varying bacterial compositions due to the distinct environmental conditions 

at each site (Yamashita & Takeshita, 2017). Oral microbial composition is most commonly 

sampled from the supragingival and subgingival regions in relation to periodontal disease. Other 

regions include tongue, dorsum, hard palate, buccal mucosa, keratinized gingiva or gums, 

palatine tonsils, and throat. These sites do not represent the location in which disease activity 

occurs and will have differing nutrient and oxygen availability than sites with active periodontal 

disease and consequently, different bacterial compositions. Samples from subgingival and 

supragingival regions harbor the specific pathogens that are responsible for dental caries and 

yields the highest probability for the detection of oral colonization by periodontal-associated 

pathogens (Beikler et al., 2006; Yamashita & Takeshita, 2017). The supragingival region is 

located above the gingival margin where it is exposed to saliva and ingested substances (Segata 

et al., 2012). The subgingival region is covered in gingival crevicular fluid, a serum exudate with 

antioxidant properties (Kuboniwa & Lamont, 2010). Subgingival regions contain more obligate 

anaerobic genera including periodontal-associated pathogens Fusobacterium, Prevotella, and 

Treponema (Segata et al., 2012) and would be the preferred sampling site. Supragingival plaque 

consists predominantly of facultative anaerobic genera including Streptocococcus, 
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Capnocytophaga, Neisseria, Haemophilus, Leptotrichia, Actinomyces, Rothia, Corynebacterium 

and Kingella (Segata et al., 2012). The most common sampling devices are curettes/scalers, 

probes or paper points.  

Another common sampling site used in periodontal disease is saliva. There is difficulty in 

achieving samples from these areas, as samples are often contaminated with blood in patients 

with active bleeding sites. Nonetheless, anaerobic and facultative anaerobic bacteria that are 

traditionally associated with periodontal disease are detected with comparable accuracy in saliva 

compared to bacteria sampled from subgingival plaque samples (Belstrøm et al., 2017). 

Therefore, saliva may be an accurate alternative to subgingival samples when testing for 

periodontal pathogens. Saliva samples are relatively easy to obtain and may be more feasible to 

collect in studies with a large number of participants. The sampling is non‐invasive and there is 

minimal technique required for collection. In addition, saliva samples contain buccal epithelial 

cells and immune and inflammatory cells that can be used to monitor the disease (Kim et al., 

2018). Saliva is reflective of local immune responses and periodontal disease severity (Sexton et 

al., 2011). There is some evidence that salivary biomarkers may also be related to the systemic 

immune response. Serum levels of MMP-8 have been correlated with MMP-8 taken from saliva 

and clinical parameters of number of sites with PPD ≥ 4 mm, mean PD, number of sites with 

PPD ≥ 6 mm in a linear regression analysis (Noack et al., 2017). Another study showed that 

mean serum and salivary TNF-α levels in individuals with metabolic syndrome and periodontal 

disease, individuals with metabolic syndrome without periodontal disease, and individuals with 

periodontal disease only were significantly higher than the control group (Chauhan et al., 2016). 

Furthermore, TNF-α levels in both serum and saliva were correlated with BOP, CAL and PD. 

(Chauhan et al., 2016). For the most accurate results, saliva samples should be used to assess the 
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local immune response, whereas plasma or serum samples should be used to analyze the 

systemic immune response. These studies do show us, however, that there may be an effect of 

the local diseased sites in periodontal disease to the systemic inflammation and vice versa. 

The current staging and grading system of periodontal disease is limited to measuring 

clinical outcomes after the periodontal destruction has occurred. The use of salivary cytokines 

and pathogen as biomarkers provides the ability to predict disease progression prior to tissue 

destruction and clinical manifestations (Kinney et al. 2011). A response to non-surgical 

periodontal therapy such as ST - with or without an additional adjunctive therapy that may 

include a dietary intervention or supplementation – can be measured rather than waiting to see a 

change in a clinical outcome that would require a longer time period (Sexton et al., 2011).  

1.6. Bacteria in the Oral Microbiota 

1.6.1. Bacteria Associated with a Healthy Oral Environment 

There are many limitations that prevent defining the resident bacteria in a healthy oral 

microbiota, including the substantial variability of the composition of the oral microbiota 

between individuals and the variability according to the sampling site/methods. Individuals who 

are considered to have good periodontal health will have a large variation of the bacteria present 

in the oral microbiota, in addition to the host responses to those species (Abiko et al., 2010; Chen 

et al., 2018). There are also variations in the types of bacteria depending on the sampling site. 

For example, bacterial profiles differed in samples taken from nine different sites in the oral 

cavity (Aas et al., 2005). However, there are some overall characteristics of what constitutes 

periodontal health. Traditionally, a healthy oral microbiota is considered to have a wide bacterial 

diversity. The microbiota of a healthy individual is associated with many factors such as age, diet 
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and sex (Gao et al., 2018). Studies have also demonstrated a shift from a Gram-positive 

dominated community in samples from healthy patients, to a Gram-negative dominated 

community in samples from patients with periodontal disease (Han et al., 2017). Periodontal-

associated pathogens are isolated in healthy individuals, but increase markedly in disease (Chen 

et al., 2018). Specifically, P. gingivalis was found to be 148% higher in individuals with 

moderate periodontal disease in comparison to individuals with initial/no periodontal disease 

(von Troil-Lindén et al., 1995).  

Table 1.1 summarizes the bacteria that have been found profiled from individuals with 

periodontal health. Patients with good periodontal health have a greater abundance of 

Streptococcus oralis, Streptococcus sanguinis and Streptococcus australis which are Gram-

positive, and belong to the order of lactobacillales or lactic acid bacteria (Abiko et al., 2010; 

Colombo et al., 2009; Lourenço et al., 2014). Not all members of this genus are desired in the 

oral microbiota; Streptococcus mutans is the key etiological agent in dental cavities (Hamada, 

Koga & Ooshima, 1984). Furthermore, the principal bacterial genera that have been associated 

with periodontal health include Actinomyces, Granulicatella, Gemella and Pseudomonas 

(Colombo et al., 2009; Lourenço et al., 2014; Socransky et al., 1998). Other Gram-negative 

bacteria that were significantly more prevalent in healthy patients compared to patients with 

periodontal disease included Capnocytophaga sputigena, Cardiobacterium hominis, 

Haemophilus parainfluenzae, Lautropia mirabilis, Klebsiella pneumoniae and Neisseria 

polysaccharea (Lourenço et al., 2014; Colombo et al., 2009). Gram-positive bacteria that were 

associated with periodontal health were Rothia dentocariosa and Propionibacterium 

propionicum (Colombo et al., 2009; Lourenço et al., 2014). These few studies do not capture all 

of the research that has gone into defining a healthy oral microbiota along with the broader 
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literature, the answer is still unclear. The research for periodontal-associated pathogens, 

however, is more defined. 
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Table 1.1 Oral Bacteria in Healthy Individuals without Periodontal Disease 

 

Bacteria Study   Phylum Gram Type How it was collected (swab, 

hand instrument) 

Measured in 

Streptococcus oralis Abiko et al., 2010 Firmicutes 

 

Facultative 

anaerobe, Gram-

positive 

Sterile periodontal pocket 

probes 

Subgingiva 

Streptococcus 

sanguinis 

Abiko et al., 2010;  

Colombo et al., 2009 

Firmicutes 

 

Facultative 

anaerobe, Gram-

positive 

Sterile periodontal pocket 

probes 

Subgingiva 

Streptococcus 

australis  

Lourenço et al., 2014 Firmicutes Facultative 

anaerobe, 

Gram-positive 

Gracey curettes Subgingiva 

Pseudomonas spp. Lourenço et al.,  2014 Proteobacteria Aerobes, 

Gram-negative  

Gracey curettes Subgingiva 

Granulicatella spp. Lourenço et al.,  2014 Firmicutes Facultative 

anaerobe, Gram-

positive 

Gracey curettes Subgingiva 

Actinomyces spp. Colombo et al., 2009;  

Socransky et al., 1998 

Actinobacteria Facultative 

anaerobe, Gram-

positive 

Sterile periodontal curettes; 

Gracey curettes 

Subgingiva 

Gemella 

spp. 

Lourenço et al.,  2014 Firmicutes Facultative 

anaerobe, Gram-

positive 

Gracey curettes Subgingiva 

Haemophilus 

parainfluenzae 

Lourenço et al.,  2014; 

Colombo et al., 2009 

Proteobacteria Facultative 

anaerobe, Gram-

negative 

Gracey curettes Subgingiva 

Klebsiella pneumoniae Lourenço et al.,  2014 Proteobacteria Facultative 

anaerobe, Gram-

negative 

Gracey curettes Subgingiva 

https://en.wikipedia.org/wiki/Firmicutes
https://en.wikipedia.org/wiki/Firmicutes
https://en.wikipedia.org/wiki/Proteobacteria
https://en.wikipedia.org/wiki/Actinobacteria
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Neisseria 

polysaccharea, 

Lourenço et al.,  2014 Proteobacteria Fastidious Gram-

negative 

Gracey curettes Subgingiva 

Cardiobacterium 

hominis 

Colombo et al., 2009 
Proteobacteria 

 

Facultative 

anaerobe, Gram-

negative 

Sterile periodontal curettes Subgingiva 

Capnocytophaga 

sputigena 

Colombo et al., 2009 Bacteroidetes Facultative 

anaerobe, Gram-

negative 

Sterile periodontal curettes Subgingiva 

Lautropia mirabilis Colombo et al., 2009 Proteobacteria Facultative 

anaerobe, Gram-

negative 

Sterile periodontal curettes Subgingiva 

Propionibacterium 

propionicum 

Colombo et al., 2009 Actinobacteria 

 

Anaerobic, 

Gram-positive 

Sterile periodontal curettes Subgingiva 

Rothia dentocariosa Colombo et al., 2009; 

Lourenço et al.,  2014 

Actinobacteria Facultative 

anaerobe, gram-

positive 

Sterile periodontal curettes; 

Gracey curettes 

Subgingiva 

 

  

https://www.google.com/search?rlz=1C1DVJR_enCA786CA786&q=Proteobacteria&stick=H4sIAAAAAAAAAONgVuLQz9U3MDMrq1rEyhdQlF-Smp-UmFySWpSZCABqFCx-HQAAAA&sa=X&ved=2ahUKEwiDs4uFkt_gAhUJ04MKHd88A_MQmxMoATAZegQIBhAV
https://en.wikipedia.org/wiki/Proteobacteria
https://en.wikipedia.org/wiki/Bacteroidetes_(phylum)
https://en.wikipedia.org/wiki/Actinobacteria
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1.6.2. Periodontal-Associated Pathogens 

Advancing periodontal disease is characterized by an increasing amount of bacteria, 

mostly Gram-negative anaerobic bacilli and spirochetes (Alwaeli., 2018). The three most highly 

recognized pathogens associated with severe forms of periodontal disease are Porphyromonas 

gingivalis (P. gingivalis), Tannerella forsythia (T. forsythia), and Treponema denticola (T. 

denticola) (Table 1.2) (Abiko et al., 2010; Kim et al., 2018; Socransky et al., 1998). These 

bacteria have been defined as “red complex pathogens” because they are highly correlated with 

clinical measures of periodontal disease including PD and BOP (Socransky et al., 1998). Many 

studies have demonstrated a significant relationship between the presence of these pathogens and 

periodontal disease (Mineoka et al., 2008; Tamai, Deng, & Kiyoura, 2009).  

Another key player is Aggregatibacter actinomycetemcomitans (A. 

actinomycetecomitans). The prevalence of A. actinomycetemcomitans in aggressive periodontal 

disease and chronic periodontal disease was found to be associated with a greater number of sites 

with PD and greater CAL than individuals with periodontal health (Mahalakshmi, Krishnan, & 

Chandrasekaran, 2018). A. actinomycetemcomitans may be the most harmful when it is present 

with other bacteria. In a longitudinal study, the presence of A. actinomycetemcomitans, S. 

parasanguinis, and Filifactor alocis at subginigival sites was strongly associated and predictive 

of bone loss (Fine et al., 2013). This research is designed to corroborate the role of A. 

actinomycetemcomitans in periodontal disease by determining the levels of this pathogen pre ST 

and post ST in periodontal patients. 

Eubacterium saphenum has been found in patients with periodontal disease in multiple 

studies (Abiko et al., 2010; Colombo et al., 2009; Kumar et al., 2003). Filifactor alocis was 
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present at high levels in patients with periodontal disease using 16S rRNA gene sequencing 

(Kumar et al., 2003) while a low prevalence of this bacterium (15.8%) is present in healthy 

individuals (Schlafer et al., 2010). More specifically, the prevalence of this bacterium was found 

to be in 78% of the patients with generalized aggressive periodontal disease and in 77% of those 

suffering from chronic periodontal disease (Schlafer et al., 2010). These studies suggest that 

Filifactor alocis is a marker for periodontal disease. 

Pathogens associated with moderate periodontal disease include Campylobacter rectus, 

Peptostreptococcus micros, Prevotella nigrescens, Prevotella intermedia, Fusobacterium 

periodonticum and Fusobacterium nucleatum (Kim et al., 2018; Kumar et al., 2003; Socransky et 

al., 1998). Other pathogens that show minor evidence in relation to periodontal disease included 

Parvimonas micra and Selenomonas spp. 

Lipopolysaccharides (LPS) are present in Gram-negative bacteria, including members 

Bacteroidetes and Proteobacteria phyla. LPS, an endotoxin, is the major component of the outer 

membrane and consists of an O‐antigen, a core polysaccharide, and a lipid A component. The 

lipid A integrates LPS into the outer membrane of the bacterial cell and is mainly responsible for 

the toxicity of the molecule. The outer layer is regenerating and as a consequence, bacteria 

release LPS components in their environment (Wassenaar & Zimmermann, 2018). LPS present 

in periodontal-associated pathogens can directly destroy periodontal tissues and activates host 

immune cells which trigger a local immune response and indirectly cause destruction due to the 

increase of proinflammtory mediators (reviewed in Jia et al., 2019).   
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Table 1.2. Oral Bacteria in Patients with Periodontal Disease 

Bacteria Study   Phylum Gram Type  How it was 

collected 

(swab, 

hand 

instrument) 

Measured in Prevalence in periodontal patients 

Porphyromonas 

gingivalis 

Abiko et al., 

2010; Kim et al., 

2018 

Bacteroidetes Anaerobe, 

Gram-

negative 

Sterile 

periodontal 

pocket 

probes; 

mouthwash 

samples 

Subgingiva; 

Saliva 

High; closely associated with 

chronic periodontal disease and 

considered one of the key 

periodontal pathogens; red complex 

pathogen 

Tannerella forsythia Socransky et al., 

1998; Abiko et 

al., 2010; Kim et 

al., 2018 

Bacteroidetes Anaerobe, 

Gram-

negative 

Gracey 

curettes; 

Sterile 

periodontal 

pocket 

probes; 

mouthwash 

samples  

Subgingiva; 

Saliva 

High; closely associated with 

chronic periodontal disease 

considered one of the key 

periodontal pathogens, red complex 

pathogen 

Treponema denticola Socransky et al., 

1998; Kim et al., 

2018 

Spirochetes Anaerobe, 

Gram-

negative 

Gracey 

curettes; 

mouthwash 

samples 

Subgingiva; 

Saliva 

High; closely associated with 

chronic periodontal disease 

considered one of the key 

periodontal pathogens, red complex 

pathogen 

 

Aggregatibacter 

actinomycetecomitans 

Mahalakshmi, 

Krishnan, & 

Chandrasekaran, 

2018; 

 

Proteobacteria Facultative 

anaerobe, 

Gram- 

negative 

Gracey 

curettes 

Subgingiva Significantly more prevalent in 

aggressive periodontal disease and 

chronic periodontal disease  than in 

health controls  
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Eubacterium 

saphenum 

Abiko et al., 

2010; Kumar et 

al., 2003 

Colombo et al., 

2009 

Eubacteriaceae Anaerobe, 

Gram-

positive 

Sterile 

periodontal 

pocket 

probes; 

Endodontic 

paper points 

Subgingiva High, more commonly found in 

subjects with periodontal disease 

Filifactor alocis Schlafer et al., 

2010; Kumar et 

al., 2003 

Firmicutes Obligate 

Anaerobe,  

Gram-

positive  

Paraffin 

gum; Probe 

Subgingiva; 

Saliva;   

High; rarely detected in the 

periodontal health 

Fusobacterium 

nucleatum 

Socransky et al., 

1998; Kim et al., 

2018; Kumar et 

al., 2003 

Fusobacteria Anaerobe,  

Gram-

negative 

Gracey 

curettes; 

Endodontic 

paper points 

Subgingiva; 

Saliva 

Moderate; related to PD but not to 

the same degree of the red complex 

pathogens 

Fusobacterium  

periodonticum 

Socransky et al., 

1998;   

Fusobacteria 

 

Anaerobe, 

Gram-

negative 

Gracey 

curettes 

Subgingiva Moderate; related to PD but not to 

the same degree of the red complex 

pathogens 

Peptostreptococcus 

micros 

Socransky et al., 

1998;  

Firmicutes Anaerobe,  

Gram-

positive 

Gracey 

curettes 

Subgingiva Moderate; related to PD but not to 

the same degree of the red complex 

pathogens 

Prevotella intermedia Socransky et al., 

1998; Kim et al., 

2018 

Bacteroidetes Anaerobe,  

Gram-

negative 

Gracey 

curettes; 

mouthwash 

sample 

Subgingiva; 

Saliva 

Moderate; related to PD but not to 

the same degree of the red complex 

pathogens 

https://www.google.com/search?rlz=1C1DVJR_enCA786CA786&q=Fusobacteria&stick=H4sIAAAAAAAAAONgVuLSz9U3MC1IScpKWsTK41ZanJ-UmFySWpSZCAC5xm40HQAAAA&sa=X&ved=2ahUKEwjA-IregJ7gAhWm2YMKHXZqDboQmxMoATAZegQIBhAR
https://en.wikipedia.org/wiki/Fusobacteria
https://www.google.com/search?rlz=1C1DVJR_enCA786CA786&q=Firmicutes&stick=H4sIAAAAAAAAAONgVuLUz9U3MEw3rjRaxMrlllmUm5lcWpJaDAB0CRPTGgAAAA&sa=X&ved=2ahUKEwjV75LLhJ7gAhUl7oMKHYPsCQcQmxMoATAZegQIAhAV
https://www.google.com/search?rlz=1C1DVJR_enCA786CA786&q=Bacteroidetes&stick=H4sIAAAAAAAAAONgVuLUz9U3MEqON01bxMrrlJhcklqUn5mSWpJaDADpmwwvHQAAAA&sa=X&ved=2ahUKEwieqp_dhJ7gAhWFy4MKHTeUD3oQmxMoATAVegQIBRAN
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Prevotella nigrescens Socransky et al., 

1998;   

Bacteroidetes Anaerobe, 

Gram-

negative 

Gracey 

curettes 

Subgingiva Moderate; related to PD but not to 

the same degree of the red complex 

pathogens  

Campylobacter rectus Socransky et al., 

1998;  Kim et al., 

2018 

Proteobacteria Facultative 

anaerobe, 

Gram 

negative 

Gracey 

curettes; 

mouthwash 

sample 

Subgingiva; 

Saliva 

Moderate; related to PD but not to 

the same degree of the red complex 

pathogens  

Streptococcus 

salivarius 

Abiko et al., 2010 Firmicutes Facultative 

anaerobe,  

Gram-

positive 

Sterile 

periodontal 

pocket 

probes 

Subgingiva; 

Saliva 

Slightly higher in periodontal 

disease patients; found to be 

associated with poor oral health 

Parvimonas micra Colombo et al., 

2009 

Firmicutes Obligate 

anaerobe, 

Gram-

positive 

Sterile 

periodontal 

curettes 

Subgingiva Significantly prevalent in subjects 

with refractory periodontal disease 

Selenomonas spp.  Colombo et al., 

2009 

Firmicutes Anaerobes, 

Gram-

negative 

Sterile 

periodontal 

curettes 

Subgingiva Significantly prevalent in subjects 

with refractory periodontal disease 

 

*Colour regions indicate degree of evidence association bacteria with periodontal disease; red = highly associated and of interest for 

this study, pink = highly associated, orange = moderately associated, yellow =slightly associated 

https://en.wikipedia.org/wiki/Proteobacteria
https://en.wikipedia.org/wiki/Gram_negative
https://en.wikipedia.org/wiki/Gram_negative
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1.7. Salivary Markers of Inflammation 

Similar to the measurement of salivary pathogens as markers of a response to a non-

surgical periodontal therapy with or without a dietary intervention or with supplementation, 

salivary markers of inflammation may have a similar utility within a trial. This research is 

specifically interested in interleukin-6 (IL-6), interleukin-1ß (IL-1β), C-reactive protein (CRP) 

and matrix metalloproteinase-8 (MMP-8). Il-1ß promotes bone resorption and increases the 

expression of matrix metalloproteinases. Interleukin-6 (IL-6) is a mediator of the host response 

to tissue injury, infection, and bone resorption. IL‐6 also up‐regulates CRP production which is 

another marker that can be used to measure the acute effects of an intervention. 

Metalloproteinase-8 (MMP-8) is an enzyme that is destructive to the extracellular matrix and 

bone.  

 Higher salivary levels of IL-1ß, IL-6, and MMP-8 was shown to differentiate healthy 

patients from patients with periodontal disease (Ebersole et al., 2015). Furthermore, significant 

correlations between clinical measures of periodontal disease and salivary CRP concentrations 

have been shown in patients with varying degrees of periodontal disease (Shojaee et al., 2013). 

Higher salivary IL-1ß levels were significantly correlated with a greater number of sites with PD 

≥ 4 mm in patients who had been treated with ST several years earlier and were in a periodontal 

maintenance program (Sparrow et al., 2020). Since this association was shown after an extended 

period of time post ST, it provides further evidence that measurement of salivary IL-1ß is a 

sensitive measure of periodontal health. 

1.8. Treatment of Periodontal Disease 
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The mainline strategy for treating periodontal disease is a non-surgical procedure called 

sanative therapy (ST), also referred to as scaling and root planing (Dodington et al., 2015; 

Krishna & De Stefano, 2016). This procedure mechanically removes the biofilm and calculus 

that contains pathogenic bacteria using either hand, ultrasonic instrumentation or a combination 

of both. This procedure typically requires 3-5 minutes per tooth, but may require multiple visits 

if a patient has a high amount of plaque and calculus. The effectiveness of the procedure will 

also depend on the skill level and ability of the clinician, typically a registered dental hygienist. 

There is also a risk of recolonization of a similar microbiota from untreated sites (Mombelli, 

2018). Because ST is limited in its ability to eliminate pathogenic bacteria in areas of the mouth 

that are inaccessible to periodontal instruments such as areas of furcation and root depression 

(Santos et al., 2017), antibiotics or other adjunctive therapies can be used to maximize the 

effectiveness of ST. A recent meta-analysis found that adjuncts improve average CAL gain by 

approximately 0.32 mm compared with ST alone after 6 to 12 months post ST (John et al., 

2017). Included in the analysis were nine adjuncts that were classified as either systemic, topical 

antimicrobials, systemic host modulators (sub-antimicrobial dose doxycycline), or lasers. ST is 

essential to disturb the biofilm, as adjuncts alone are not capable of interrupting the calcified 

network. They work by preventing biofilm regrowth during the healing process. The growing list 

of experimental adjuncts to ST includes dietary supplements including omega-3 fatty acids, 

melatonin and of relevance to this thesis research, probiotics (Chandra et al., 2016; El-Sharkawy 

et al., 2019; Umrania et al., 2017). More research is needed to warrant them as part of definite 

clinical treatment.  

1.9. Connection between Periodontal Disease and the Gut Microbiota with ST 
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In a hyperlipidemia mouse model, periodontal disease induction provoked changes in the 

gut microbiota. ST was able to partially restore the gut microbiota to a healthy state (Huang et 

al., 2020). In this study, Apolipoprotein E−/− mice were randomized into 3 groups: control or 

ligature placement to induce periodontal disease with or without ST. Mice with ligature-induced 

periodontal disease had a lower alpha diversity in the gut microbiota after four weeks in 

comparison to the control group. Alpha diversity refers to the diversity within the gut microbiota, 

which can be measured by the number of species present within a sample. A higher alpha 

diversity is usually associated with health (Lozupone et al., 2012). At the phyla level, there was a 

tendency for Firmicutes to increase in abundance in the experimental periodontal disease group 

compared to the control group. Heatmap cluster analysis of bacteria was conducted to evaluate 

the similarity of the fecal samples in the 3 groups. Heatmaps from the ST group were more 

similar to the control group than to the no treatment group. Alveolar bone loss (ABL), measured 

using micro–computed tomography, was partly restored; mesial ABL was not statistically 

different in the control and ST group and distal ABL was significantly lower in the ST group 

compared to the no treatment group. ST was also correlated with increased abundances of 

Turicibacter and Bifidobacterium. Additionally, butyrate-producing bacteria Eubacterium was 

abundant in the control group and four weeks after ST, but not in the group with periodontal 

disease. The authors speculated that this specific genus played a role in the protection of the gut 

barrier in their study. ST was able to strengthen the gut barrier which was impaired by 

periodontal disease, as demonstrated by increased intestinal villus height and increased ratio of 

villus height to crypt depth. Findings from this study provide evidence of a mechanism 

connecting improvements in clinical outcomes of periodontal disease with changes in the gut 

microbiota.  
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This introduces the idea of the oral-gut axis (Figure 1.1), which is based on the 

hypothesis that gut bacteria can influence oral bacteria, which will influence periodontal health. 

The concept of the oral-gut microbiota axis has been established in other models of 

inflammation, including rheumatoid arthritis, osteoarthritis and irritable bowel disease (Drago et 

al., 2019; Xun et al., 2018). There is evidence to suggest the same exists in the context of 

periodontal disease. Targeting the gut microbiota may be a therapeutic approach to improve 

periodontal status.  

 

Figure 1.1. Proposed Connection Between Oral and Gut Health. The relationship between 

periodontal disease and systemic disease is bi-directional, i.e. periodontal disease can cause 

adverse systemic outcomes and certain systemic diseases pre-dispose a person to have 

periodontal disease which is mediated by low grade inflammation. However, we do not know yet 

if a targeted intervention in the gut can modulate local inflammation and bacteria in the oral 

cavity.  
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1.10. Prebiotics 

1.10.1. Prebiotics and the Gut Microbiota 

The definition of a prebiotic has evolved over the last 25 years. Prebiotics were initially 

thought to be “nondigestible food ingredients that beneficially affect the host by selectively 

stimulating the growth and/or activity of one or a limited number of bacterial species already 

resident in the colon, and thus attempt to improve host health” (Gibson & Roberfroid, 1995). 

Prebiotics were also thought to selectively enrich Lactobacillus and/or Bifidobacterium spp. but 

new advances in microbiome research and sequencing determined that prebiotics are not limited 

to these bacterial species. Prior to the development of the most recent definition, prebiotics were 

deemed to be a “non-digestible compound that, through metabolism by bacteria in the gut, 

modulates the composition and/or activity of the gut microbiota, thus, conferring a beneficial 

physiological effect on the host” (Bindels et al. 2015). This description did not incorporate the 

new evidence that supported the use of prebiotics to prevent vaginal infections (de Preter et al., 

2008; Emery et al., 2012; Rousseau et al., 2005). There was a need to expand the definition and 

concept of prebiotics to include applications to sites apart from the gut including the vagina, skin 

and oral cavity. The International Scientific Association for Probiotics and Prebiotics most 

recently defines a prebiotic as a “substrate that is selectively utilized by host microorganisms 

conferring a health benefit” (Gibson at al., 2017). 

Prebiotics are traditionally used to modulate the gut microbiota as they serve as nutrients 

for bacteria resident to the host microbiota. Most prebiotics are fibres that are classified as 

soluble fibres (Figure 1.2). Soluble fibres dissolve in water and are fermented by the bacteria in 

the gut. They help to slow digestion through the intestinal tract. Insoluble fibres are not 
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fermented by the bacteria in the colon and quickly passed through the digestive tract unchanged, 

helping to speed up bowel transit time. The categorization of dietary fibre and related prebiotics 

are shown in Figure 1.2. The most widely accepted and studied prebiotics are inulin, 

fructooligosaccharides (FOS) and galactooligosaccharides. Other forms of candidate prebiotics 

include soybean oligosaccharides, arabinoxylo‐oligosaccharides, mannan-oligosaccharides 

(MOS), β‐glucans and resistant starch (Scott et al., 2020). More recently, non-fibre compounds 

including omega-3 fatty acids and polyphenols have been shown to have prebiotic effects 

(Watson et al., 2018). For the scope of this research, the focus will be on prebiotics that are 

dietary fibres.  

Strong evidence supports the use of prebiotics to alter the composition of the intestinal 

bacteria (reviewed in Slavin, 2013). In turn, these gut bacteria produce short-chain fatty acids 

(SCFAs), mainly acetate, propionate, and butyrate in response to prebiotics (Carlson et al., 

2018). SCFAs are associated with human health by improving gut barrier function and 

immunomodulation, regulating glucose homeostasis, and decreasing appetite and obesity. 

(reviewed in Chambers et al., 2018).  
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Figure 1.2. The Categorization of Dietary Fibre and Related Prebiotics. When discussing fibre, 

only soluble fermentable fibre is considered a prebiotic. In the intestine, soluble fibres form 

viscous gels that slow digestion and absorption of nutrients. Bacteria in the colon are capable of 

fermenting fibre to generate energy. The most common prebiotics are inulin-type fructans and 

galactooligosaccharides. Insoluble fibre is not fermented by the bacteria in the colon and quickly 

passes through the digestive tract unchanged and does not have a large role in modulating the gut 

microbiota. 

 

1.10.2. Developing an Oral Prebiotic: Challenges and Considerations 

The updated definition of prebiotic means prebiotics can be metabolized by other bacteria 

in other microbiotas and fermentation does not have to specifically occur via the gut microbiota. 

This introduces the idea of an oral prebiotic; a substrate that is able to modulate the oral 

microbiota and confers a health benefit. Periodontal disease is exaggerated by the dysbiosis in 

the oral microbiota; thereby restoring the natural oral microbiota from a state of periodontal 

disease with a prebiotic is a potential opportunity to directly promote oral health. Though the 

concept of an oral prebiotic is promising, there are some challenges in developing an oral 

prebiotic.  

Before discussing the challenges and considerations of developing oral prebiotics for 

periodontal health, it is helpful to consider studies that have investigated probiotics. Probiotics 

are “live microorganisms that, when administered in adequate amounts, confer a health benefit 

on the host” (Hill et al., 2014). Many studies have investigated the efficacy of probiotics alone 

and as an adjunct to ST (Chandra et al., 2016; Penala et al., 2016; Vivekananda, Vandana & 



24 
 

Bhat, 2010). Meta-analyses support the use of probiotic as an adjunct to ST during the 8-12 

weeks post ST (Ikram et al., 2018; Martin-Cabezas et al., 2016). Probiotics without ST are less 

successful. This makes biological sense as it is likely that mechanical debridement that happens 

during ST is needed to disturb the biofilm for probiotics to be effective. Probiotic therapy has 

helped to improve clinical and microbial outcomes in periodontal disease during ST (Oliveira et 

al., 2017; Teughels et al., 2013). Probiotics may be helpful in preventing biofilm reoccurrence by 

binding to dental surfaces and displacing pathogenic bacteria, producing antimicrobial 

substances (organic acids, hydrogen peroxide, peptides, bacteriocins) against periodontal-

associated pathogens, altering the environmental conditions of the mouth and modulating the 

host’s immune response to reduce the producing of local proinflammatory cytokines (Allaker & 

Stephen, 2017; Teughels et al., 2013; systematic review by Teughels, Loozen, & Quirynen, 

2011; Vivekananda, Vandana, & Bhat, 2010) There is also the potential to combine probiotics 

with prebiotics. When probiotics are administered in combination with a prebiotic, it is termed a 

synbiotic. Synbiotics can either be complementary and synergistic; where the prebiotic either 

targets the host bacteria or the externally applied probiotics (Swanson et al., 2020). Providing 

patients with a combination of 800 mg S. boulardii and 200 mg of FOS had a greater decrease in 

average PD and CAL from baseline to 3 months and 6 months post ST than ST alone (Chandra et 

al., 2016).   

Every probiotic is distinctive in nature and while a certain strain may have demonstrated 

an effect in a controlled study, the efficacy of probiotics is both strain-specific and disease-

specific. The dosage must also be correct so that a high number of viable cells can reach the 

small intestine. Ultimately, further research is needed to understand all these aspects in probiotic 

supplementation. These limitations can suggest an alternative solution; the use of prebiotics to 
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provide nutrition to indigenous beneficial bacteria that promote oral health. Moreover, probiotics 

have had success in modifying the oral microbiota because they have been formulated into other 

forms of administration than the traditional capsule. These include creating probiotic tablets, 

gums and lozenges that are meant to remain in the oral cavity for a period of time. If the usage of 

probiotics can be used transferred to the oral microbiota, then theoretically this concept may also 

apply to prebiotics.  

To rationalize the development of oral prebiotics and manipulation of resident oral 

microbiota, it is important to understand which species promote oral health and to gain an 

understanding of metabolic needs and interactions. The ideal oral prebiotic would selectively 

target the growth of oral bifidobacteria and lactobacilli, while inhibiting the growth of 

Streptococcus mutans, P. gingivalis, T. forsythia, T. denticola and other periodontal-associated 

pathogens. Bifidobacterium species were found to be higher in well-maintained periodontal 

patients compared to patients with active periodontal disease (Hojo et al., 2007). When 

administered with Lactobacillus rhamnosus and Bifidobacterium lactis lozenges, 108 schoolboys 

between the ages of 13-15 years had significant reduction in gingival index. Gingival index is a 

score based on the presence or absence of BOP. This was associated with decreased levels of A 

.actinomycetemcomitans and Fusobacterium nucleatum in saliva and decreased levels of P. 

gingivalis in plaque (Alanzi et al., 2018). Conceptualizing, prebiotic therapy may be successful if 

it promotes the growth of certain bifidobacteria and lactobacilli. Bifidobacteria and lactobacilli 

have been associated with an increased risk of dental caries due to its pH-lowering capacities 

(Beighton et al., 2010; Manome et al., 2019; Nishihara et al., 2014); however this may actually 

be strain and species specific. Kõll-Klais et al. (2005) found a higher prevalence of 

homofermentative lactobacilli, particularly Lactobacillus gasseri in healthy individuals than 
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those with periodontal disease. A specific strain, Lactobacillus rhamnosus GG (ATCC 53103), 

was shown to reduce the risk of and counts of Streptococcus mutans after long term consumption 

of a fortified milk (Näse et al., 2001).  

When developing an oral prebiotic, there are a number of criteria that should be 

considered, based on the previous definition of a prebiotic from Gibson et al., 2004:   

1. It must not be degraded by host enzymes in the mouth (i.e. salivary amylase) 

2. It must be fermented by the oral bacteria 

3. Selectively alters the oral microbiota toward a healthier composition and potentially 

reducing the amount of pathogens associated with oral diseases 

Prebiotics feature β-glycosidic bonds which permits them to resist hydrolysis by human 

salivary and pancreatic enzymes (Kelly, 2009). This means it already meets the requirement for 

the first criterion. Most food substrates have a short contact time in the mouth which prevents 

fermentation from occurring by residential bacteria. This presents a challenge to using prebiotics 

to support oral health. The applications of oral prebiotics would be limited to food items that are 

continuously chewed or sucked. Additionally, the chain length determines how rapidly a 

prebiotic is fermented. Thus, shorter-chain FOS may be more effective as an oral prebiotic than 

long-chain inulin. While inulin and oligosaccharides cannot be degraded by salivary enzymes, in 

accordance to the prebiotic definition, both can be fermented by oral streptococci (Schaafsma 

and Slavin., 2015). Specifically, Streptococcus mutans produces a fructanase which is capable of 

breaking down beta (2,6)- and beta (2,1)- linked fructans (Wexler et al., 1992). Fructanases 

produce acids capable of inducing the initiation and progression of dental caries. An oral 

prebiotic must have an inhibitory effect on Streptococcus mutans to prevent cavities.  
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Interestingly, not all SCFAs in the oral cavity have the same positive effects as they do in 

the gut microbiome. The periodontal pathogens P. gingivalis and Fusobacterium nucleatum in 

the oral cavity were found to produce five SCFAs as by-products of their metabolism including 

butyric acid, isobutyric acid, isovaleric acid, propionic acid, and acetic acid (Yu et al., 2014). 

Propionic and butyric acid concentrations were found to be higher in severe periodontal disease 

and significantly associated with increased PD and CAL (Niederman et al., 1997). Furthermore, 

butyrate induces apoptosis and autophagic cell death in gingival epithelial cells (Tsuda et al., 

2010). Altogether, it is unclear if a theoretical increase in oral bifidobacteria and lactobacilli and 

subsequent acetate and lactic acid production would have detrimental effects on the 

periodontium, or if this is also strain and species specific. More research is needed to establish 

the role of SCFAs in the oral cavity and the effect on periodontal disease.  

The concept of using prebiotics to support oral health is emerging in the literature (Al-

Alimi et al., 2015; Kojima et al., 2016). An in vitro study showed that Candida albicans and 

Streptococcus mutans did not grow when it was incubated with either xylose, xylitol, 

or arabinose (Kojima et al., 2016). These prebiotics supported the growth of lactobacilli, and in 

particular, five strains of lactobacilli were found to inhibit the growth of Candida albicans, P. 

gingivalis, and Streptococcus mutans. Oral diseases such as dental caries, periodontal disease, 

and oral candidiasis are attributed to the presence of these bacteria. This study demonstrated that 

synbiotics (use of a prebiotic with a probiotic) or the use of a prebiotic and probiotic 

independently, can be used to prevent oral pathogens related to periodontal disease and dental 

caries. Another potential substance that has indicated prebiotic-like properties in the oral cavity 

is Qat (or Khat). Qat comes from the leaves and twigs of an Arabian shrub and people habitually 

chew the drug to stimulate the release of psychoactive agents that promote a sense of euphoria. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/xylose
https://www.sciencedirect.com/topics/medicine-and-dentistry/xylitol
https://www.sciencedirect.com/topics/medicine-and-dentistry/arabinose
https://www.sciencedirect.com/topics/medicine-and-dentistry/lactobacillus
https://www.sciencedirect.com/topics/medicine-and-dentistry/oral-submucous-fibrosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/edentulism
https://www.sciencedirect.com/topics/medicine-and-dentistry/oral-candidiasis
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Qat chewing was associated with lower proportions of periodontal pathogens belonging to the 

red complex, specifically lower relative counts of P. gingivalis, T. forsythia, Fusobacterium ssp., 

Prevotella ssp. and Parvimonas micra-like species in subgingival biofilm samples (Al-Alimi et 

al., 2015; Al-Hebshi et al., 2010). However, a more recent systematic review determined that Qat 

chewing is associated with a higher risk of periodontal disease progression as there are increases 

in clinical periodontal outcomes including PD, BOP, CAL and gingival recession (Kalakonda,et 

al., 2017). In summary, there are number of different challenges presented with creating an oral 

prebiotic. A better way to promote periodontal health may be to use a traditional prebiotic that 

targets gut microbiota and may indirectly also modulate the oral microbiota. 

1.11. Inulin 

While there are no oral prebiotics that have been developed and proven efficacious in 

treating periodontal disease, the use of a traditional prebiotic may be able to modulate the gut 

microbiota and have favourable improvements in periodontal health. The prebiotic of interest for 

this thesis research is inulin. Inulin was chosen due to the longer chain length compared to other 

prebiotic soluble fibres such as FOS. Specifically, inulin may have a higher stability against the 

bacterial degradation through the gastrointestinal tract than FOS. When compared to FOS, 

greater concentrations of the inulin were determined in all intestinal segments of the 

gastrointestinal tract which included the caecum, and the ascending and descending colon 

(Paßlack et al., 2012). In vitro, FOS was fermented faster than long chain inulin (Stewart, Timm, 

& Slavin, 2008). Because some fermentation of prebiotics may happen in the mouth, inulin was 

specifically chosen as the prebiotic of choice to minimize the chance of it being degraded by oral 

bacteria and to ensure that fermentation occurs in the colon. This is important for the present 

research, to help establish a link between the gut-oral microbiota.  
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Inulin is present in chicory root, artichokes, garlic, jicama, yacon root, asparagus, leeks 

and onions. It is also present in small amounts in bananas, rye and barley. Inulin can also be 

extracted to produce a supplement that is water-soluble. Interest in inulin is also growing in the 

food industry as it is low in calories and rich in fibre. Also, it is often used in products to replace 

fat or sugar as it achieves the same desired texture and sweetness (Arcia, Costell, & Tárrega, 

2011).  

Inulin-type fructans are a linear fructosyl polymers linked by β-(2,1) bonds with a 

terminal glucosyl residue linked by an α-(1,2) bond. They are resistant to hydrolysis by intestinal 

digestive enzymes due to the ß-configuration of the anomeric carbon. Inulin-type fructans with a 

degree of polymerization between 10 and 60 are called inulin, while anything less than 10 are 

labelled as oligosaccharides or FOS. 

1.11.1. Inulin Alters the Abundance of Gut Bacteria  

When the concept of prebiotics was first introduced in 1995, inulin was thought to 

predominantly alter the abundance of bifidobacteria and lactobacilli in the gut microbiota 

(Gibson & Roberfroid, 1995). A recent systematic review of the literature confirms that 

Bifidobacterium continues to be the most consistent bacteria that is increased through inulin 

supplementation (Le Bastard et al., 2020). However, other species of bacteria are also increased 

by the degradation of inulin. Inulin was shown to increase the relative abundance of 

Anaerostipes, Faecalibacterium, and Lactobacillus, and to decrease the relative abundance 

of Bacteroides. Faecalibacterium prausnitzii is a member of the Firmicutes phylum and is a 

main producer of butyrate. Another important bacterium that has been shown to increase after 

inulin supplementation in individuals with T2DM and animal models includes Akkermansia 

muciniphila (Everard et al., 2013; Roshanravan et al., 2017). Akkermansia muciniphila has been 
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associated with lower levels of serum LPS and to counteract the metabolic endotoxemia 

associated with the consumption of a high fat diet (see section 1.17) (Everard et al., 2013). 

Additionally, oral administration of Akkermansia muciniphila to mice improved glucose 

tolerance and improved gut barrier by restoring the mucus layer (Everard et al., 2013). Together, 

the abundance of both Akkermansia muciniphila and Faecalibacterium prausnitzii increased in 

individuals with obesity and metabolic syndrome after a lifestyle intervention that featured a 

daily intake of 4 g of inulin (Guevara‐Cruz et al., 2019). Furthermore, there is also high inter-

individual variation in response to inulin supplementation (Healey et al., 2017). Individuals who 

have low baseline bifidobacteria concentrations may experience a greater increase in 

bifidobacteria from inulin supplementation than individuals with higher baseline levels of 

bifidobacteria (Kolida, Meyer, Gibson, 2007). 

1.12. Associations between Dietary Fibre and Periodontal Disease Risk 

Several studies have reported associations between dietary fibre intake and periodontal 

disease. Before discussing those studies it is important to note that the recommended daily intake 

of fibre for adult men and women is 38 g/day and 25 g/day, respectively, and is often not 

achieved. In 2004, the average intake of fibre for women with obesity was 17.3 g/day and 17.7 

g/day for women with a healthy BMI. Men with obesity had an average intake of 19.8 g/day and 

men with a healthy BMI had an average intake of 20.8 g/day. (Langlois, Garriguet, & Findlay, 

2009). It is apparent that individuals who are obese have lower intakes of fibre (specific 

discussion of obesity as a risk factor for periodontal disease in section 1.18). Interestingly, the 

most common sources of fibre in the diet - whole grains, fruits and vegetables – are also sources 

of prebiotics. Thus, it is challenging to discern whether a potential benefit of higher fibre intake 

is due to the fibre itself or due to its activity as a prebiotic. Several studies have reported the 
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inverse relationship between dietary fibre intake and periodontal disease (Merchant et al., 2006; 

Nielsen et al., 2016; Schwartz et al., 2012). However, the source of that dietary fibre that reduces 

the risk remains unclear. Currently, most dietary assessments, 24-hour food recalls and food 

frequency questionnaires do not measure prebiotic intake but rather total fibre. Differentiating 

between prebiotic and non-prebiotic fibres is challenging due to the expanding definition of 

prebiotics to include non-carbohydrate and bioactive substances that exhibit fibre-like properties. 

Therefore, epidemiological studies usually consider overall fibre intake or food sources that are a 

considered a source of fibre – which is defined as 2 g or more per serving by Health Canada.  

A study from the US examined the relationship between total dietary fibre and 

periodontal disease in men and women over the age of 30 (Nielsen et al., 2016). The data from 

6052 adults participating in NHANES from 2009–2010 and 2011–2012 was used for the 

analysis. Individuals in the lowest quartile of dietary fibre intake (≤ 11.9 g fibre/d) had a higher 

risk of moderate to severe periodontal disease compared to those with the highest intake (> 23.25 

g fibre/d). When further analyzed, in a fully adjusted multinomial logistic model, periodontal 

disease was associated with low whole grain intake but not with low fruit and vegetable intake 

(Nielsen et al., 2016). Similar results were previously reported by Merchant et al. (2006) – they 

reported an inverse relationship between whole grain intake and the risk of periodontal disease. 

The risk in periodontal disease declined by 6% for every 1.0 g/d increase in whole grain intake 

after adjusting for age, smoking, body mass index (BMI), physical activity, and alcohol and 

energy intakes. Additionally, there was no association between intakes of total fibre, fruit fibre, 

or vegetable fibre and periodontal disease risk. However, the study only prospectively followed 

US male professionals between the ages of 40-75. Of note is that the average intake for fibre 

from participants in this study (16.8 g/day) was well below the recommended intake of 38 g/day. 
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Moreover, the low intake makes it more difficult to distinguish between fibre sources and 

periodontal disease risk. Regardless, these studies provide strong support that it was fibre present 

in whole grain intake that is associated with a decreased risk of periodontal disease. In 1999, 

wheat was the primary source of inulin (69%) for US adults (Moshfegh et al., 1999).  However, 

total inulin intake was 2.6 g/day. It is likely that the level of inulin intake has increased over the 

years, as inulin is gaining more popularity as an additive to bread due to its ability to lower fat 

content and reduce glycemic index (Brasil et al., 2011). Even small doses of inulin (2.5 g) twice 

a day has been shown to stimulate the growth of bifidobacteria in healthy participants, indicative 

of a prebiotic effect (Bouhnik et al., 2007). 

Another study similarly examined the relationship between sources of fibre intake and 

periodontal health in men (Schwartz et al., 2012). Diets were assessed using food frequency 

questionnaires and good and excellent fibre sources were foods that contained more than 2.5 g or 

more of fibre per serving. This is slightly higher than what Canada defines a good source of fibre 

but this is due to the discrepancies between Health Canada and the US Food and Drug 

Administration regulations. The study found that a higher amount of overall dietary fibre was 

associated with greater number of teeth and reduced BOP and calculus. When the cohorts were 

stratifying according to age, the progression of ABL, PD and tooth loss were found to be 

inversely related to number of servings of good to excellent fibre content, particularly from fruits 

and grains, in men ≥ 65. No associations were found in men less than 65 but this could be 

explained by the lower prevalence of periodontal disease in this age group.  

Dietary intakes of patients with periodontal disease and healthy controls have been shown 

to be significantly different (Staudte et al., 2012). Using a 7 day food record, it was found that 

patients with periodontal disease had a lower intake of fibre – in addition to lower intakes of 
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magnesium, folic acid and vitamin C. The study recruited 42 men and women with periodontal 

disease and 38 healthy subjects with an average BMI of 25 kg/m
2
 and 24 kg/m

2
, respectively, 

which eliminates obesity as a confounding factor. Unfortunately, dietary intakes were not 

measured prior to diagnosis and it cannot be determined if the oral discomfort that developed 

during the disease altered original dietary habits.  

Caution should be taken when applying these results to the general public, two or the four 

study populations were in men. Research is conflicting about whether there is greater prevalence 

of periodontal disease in men or women. Some studies have indicated a higher prevalence of 

destructive periodontal disease in men than women (Genco, 2012; Shiau, 2018). However, men 

have also been found to have poorer oral hygiene and higher levels of smoking (22.3% versus 

17.5%) which could be confounding factors (Janz, 2012; Schulze & Busse, 2016). It is important 

to include both sexes in interventions to accommodate for a sex specific response, if it exists. 

Based on studies to date, it is not possible to definitely conclude what source of fibre is 

associated with a reduced risk of periodontal disease. Though, it seems that a higher fibre intake, 

in general, may have positive effects on periodontal health. This is promising for prebiotic and 

periodontal disease research since prebiotics are present in both whole grains as well as fruits 

and vegetables. In terms of whole grains, it is important to note that wheat naturally contains 

prebiotic fructans and arabinoxylans which are non-digestible oligosaccharides, in addition to 

inulin (Tako et al., 2014). The amount of prebiotics in fruits and vegetables will vary depending 

on type and growing conditions. Jerusalem artichoke, scallions, garlic, watermelon and pear are a 

just few fruits and vegetables that contain between 2 to 9 g of fructans per 100 g fresh weight 

serving (Jovanovic-Malinovska, Kuzmanova, &Winkelhausen, 2014). The observed association 
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with higher intakes of fruits and vegetables and whole grains on periodontal disease risk may be 

attributed to the prebiotic fibres. 

1.13. Dietary Interventions Involving Fibre in Humans (Without ST) 

Prebiotics may provide a safe and healthy strategy for supporting periodontal health by 

stimulating the growth of beneficial bacteria in the gut microbiota. In turn, perhaps changing the 

gut bacteria may help reduce systemic inflammation and allow patients to achieve a better 

outcome after ST. To date, there have been a few intervention studies investigating the effects of 

fibre rich foods on periodontal disease outcomes or periodontal-associated markers. Only two 

human intervention studies have been conducted, though neither specifically investigated 

prebiotics (Table 1.3). One study has assessed the effect of a high fibre, low-fat meal on 

periodontal health in a group of volunteers with a BMI > 25.0 kg/m
2
 or with impaired glucose 

tolerance (IGT) (as discussed in section 1.4, excess weight and/or IGT are risk factors for 

periodontal disease). During the course of the study, subjects were provided a high fibre, ready-

made meal, 3 times a day for 8 weeks (Kondo et al., 2013). The study included a 2 to 3 week 

transition period and a 6 month follow up period. The test meal was composed of soybeans, 

white fish, seaweed, vegetables, potato, and brown rice. Though the study investigated the effect 

of fibre and did not measure changes in gut bacteria, soybeans are a good source of soluble 

oligosaccharides with demonstrated prebiotic activity by its ability to enhance the proliferation of 

bifidobacteria and lactic acid bacteria (Ma et al., 017). Following the test meal period, 

periodontal clinical outcomes of PD, CAL, and BOP were significantly decreased. These results 

were maintained through the 6 month follow up period. Additionally, there was a reduction in 

body weight, serum levels of HbA1c, LDL, triglyceride and leptin, as well as plasma levels of 

CRP. Moreover, serum adiponectin - an anti-inflammatory cytokine that plays a protective role 
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in the regulation of glucose and lipid metabolism (discussed in section 4.3) – was increased. 

These results coincide with another study that showed periodontal treatment, which included 

scaling, root planning and antibiotics, is beneficial for glucose control (Sun et al., 2010). This 

treatment was also associated with increased serum adiponectin levels and reduced inflammatory 

cytokine levels (Sun et al., 2010). 

Another dietary intervention investigated the effect of bilberry consumption on BOP and 

cytokines in gingival crevicular fluid (Widén et al., 2015). Bilberries are high in polyphenols, 

which have been shown to improve clinical markers in periodontal disease due to their anti-

inflammatory and antimicrobial properties (reviewed in Basu, Masek, & Ebersole, 2018). 

However, bilberries also contain 3.3 g of dietary fibre per 100 g serving and are composed of 

xyloglucans that are readily fermented to SCFAs (Aura et al., 2015; Liu et al., 2019). Volunteers 

were individuals with gingivitis rather than periodontal disease. Participants were randomly 

allocated to standard care, placebo, 250 g or 500 g of bilberries for the 7 day intervention. In the 

500 g group, a significant decrease in BOP was observed that was similar to the group receiving 

standard care for gingival inflammation. This was seen with a decrease in proinflammatory 

cytokines of IL-1β and IL-6. It cannot be concluded, however, if the positive outcomes were 

attributed to the prebiotic composition. Bilberries also contain a number of bioactive molecules 

including polyphenols and vitamin C which have been shown to support periodontal health 

(Basu, Masek, & Ebersole, 2018; Tada & Miura, 2019). Consuming 500 g of bilberries is 

equivalent to 5 cups of these berries. It is also possible that the large intake of bilberries caused a 

displacement of unhealthy foods, which may have promoted periodontal health.   

 A pilot study examined the influence of an anti‐inflammatory diet on different parameters 

in patients with gingivitis (Woelber et al., 2016). Participants were randomized to either the 
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dietary intervention group or control group for 4 weeks, with a 2 week transitional period. The 

stipulations of the dietary intervention are summarized in Table 1.3 which resulted in a higher 

intake of fibre among other important nutrients and other food components. Participants received 

nutritional counseling each week to ensure they were meeting the requirements of the diet. 

Decreases in gingival index and BOP were the greatest in the diet intervention group despite 

similar values for plaque index. It has been hypothesized that fibre may benefit periodontal 

health by the ability to mechanically to remove plaque from tooth surfaces (Schwartz et al., 

2012). Since plaque index was unchanged, this may suggest that the diet had a systemic effect on 

inflammation, where complex metabolic pathways influenced inflammation in the oral cavity. In 

a subsequent publication using the same participant data (Tennert et al., 2020), it was found that 

the dietary intervention change also lead to significant decreases in Streptococcus mitis group, 

Granulicatella adiacens, Actinomyces spp. and Fusobacterium spp. in dental plaque samples. 

The Streptococcus mitis group ferments carbohydrates and can lead to dental caries while 

Fusobacterium spp. is positively associated with periodontal disease (See section 1.6.2). 

Conversely, Actinomyces spp. and Granulicatella adiacens have been associated with 

periodontal health (See section 1.6.1).  

Based on the pilot study, with a relatively small sample size of 15, the investigators 

conducted a larger study based on the same study design (Woelber et al., 2019). The same 

dietary intervention was used with minor modifications (see Table 1.3). Dietary analysis showed 

that the experimental group was consuming significantly higher levels of fibre (39.06 g/day 

versus 16.62 g/day). Thus, only the dietary intervention group was achieving the recommended 

intakes of fibre for both men and women. The main finding from the 4 week intervention was 

that participants experienced an improvement in the gingival index in both groups and the 
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improvement was larger in those receiving the intervention diet. BOP was significantly improved 

within the intervention diet group but did not reach statistical significance when compared 

between groups. There were no significant differences in the bacterial composition in 

subgingival plaque samples. Inflammatory serum parameters (high sensitivity-CRP, IL‐6, TNF‐ 

α) and adiponectin were not altered by the diet. In summary, the results of this 4 week dietary 

intervention reduced gingival inflammation, without changes in markers of low-grade 

inflammation or periodontal-associated pathogens. All participants had gingivitis and its very 

likely that baseline levels of bacteria were not as prevalent as they are in periodontal disease 

requiring ST. The authors hypothesized that the intervention decreased the metabolic activity of 

bacteria rather than the amount or profile or as previously mentioned, that the diet altered the 

immunological reaction in the periodontal tissues through systemic mechanisms (Woelber et al., 

2019). This latter aspect aligns with the paradigm that the host response is the initial determinant 

of periodontal disease that influences the bacteria composition, and not the other way around 

(Van Dyke, 2020). 
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Table 1.3. Dietary Intervention Studies in Humans: Effects of Foods Containing Prebiotics on Periodontal Health  

Study Sample/Group 

Characteristics 

Prebiotic Treatment groups Study Design Main Findings 

Kondo et al. 

2014 

17 participants 

(14 males and 3 

females) 

between the 

ages of 35 and 

60 

 BMI of at 

least 25 

kg/m
2
  

 

OR 

 

 IGT 

Test meal: 

 Consisted of 

soybeans, white 

fish, seaweed, 

vegetables, potato 

and brown rice 

 3 test meals a day 

 Total of 30 g of 

fibre per day (10 g 

fibre per meal) 

 

Each subject served 

as own control 

2 to 3 week run-in period to 

adjust to caloric and 

macronutrient diet 

8 week intervention period 

Follow up after a 24 week 

period 

 

↓ PD, CAL, and BOP that persisted 

until the follow up 

↓ Body weight and BMI after test-

meal period but regained the weight 

at the follow up period 

↓  HbA1c but disappeared at follow 

up 

↓ Serum LDL, triglycerides and 

leptin levels  but disappeared at 

follow up 

↓ Plasma CRP levels but disappeared 

at follow up 

↑ Serum adiponectin levels but 

disappeared at follow up 
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Widén et al. 

2015 

24 participants 

with gingivitis 

(17 females and 

7 males) ≥ 18 

years old 

Bilberries 

 

RCT 

Four groups: 

 Placebo 

 Bilberries (250g) 

 Bilberries (500g) 

 Standard care 

reference 

7 days of treatment 

Standard care reference 

group received 

debridement and oral 

hygiene instructions only 

↓ IL-1β, IL-6, and vascular 

endothelial growth factor (500 g of 

bilberries/day group) 

Mean reduction in BOP:  

 41% for 250g 

 59% for 500 g 

 31% in the placebo group  

 58% in the standard care 

Woelber et 

al., 2016 

Tennert et al. 

2020 

 

 

15 participants 

with gingivitis 

(9 females and 

6 males) 

between the 

ages of 18 and 

74 years  

Dietary intervention 

consisting of the 

following elements: 

 Daily intake of fibre 

(fruits & 

vegetables) 

 ↓carbohydrates to < 

130g/day 

 Daily intake of 

omega-3 fatty acids, 

restriction of trans-

fatty acids, ↓ 

omega-6 fatty acids 

 Daily intake of a 

source of vitamin C 

 Daily intake of a 

source of vitamin D 

(15 min sun 

exposure + 500 IU) 

RCT 

Two groups: 

 Standard control 

diet 

 Healthy diet 

group that 

received 

nutritional 

counseling 

 

2 week transitional period 

4 week intervention period 

Regression analysis adjusted for age, 

gender and BMI revealed: 

 No significant differences 

between the groups for plaque 

index 

 Significant ↓ in gingival index, 

BOP, and periodontal inflamed 

surface area (calculated using 

specialized periodontal software) 

No significant differences in total 

bacterial counts in saliva or dental 

plaque in either group 

Significant ↓ Streptococcus mitis, 

Granulicatella adiacens, 

Actinomyces spp. and Fusobacterium 

spp. in dental plaque samples from 
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 Daily intake of 

micronutrients and 

antioxidants 

 Daily intake 

dietary intervention group 

Significant ↑ counts of Actinomyces 

spp. and ↓ counts Capnocytophaga 

spp. in saliva samples from control 

group 

Woelber et 

al., 2019 

30 participants 

with gingivitis 

(17 females and 

13 males) ≥ 18 

years old 

Same as above with the 

following 

modifications: 

 ↓animal proteins as 

far as possible and 

favouring of plant 

proteins  

 Daily intake of a 

source of vitamin D 

(15 min sun 

exposure + 1000 

IU) 

 Daily intake of 

nitrate‐containing 

plants (e.g. spinach, 

beet root, or rocket) 

 

Same as above Same as above Both groups had a significant ↓ in 

gingival inflammation but the dietary 

intervention group showed a 

significantly greater ↓ in gingival 

inflammation compared to the 

control group 

Significant ↓ in BOP in dietary 

intervention group. No difference in 

control group. No difference within 

groups. 

Control group had significant ↑ in 

PD. No difference in dietary 

intervention group. No difference 

within groups. 

Significant ↓ in BMI in dietary 

intervention group (and caloric 

intake). No difference within groups 

for BMI. 

No significant difference in 

inflammatory serum parameters 

(high sensitivity-CRP, IL‐6, TNF‐ α) 



41 
 

and adiponectin between the groups 

The composition of the subgingival 

microbiome was not significantly 

different between groups 
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1.14. Dietary Components Containing Fibre and Healing After ST 

There are no studies directly investigating the intake of dietary fibre as an adjunct to ST,  

though there is indirect evidence of an association between diet and healing after ST. As 

mentioned previously, fruit and vegetable intakes are good sources of prebiotic fibres, in addition 

to a wide variety of other nutrients. A previous study showed that fruit and vegetable intake was 

associated with a decrease percentage of sites with a PD ≥ 4 mm after ST in nonsmokers but not 

in smokers (Dodington et al., 2015). As a side note, smoking is the number one determinant to 

periodontal disease and will overshadow any other lifestyle factors (Nishida et al., 2005). These 

individuals are less likely to respond to a dietary intervention both pre and post ST, and as a 

result, will not be included in this study. Fruit and vegetable intake was divided into quartiles: 

1.5–5.0 serving/d, 5.1–6.7 serving/d and 6.8–16.8 serving/d and the significant association was 

shown at an intake of 5.1 or higher servings of fruits and vegetables/d (125 mL/d), which, at the 

time of publication, was lower than the recommend servings a day as per the 2007 version of 

Canada’s food guide. Considering Canada’s new food guide published in 2019, it can be 

estimated that there are roughly 2 servings of fruits and vegetables in half a plate at every meal 

and an average intake of 3 meals. In theory, following the guidance of the updated food guide 

would be associated with greater healing ST.  

1.15. Prebiotic Interventions in Periodontal Disease 

1.15.1. Prebiotics to Attenuate Periodontal Disease using Rodent Models  

There are currently no studies in humans looking at prebiotics and attenuating periodontal 

disease. Three studies in rats have directly investigated the effects of prebiotic supplementation 

on experimental periodontal disease (Kim et al., 2012; Levi et al., 2018; Silva et al., 2017). In 
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these studies, periodontal disease was induced by placing a cotton ligature around one or more 

molars (for protocol see Marchesan et al., 2018). The prebiotics used in these studies included 

MOS and β-glucan, both are a type of soluble fermentable fibre, similar to inulin. Although 

different prebiotics will be metabolized by different bacteria, these studies demonstrate the 

connection between the gut microbiota and periodontal disease. The first study, by Levi et al. 

(2018), evaluated the effect of MOS on the progression of experimental periodontal disease. 

Forty rats were randomized to one of four groups; control, prebiotic, experimental periodontal 

disease and experimental periodontal disease with the prebiotic. MOS, a type of prebiotic 

extracted from the cell wall of yeast, was incorporated into the feed for 44 days, starting 30 days 

before periodontal disease was induced. Specifically, interproximal ABL was higher in the group 

with experimental periodontal disease compared to the group with experimental periodontal 

disease and provided the prebiotic, indicating they had less loss of alveolar bone. The 

experimental periodontal disease group also had reduced alveolar bone volume and bone mineral 

density, and greater porosity, when compared to the other experimental groups. However, 

administration of MOS preserved tissue destruction and inflammation while also reducing 

interferon gamma, IL‐1β and tumor necrosis factor-α (TNF‐α) levels as measured by 

immunohistochemical analysis in the furcation areas of mandibular first molar. Lastly, the rats 

with periodontal disease and who did not receive the treatment had a higher relative gene 

expression of IL‐10 and interferon gamma in biopsies of gingival tissues. Oral administration of 

MOS protected against destruction caused by ligature-induced periodontal disease.  

Similar results were demonstrated when the administered prebiotic was β-glucan using 

the ligature model of periodontal disease (Silva et al., 2017). β-glucan is found in cell walls of 

bacteria, fungi, yeasts and algae and is primarily present in foods such as oats and barley. The 
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study objective was to determine the effects of β-glucan ingestion from Saccharomyces 

cerevisiae on plasma levels of TNF-α and interleukin-10 (IL-10), ABL, and pancreatic β-cell 

function in rats with diabetes as well as periodontal disease. They employed a factorial scheme 2 

× 2 × 2 (with or without diabetes, with or without periodontal disease, with or without β-glucan) 

so that non-diabetic rats with periodontal disease were included. Intervention with β-glucan 

reduced ABL in rats with periodontal disease as well as rats with diabetes and periodontal 

disease. Serum TNF-α and IL-10 increased due to diabetes and periodontal disease while 

intervention with β-glucan was able to mitigate these effects and reduce serum TNF-α in rats 

with diabetes and periodontal disease. Reduced serum IL-10 levels were observed in both groups 

with periodontal disease. This was similar to the results of the first study. However, interestingly, 

Il-10 is considered an anti-inflammatory cytokine. The authors speculated that the presence of 

increased inflammation promoted an increase in IL‐10 levels as a host response to control the 

inflammatory process. 

Intervention with Polycan - a purified β‐glucan from Aureobasidium pullulans – has also 

been studied for its ability to attenuate experimental periodontal disease in Sprague‐Dawley rats 

(Kim et al., 2012). Polycan decreased TNF‐α and IL‐1β levels measured in the biopsies of 

gingival tissues in a dose-dependent manner. In addition, ABL was significantly decreased in a 

dose‐dependent manner in Polycan‐treated Sprague‐Dawley rats. The group with experimental 

periodontal disease had lower body weights than the control group and treatment groups. The 

authors speculated that because Polycan was able to prevent periodontal destruction and ABL, 

the rats were able to eat normally and maintain their body weight.  

1.15.2. Prebiotics and Intestinal Morphology in Rodent Models of Experimental 

Periodontal Disease 
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Intestinal morphology was also impacted by the presence of ligature-induced 

experimental periodontal disease. Experiments with animals allows the opportunity to look at the 

intestinal morphology and observe changes that happen with prebiotic administration, an 

outcome that is not possible in human studies. In the studies mentioned previously that used ß-

glucan as the chosen prebiotic, rats with periodontal disease had damaged intestinal villi 

including reduced villous height and deeper crypt depths (Kim et al., 2012; Silva et al., 2017). 

Shorter villi and deeper crypts are intestinal morphology changes have been associated with 

toxins (Xu et al., 2003). These measurements are used as markers of compromised intestinal 

health in animals. Shorter villi would decrease the amount of surface area available for nutrient 

absorption. The crypt is the area where stem cells are generated to renew the cells in the villus. 

Large crypt values would be indicative of disease as it would represent fast tissue turnover and a 

high demand for new tissue. Higher villous height-to-crypt depth ratios are associated with gut 

barrier function (Ueno et al., 2011). Forty-four days of MOS supplementation in feed at a ratio of 

0.001:1 prevented the reduction in crypt depth values that were shown in the rats with 

experimental periodontal disease. Rats with diabetes also had significantly longer villus heights 

and villus height to crypt depth ratios. The authors speculated that these intestinal morphology 

changes were meant to increase the absorption of nutrients and compensate for the reduced use 

of glucose in diabetes. Rats with experimental periodontal disease that were administered ß-

glucan also had a trend for longer villi lengths, but this was accompanied by deeper crypt depths. 

The deeper crypt depths were an unusual and unexpected finding, however, ß-glucan may have 

formed a layer in the crypt depth to act as a barrier against pathogenic bacteria. 

To summarize, disease states such as diabetes and periodontal disease appear to shorten 

the villus height in the intestine. LPS present from the periodontal bacteria may trigger of these 
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changes in intestinal morphology. Systemic administration of LPS may cause villus epithelial 

cell loss, villus shortening and increased gut permeability (Williams et al., 2013). Prebiotics 

helped to maintain the integrity of the intestinal epithelium (See Figure 1.3 for more details). 

There are limitations in these studies in that all these interventions were with male rats only. 

Male and female rats have been shown to vary in their fermentation patterns as a response to 

inulin supplementation. The gut communities from male and female rats metabolized chow 

supplemented with oligofructose (5 % w/w) differently, after receiving the intervention for a 

period of 42 days (Shastri et al., 2015). Females had increased fecal abundance in the phylum 

Bacteroidetes, whereas the fecal communities of the males remained unchanged. This reveals the 

need to include both males and females in studies looking at the effects of inulin on periodontal 

disease, to account for any existing sex-differences. 
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Table 1.4. Effects of Prebiotics in Rodent Models of Periodontal Disease 

Study Sample/Group 

Characteristics 

Prebiotic Treatment Groups Periodontal 

Disease 

Induction 

Study Design Main Findings of the Prebiotic 

Levi et al. 

2018 

40 male Wistar 

rats 

N = 10 per 

treatment group 

MOS 3 treatment groups: 

 Control 

 MOS 

 Experimental 

periodontal 

disease 

 Experimental 

periodontal 

disease + MOS 

 

Ligature-

induced 

 

Intervention 

began 30 days 

before ligation  

44 days 

1 g of MOS 

per 1 kg of 

feed  

 

Less interproximal bone loss, 

higher bone mineral density, and 

reduced bone porosity in alveolar 

bone with MOS 

↓ in IL-10 and interferon gamma 

gene expression from gingival 

tissue biopsies 

↓ interferon gamma, IL‐1β and 

TNF‐α  levels as measured by 

immunohistochemical analysis in 

the furcation areas of mandibular 

first molar 

Experimental periodontal disease 

and MOS presented similar 

villous height and crept depth to 

control unlike the rats with 

experimental periodontal disease  
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Silva et al. 

2017 

48 adult healthy 

male Wistar rats  

n = 6 per 

treatment group 

β-glucan 8 treatment groups: 

 Control 

 Diabetes 

 Periodontal 

disease  

 β-glucan 

 Diabetes + 

Periodontal 

disease 

 Diabetes + β-

glucan 

 Periodontal 

disease + β-

glucan  

 Diabetes + 

Periodontal 

disease +β-

glucan 

Ligature-

induced 

β-glucan was 

administered 

during the 14 

days prior to 

ligation and the 

14 days after 

ligation 

The group with 

periodontal 

disease 

received 

ligature during 

the 14th day of 

treatment 

Diabetes was 

induced 48 

hours before 

the start of the 

experiment 

  

28 days 

30 mg/kg by 

gavage  

 

↓ ABL in diabetic and 

nondiabetic rats with periodontal 

disease 

↑ Crypt depth for groups in 

diabetic and nondiabetic rats with 

periodontal disease 

↓ TNF-α serum levels in diabetic 

rats with periodontal disease 

↓ IL-10 serum levels in diabetic 

and nondiabetic rats with 

periodontal disease 

Improved β-cell function in rats 

with diabetes and receiving β-

glucan 
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Kim et al. 

2012 

42 male Sprague‐

Dawley rats 

n = 6 per 

treatment group 

β-glucan 

(Polycan) 

7 treatment groups: 

 Control 

 Experimental 

periodontal 

disease  

 Indomethacin 

reference 

treatment drug 

group  

 Polycan (21.25 

mg/kg of 

bodyweight) 

 Polycan (42.5 

mg/kg of 

bodyweight) 

 Polycan (85 

mg/kg of 

bodyweight) 

 

Ligature-

induced 

 

Intervention 

started 24 

hours after 

ligation 

10 days 

Administered 

orally in a 

volume of 5 

mL/kg  

 

Dose‐dependent ↓ in ABL in two 

groups receiving highest doses of 

Polycan (42.5mg and 85mg)   

Dose-dependent ↓ in gingival 

TNF‐α in all three groups 

receiving Polycan 

Dose-dependent ↓ in gingival IL‐

1β in groups receiving two 

highest doses of Polycan (42.5 mg 

and 85 mg) 

↓ body weights in the 

experimental periodontal disease 

group  

↑ body weight in groups receiving 

Polycan  
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1.16. Gut Microbiota in Periodontal Disease: Findings from Human Studies and Rodent 

Models 

Although the gut microbiota composition was not evaluated, the rat studies that modeled 

periodontal disease showed alterations in intestinal morphology (Levi et al., 2018; Silva et al., 

2017). This demonstrates that periodontal disease can negatively impact the gut barrier, which 

has been closely linked to the composition of our gut microbiota. In humans, long term ingestion 

of oral periodontal pathogens over time has the capacity to alter the intestinal environment to 

favour inflammation (Atarashi et al., 2017; Seedorf et al., 2014). Periodontal-associated 

pathogens have each been found to range from 4 x 10
5
 to 8.3 x 10

6
 colony-forming units/mL of 

saliva in patients with periodontal disease (von Troil-Lindén et al., 1995). The average daily flow 

of whole saliva down the gastrointestinal tract ranges from 0.5 mL and 1.5 L, with one in three 

salivary microbial cells able colonize in the gut (Humphrey & Williamson, 2001; Schmidt et al., 

2019). Species associated with periodontal disease showed increased evidence for this oral-gut 

transmission; however red complex pathogens did not (Schmidt et al., 2019). Notably, this study 

did not specifically analyze individuals with periodontal disease which could explain these 

findings. 

There are a number of different factors than can increase the oral-gut transmission, 

including age and underlying disease (Atarashi et al., 2017; Iwauchi et al., 2019; Schmidt et al., 

2019). Patients with certain diseases have more oral bacteria in the gut and may suggest that the 

transmission of these microbes contributes to disease (Schmidt et al., 2019). Bacteria associated 

with periodontal and systemic inflammation have been identified in the gut microbiota of 

individuals with periodontal diseases (Lourenςo et al., 2018). Bacteria that are typically resident 

to the oral cavity are able to survive the digestive tract and colonize in the large intestine. Their 
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ability to cause dysbiosis may not be solely from their ability to colonize. Oral bacteria and 

bacterial components (LPS) can also release metabolites or enhance the pathogenic effects of 

other species in the gut, thus inducing inflammation or triggering microbial imbalances (see 

section 1.6) (Berezow et al., 2009; Onderdonk, 2015). Additionally, bacterial toxins and 

metabolites can damage the gut epithelial wall and translocate into the systemic circulation 

(Nakajima et al., 2015).  

Studies using rodent models have shown that periodontal pathogens can influence the gut 

microbiota. Administration of A. actinomycetemcomitans to 8-week old C57BL/6J mice for 6 

weeks resulted in diminished levels of the genus Turicibacter, a bacteria belonging to the 

phylum Firmicutes (Komazaki et al., 2017). This change was accompanied by IGT and insulin 

resistance. In another study, a single dose of P. gingivalis to C57BL/6 mice led alterations in the 

microbiota (Nakajima et al., 2015). However, it was not due to the increase of the 

Porphyromonadaceae itself because the percentage of P. gingivalis in fecal samples was less 

than 0.03%. This suggests that P. gingivalis initiated a shift in the gut microbiota composition. 

Specifically, there were significantly greater proportions of Bacteroidetes and reduced levels of 

Firmicutes. The levels of Prevotella were found to be elevated and a proportion of unclassified 

bacteria belonging to the order Clostridiales were significantly decreased in P. gingivalis-

administered mice. These changes were accompanied by reduced mRNA expression of tight 

junction proteins, tight junction protein-1 and occludin, in the small intestine which is indicative 

of impaired gut barrier function. P. gingivalis administration induced increased expression of 

proinflammatory cytokines in the intestine and increased blood endotoxin levels.  

The intestine has mechanisms in place to resist bacteria colonization that is not 

indigenous to the gut. Thus, colonization of oral bacteria in the gut is most likely to happen in 
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individuals with inflammatory diseases. Klebsiella spp. was able to colonize in the gut in mice 

treated with antibiotics that created dysbiosis in the intestinal microbiota (Atarashi et al., 2017). 

Furthermore, patients with inflammatory bowel disease have been shown to have higher amounts 

of bacteria in the gut that originated from the oral cavity (Gevers et al., 2014). These findings 

suggest that oral pathogens are more likely to colonize in a susceptible host, such as individuals 

with periodontal disease. 

Periodontal disease, as well as gingivitis, has been associated with an altered gut 

microbiota in humans. Individuals with chronic periodontal disease may have a higher 

proportion of Firmicutes, Proteobacteria, Verrucomicrobia and Euryarchaeota and a decreased 

proportion of Bacteroidetes in patients with periodontal disease (Lourenςo et al., 2018). BMI was 

significantly higher in the group with periodontal disease and this may have contributed to the 

high ratio of Firmicutes to Bacteroidetes. Individuals living with obesity have been reported to 

have a higher Firmicutes/Bacteroidetes ratio compared to normal-weight and lean adults 

(Koliada et al., 2017). The findings also showed that patients with periodontal diseases had lower 

diversity in the gut microbiota. Similarly, tooth loss and diagnosis of gingivitis or periodontal 

disease was associated with lower bacterial alpha diversity. Tooth loss was associated with a 

lower relative abundance of Faecalibacterium while the diagnosis of gingivitis or periodontal 

disease was associated with a higher relative abundance of Bacteroides (Xu et al., 2020). 

Specific families, Mogibacteriaceae and Ruminococcaceae, and the genus Prevotella have also 

been associated with gingivitis and periodontal disease (Lourenςo et al., 2018).  

1.17. Periodontal Disease and Low-Grade Inflammation 

The relationship between periodontal disease and gut dysbiosis is complex and not fully 

understood. It has been proposed that oral bacteria might be capable of inducing changes in the 
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gut microbiota, resulting in a systemic inflammatory response and leading to the emergence of 

chronic inflammatory diseases (Lira-Junior & Boström, 2018). The mechanism is depicted in red 

in Figure 1.3. The major cause of this inflammation is when LPS enters the bloodstream in a 

condition defined as metabolic endotoxemia. There are two hypothesized pathways that this 

occurs in periodontal disease (Olsen & Yamazaki, 2019). LPS from periodontal pathogens can 

enter the bloodstream directly through compromised integrity of the periodontium (Page, 1998; 

Olsen & Yamazaki, 2019). Alternatively, endotoxins can cross the intestinal barrier to end up in 

the bloodstream, when the intestinal barrier has been compromised (Figure 1.3). Once in the 

bloodstream, LPS binds to a CD14/toll-like receptor (TLR)4/MD2 complex (Levy et al., 2009). 

These receptors initiate a cascade of inflammatory events with the secretion of proinflammatory 

mediators. Initial cytokines will be released during acute-phase response which will then induce 

the production of hepatocyte-derived acute phase proteins, such as C-reactive protein CRP. This 

condition is termed low-grade systemic inflammation. Low-grade inflammation, measured by 

fibrinogen levels and white blood cell counts, has been found to be associated with PD ≥ 3 mm 

and CAL ≥ 3 mm (Pink et al., 2015). In addition, individuals with higher CRP levels 

demonstrated a higher prevalence of periodontal disease than individuals with normal CRP levels 

(Esteves-Lima et al., 2020).  
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Figure 1.3. Potential Mechanism Linking Periodontal Disease, Obesity and Systemic 

Inflammation. Periodontal disease can contribute directly to endotoxemia when bacterial LPS 

enter the blood through gingival tissue. It may also indirectly lead to endotoxemia by causing 

dysbiosis in the gut microbiota and allowing the translocation of LPS into systemic circulation. 

Obesity is accompanied by gut dysbiosis and low-grade inflammation that is a major risk factor 

for the onset of periodontal disease.  

1.18. Periodontal Disease and Obesity 

Obesity is an epidemic with 88% of the Canadian population having a BMI of 25 kg/m
2
 

or above (Stats Canada, 2015). Though, recent data from our group has showed that 35% of 

individuals that receive routine periodontal maintenance and who had previously undergone ST 

within the last 1 to 5 years were overweight or obese (Sparrow et al., 2021). This discrepancy 

may be explained by the fact that dental care is not governmentally funded in Canada, and thus 
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individuals from a higher socioeconomic status would be more likely to receive care. Lower 

socioeconomic status has been associated with a higher BMI (Wang & Beydoun, 2007). 

Obesity is a chronic and often progressive disease, characterized by low-grade 

inflammation and contributes to an onset of metabolic diseases (Cani et al., 2012) with LPS as a 

possible triggering factor (Cani et al., 2007) (Figure 1.4). The association between obesity and 

periodontal disease has been established with a compelling amount of evidence, suggesting an 

increased risk of periodontal disease in individuals who are overweight or obese (reviewed in 

Chaffee & Weston, 2010; reviewed in Martinez-Herrera, Silvestre-Rangil, & Silvestre, 2017; 

Nishida et al., 2005; Suvan et al., 2011). There is also a positive association between weight gain 

and higher risk of developing periodontal disease (reviewed in Nascimento et al., 2015). 

Furthermore, unhealthy nutritional choices after the development of periodontal disease may 

exacerbate this connection. Periodontal disease can make mastication more difficult and thus 

affect future dietary choices (Ferreira et al., 2017). High fibre foods generally tend to be harder 

to chew, and individuals may choose to avoid these.  

There is evidence that the gut microbiota differs between individuals who are obese and 

those with a normal BMI, particularly in the ratio of the predominant bacterial phyla. Some 

studies associated a higher ratio of Firmicutes/Bacteroidetes with obesity (Koliada et al., 2017; 

Louis et al., 2016), while others have associated a higher Bacteroidetes proportion with obesity 

(Schwiertz et al., 2010). Inulin-type fructans supplementation in humans has demonstrated 

increases Firmicutes and Actinobacteria and decrease in Bacteroidetes (Dewulf et al., 2013). 

Members of the Bifidobacterium genus belong to the Actinobacteria phylum. It has also been 

noted that individuals living with obesity have lower proportions of Bifidobacterium (Million et 
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al., 2012; Schwiertz et al., 2010, section 1.11.1 discussed how inulin is successful in increasing 

the proportion of Bifidobacterium in the gut microbiota).  

Many individuals who are dealing with obesity have lower intakes of nutrients than 

normal weight individuals and this may be a result of a poor diet quality (Agarwal et al., 2015). 

Specifically, intakes of vitamin A, vitamin C, vitamin D, vitamin E, calcium, magnesium, 

potassium, and fibre were observed to be 5% to 12% lower with obesity. Nutrient rich foods may 

be displaced by energy dense, processed foods. Furthermore, certain medications may also alter 

the interaction with nutrient absorption in those who are overweight or obese. It is well know 

that nutrients, including vitamin A, vitamin C, vitamin D, vitamin E, calcium, and magnesium, 

are associated with periodontal health (Antonoglou et al., 2015; Dodington et al., 2015; Nishida 

et al., 2000; Staudte et al., 2012; Tada & Miura, 2019). The lack of these specific nutrients could 

in part explain why obesity is more prevalent in individuals with periodontal disease.    

1.18.1. Potential Mechanism of Prebiotics for Managing Obesity to Attenuate Periodontal 

Disease 

Consumption of prebiotics has been proposed to alter the gut microbiota and counteract 

metabolic adaptations associated with obesity (Zou et al., 2018). When females with T2DM and 

a BMI between 25 kg/m
2
 and 35 kg/m

2
 were given 10 g of inulin a day, they showed 

significantly decreased levels of IL-6, TNF-α and plasma LPS after an 8 week intervention 

period (Dehghan, Pourghassem Gargari, & Asghari Jafar-abadi., 2014). In ob/ob mice, 

oligofructose favoured the growth the Bifidobacterium spp. and that was associated with a 

significant improvement of gut permeability (Cani et al., 2009). They also found increased 

amounts of the endogenous production of glucagon-like peptide-2 (GLP-2). High levels of this 

peptide were associated with an improvement of the mucosal barrier function, leading to 
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improved tight junctions and decreased plasma LPS concentrations. This diminished the 

inflammatory response which was exhibited by decreased plasma levels of  IL-1ß, TNF-α,  INF-

γ, IL-6 and IL-10 (Cani et al., 2009). 

Weight loss can reduce systemic inflammation and improve periodontal clinical 

outcomes. In patients achieving a reduction in weight of greater than 10%, there were significant 

increases on the serum levels of adiponectin levels and reductions in TNF-ɑ (Vivekananda & 

Faizuddin, 2019). This was accompanied by an improvement in plaque index, bleeding index, 

PD, and CAL without any other interventions results. Dietary weight loss interventions can 

improve the efficacy of ST in individuals suffering from obesity. Patients with periodontal 

disease who followed a 6‐week very low calorie diet, followed by a 6-week low calorie diet had 

a significantly greater reduction in the number of sites with a PD of 4 to 5 mm than the non‐

intervention group (Martinez-Herrera et al., 2018). Inulin supplementation has been shown to be  

a successful tool for weight loss (Guess et al., 2015) and many dietary strategies aimed at weight 

management involve increasing dietary fibre and thus the intake of prebiotics (Wharton et al., 

2020). SCFAs that are produced during fermentation may also regulate glucagon-like peptide-1 

(GLP-1), peptide tyrosine tyrosine (PYY) and ghrelin, hormones which are related to appetite 

and satiety (Christiansen et al., 2018; Parnell & Reimer, 2009; Tolhurst et al., 2012). In adults 

who are overweight or obesity, 21 g/d of oligofructose reduced bodyweight and this was 

associated with a suppression of ghrelin and a stimulation of PYY (Parnell & Reimer, 2009). In a 

follow up study, the authors observed significantly reduced plasma LPS in comparison to a 

maltodextrin placebo. The placebo group had increased LPS levels by 48% whereas LPS levels 

were decreased by 40% in the group receiving oligofructose (Parnell, Klancic, & Reimer, 2017). 

Therefore, supplementation with inulin-type fructans may help to regulate hunger hormones, 
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which is subsequently followed by a reduction in weight loss and may result in improved 

periodontal outcomes.  

To summarize, the gut microbiota is altered in periodontal disease and obesity. Prebiotics 

can help to support the growth of beneficial bacteria in the gut microbiota and promote intestinal 

barrier function. This may then prevent the translocation of bacteria and LPS to the systemic 

circulation. Consequently, activation of immune cells via LPS-TLR4 signaling is averted and 

systemic inflammation is reduced. Prebiotics may also help with weight loss, primarily due to 

their ability to modify hormones related to satiety. This may subsequently decrease systemic 

inflammation. Since there is an association between low-grade systemic inflammation, the 

working hypothesis is that preventing or attenuating the inflammatory response will also depress 

outcomes associated with periodontal disease. 
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Figure 1.4. Possible Pathways for Prebiotics to Attenuate Periodontal Disease. Prebiotics 

produce SCFAs that may help by maintain gut permeability. This may prevent the translocation 

of LPS into the bloodstream and reduce the systemic inflammation. Prebiotics may also increase 

the production of hormones that are related to satiety which may lead to weight loss and reduced 

LPL plasma levels.  

1.19. Knowledge Gaps and Rationale for Proposed Randomized Controlled Trial 
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Dietary interventions in individuals with periodontal disease have been successful in 

producing favourable improvements in periodontal outcomes. Likewise, specific dietary 

nutrients have been associated with better periodontal outcomes after ST. The proposed study 

will investigate the effects of a prebiotic (inulin) prior to ST and after ST. Specifically, the 

influence of inulin on salivary inflammation markers and periodontal-associated pathogens 

throughout each phase will be measured. These biomarkers are anticipated to be sensitive to 

detecting the response of inulin supplementation as these biomarkers are anticipated to change 

prior to the disruption of the biofilm through ST and subsequent improvements in clinical 

outcomes of periodontal disease (i.e. PD, BOP). Evaluating changes in these biomarkers 

(salivary inflammation markers and periodontal-associated pathogens) before ST can provide 

evidence regarding the use of inulin as a dietary intervention that promotes periodontal health on 

its own. Evaluating changes in both biomarkers and clinical outcomes after ST will determine if 

inulin can enhance the effect of treatment and determine its value as an adjunct to therapy. It is 

currently unclear if prebiotics can play a role in periodontal healing. 

To date, studies in humans have not investigated the effect of a prebiotic on periodontal 

disease, alone or in combination with ST. This study will provide proof of principle; that a 

prebiotic which targets gut microbiota, can have a positive effect on clinical outcomes of 

periodontal disease. Dietary interventions involving fibre have demonstrated a reduction of 

periodontal and gingival inflammation (Kondo et al., 2014; Tennert et al., 2020; Widén et al. 

2015; Woelber et at., 2016; Woelber et al., 2019), however these studies used whole foods. 

Using an inulin supplement will minimize potential confounding compounds found in whole 

foods. 
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 As suggested previously, individuals who are obese or have a healthy BMI have 

different compositions in their gut microbiotas. Gut permeability may be especially 

compromised in obese individuals. Therefore, patients will be subcategorized by BMI as having 

a BMI that is normal/healthy (˂ 25 kg/m
2
) or overweight/obese (≥ 25 kg/m

2
). It is possible that 

prebiotics may have limited effects on individuals with normal/healthy BMI, as their bacterial 

composition is already considered to be “ideal”. The prebiotic effect of inulin may be more 

pronounced in individuals with a BMI classified as overweight or obese, where intestinal 

permeability and host metabolism are altered. If there is a connection between systemic 

inflammation and periodontal disease, than theoretically reducing LPS plasma levels will reflect 

in clinical outcomes of periodontal disease. There is evidence that inulin can help prevent or 

attenuate systemic inflammation. The next step is to provide a linkage between prebiotic intake 

and oral inflammation.
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CHAPTER TWO 

OBJECTIVES AND HYPOTHESES 

Due to the unforeseen circumstances of the COVID-19 pandemic, it was not possible to 

proceed with conducting the planned pilot study while following public health guidelines from 

the Province of Ontario. As such, the thesis research was modified to include a detailed study 

protocol that follows SPIRIT guidelines. The application for this study was approved by the 

Human Bioscience Research Ethics Board at Brock University, St. Catharines, Ontario (19-202 - 

WARD) and the trial was registered at clinicaltrials.gov. The protocol was submitted on 

December 2020 to the journal Trials, which is an open access peer-reviewed medical journal that 

publishes planned RCTs. The manuscript submission number is TRLS-S-20-02723. The actual 

study will be conducted outside of this thesis research when it is safe to do so. 

2.1. Objectives 

Main Objectives 

1. To determine if inulin supplementation prior to ST and after ST is more effective than the 

placebo at decreasing the number of sites with PD ≥ 4 mm 

2. To determine if inulin supplementation prior to ST and after ST is more effective than the 

placebo at increasing the occurrence of the absence of BOP 

Secondary Objectives 

1. To determine the effects of inulin supplementation on salivary inflammatory biomarkers 

of IL-1ß, CRP, IL-6 and MMP-8 after 4 weeks of the intervention prior to ST and after 

10 weeks post ST 

2. To determine the effects of inulin supplementation on levels of periodontal-associated 

pathogens after 4 weeks of the intervention prior to ST and after 10 weeks post ST 
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3. To determine if  BMI, classified as either normal (˂ 25 kg/m
2
) or overweight/obese (≥ 25 

kg/m
2
), is a predictor of the number of sites with PD ≥ 4 mm and BOP at 10 weeks post 

ST 

2.2. Hypotheses 

Main Hypotheses 

1. Patients receiving the inulin supplement will have a greater reduction in the number of 

sites with PD ≥ 4 mm from baseline to 10 weeks post ST compared to patients taking the 

placebo  

2. Patients receiving the inulin supplement will have a greater occurrence of the absence of 

BOP from baseline to 10 weeks post ST compared to patients taking the placebo  

Secondary Hypotheses 

1. Patients receiving the inulin supplement will have decreased levels salivary markers of 

inflammation compared to the patients taking the placebo after 4 weeks of inulin 

supplementation prior to ST and after 10 weeks post ST 

2. Patients receiving inulin will have lower numbers of periodontal-associated pathogens 

compared to the patients taking the placebo after 4 weeks of inulin supplementation prior 

to ST and after 10 weeks post ST  

3. Individuals with a BMI ≥ 25 kg/m
2
 will have greater reduction in the number of sites with 

PD ≥ 4 mm and BOP than individuals with BMI ˂ 25 kg/m
2 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Trial design  

This is a single-center, randomized, double-blind, placebo-controlled study. The 

flowchart of the study is presented in Figure 3.1. Participants will be randomly allocated in a 1:1 

ratio into the intervention group (N = 85) or control group (N = 85). A pilot study will be 

embedded within the RCT with the first 48 participants. Once the pilot study is completed and 

the feasibility has been established, these participants will be included in the full trial. If issues 

do arise, the appropriate measures will be taken to strengthen the study design and 170 new 

participants will be recruited for the full trial.   
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Figure 3.1. Study design flowchart 

The visits and timeline is described below: 

 Visit 0 (virtual visit): Eligibility screening and informed consent  

 Visit I (initial consult): Informed consent (if not given virtually at Visit 0). 

Randomization to either inulin or placebo group. Baseline periodontal assessment (PD 
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and BOP), anthropometry (weight, height), dietary assessments, salivary markers of 

inflammation and periodontal-associated pathogens 

 Visit II (ST is performed): Anthropometry (weight, height), dietary assessment, salivary 

markers of inflammation and periodontal-associated pathogens 

 Visit III (follow up, post ST): Final periodontal assessment (PD and BOP), 

anthropometry (weight, height), dietary assessment, salivary markers of inflammation 

and periodontal-associated pathogens 

Saliva samples, anthropometric measurements and three dietary assessments using 24-

hour dietary recalls automated self-administered 24-hour dietary assessments (ASA24) will be 

collected for data analysis at visits I, II and III. Clinical assessments of periodontal disease will 

include PD and BOP and will be taken at the initial consult and follow up only. Patients will be 

informed that their participation will not alter treatment and that they can withdraw consent at 

any time without influencing their treatment. The participant timeline is shown in Table 2. 

3.2. Study Setting, Recruitment and Timeline 

Participants will be recruited from a local periodontal clinic. Patients are referred to the 

specialty clinic by their general dentist or hygienist if they exhibit signs of advanced periodontal 

disease. Referred patients will be sent an email including the letter of invitation to participate in 

the study.  

The clinic typically sees 200 patients per year for ST with 65% of the patients being 

nonsmokers, leaving a total of 130 patients who are eligible to participate in the study. Of those 
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130 individuals, 10% of people will have severe cases of periodontal disease that will require 

antibiotics with ST. This equates to 117 patients per year that remain eligible to participate in the 

study. It is estimated that 60% of people will agree to participate on the study, given the time 

commitment to the intervention. Previous data from the clinic showed 64.7% of patients 

undergoing periodontal surgery reported using one or more dietary supplements (Beaudette et al., 

2021). It is anticipated that a similar proportion of patients undergoing ST will be highly 

motivated to further support their recovery and will agree to the study. Therefore, the recruitment 

for 48 participants in the pilot study will be completed within one year, with the recruitment for 

the full trial lasting an additional two years. It is expected that participants from the pilot study 

will be included as part of the full trial sample size. 
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Table 3.1. Schedule for Enrolment, Intervention, and Assessments During the Study Period.  

 

3.3. Clinic Protocol 

3.3.1. Visit 0: Virtual Visit  

 STUDY PERIOD 

 Enrolment Allocation Post-allocation 

TIMEPOINT Visit 0 Visit I 

4 weeks Pre 

ST 

Visit II 

Visit III (10 

weeks Post ST) 

RECRUITMENT:      

Eligibility screen X     

Informed consent  X     

Allocation  X    

Randomization (I or C)  X    

INTERVENTIONS:      

Inulin   X------------- -------------- ------------------X 

Control   X------------- -------------- ------------------X 

ASSESSMENTS:      

Clinical Assessment (PD and BOP)  X   X 

Salivary Markers of Inflammation  X  X X 

Periodontal-Associated Pathogens  X  X X 

ASA24  XXX  XXX XXX 

BMI  X  X X 
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Those that are interested in participating in this study will be invited to a virtual meeting 

with a member of the research team. Participants can agree to being virtually recorded as they 

read the statement from the consent form or fill out the consent form and send it back via email. 

If neither of these options is feasible, they can bring the signed consent form with them to their 

initial consultation (visit I). 

3.3.2. Visit I: Initial Consultation  

An initial examination/consultation is typically scheduled for 1-1.5 hours with enough 

time for discussion and education about a participant’s periodontal state. However, if the 

participate consents to the study, an additional 30 minutes will be needed to collect the extra data 

needed for the study.  

The participants will be presented with routine paperwork to be filled out prior to arriving 

at their office or in their car. Included in the routine paperwork are a confidential patient 

information form, medical history form and a supplement questionnaire (See Chapter Seven for 

Appendices). Upon the start of the appointment, participants will be taken to the hygiene room 

where the hygienists will begin the visit and it will include: 

 Reviewing routine paperwork 

 Obtaining blood pressure 

 Taking baseline clinical assessments 

 Taking radiographs 

 Educating the participant on the etiology and importance of treating periodontal 

disease 

Clinical assessments are used to determine the baseline periodontal status of the 

participant. This assessment includes measures such as PD (mm), CAL (mm), BOP (% sites), 
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gingival index, plaque index, furcation involvement and tooth mobility. For the purpose of this 

study, PD and BOP will be the outcomes of interest.  

They will be asked to provide two 5 mL saliva samples; one for analysis of inflammatory 

markers and one for bacterial testing (refer to section 3.9). The participant will also have their 

height and weight recorded to obtain their approximate BMI.   

At this point, participants will received their intervention package which will contain 100 

individually packaged 10 gram dose of either the prebiotic or placebo (refer to section 3.6). 

Randomization and labeling of the packages will have happened previously by another 

researcher not directly involved in this study. The hygienist or student researcher and participant 

will be blinded to the intervention. The hygienist or student researcher will record the 

participant’s name and unique code on a separate sheet of paper that will be stored with the study 

data. The patient will be directed to take half of the 10 gram dose in the morning and the rest in 

the evening. They will start the intervention exactly 4 weeks before their scheduled ST 

appointment and after they have completed all 3 dietary assessments. They will remain on the 

intervention until their follow up appointment which will be 10 weeks after ST.  

Before the participant leaves, they will be instructed to fill out 3 dietary assessments (see 

section 3.11 for more details). Participants will be given their username and password for the 

ASA24 respondent website so that they can complete the dietary assessments at home. The 

username will match their unique code administered on the intervention package. 

Lastly, the front desk will schedule and confirm patients for their next appointments. 

They will allot an additional 30 minutes to provide enough time for study data collection for 

participants of the study prior to ST.  

3.3.3. Visit II: Sanative therapy  
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A week before a participant’s scheduled ST appointment, the receptionist will call the 

participant to remind them about their upcoming appointment and instruct them to log on to the 

ASA24 website and fill out 3 dietary assessments before their next clinic visit.  

Similarly to the previous appointment, the participant will have their body weight and 

height (for BMI) measured by the hygienist. Two saliva samples will be obtained immediately 

prior to the ST to determine changes in analysis of inflammatory markers and bacterial 

composition. 

3.3.4. Visit III: Follow up appointment 

Visit III is the final appointment that will be used for the study design. Analagous to the 

previous visit, the receptionist will call the participant in advance to tell them to fill out 3 dietary 

assessments online. Participants will return any unused intervention sachets. Height and weight 

will be remeasured to calculate BMI. Participants will provide two saliva samples. The 

periodontist will assess the same clinical markers of periodontal disease as the first visit. This is 

to determine how the participant responded to ST and future directions for treatment.  

3.4. Eligibility criteria 

Inclusion criteria include patients of both sexes, attending the clinic with diagnosed 

periodontal disease requiring ST, being over the age of 19 and able to provide informed consent. 

Exclusion criteria include pregnancy, breast-feeding, demonstrating glycated hemoglobin 

(HbA1c) levels greater than 8% in the previous 3 months, chronic GI conditions (e.g. colon 

cancer, inflammatory bowel disease, celiac disease) and infections, current or previous use of 

antibiotics for management of non-periodontal conditions within the last 3 months, current use of 
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laxatives, probiotics, prebiotics and/or fibre supplements, current smoking and/or cannabis use 

and pregnant or lactating individuals. Patients with severe periodontal disease that require 

antibiotics with ST as part of their treatment will be withdrawn. This will be determined after the 

patients initial consultation (visit I). The eligibility criteria are summarized in Table 3.2. 

Table 3.2. Eligibility Criteria 

Inclusion Criteria Exclusion Criteria Withdrawal Criteria 

· Patients of both sexes 

attending the clinic with 

periodontal disease  

· Demonstrating HbA1c levels 

greater than 8% in the previous 

3 months 

· Patients with severe 

periodontal disease that require 

antibiotics with ST as part of 

their treatment · Over the age 19 (no upper 

age restriction) 

 

 

 

· Provided informed, written or 

verbal consent 

 

 

 

· Chronic GI conditions (e.g. 

colon cancer, inflammatory 

bowel disease, celiac disease) 

and infections  

· Current or previous use of 

antibiotics for management of 

non-periodontal conditions 

within the past 3 month 

· Current use of laxatives, 

prebiotics, probiotics and/or 

fibre supplements 

    
    

    

    

· Smokers and/or cannabis 

users 

      · Pregnant or lactating         

 

Complications can arise with diabetes when there is poor glycemic control and it can 

exacerbate periodontal health (reviewed in Taylor & Borgnakke, 2008). Food allergies and 

diseases affecting the intestines will have various effects on the gut microbiota and therefore, 

these individuals may not respond to the intervention in the same way. Antibiotic use is known 

to reduce gut microbial diversity. To ensure that the results are attributed to the intervention 

itself, any current users of prebiotics, probiotics or laxative agents cannot participate in this 

study. Previous data has shown differences in associations between fruit and vegetable intake 

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-016-1486-y#Tab1
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and periodontal health in smokers than in non-smokers and for this reason, individuals who 

smoke will be excluded from the study (Dodington et al., 2015). 

3.5. Intervention  

 Participants allocated to the study group will receive inulin (10g/day; Orafti®GR, Beneo, 

Mannheim, Germany) while participants in the placebo group will receive maltodextrin (10 

g/day; Canadian Protein; Toronto, Ontario, Canada) for a total of 14 weeks. Maltodextrin is the 

most common placebo used in intervention studies with inulin because it has similar physical 

appearance and energy content to inulin. The supplements will be individually packaged in 

sachets and will contain 10 grams of the specified powder. All participants will be instructed to 

consume one package per day. Supplements can be mixed with water or with another liquid of 

choice (250 mL of liquid per serving).  

Inulin administered at 10 g/d is generally well-tolerated, resulting in only mild 

gastrointestinal (GI) symptoms of gas/bloating, flatulence, constipation, and GI 

cramping/rumbling (Bonnema et al., 2010). Furthermore, participants will be instructed to divide 

the 10 g dose into two 5 g doses – one in the morning and one in the evening. This method has 

been shown to have no significant increase in GI symptom incidence (Bruhwyler et al., 2009). 

This will minimize, if any, side effects from the intervention. The supplement provided will help 

participants reach the recommended daily intake for fibre which is 25 g for women and 38 g for 

men. If the participant cannot continue with the study for any reason, they will be aware they 

may stop the intervention at any time and it will not affect the level of care they receive at the 

clinic. 

3.5.1. Strategies to Improve Adherence to Interventions 
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All participants will receive exactly 100 sachets to last them until their scheduled follow 

up appointment. They will be asked to return any unused sachets when they come in for their 

follow up to account for missed dosages. Participants may opt to receive a daily reminder to take 

the prebiotic in the morning and afternoon using a smartphone application (Auto Message) and 

will also be instructed to take it prior to brushing their teeth in the morning and at night as an 

additional reminder. 

3.6. Randomization and Blinding 

A computer-generated list of random numbers will be used to create a sequential set of 

unique codes with an equal number of participants assigned to each of the two groups. A 

member of the research team will be responsible for the randomization and labeling of the 

packages. Each intervention package will contain 100 sachets of the either the control or 

intervention product. The packages will be labelled with the unique codes that were generated. 

There will be a master list, kept in a locked office at the clinic, which matches the unique code 

with the corresponding treatment.  

At the clinic, the participants will receive a random intervention package with the 

corresponding unique code from a member of the research team. This will become the unique 

code that identifies the participant. The member of the research team will record the participant’s 

name and code on a list. Participants will be instructed to use this code to complete their dietary 

assessments at home. This code will also be used to label saliva samples. Both the trial 

participants and care providers will be blinded to the group allocation. In the case of emergency 

and a participants’ allocated intervention needs to be revealed, a staff member at the clinic will 

match the master list to the list that identifies the participants names and codes. 
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3.7. Outcomes  

Primary outcome measures 

1. Clinical Assessment 

 Number of sites with PD ≥ 4 mm 

 Absence of  BOP 

Secondary outcome measures 

2. Salivary Markers of Inflammation 

 IL-1ß  

 IL-6 

 CRP 

 MMP-8 

3. Periodontal-Associated Pathogens 

 Aggregatibacter actinomycetemcomitans 

 Porphyromonas gingivalis 

 Tannerella forsythia 

 Treponema denticola 

4. Anthropometric Parameters 

 Body weight  

 Height  

5. Dietary Assessment 
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 Energy Intake 

 Carbohydrate Intake 

 Fat Intake 

 Protein Intake 

3.8. Periodontal Examination 

All periodontal examinations will be completed by Registered Dental Hygienists with 15 

years or more of experience using a periodontal probe. Multiple hygienists will participate in this 

study and to ensure consistency among measurements, they will be calibrated to apply 25 N of 

pressure by using electronic scale. Six PD sites will be measured on all teeth and implants 

(mesiobuccal, buccal, distobuccal, mesiolingual, lingual and distolingual (Sparrow et al., 2020). 

The total number of sites with PD ≥ 4 mm will be measured. BOP will be measured by visual 

inspection and expressed as either absent or present at each of the sites.  

3.9. Saliva Collection 

Salivary biomarkers can lead to early diagnosis and monitoring so that interventions can 

occur before more permanent destruction of the tissue occurs. Analysis of saliva can provide an 

objective measure of the state of periodontal disease in a quick and less invasive way. Saliva will 

also be used to assess the response to treatment pre and post ST. Two 5 mL saliva samples will 

be collected by the dental hygienist; the first sample will be to analyze the markers of 

inflammation and the second will be for bacterial testing.   

3.9.1. Salivary Markers of Inflammation 

Participants will rinse with 85 mL of water for approximately 1 minute, 10 minutes prior 

to collection. Saliva will be collected using unstimulated passive drool and a saliva collection aid 
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(Salimetrics; Carlsbad, CA) into a prelabeled collection vial. Saliva samples will be stored on ice 

in a small cooler, centrifuged at 3000 g for 15 minutes and supernatant collected into a labeled 

sterile tube and stored at -80°C until analysis. IL-1ß, IL-6 and CRP will be analyzed using 

enzyme‐linked immunosorbent assay kits (Salimetrics; Carlsbad, CA). MMP-8 will be analyzed 

using a human quantikine enzyme‐linked immunosorbent assay kits meant to measure total 

MMP-8 in cell culture supernates, tissue lysates, serum, plasma, platelet-poor plasma, and saliva  

(R&D Systems, Inc.; Oakville, Canada) as per the manufacturer’s instructions. All assays will be 

completed in triplicate.  

3.9.2. Periodontal-Associated Pathogens 

Participants will rinse with saline for 30 seconds then expectorate spit in a collection 

tube. This sample will be taken after the saliva sample that will be used for measurement of 

markers of inflammation. The patient unique code will be written on the tube and stored in an ice 

cooler during the transportation to Brock University. Samples will be frozen at -80°C until 

further analysis. Although many bacteria have been found to be implicated in periodontal 

disease, the focus of this research will be on the ones that are highly associated with periodontal 

disease. A. actinomycetemcomitans, P. gingivalis, T. forsythia and T. denticola will be quantified 

by quantitative PCR (Paqué et al., 2020).  

3.10. Anthropometric Assessment 

Height and weight will be measured to calculate BMI (kg/m
2
). Participants will be asked 

to remove their shoes and will be weighed and height will be measured to the nearest 0.1 kg and 

0.1 m, respectively, using a height and weight scale (Health-O-Meter Professional; Sunbeam 
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Products, Inc.). If certain situations prevent height and weight from being taken (COVID-19 

pandemic), self-reported height and weight will be used.  

3.11. Dietary Assessment 

Dietary intakes will be measured using the Canadian version of the ASA24® Dietary 

Assessment Tool. The ASA24 will be completed online by participants and food intakes will be 

recalled over a 24-hour period. ASA24 features two web-based applications, one that the 

participant will use to complete dietary recalls and one for the researcher to access nutrient 

analyses. Participants will be asked to complete 3 dietary assessments at each visit time point 

(two weekdays and one weekend day) to obtain an accurate representation. Weekend diets tend 

to be more relaxed than weekday diets, as people are often less structured in their schedule. The 

one weekend recall will help us capture those discrepancies. The ASA24 will be completed in 

triplicate to correspond with each visit to provide a better representation of an individual’s 

typical diet. Three 24-hour recalls were found to more accurately represent usual energy and 

nutritional intake than one 24-hour recall (Shamah-Levy et al., 2016). Total energy intake, 

protein, fat and carbohydrate intakes will be extrapolated from the assessments for the analysis. 

The means of each nutrient will be taken from the 3 recalls for each visit.    

3.12. Sample size  

3.12.1. Sample Size for Pilot Study 

No RCTs have investigated the combined effect of inulin with ST on periodontal 

outcomes. To ensure the feasibility of the study – including participant adherence to the protocol 

and sample collection - a pilot study will be performed. The goal is to obtain data from 20 

participants for each group during the pilot study. Assuming that up to 20% of participants may 
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drop-out or be withdrawn; the aim is to recruit 24 participants per group, for a total of 48 

participants. If no unforeseen difficulties arise in the pilot study, participant data will be part of 

the full trial.  

3.12.2. Sample Size for Full Trial 

The number of sites with PD ≥ 4 mm rather than BOP was the outcome used to determine 

sample size as ST has been shown to reduce BOP to minimal levels to the point where an adjunct 

could not increase the effectiveness (Dodington et al., 2015). Previous literature has reported the 

mean change in number of sites with PD ≥ 4 mm from baseline to an average follow up of 10.86 

weeks is a mean of 81 with a standard deviation of 21 (Dodington et al., 2015). It has been 

shown that a low fat, high fibre diet can result in a 4% decrease in average PD though these 

participants were suffering from obesity or IGT and not formally diagnosed with periodontal 

disease and were not undergoing treatment with ST (Kondo et al., 2014). It is reasonable to 

estimate that participants who have deeper PD will experience a greater reduction in number of 

sites with PD ≥ 4 mm (10% versus 4%) in combination with ST, as baseline PD is positively 

associated with follow up PD (Kondo et al., 2014). Thus, the estimated mean change in the 

number of sites with PD ≥ 4 mm is 91. Using a power of 80% and an alpha of 0.05, the total 

number of participants needed per group is 71. A 20% drop-out rate is estimated; the sample size 

for the full trial is 85 per group, or a total 170 participants. The sample size needed for the full 

trial was estimated using a statistical software (G*Power 3.1). 

3.13. Data Collection and Management 

Clinical data, including periodontal outcomes and anthropometric measurements, will be 

collected from electronic patient files and recorded in a specialized spreadsheet. This will be 
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combined later on with data from the online dietary assessments and the data from salivary 

analyses.   

Dietary questionnaires will be filled out online and will be downloaded from the ASA24 

website onto a spreadsheet file that will become the main data set. Data from the clinic and saliva 

analyses will be added to this file upon completion and a second member of the research team 

will go through the imputed information to check for any errors. Regular back-ups will be made 

in the study folder on the protected research server to prevent loss of data. Verbally recorded 

informed consent will be recorded in the electronic participant folder and any signed paper forms 

will be scanned into the file and stored within Brock University in a locked file.   

3.14. Statistical Methods 

3.14.1. Statistical Methods for Primary and Secondary Outcomes  

Data will be entered into excel by a member of the research team. Another member will 

double check the numbers and values to ensure accuracy of data entry. Statistical analyses will 

be performed using IBM SPSS 26 statistical software and significance will be determined when 

P < 0.05. Mean and standard deviations will be reported for outcomes. Analysis of baseline 

participant demographics will be calculated to ensure consistency between the groups. The 

Kolmogorov-Smirnov test will be used to test the normality of the data. The Levene’s test will be 

used to assess the equality of variances. PD will be analyzed using an independent sample t test 

for the mean change in number of sites with PD ≥ 4 mm. If the data is not normally distributed, a 

Mann-Whitney test will be used. BOP is a categorical variable and chi‐square analyses will be 

performed to measure the associations between the absence of bleeding and the treatment group. 
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The concentrations of the four salivary biomarkers and the quantitative values of the four 

periodontal pathogens at all three sample collection times will be log transformed to normalize 

their distribution. Two-way mixed analysis of variance (ANOVA) using treatment x time will be 

used to analyze each biomarker and pathogen individually. A repeated-measures ANOVA with 

Tukey’s post hoc test will be used to determine to determine changes in energy and 

macronutrient intakes over the 3 visits in the intervention and control groups.  

3.14.2. Methods for Subgroup Analyses 

The study will also determine if there is a difference in the effect of inulin on the primary 

outcomes in terms of BMI. Subgroup analyses for the number of sites with PD ≥ 4 mm will be 

performed using two categories for BMI: normal BMI (˂ 25 kg/m
2
) or overweight/obese (≥ 25 

kg/m
2
). This analysis will be conducted using an independent sample t test. Chi‐square analyses 

will be performed for BOP. 

3.14.3. Methods in Analysis to Handle Protocol Non-Adherence and any Statistical 

Methods to Handle Missing Data  

To ensure the treatment effect is not conservative, a modified-to-treat approach will be 

used in the analysis of this trial. To be included in the analysis, participants will need to take the 

assigned intervention for 75% of the 28 day pre ST period and 75% of the 70 days post ST 

period. The study protocol is designed to maximize data collection. Missing data for secondary 

outcomes, particularly dietary intakes, will be accounted for using the statistical method of 

multiple imputation. 
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CHAPTER FOUR 

DISCUSSION 

This discussion focuses on the potential findings from the trial detailed in the earlier 

sections of this thesis. 

Periodontal disease is often described in association with a systemic inflammatory 

disease such as obesity, diabetes and metabolic syndrome (Gurav, 2014; Martinez-Herrera, 

Silvestre-Rangil, & Silvestre, 2017; Mealey & Oates, 2006). A common theme underlying these 

systemic inflammatory diseases is the presence of a dysbiotic gut microbiota and increased 

systemic levels of CRP and cytokines such as TNF-α, IL-1β and IL-6, which are among the most 

commonly measured biomarkers of low-grade systemic inflammation (Hegde & Awan, 2019). 

As shown in Figure 4.1, inulin may be able to reduce low-grade systemic inflammation by 

supporting the growth of beneficial bacteria which increases the production of SCFAs. This 

action may ultimately attenuate the inflammation associated with periodontal disease (see Figure 

4.1). The effect of prebiotics, synbiotics and SCFAs on systemic inflammation in adults has been 

reviewed (McLoughlin et al. 2017). Four out of five RCT studies that investigated the effect of 

inulin reported a significant decrease in 1 or more serum biomarker of systemic inflammation 

(primarily TNF-α, IL-6, CRP, or interferon gamma). Population groups for these studies 

included participants that had T2DM and participants without preexisting conditions.  
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Figure 4.1. Proposed Action of Inulin at Attenuating Periodontal Disease. Obesity and T2DM can affect periodontal health and 

periodontal disease itself can also be a risk factor for obesity and T2DM. Inulin may be able to disrupt the connection by ameliorating 

low-grade inflammation.
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With respect to periodontal disease, a decrease in systemic inflammation - as determined 

by measuring serum CRP and proinflammatory cytokines - may be associated with an 

improvement in periodontal status. ST has been shown to improve systemic inflammation, 

specifically a decrease in hs-CRP due to the removal of pathogenic bacteria during the treatment 

(Blum, Front, & Peleg, 2007). The working hypothesis is that inulin can provide localized 

improvements to the gut microbiota by its ability to support the growth of beneficial bacteria and 

subsequent increase of SCFA production. Through SCFA-mediated pathways that will be 

described, the oral microbiota may be favourably altered such that the periodontal-associated 

pathogens are decreased along with local inflammation in the periodontium. This following 

paragraphs will focus on the different pathways that inulin may attenuate periodontal disease and 

the potential inter-relationships among these pathways. 

4.1. Increased Production of SCFAs  

Inulin supplementation can support the growth of a number of different beneficial 

bacteria alongside an increased production in SCFAs. Increasing the production of SCFAs is the 

main mechanism of interest as these SCFAs can improve insulin sensitivity, increase 

adiponectin, and reduce low-grade inflammation and has the potential to favourably influence 

periodontal health.  

The main SCFAs, butyrate, acetate and propionate, can be produced in multiple ways be 

the gut microbiota. Some bacteria can directly ferment inulin. Alternatively, SCFAs can be 

generated through bacterial crossfeeding. This occurs when bacteria further metabolize end 

products or utilize carbohydrate breakdown products of inulin (Blaak et al., 2020). As previously 

stated in section 1.11.1, there are a number of different bacteria influenced by the presence of 
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inulin, and consequently multiple ways SCFAs can be produced. Akkermansia 

muciniphila produces acetate and propionate (Ottman et al., 2017). It is able to degrade the host 

mucus but not inulin-type fructans, so its increased abundance is likely due to complex cross-

feeding interactions (Everard et al, 2013). Faecalibacterium prausnitzii is able to use inulin to 

directly produce butyrate (Duncan et al., 2002). Bifidobacteria can metabolize inulin to produce 

lactate, acetate, formate and ethanol (Blaak et al., 2020).  

SCFAs may function as ligands for G-protein-coupled receptors (GPR41 and GPR43) 

present in various tissues in the body (Brown et al., 2003). GPR41 and GPR43 are detected on 

various cells throughout the body, including pancreatic cells, adipocytes, and immune cells such 

as monocytes and neutrophils and are able to modify many host functions accordingly (Brown et 

al., 2003). Both of these receptors are also located on intestinal epithelial cells. Once these 

receptors are activated by SCFAs, they cause a secretion of hormones from the enteroendocrine 

L cells (Lu et al., 2016; Nøhr et al., 2013). In mouse studies, dietary supplementation of SCFAs 

increased the expression of GPR43 and GPR41 in the colon and this increase was positively 

associated with expressions of PYY and GLP-1 in mice that were fed a high-fat diet (Lu et al., 

2016). Furthermore, there was a significant increase in the mRNA levels of adiponectin, which 

may also relate to periodontal disease through promotion of a healthy body weight and glucose 

control (see section 4.3). PYY is released into the circulation after a meal and it functions to 

reduce food intake by inhibiting gastric motility and increasing satiety (De Silva & Bloom, 

2012). Taken together, SCFAs may protect against body weight gain induced by high fat 

feeding. A higher level of SCFAs may also help increase satiety and limit energy intake, leading 

to a loss of fat mass. GLP-1 agonists are the used management of obesity and T2DM to increase 

insulin secretion and reduce body weight. In clinical trials, GLP-1 analogue therapy was able to 
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reduce inflammatory macrophage production, decrease serum cytokines (TNFα, IL-1β, IL-6) and 

increase adiponectin levels (Hogan et al., 2014). 

4.2. Insulin Sensitivity  

The bidirectional relationship between periodontal disease and T2DM is well-established 

with both diseases negatively impacting the other (Figure 4.1). Blood glucose control is part of 

the initial assessment of periodontal disease and can modify the grade of periodontal disease 

(Caton et al., 2018). Epidemiological studies have demonstrated a strong association between 

poor glycaemic control and prevalence of periodontal disease (Tsai, Hayes, & Taylor, 2002). 

Additionally, a positive correlation exists between mean PD and HbAlC, as well as mean PD and 

high sensitivity-CRP, even after adjusting for age, gender, BMI, duration of diabetes, smoking, 

regular physical exercise, and alcohol consumption (Chen et al., 2010). Periodontal disease is 

also associated with poorer glycemic control and a higher risk of developing diabetes (Graziani 

et al., 2018). Several meta-analysis have shown that ST significantly improves serum HbA1C 

levels (Engebretson & Kocher, 2013; Jain et al., 2019; Simpson et al., 2010; Teeuw, Gerdes, & 

Loos, 2010).  

What cannot be determined is if periodontal disease deteriorates glycemic control or 

T2DM can cause periodontal disease. However, controlling glycaemia through inulin 

supplementation may benefit periodontal health. A systematic review and meta-analysis showed 

that inulin supplementation in patients with T2DM improved glucose control (Zhang et al., 

2020). Patients receiving inulin supplementation had lower HbA1c, and fasting plasma glucose 

levels as well as a lower homeostasis model assessment of insulin resistance (a method for 

assessing β-cell function and insulin resistance) compared to patients who did not receive inulin 
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supplementation. Additionally, insulin control was improved during the 8 week treatment (Zhang 

et al., 2020). Another recent review found that inulin-type fructan supplementation (FOS or 

inulin) reduced the four main glycemic indicators: fasting blood glucose, HbA1c, fasting insulin 

and homeostasis model assessment insulin resistance (Wang et al., 2019). These improvements 

could be attributed to the secretion of GLP-1 from intestinal L cells, which is regulated by 

SCFAs acting on GPR41 and GPR43. GLP-1 is released in response to meal ingestion and 

enhances insulin secretion from pancreatic β cells (Carlessi et al., 2017). GLP-1 also increases 

insulin sensitivity by inhibiting the release of inflammatory cytokines (TNF-α, IL-6, IL-1β) in 

LPS-stimulated macrophages (Guo et al., 2016). Proinflammatory cytokines are secreted by 

inflammatory macrophages in adipose tissue and can directly affect insulin signaling pathway 

and impair insulin sensitivity (Makki, Froguel, & Wolowczuk, 2013). Therefore, there is strong 

evidence to support the use of inulin to manage blood glucose levels and increase insulin 

sensitivity, which can improve clinical outcomes observed after ST. Patients with uncontrolled 

blood glucose (HbA1c > 8%) will not be included in this study. Patients are treated at the clinic 

if their blood glucose levels fall between 3% through 13% at the time of ST. For individuals 

undergoing implant surgery, a more advanced procedure, their HbA1c must be under 8.1%. The 

target HbA1c level in T2DM management to avoid microvascular and cardiovascular 

complications is ≤ 7.0% (Imran et al., 2018). In clinical practice, patients with an HbA1c level of 

> 8% will be prescribed a nutritional or pharmaceutical intervention to lower and manage their 

level of HbA1c. GLP-1 agonists, metformin, SGLT2 inhibitors are the three most common 

medications prescribed and have all been shown to modify the gut microbiota (de la Cuesta-

Zuluaga et al., 2017; reviewed in Montandon & Jornayvaz, 2017). This, along with a nutritional 

intervention, can be confounding factors in the results of the study.  
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4.3. Adiponectin 

Adiponectin is a protein that is produced mainly by white adipose tissue and increases 

fatty acid oxidation, enhances insulin sensitivity and has been reported to have anti-inflammatory 

properties (Ouchi & Walsh, 2007). Concentrations of adiponectin in serum of patients with 

severe periodontal disease are lower than those in serum from healthy subjects (Zhu et al., 2017). 

Lower serum adiponectin is also observed in patients who are obese and/or have T2DM (Weyer 

et al., 2001). In humans, ST has also been shown to increase the levels of adiponectin in chronic 

periodontal disease with a BMI < 30 but not with systemically healthy patients with periodontal 

disease (Zhu et al., 2017). Adiponectin levels may also be improved through inulin and fibre 

supplementation. Researchers have shown that individuals with elevated weight and/or IGT 

following a low-fat high fibre diet increase serum adiponectin levels, simultaneously presenting 

reduced PD, BOP, and CAL. (Kondo et al., 2014). Even small amounts of inulin at 0.75 g/day, 

coming from chicory root extract drink, can still improve adiponectin levels in healthy 

individuals (Nishimura et al., 2015). Although it is not be measured in this study, a potential 

increase in serum adiponectin levels may increase insulin sensitivity, reduce body fat and reduce 

low-grade inflammation which may favourably influence periodontal health. 

Adiponectin has been shown to have anti-inflammatory effects on periodontal fibroblasts 

and contributes to wound healing (Nokhbehsaim et al., 2014). It can reduce the expression of 

proinflammatory cytokines in the periodontal cells. For example, adiponectin receptors are 

expressed in human gingival fibroblasts, mouse gingival fibroblasts and human periodontal 

ligament cells (Iwayama et al., 2012). Researchers have shown that adiponectin is able to 

suppress IL‐1β‐induced IL‐6 and IL‐8 expression in human gingival fibroblasts through the 

signaling of these receptors (Iwayama et al., 2012). Using an adiponectin knockout mouse model 
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in which experimental periodontal disease was induced in wild-type and adiponectin 

knockout male mice, adiponectin was shown to ameliorate bone resorption and inflammation in 

periodontal disease (Zhang et al., 2014). Periodontal disease led to more osteoclasts and higher 

infiltration of inflammatory cells in knockout mice, indicating that these mice were more 

susceptible to periodontal disease when adiponectin was not expressed. In the trial, obese mice 

were divided into 2 groups; experimental periodontal disease (control group) and experimental 

periodontal disease with systemic infusion of adiponectin using a micro-osmotic pump that was 

internally inserted in the back of each mouse following the induction of periodontal disease 

(Zhang et al., 2014). Mice in the control group received sham surgery to mimic the stress caused 

by placement of the osmotic pump in the intervention group. Infusion with adiponectin decreased 

ABL, osteoclast number and levels of proinflammatory cytokines in white adipose tissue of 

obese mice with experimental periodontal disease. Additionally, the treatment diminished 

hyperglycemia. These findings suggest that adiponectin may have a direct role in the mitigating 

periodontal disease inflammation and bone resorption. The amelioration of bone resorption 

would be detected when PD measurements are taken visit I and visit III.  

4.4. SCFAs, Intestinal Permeability and Metabolic Endotoxemia 

The expression of G-coupled receptors can also lead to the secretion of GLP-2; a gut 

trophic hormone also secreted by enteroendocrine L cells (Cani et al., 2013). GLP-2 is associated 

with an improvement of the mucosal barrier function, leading to improved tight junctions and 

decreased plasma LPS concentrations (Cani et al. 2009). This hormone is capable of blunting 

inflammatory and oxidative stresses (Cani et al. 2009). Inulin-enriched pasta has been shown to 

improve intestinal permeability by lowering circulatory levels by increasing GLP-2 in healthy 

young volunteers (Russo et al. 2012). LPS binds to a CD14/toll-like receptor (TLR)4/MD2 
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complex that activates multiple signaling pathways, which initiates the secretion of 

proinflammatory cytokines (Levy et al., 2009) contributing to low-grade inflammation. Inulin 

may be able to play a protective role in systemic inflammation by preventing endotoxins from 

crossing the intestinal mucosal barrier into the systemic circulation. Overweight/obesity is often 

associated with higher intakes of fat. Fat digestion can enhance the absorption of endotoxins as 

LPS is incorporated into the structure of chylomicrons and can induce inflammation (Laugerette 

et al. 2011). Thus, individuals with higher intakes of fat may benefit the most from inulin 

supplementation.  

SCFAs have a direct role in maintaining the integrity of the intestinal epithelium. 

Butyrate is important in the maintenance of a healthy intestinal epithelium as it is an important 

fuel for the colonocytes (Donohoe et al., 2011). It has been found that butyrate enhances the 

intestinal barrier by the regulation of the assembly of tight junctions, a process that is mediated 

by the activation of the adenosine monophosphate-activated protein kinase (Peng et al., 2009).  

4.5. Importance of Sub-Analysis by BMI 

Given that obesity is a major risk factor for periodontal diseases (see section 1.4), a 

subanalysis will be conducted in which participants will be categorized as either having a BMI 

that is classified as normal or overweight/obese. A systematic review with a meta-analysis 

reviewed the efficacy of ST among obese and non-obese participants (Akram et al., 2016). The 

meta-analysis showed comparable outcomes in terms of in PD and CAL between obese and non-

obese subjects. However, in two of the five studies included, participants with obesity had a 

smaller reduction in mean PD from baseline to follow up compared to participants with a healthy 

BMI. The other three studies showed a comparable clinical periodontal condition in both obese 
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and non-obese patients. The authors could not conclude if ST had a different effect in obese 

compared to non-obese participants with chronic periodontal disease as the studies were found to 

be too heterogeneous to compare. Serum cytokines have been found to be significantly elevated 

in obese individuals compared to non-obese patients at both baseline and follow up (Zuza et al., 

2011). Of note, serum IL-6 and TNF‐α levels were significantly higher in obese subjects after pre 

and post ST (Zuza et al., 2011). This finding can be explained by the fact obesity results in a 

greater number of adipocytes and adipocytes produce hormones and proinflammatory cytokines, 

including those found elevated in the studies, which relate to low-grade systemic inflammation 

(Makki, Froguel, & Wolowczuk, 2013). Inulin supplementation at 10 g/day in patients with 

T2DM has been shown to decrease weight and BMI with significant decreases in serum high 

sensitivity-CRP, TNF-α, and LPS (Dehghan, Pourghassem Gargari, & Asghari Jafar-abadi., 

2014). It is anticipated that inulin may be able to attenuate obesity-related inflammation and as a 

result, patients who are overweight or obese may experience greater reductions in PD and BOP 

than patients with a healthy BMI. This follows the hypothesis that systemic inflammation is one 

of the factors linking obesity to periodontal disease.  

The above mechanisms are focused on the interaction between periodontal disease, 

obesity and T2DM. Individuals with a normal BMI and periodontal disease are less likely to 

have elevated blood glucose levels. They may also have lower overall levels of inflammation. 

There is more opportunities for inulin to intervene, based on the relationship in the diagram, 

when periodontal disease is associated with excess weight. As reviewed earlier, individuals 

living with obesity have altered gut microbiotas compared to individuals with a healthy BMI. For 

that reason, they may also respond differently to an inulin intervention. In vitro fermentation of 

inulin demonstrated that the microbiota from healthy BMI individuals (20 ± 1.48 kg/m2) 
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produced higher amounts of butyrate. The microbiota from obese individuals had a greater 

relative change of bacteria belonging to the Bifidobacterium, Lactobacillus and 

Faecalibacterium genera with respect to the microbiota from individuals with a healthy BMI 

(Aguirre, de Souza & Venema, 2016). However, individuals with periodontal disease and a 

healthy BMI may still experience gut dysbiosis caused by periodontal-associated pathogens, low 

adiponectin levels and higher inflammatory mediators caused by the disease itself. Individuals 

who are overweight or suffering from obesity may experience a greater response to inulin such 

that they may experience larger improvements in clinical periodontal outcomes such as PD and 

BOP.  

4.6. Strengths 

This study is novel as it will be the first RCT investigating the effects of a prebiotic 

supplement on periodontal outcomes in patients being treated for periodontal disease. Duration 

of other RCTs using inulin have ranged from 2-18 weeks (Guess et al., 2015; Le Bastard et al., 

2020). In total, the intervention will last 14 weeks. This is a strength of the study as it provides 

enough time to allow for alterations to occur in the gut microbiota as well as inducing systemic 

effect. 

Another strength is that the intervention will begin prior to ST. The intervention will be 

provided for 4 weeks prior to ST to determine the effects of inulin on salivary biomarkers of 

periodontal disease. This unique part of the intervention will determine if the inulin intervention 

can prime the salivary environment and thus provide greater support for periodontal healing and 

clinical outcomes post ST. As previously stated, the biofilm is a solid matrix that cannot be 

easily disturbed, meaning inulin is unlikely to have a direct effect on the biofilm but it may be 
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able to modify the salivary bacterial compositions to favour those associated with oral health. 

When the biofilm is disturbed through ST, bacteria associated with health can predominantly 

recolonize and displace periodontal-associated pathogens, ultimately reducing the host-response. 

If inulin is able to modify the bacteria in saliva to reduce periodontal-associated pathogens, 

benefits may be observed post ST. For example, relative abundances of T. forsythia and the 

presence of A. actinomycetemcomitans in saliva increased the risk of further attachment loss at 

this same time point (Liu et al., 2020). Additionally, the information obtained from the initial 

part of the study is not specific to individuals who are undergoing ST, meaning it can be 

determined if providing a prebiotic may be an effective strategy to improve periodontal disease 

biomarkers in individuals that may not require ST. For instance, individuals with gingivitis will 

not require ST but they still may benefit from inulin supplementation. 

As another novel aspect, the remaining 10 weeks of the intervention will determine if 

inulin supplementation after ST is more effective than ST alone at reducing PD and BOP. 

Periodontal disease is a chronic disease that requires lifelong maintenance. Even a small 

improvement in the efficiency of ST, resulting in better clinical outcomes, can help with long 

term prognosis. Inulin may enhance the benefits of ST by favourably modulating salivary 

biomarkers. This study design will elucidate the practical implications of using of inulin as a 

dietary aid to support periodontal health and/or the use of inulin to support clinical periodontal 

outcomes post ST. 

Another strength of this study is the use of dietary questionnaires to assess participants 

diet at three time points before the intervention (habitual diet), with the addition of 

inulin/placebo and after treatment with inulin/placebo. From this information it will be possible 
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to determine if a participant’s diet changes upon the addition of inulin and if it changes again 

after treatment. This will be helpful to know and could inform future studies investigating other 

dietary interventions for improving periodontal health.  

4.7. Limitations 

A limitation of the study includes the time and resources required to recruit the 

participants needed to complete full trial. Because the effect of ST at reducing the number of 

sites with periodontal disease is large, elucidating a potential benefit of combining inulin with ST 

requires a large sample size. 

In order to ensure there is an equal number of patients with a normal BMI and with an 

overweight/obese BMI in both treatment groups for the sub-analysis, patients should be 

randomized into the intervention groups, stratifying by BMI. Stratified randomization is difficult 

and rarely executed when baseline characteristics of the participants are not available before the 

study begins (Suresh, 2011). Participants will be able to enroll at any time during the 2 year 

period, and as a result it cannot be determined how many participants with overweight/obesity 

will agree to participate in this study. Intervention packages are made before the study begins to 

ensure a double-blind study. Due to the blinding and continuous enrollment, stratified 

randomization will not be possible. However, with the large sample size, it is projected that there 

will be enough individuals in each BMI category in both of the treatment groups, achieved 

through randomization, to perform the sub-analysis. 
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CHAPTER FIVE 

CONCLUSION 

5.1. Conclusion 

In conclusion, a randomized controlled study has been designed to determine if inulin is 

more effective than the placebo at improving clinical periodontal outcomes including PD and 

BOP. In addition, this study design will determine the effect of inulin supplementation pre and 

post ST on salivary markers of inflammation and periodontal-associated pathogens as these 

outcomes can serve as surrogate measures of potential benefits that may occur over a longer time 

period.  

5.2. Future Directions 

RCTs need to be designed to provide more evidence to an existing gut-oral connection. 

Such studies should include changes in periodontal outcomes (PD, CAL, BOP) and changes in 

gut bacterial composition after the ingestion of prebiotics. Inulin was chosen as the prebiotic for 

this study. However, other prebiotics may also be effective in future RCTs. These studies would 

ideally monitor changes in the gut microbiota to ensure that the prebiotic is effectively increasing 

the growth of beneficial bacteria in the gut and not being metabolized by oral bacteria. This is 

critical as the rationale for choosing inulin for this study was based on its degree of 

polymerization. Prebiotics of interest would include ß-glucan, as ß-glucan has been successful at 

ameliorating ABL caused by ligature-induced periodontal disease in rodent models (Kim et al., 

2012; Silva et al. 2017). Section 1.10.2 discussed the idea of an oral prebiotic, but more research 

is needed to develop a prebiotic that will only target the oral microbiota and will not induce 

caries.  
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The present study will not identify the exact mechanism by which inulin may support 

periodontal health. As such, a prebiotic and/or fibre intervention should measure changes in 

specific secondary outcomes including SCFA production, gut permeability along with serum 

measures of cytokines, adiponectin and HbA1c. If it is determined that inulin is able to 

significantly alter one or more of these outcomes and this is associated with improvements in 

periodontal outcomes (PD,  BOP, CAL), it will become more clear as to why a diet high in fibre, 

coming from whole grains and fruits and vegetables, can reduce the risk of periodontal disease 

and improves periodontal disease markers.  

Future observational studies can correlate specific gut bacteria to oral bacteria that are 

associated with periodontal health. This information may help determine which prebiotic would 

best support the growth of those specific gut bacteria, with the intent that it will be linked to an 

increase of healthy oral bacteria. Another potential study could evaluate the relationship of non-

prebiotic and prebiotic dietary fibres intake with periodontal disease in the Canadian population. 

It has been shown that dietary fibre intake is inversely associated with periodontal disease among 

US adults (Merchant et al., 2006; Nielsen et al., 2016; Schwartz et al., 2012). This study would 

take it one step further and try to determine if it is actually prebiotic sources of fibre that 

facilitate this inverse relationship. However, there are challenges with separating non-prebiotic 

and prebiotic food sources. The list of candidate prebiotics continues to grow and currently there 

is no system that defines the prebiotics that meet the criteria for classification. In the literature, 

certain substrates have been called prebiotics due to their ability to modulate the gut microbiota 

without clinical trials substantiating the effect of a health benefit. For example, one study has 

called maltodextrin has been called a prebiotic because of its ability to stimulate the growth of 

Lactobacillus plantarum (MTCC NO.-4462) in vitro (Chakraborty et al., 2018), however it is 
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used here as the control intervention. Hence, it makes it challenging to clarify if there is enough 

evidence to justify calling certain substrates a prebiotic. It may be easier to classify fibres as 

insoluble and soluble to differentiate effects, as it is known that soluble fibres are poorly 

fermented by the gut bacteria and are less likely to be a prebiotic.   
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