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Abstract 

 Diet has an important role in the maintenance of oral health. Periodontal disease is 

an inflammatory disease of the soft and hard tissues that support our teeth. Sanative 

therapy (ST) offers a first-line, cost-effective treatment for periodontal disease. Although 

ST improved clinical healing outcomes from baseline, it may not completely resolve 

inflammation associated with periodontal disease. Due to the high flavonoid content in tea 

and the anti-inflammatory and anti-oxidant properties of flavonoids, it was hypothesized 

that participants with higher daily intakes of tea and flavonoids would have improved 

healing outcomes, designated as greater reductions in probing depth (PD) ≥ 4 mm and 

salivary biomarker concentration levels (C-reactive protein, interleukin 1-beta, and 

interleukin-6) eight weeks after ST. The relationship between tea consumption or 

flavonoid intake and clinical outcomes following sanative therapy (ST) has not been 

investigated. Participants completed the 2014 Block food frequency questionnaire prior to 

ST and provided saliva samples via passive drool immediately prior to ST and eight weeks 

following ST. There were no significant associations between flavonoid intake and tea 

consumption with periodontal outcomes (percentage of PD sites post-ST ≥ 4 mm) or 

change in salivary biomarker concentrations pre- and post-ST. Although, salivary 

concentrations of IL-1ß were significantly lower post-ST (p < 0.05).  Therefore, our results 

suggest that among our sample, no relationship exists between tea or flavonoid intake and 

clinical healing outcomes after ST. 
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1.1. Background 

 The symptoms of periodontal disease can make chewing difficult with the possibility 

of leaving individuals unable to eat the hard, nutritious foods that they once enjoyed. Moreover, 

a decrease in the consumption of nutrient-rich food such as fresh fruit, raw vegetables, protein 

and crunchy fibers can have a negative impact on the health of the body and in turn exacerbate 

the damaging effects that periodontal disease has on the mouth.1 Essentially, a cycle of poor 

nutrition and worsening health can be created if periodontal disease is not effectively treated and 

managed. Sanative therapy (ST), otherwise known as deep scaling and root planing (SRP) is a 

non-surgical approach that involves mechanically disrupting pathogenic bacteria and removing 

hard, calcified deposits from the teeth both below and above the gum-line using hand and 

ultrasonic instrumentation.1 Of interest is whether higher intakes of foods, supplements and/or 

beverages rich in antioxidant properties support periodontal healing after ST.  The overall 

objective of the present research is to determine if higher dietary flavonoid intakes from foods 

and beverages are associated with improved clinical healing outcomes after ST. Healing is 

assessed using a set of clinical assessment parameters (including clinical attachment level, 

probing depth and bleeding upon probing) and salivary inflammatory markers (such as 

interleukin 1-beta (IL-1ß), interleukin-6 (IL-6) and C-reactive protein (CRP).   
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1.2. Tooth Anatomy and the Anatomy of the Periodontium 

1.2.1.  Tooth Anatomy  

 The teeth are the hardest biological material in the human body, made up of enamel, dentin, 

cementum and pulp.2 The crown of each tooth is visible in the mouth and covered in enamel. The 

root of each tooth descends below the gum line, into the jaw.  Enamel is the outer part of the tooth 

made up mainly of hydroxyapatite. Dentin is a less-hard layer underlying the enamel, made up of 

hydroxyapatite, organic material, and water.  Pulp is the inner structure of teeth that supplies 

nutrients to the dentin, comprised of blood vessels, nerves and connective tissues.  A healthy adult 

mouth has 32 teeth, which (with exception of the wisdom teeth) should be fully erupted by twelve 

years of age.3 The periodontium surrounds the tooth and is comprised of both hard and soft tissues.  

1.2.2. Anatomy of the Periodontium   

 The periodontium refers to the supporting structures of a tooth, involving attachment of 

the tooth to surrounding tissues allowing for sensations of touch, pressure and normal movement 

during mastication. Healthy structures of the periodontium can withstand bacterial load while 

also remaining intact during normal force, mastication and aging. The hard tissues of the 

periodontium include the alveolar bone and cementum while the soft tissues include the 

periodontal ligament and gingiva.4 Alveolar bone is a thickened ridge of bone within the 

maxillae and mandibular jaw that contain the teeth and their sockets. Alveolar bone is composed 

of an outer periosteum, an underlying layer of compact bone, and the inside is composed of 

cancellous bone. Alveolar bone is formed by osteoblasts, maintained by osteocytes, and broken 

down by osteoclasts. The periodontal ligament (PDL) forms a connective tissue attachment 

between the cementum and the alveolar bone.  Cementum covers the root of the tooth and binds 

them firmly to the gums and jawbone, composed primarily of calcium hydroxyapatite crystals 



 4 

embedded in fibrous tissues; it is formed by cementoblasts and maintained by cementocytes.  

The PDL is highly vascularized and rich in sensory nerve fibres that consists of directional 

collagen bundles running between the alveolar bone and cementum and between adjacent teeth 

and gingiva; it attaches to bone and cementum through specialized fibres called Sharpey’s 

fibres.5 The PDL acts as a shock absorber during normal activities such as chewing. The PDL 

and fibrous connective tissues are formed by fibroblasts and by the epithelial cells of the 

gingivae; the fibroblast is the most abundant cell of the PDL and these cells are continually 

renewed. Fibroblasts synthesize collagen and have phagocytic capacity. 6   

 The gingiva (or gum tissue) is soft tissue comprised of connective tissue fibers and 

surface keratinized epithelium that cover the jaw bone and are attached up to the neck of the 

teeth. There are three types of gingiva; attached gingiva that lays on top of alveolar bone, 

marginal gingiva that forms the gingival margin surrounding the teeth like a collar and the 

interdental gingiva that forms the anatomical junction between the teeth and the oral epithelium 

(junctional epithelium).7 In healthy individuals, the junctional tissue attaches at the 

cementoenamel junction (CEJ), which is where the cementum on the root structure meets the 

enamel that covers the crown of the tooth. The space above the CEJ and between the marginal 

gingiva forms a sulcus that is generally up to 3 mm deep in healthy tissues.8 The base of the 

sulcus is comprised of permeable, stratified, non-keratinizing epithelium tissue and is known as 

the junctional epithelium. The junctional epithelium plays an important role in maintaining 

health of the periodontium as oral bacteria and their byproducts are typically found congregating 

in the gingival sulcus. The junctional epithelium can be described as an 'open system' that 

provides a host defense where it allows a pathway for fluid and cells, such as transmigrating 

leukocytes, to migrate from the gingival connective tissue to the bottom of the gingival sulcus, 
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thereby clearing and counteracting the continuous bacterial challenge.9,10,11 The flow rate of 

gingival fluid passing through the junctional epithelium corresponds to the degree of gingival 

inflammation present and will be discussed in section 1.7 for its emerging diagnostic use in 

determining the severity of periodontal disease. 12   

 

 

 

  

 

 

 

 

 

Figure 1.1 Anatomy of the Periodontium.  

 
 

 
Figure 1.2. Basic Structure of Marginal Gingiva and Junctional Epithelium. Image corresponds 
to the cross section in Figure 1.1. 
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1.3.  Oral Biofilm 

 Biofilm is a complex, highly organized, three-dimensional community of microorganisms 

adhering to a surface where moisture and nutrients are readily available. Dental plaque is a type 

of dense, non-mineralized oral biofilm encased in a gel-like slime layer (matrix) that can attach 

to the hard and soft structures within the mouth, including the tooth (dental pellicle layer), 

tongue, oral mucosa and dental restorations. The slime layer is comprised of polysaccharides that 

protect the biofilm from the host’s immune system and antimicrobial and antibiotic agents.  As 

the plaque biofilm grows, bacteria within it are either free-floating or attached and channels are 

created that use saliva flow to extend colonization, receive nutrients and transport bacterial 

wastes. The protective and self-sustaining nature of plaque biofilm allows associated bacteria to 

survive and flourish within the mouth, leading to chronic oral diseases (discussed in section 1.4).  

 

 

 

 

 

 

 

Figure 1.3. A Basic Sequence of Dental Plaque Biofilm Formation  
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1.3.1. Bacteria Associated with Periodontal Health  

 In a healthy mouth, oral biofilm is mainly supragingival (above the gum-line) and 

confined to the enamel and oral mucosa. Typically, the bacteria associated with dental plaque in 

a healthy mouth are aerobic, gram-positive rods and cocci with very few motile species. For 

example, among toddlers and children, beneficial species associated with dental health 

included Streptococcus parasanguinis, Abiotrophia defectiva, Streptococcus mitis, Streptococcus 

oralis, and S. sanguinis.13  

1.3.2. Bacteria Associated with Periodontal Disease  

 In dental plaque-induced gingival diseases, such as chronic periodontitis, there is an 

increase in the quantity and a change in the quality of dental plaque. As plaque biofilm grows 

undisturbed above the gum-line, it begins to extend subgingival (below the gum-line), where it 

can colonize a subgingival pocket.  Traditionally, the bacterial species most associated with 

advancing periodontal disease have been primarily identified as gram-negative anaerobic 

spirochetes and rods.14  However, current thought is that a series, or complex of these pathogenic 

bacteria living in one environment might be more responsible for periodontal infection and 

disease progression than a single bacterium species. One study used whole-genome DNA probes 

to identify several bacterial complexes associated with either periodontal health or disease.15 The 

bacterial species most associated with disease were classified as “red-complex” periopathogens 

and included Porphyromonas gingivalis, Tannerella forsythia, and  Treponema denticola. It is 

important to note that not the same periodontal pathogens are infecting all participants with 

periodontal disease; the microbiological factors of periodontal disease differ considerably among 

different participants, which make it polymicrobial.16  
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1.4. Periodontitis 

 Diseases of the periodontium comprise a spectrum of conditions involving the supporting 

structures of the tooth, characterized by inflammation.  The two most prevalent and most 

investigated diseases of the periodontium are gingivitis and periodontitis. 17  Each of these 

diseases has  its own spectrum of disease severity that begins as an inflammatory reaction to the 

presence of plaque (a highly organized and structured biofilm that can contain high numbers of 

bacterial pathogens) around the teeth. Gingivitis is a reversible inflammatory reaction that results 

in swollen gingival tissues that bleed easily. Periodontitis is a non-reversible chronic 

inflammatory disease that results in tissue damage of the supporting structures of teeth, including 

progressive connective attachment loss (destruction of the junctional epithelium) and loss of 

alveolar bone in the jaw. Periodontitis is highly prevalent throughout North America, affecting 

almost 50% of U.S. adults aged 30 years and older18 and 20% of Canadian adults.19 Periodontitis 

prevalence and severity increases with age, affecting a variable number of teeth and with varying 

rates of progression.20  When left untreated, periodontitis will ultimately lead to tooth mobility, 

pain, swelling and the loss of the involved teeth.  Existing evidence indicates that gingivitis 

precedes the onset of periodontitis; however, not all gingivitis cases develop into 

periodontitis.21,22,23 This is because host susceptibility to bacterial plaque accumulation will 

determine the development of periodontitis; this concept will be discussed in greater detail in 

section 1.5. 24   
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 1.4.1. Pathogenesis of Periodontitis 

 The initiation of periodontal inflammation begins with chronic exposure to pathogenic 

bacteria. An innate immune response is triggered from the accumulation of bacteria where 

phagocytic cells are recruited to the site of infection through the release of cytokines and other 

inflammatory mediators. These cytokines include interleukin-1 (IL-1), interleukin-6 (IL-6), 

interleukin-8 (IL-8), interleukin-12 (IL-12), and tumor necrosis factor-α (TNF-α). Over the 

course of several days, bacteria living in a biofilm will release byproducts and toxins such as 

lipopolysaccharides (LPS) that penetrate the junctional epithelium, connective tissue and blood 

vessels. An imbalanced immune system, bacterial virulence, altered host defense or other 

periodontal risk factors will weaken the body’s ability to fight pathogenic organisms and an 

overproduction of inflammatory mediators occurs.25  In response to bacteria and bacterial 

biofilms, immune cells such as neutrophils, macrophages, B cells and T cells are recruited into 

the periodontium.26 This results in the release of pro-inflammatory cytokines (IL-1ß, IL-6), 

matrix metalloproteinases (MMPs), reactive oxygen species (ROS), and mediators for 

osteoclastic bone resorption. Ultimately, the overproduction of inflammatory mediators leads to 

soft (PDL and gingivae) and hard (alveolar bone) tissue destruction.  Most of the soft tissue 

destruction is mediated by MMPs that are released by a variety of host cells such as 

polymorphonuclear cells (PMNs), macrophages, fibroblasts, osteoclasts, epithelial, and 

endothelial cells.  MMPs will catalyze the breakdown of the cell membrane and extracellular 

matrix proteins such as collagen, gelatin, proteoglycans, fibronectin, laminin, and elastin.27  The 

PMNs will trigger the secretion of MMP-8 and MMP-9, which eventually degrade the type 1 

collagen found in PDL and gingivae.28  The presence of MMPs is also influenced by cytokines 

associated with periodontal inflammation, including IL-1 and TNF- a.29  
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 Mediators such as IL-1, IL-6 and TNF-a can trigger over-activity of osteoclasts that 

ultimately results in destruction of alveolar bone.30,31  In addition, reactive oxygen species (ROS) 

play an important role in the pathogenesis of periodontal disease and, clinically, is associated 

with a loss of alveolar bone.32  ROS are a diverse group of oxygen containing molecules with 

unpaired electrons, which makes them extremely reactive and capable of oxidizing and 

damaging biological molecules. 33   ROS is generated as part of a normal response to bacterial 

pathogens.  Most researchers advocate that the removal of free radicals associated with ROS by 

antioxidant defense systems is essential for a healthy periodontium. 34   Antioxidants are 

responsible for scavenging circulating ROS and consequently decreasing oxidative stress 

levels.35,36   Emerging research will be discussed in Section 1.7 that shows associations between 

antioxidant intake from our diet and the possibility of modulating the host’s response to the ROS 

associated periodontal destruction. Figure 1.4 outlines a basic model of periodontitis that also 

incorporates individual risk factors (discussed in section 1.5).  
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Figure 1.4.  Model for the Pathogenesis of Periodontitis. BOP: bleeding on probing; CAL: 
clinical attachment level; PD: probing depth.    
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1.5. Risk Factors for Periodontitis 

 Current evidence suggests that the susceptibility to and severity of periodontitis varies 

considerably among human adults, where not everyone will develop periodontitis, regardless of 

how long they live.37  We have already established that the progression of periodontitis is 

directly associated with the host’s response to the presence of certain biofilm found in the 

gingival pocket, where the response varies based on the amount and presence of certain species 

of bacteria.  That being said, there are still several risk factors that may influence susceptibility 

and the progression rate of disease.  For one, there is emerging evidence suggesting that genetics 

or inherited traits may play a role in whether an individual develops periodontitis.38, 39 Of 

interest, a recent systematic review identified a number of specific polymorphisms in genes (IL-

1A, IL-1ß, IL6, IL-10, MMP-3, MMP-9) that were significantly associated with risk of 

developing chronic periodontitis in an adult population.40 Conversely, new research is suggesting 

that sex differences may play a genetic role in the prevalence of periodontitis, where the 

prevalence has been shown to be higher in men (56.4%) compared to women (38.4%).3 It is 

believed that sex hormones may exert effects on how the immune system handles the regulation 

of inflammation.41   Severity of disease among men and women may also be linked to how the 

innate immune system responds to microbial challenge; for example, some literature suggests 

that men have a heightened innate immune response compared to women.42 Although some 

researchers believe that the greater prevalence of periodontitis seen in men may be more related 

to behavioral habits: lower frequency of brushing and flossing43, greater tobacco use44 and less 

frequent use of oral health care services.45  
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1.5.1. Age as a Non-Modifiable Risk Factor for Periodontitis   

 According to The American Academy of Periodontology (AAP), chronic periodontitis is 

the most common form of periodontitis that can occur at any age but is most commonly detected 

in adults.46 Epidemiological evidence has shown that the severity of periodontitis also increases 

with age.47,48  Of note, a large American population study reported that the age-related increase in 

the incidence of periodontitis was highest among individuals with poor oral hygiene, where 95% 

of older adults with good oral hygiene did not have periodontitis (ages ranged from 15 to 74).49  

Overall, the impact of aging on periodontitis is poorly understood at the mechanistic level, 

although there are a few hypotheses that may explain why periodontitis is so prevalent in an even 

older population (> age 74).  Aging has been described as a cellular and molecular process that 

makes humans more vulnerable to a number of chronic degenerative diseases, including 

periodontitis, where the incidence of these diseases rises exponentially at the midpoint of adult 

life (i.e. 50 years of age).50  According to the “cumulative effect” hypothesis, aging and 

inflammation function independently in periodontal pathogenesis. This hypothesis would suggest 

that the prevalence will likely increase as North America has an aging population. It could also 

be argued that the increased severity of periodontitis, where 64% of American adults aged 65 

years and older present with either moderate or severe forms of periodontitis, simply reflects the 

cumulative effect of prolonged exposure to the periodontal microbial challenge because 

individuals are living longer and retaining more of their natural teeth, thus accumulating more 

tissue damage.51  Alternatively, a secondary hypothesis termed the “age-altered susceptibility” 

hypothesis, links periodontitis susceptibility to the process of inflammaging. 52  Inflammaging is 

believed to be a consequence of a remodeling of the innate and acquired immune system, 

characterized by chronic, persistent, low-grade inflammation resulting in tissue degeneration.53,53 
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This hypothesis seeks to identify changes in the immunology and/or physiology of the aging 

periodontal tissue as it responds to microbial challenges that make the elderly more susceptible 

to periodontitis than younger adults.54  

1.5.2. Modifiable Risk Factors (oral hygiene, smoking, uncontrolled diabetes, obesity) 

 Oral hygiene, tobacco smoking and uncontrolled diabetes have been identified as major 

modifiable risk factors for periodontitis. The role of nutrition and diet may also modulate an 

individual’s risk for periodontitis and will be discussed in Section 1.7.  Oral hygiene practices at 

home that remove and control plaque accumulation is an extremely important component of 

periodontitis prevention and management.55  As discussed in Section 1.6, the removal of plaque 

is critical as it is the etiological agent of periodontitis.  However, from a research perspective, it 

is difficult to use self-reported oral hygiene technique, including the frequency of brushing and 

flossing, to evaluate the association with improved periodontal markers.56,57  This is because the 

efficacy (the actual success of plaque removal) must be considered.58    

 There is extensive evidence indicating a higher incidence of periodontitis among tobacco 

smokers compared to non-smokers.59,60 Tobacco smoking not only impairs immune response but 

has a destructive effect on periodontal tissues and will often increase the rate of disease 

progression.61, 62, There appears to be a dose-dependent response in smokers, where heavy 

smokers (> 10 cigarettes/day) have higher levels of disease progression.63  From a clinical 

perspective, smokers with periodontal disease will often have greater clinical attachment loss64, 

however sometimes they will show less signs of clinical inflammation and less bleeding upon 

probing (BOP) compared to non-smokers.65  This could be explained by nicotine’s 

vasoconstriction of blood vessels, resulting in reduced blood flow and edema.66  The response to 

surgical and nonsurgical periodontal treatment has been shown to be less favorable in smokers 
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compared to non-smokers in terms of probing depth reduction and clinical attachment gain, even 

in the presence of ongoing, effective maintenance therapy. 67   

 A cross-sectional study of over 1400 subjects found individuals with diabetes to have an 

increased risk (2.3 times) for clinical attachment loss associated with periodontitis.68  Moreover, 

periodontitis also progresses more rapidly in poorly controlled diabetics; a 10-year prospective 

study demonstrated that participants with poorly controlled diabetes have a more rapid 

progression in clinical signs of periodontitis compared to individuals whose diabetes is 

controlled.69,70,71,72 Participants in this study had normal glucose tolerance, impaired glucose 

tolerance (pre-diabetic) and no glucose tolerance (diabetic); researchers found that an increase in 

mean probing depth was more closely associated with the development of type 2 diabetes. The 

proportion of those with normal glucose tolerance was higher in subjects with shallower pocket 

depths than in those with deeper pockets. Of note, studies have also found that ST has the 

capability to improve metabolic control of diabetes; some participants experienced improved 

glucose status such that there glucose status normalized over a 10-year period.73,74 According to 

a systematic review, randomized controlled trials have consistently demonstrated that ST is 

associated with a 0.4% reduction in HbA1c levels at a 3-month recall.75 Conversely, most 

participants with well-controlled diabetes can maintain periodontal health and will respond 

favorably to ST.76 Epidemiological evidence has also found an association between body mass 

index (BMI) and relative risk for periodontitis; a BMI of 25-29.9 (over weight) infers a risk for 

periodontitis of 3.4 while a BMI greater than 30 (obese) infers a risk of 8.6.77 Thus, BMI is an 

important measure to collect in a periodontal research study and was reported in this research. 
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1.6. Clinical Measures for Determining Periodontal Status 

 For research studies, periodontal status is assessed using objective indices such as 

periodontal probing depths (PD), bleeding on probing (BOP), gingival recession, clinical 

attachment level (CAL), tooth mobility, furcation involvement, PI or gingival index (GI).  PD, 

CAL and BOP are measured at six sites around each tooth; three sites on the front surface 

(buccal, mesial buccal, and distal buccal) and three sites on the back surface (lingual, mesial 

lingual, distal lingual). The measurement of these six surfaces is illustrated in Figure 1.5.  

 

 

 

 

 

 

Figure 1.5 Occlusal View of the Six Surfaces Measured During Periodontal Probing  

 

PD: PD is a measure of the distance from the gingival margin to the bottom of the gingival 

sulcus. A PD of 3 mm or less into a healthy sulcus is considered normal, while a PD of 4 mm 

indicates early periodontal inflammation and a PD measuring greater than 4 mm indicates the 

presence of a periodontal pocket and may signify the presence of disease. PD is routinely used to 

evaluate disease severity, disease progression and response to periodontal treatment.78  
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BOP: Use of a periodontal probe to measure the depth of a healthy sulcus yields no bleeding. 

However, bleeding on probing will always signal the presence of gingival inflammation and has 

value in identifying participants at risk for periodontal disease progression.   

Gingival recession: Gingival recession is a clinical measure of the exposure of the root surface 

that occurs when the marginal gingiva migrates below the cementoenamel junction (CEJ). The 

presence of gingival recession indicates attachment loss. 

CAL: CAL is used to calculate the total loss of hard and soft structure around a tooth. CAL is the 

total distance from the CEJ to the base of a periodontal pocket.  When the gingival margin is 

below the CEJ, CAL is the sum of the PD and gingival recession (mm).79 Measurements of PD, 

gingival recession and CAL are illustrated in Figure 1.6.   

Tooth mobility: This is the degree to which a tooth can move in a horizontal or apical (toward 

the root) direction. There are three classes of tooth mobility; class I indicates that the tooth can 

be moved up to 1 mm in any direction, class II indicates that the tooth can be moved >1 mm and 

class III indicates movement in any direction plus the tooth can be depressed in its socket.   

Furcation involvement: Furcation involvement refers to the loss of attachment between the 

roots of posterior teeth and may indicate the presence of moderate to severe periodontal disease. 

Once furcation involvement is identified, the area is classified into one of three classifications, 

varying by severity and monitored for progression.  

GI:  A system designed to assess the quality of the gingiva, based on tissue colour, texture and 

the presence of edema or bleeding.80  

 



 18 

PI: These can be scored as the percentage of tooth surfaces covered with visible plaque and is a 

useful measure that reflects the oral hygiene practice of the patient.  

Clinical use of radiographs: In addition to the above measurements, a periodontal assessment 

will often include diagnostic radiographs, but they are not always used in periodontal research. 

Good-quality radiographs can assess the amount of alveolar bone present as well as the pattern, 

location and extent of alveolar bone loss; they may also identify local and causative factors 

involved in periodontal disease progression, such as furcation involvement, bony defects, 

calculus or dental caries. 

 

 

Figure 1.6. Clinical Measures for Assessing Periodontal Status. Dashed lines represent loss of 
tissue attachment. CAL is the sum of recession (mm) and PD (mm). For example, a participant 
presenting with 2mm of recession and a 3mm PD has a CAL of 5 mm.  
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1.6.1. Diagnosing Periodontitis 

 The extent of periodontitis can be classified as either localized (less than 30% of 

periodontal probing sites are affected) or generalized (more than 30% of sites in the mouth are 

affected). The total number of periodontal probing sites in the mouth is calculated by multiplying 

the total number of teeth by six sites per tooth (Figure 1.5). Disease severity is determined by 

PD,  CAL, and presence of BOP and can present as either slight (mild), moderate, severe (or 

advanced). In a clinical setting, it is the dentist that diagnoses the presence, extent and severity of 

disease. In 2010, a national survey in the U.S. found that over 47% of the sample, representing 

64.7 million adults, suffered from periodontitis. Within this sample, 8.7%, 30.0%, and 8.5% had 

mild, moderate, and severe periodontitis, respectively.3 According to the American Academy of 

Periodontology (AAP), a patient is diagnosed with periodontitis when one or more sites has 

inflammation (presenting as BOP), radiographic bone loss, increased PD, decreased CAL or any 

combination these indicators. Table 1.1 summarizes the guidelines used by clinicians when 

establishing a diagnosis for disease.  

 

Table 1.1. AAP Guidelines for Determining Severity of Periodontitis 
 

 
 Slight (Mild) Moderate Severe 

 
PD 

 
> 3 mm but < 5mm 

 
≥ 5mm but < 7mm ≥ 7mm 

 
CAL 

 
1– 2mm 

 
3—4 mm 

 
≥ 5mm 

 
BOP 

 
Yes 

 
Yes 

 
Yes 

 
Radiographic Bone Loss 

 
Up to 15% of root length  

or ≥ 2mm but ≤ 3mm 

16—30% or  
> 3mm but ≤ 5mm > 30% or > 5mm 
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1.7. Supplemental Diagnostic Tools for Periodontitis 

 The ultimate goal of periodontal diagnostic tools and procedures is to provide clinicians 

with useful information in regard to disease type, location and severity as it serves as the basis 

for treatment planning and monitoring of periodontal diseases.81 New advances in periodontal 

diagnostic research are moving towards supplemental tests that are objective, minimally 

invasive, less time consuming and less technique sensitive when compared to traditional 

diagnostic tools: PD, CAL, BOP, PI and radiographs.82 Traditional diagnostic tools only provide 

disease history, not current disease status and activity.83 Therefore, clinicians and researchers 

often turn to supplemental diagnostic tools to identify individual risk for periodontitis (early 

detection), active disease or disease remission.  Luckily, the mouth contains fluids and plaque 

that offer a wide range of inflammatory disease and bacterial markers. For example, human 

plaque biofilm can be sampled and cultured in a laboratory setting to determine the presence of 

specific microorganisms—marker bacteria—associated with the presence of periodontitis.84   

The advantage to this testing is the ability to determine antibiotic susceptibility and resistance; 

however, this method is very time-consuming, costly and relies on the presence of living 

anaerobic bacterial samples that rarely survive transport without being specially handled.85  

 1.7.1. Gingival Crevicular Fluid (GCF)  

  There are also methods available to collect biomarkers from the gingival crevicular fluid 

(GCF), such as using paper strips or microcapillary pipettes, however these procedures are still 

very technique sensitive.  GCF is a serum-like fluid secreted from underlying connective tissues 

of the junctional epithelium into the sulcular space.86  GCF is a part of the body’s defense 

mechanism, responsible for transporting antibodies and certain systemically administered drugs. 

GCF contains cellular components, organic and inorganic ions such as proteins and calcium, 
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respectively; enzymes and bacterial byproducts such as endotoxins. GCF volume is positively 

associated with gingival inflammation, where little to no GCF is present in healthy gingiva. One 

study has shown that the GCF proteome differs depending on clinical diagnosis (i.e. gingivitis, 

chronic periodontitis, aggressive periodontitis).87 GCF components of individuals with moderate 

to severe forms of periodontitis contain higher levels of inflammatory cytokines, enzymes and 

tissue breakdown products associated with disease progression.88  For example, levels of IL-1! 

and CRP have been found to overlap in GCF and blood (serum) where levels were elevated 

proportionately to periodontal disease severity.89,90  Scaling and root planning has also been 

shown to reduce levels of several inflammatory cytokines and collagenases associated with 

periodontitis, such as IL-1!, IL-6, IL-8, IL-10, IL-12, TNF-", MMP-9 and MMP-8.91,92,93,94  

Unfortunately, obtaining a GCF sample that has not been contaminated by plaque, blood or 

saliva is very difficult in participants with existing periodontal disease.95 Findings from 

Dodington et al. (2015) confirmed the difficulty associated with GCF collection. In contrast, 

salivary fluid contains a mixture of fluids from the major and minor salivary glands, GCF, 

serum, immune and epithelial cells, DNA and mRNA of host, bacterial, and viral origin; ions, 

steroid hormones and many microbes and offers non-invasive diagnostic capability within a 

clinical and research facility.96 Like GCF, many salivary biomarkers for periodontitis have been 

shown to overlap in blood.97,98 This overlap could be due in part to leakage of plasma into saliva 

through cells within the saliva glands and/or outflow of GCF into the oral cavity.99 Technically, a 

blood sample could be taken in a dental setting to measure periodontal biomarkers of interest, 

though there are drawbacks; it is uncommon for dental practices to employ specialized clinicians 

to draw blood and participants have expressed their preference to provide a saliva sample over a 

blood sample when given the option.100 
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1.7.2. Saliva 

 Microbial and protein biomarkers obtained from saliva are informative in the detection of 

gingival inflammation and periodontal disease activity.101,102,103  Analysis of saliva has the 

potential to provide clinicians and researchers with an objective measure of periodontal 

inflammation that compared to GCF collection, is minimally invasive, less time consuming and 

less technique sensitive. Saliva has also been widely used in the detection of a wide range of oral 

and systemic disease, such as oral cancer, HIV, diabetes, cardiovascular disease, and more.104,105 

Currently, whole saliva can be obtained by either unstimulated or stimulated collection. 

Stimulated saliva collection is accomplished by masticatory stimulation or absorbent devices, for 

example, chewing on paraffin wax, where unstimulated saliva collection occurs when there is no 

masticatory or mechanical stimulation.106  Whole saliva is derived predominantly 

from three paired major salivary glands: parotid, submandibular, and sublingual glands, which 

together account for about 90 percent of fluid production with the remaining 10 percent coming 

from minor salivary glands that line the oral mucosa.107 The submandibular glands are the major 

contributors of unstimulated saliva and contain mixed secretions of mucous and serous fluid 

whereas the parotid glands primarily contribute to stimulated saliva collection of purely serous 

fluid secretion.108   

 Evidence has shown that salivary levels of certain proteins and cytokines varies 

depending on mouth location, therefore, ELISA kit manufacturer’s recommend the collection of 

whole unstimulated saliva. For instance, there is evidence to suggest that GCF is the primary 

source of cytokines in whole saliva. One study measured levels of IL-1α, IL-6, IL-8, epidermal 

growth factor (EGF), nerve growth factor (NGF) and albumin in parotid, sub-mandibular/sub-

lingual and whole saliva.109  Researchers found significantly higher concentrations of IL-1α, IL-
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6 and IL-8 present in whole saliva compared to major salivary gland secretions. The authors 

proposed that GCF was the likely source of the inflammatory cytokines and concluded that the 

cytokines detected in whole saliva did not come from the secretions of major salivary glands. In 

another study, transforming growth factor (TGF)-β, IL-1α and TNF-α were statistically 

significantly higher in whole saliva compared to parotid saliva where levels of IL-8 and IL-6, 

although not statistically significant, also displayed a trend towards higher levels in whole 

saliva.110  Therefore, it is possible that the whole saliva of participants suffering from 

periodontitis contains the GCF from periodontally affected sites.111  

 1.7.2.1. Salivary Flow Rate and Circadian Rhythm  

 Measuring salivary flow rate may have clinical and research implications as a number of 

health conditions112, such as Sjögren's syndrome, radiation treatment or HIV, and a wide range of 

medications113, such as antidepressants, opioids or sedatives, to name a few, have been shown to 

be associated with xerostomia (decreased salivary flow).114  Measuring salivary flow is also 

recommended by ELISA kit manufacturers where its importance is discussed in Chapter Three. 

Normal unstimulated saliva flow rate in adults is between 0.3–0.4 mL per minute whereas a flow 

rate below 0.1 mL per minute is considered abnormal, possibly indicating salivary gland 

hypofunction.115  Human circadian rhythms have been detected in unstimulated salivary flow, 

where flow rate significantly decreases during periods of sleep.116,117 

  Circadian rhythm follows a daily cycle of approximately 24 hours and is based on an 

internal biological clock that regulates sleeping and feeding patterns, as well as biological 

functions in all living organisms.118 Circadian rhythm is influenced most by our environment and 

the presence of light or darkness (regulated by the release of melatonin).119 Therefore, it is 

advisable to carry out saliva collection during the day.120 Diurnal rhythm is a circadian rhythm 
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based on a human pattern of activity during the day and sleep during the night.  There is 

conflicting evidence between diurnal rhythm of salivary and circulating concentrations of CRP: 

one study of healthy subjects found that circulating CRP121 was not affected by a diurnal rhythm 

among healthy adults whereas another study of young adults found that salivary CRP levels 

peaked at awakening and were lower during the daytime. 122 The same study measuring salivary 

CRP also measured salivary levels of IL-6; researchers found that levels peaked at awakening, 

gradually declined from morning to noon, and peaked again at midnight just before the 

participants went to sleep.  However, regardless of the diurnal variation, the authors concluded 

that salivary IL-6 and CRP levels exhibited moderate to high stability over two days of sample 

collection. Among a sample of adults suffering from rheumatoid arthritis, researchers found that 

mean IL-6 and cortisol concentrations in plasma showed a significant overnight variation but 

TNF-α and the other cytokines measured (IL-1ß) were not affected by a circadian rhythm.123 

However, the authors attributed the overnight rise in IL-6 to the circadian variation in symptoms 

associated with rheumatoid arthritis and may not be applicable to symptoms of periodontitis.  

There was one study that assessed how circadian rhythm may influence salivary cortisol levels 

among participants with periodontitis compared to healthy controls.124  Researchers found that 

salivary cortisol levels were higher just after waking and one hour before sleep compared to 

controls. For the purposes of our study, we attempted to control for possible effects of a diurnal 

or circadian rhythm on salivary cytokine concentrations, despite conflicting and limited 

evidence. We collected saliva samples during the day and documented a range of sampling 

conditions, including the time of day that the sample was collected. 
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1.8. Salivary Inflammatory Biomarkers Associated with Periodontitis and the Potential to 

Determine Treatment Outcomes Pre- and Post-ST 

 Table 1.2 reviews the current knowledge in relation to human salivary cytokines used as 

biomarkers of chronic periodontitis and identifies markers associated with treatment outcomes 

following ST.  For the purposes of our study, we are interested in salivary inflammatory markers 

that have the potential to determine treatment outcome following sanative therapy to primarily 

answer the following question: is the disease (periodontitis) in remission or is the disease still in 

an active state? Elevated salivary concentrations of inflammatory biomarkers after a healing 

period following ST may indicate that the patient requires more active therapy before the 

periodontitis is considered stable.   

1.8.1. Potential for a Panel of Biomarkers in Diagnosis and Treatment Planning of 

Periodontitis  

 Evidence points to using panels of salivary biomarkers and periodontal pathogens that 

may offer promising applications for differential diagnosis, treatment planning and monitoring, 

as well as for identification of participants at risk for future tissue destruction.125  Salminen et al. 

(2014) suggests that a good diagnostic marker should work at a population level regardless of the 

number of teeth, smoking habits, systemic diseases, or medications of the subjects while also 

considering the multifactorial nature of periodontitis.126  However, to date, no single specific 

biomarker for detection or risk assessment of periodontitis has been found. 
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 1.8.1.1. Panel of Salivary Biomarkers: Diagnostic Potential  

  It is generally considered that the combined use of biomarkers increases the sensitivity 

and specificity for obtaining accurate diagnostic information. 127  In periodontal research, 

sensitivity refers to the proportion of participants that have been found to have periodontitis 

based on biomarker results, and those that have been diagnosed with periodontitis by a clinician. 

A higher sensitivity of a biomarker, or panel of biomarkers, indicates fewer cases of disease 

going undetected. Whereas the proportion of people who both do not have clinical signs of 

periodontitis and have tested negative for periodontitis based on biomarker results is an example 

of specificity. One study established individual and combined diagnostic thresholds of elevated 

salivary levels of MMP-8 and IL-1β.128 Elevated levels were indicated as being greater than two 

standard deviations above the mean of healthy control values. Individually, the biomarkers were 

significantly associated with an increased risk for periodontitis (OR = 11.3–15.4) whereas in 

combination, the risk for periodontitis was much greater (OR = 45.5).  In another example, 

diagnostic thresholds were established for salivary levels of MMP-8 and IL-1β to discriminate 

between periodontal health and disease. 129 Researchers analyzed the saliva of 65 participants 

with periodontitis and 30 healthy controls. In the diagnosis of periodontitis, they found that 

individual salivary concentrations of IL-1β greater than 43.9 pg/mL and concentrations of MMP-

8 greater than 264.4 ng/mL provided a positive predictive value of more than 90%, and a 

negative predictive value of more than 85%. Although when combined, researchers found that 

based on rate-of-change analyses, the two biomarkers yielded an area under the curve of 0.98, a 

positive predictive value of 96% and negative predictive value of 82%. The area under the curve 

measured how well the biomarkers distinguished between periodontitis and health, where an area 

under the curve equal to one reflects a perfect test.130 
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 1.8.1.2. Panel of Salivary Biomarkers: Potential to Assess Treatment Effectiveness  

 Another benefit of a panel of multiple biomarkers is that it may be able to identify 

participants with active periodontitis even if one of the biomarkers is suppressed.  For example, a 

recent study evaluated the use of a cumulative risk score index that included a combination of 

salivary concentrations of MMP-8, IL-1β, and P. gingivalis at baseline in participants with no to 

mild periodontitis (n= 340), moderate to severe periodontitis (n= 123) and in edentulous 

participants (n= 30).131  The researchers reported that they chose salivary biomarkers for the 

cumulative risk score based on their ability to reflect distinct stages of periodontitis where they 

represented the pathogenic burden and inflammation/tissue destruction cascade. The results of 

the study found that along with other clinical and radiographic measures of periodontitis, the 

cumulative risk score index had a stronger association with moderate to severe periodontitis (OR 

6.13; 95% CI 3.11–12.09) than any of the markers alone. Specifically, the salivary P. gingivalis 

concentration was most strongly associated with alveolar bone loss; salivary IL-1β concentration 

was associated with the number of sites with PD ≥ 4 mm, and salivary MMP-8 concentration 

was associated with percentage of BOP. This area of research is still emerging and our study has 

the potential to add to a growing body of evidence that is working toward finding a panel of 

biomarkers to better understand how periodontal treatment such as ST influences salivary 

biomarkers.  The most prominent inflammatory biomarkers of treatment outcomes associated 

with chronic periodontitis will be discussed below. 
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1.8.2. IL-1β, IL-6, and CRP 

 We were interested in measuring salivary cytokines (IL-6 and IL-1β) and CRP in the 

saliva as potential markers for monitoring the response of ST among participants with chronic 

periodontitis. In periodontitis, IL-1 β and IL-6 are associated with neutrophil recruitment and 

activation of osteoclasts through its ability to induce chemokines and activate osteoclasts.132 

Elevated levels of IL-1β and IL-6 have been shown to be induced by periodontal pathogens and 

are correlated with the continuous tissue destruction observed in periodontitis.133,134,135  The main 

switch from acute to chronic inflammation is the recruitment of monocytes to the area of 

inflammation; IL-6 is important to the transition between acute and chronic inflammation and is 

also a mediator of bone resorption.136 It is biologically plausible that inflammatory mediators 

(IL-1, IL-6 and TNF-a) released under conditions of periodontitis present the capacity to 

stimulate the production of CRP from the liver. 

1L-1β 

 Salivary IL-1β has been studied quite extensively in periodontal research; IL-1ß is 

present in the saliva of both healthy and diseased individuals. Circulating IL-1ß  is primarily 

produced by activated macrophages, but it is also secreted from a wide variety of epidermal, 

epithelial, lymphoid, and vascular tissues,137,138 whereas in the oral cavity, the sources of IL-1ß 

production include macrophages, monocytes, fibroblasts, and mucosal epithelial cells.139,140 IL-

1ß levels are generally higher in saliva than in plasma or serum.141  Studies have shown a 

significant positive correlation to the levels of IL-1ß in saliva and the presence of 

periodontitis.142,143 Two studies have demonstrated significant reductions in salivary IL-1β levels 

at three and four months following SRP.144,145  
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IL-6  

 Two studies controlled for the presence of diabetes and periodontitis on salivary IL-6 

expression and found that salivary levels were elevated in participants with periodontitis both 

with and without diabetes.146,147 This is important as participants with controlled diabetes will be 

included in our study design. There have been no studies investigating salivary IL-6 levels at 

baseline and at a separate re-examination visit following ST. But, there was one study that aimed 

to evaluate the accuracy of predicting periodontitis treatment effectiveness four weeks following 

periodontal therapy (SRP) by measuring several salivary pro-inflammatory cytokines (IL-1a, IL-

1ß, IL-6, IL-8,TNF-a, TNF-ß) from unstimulated saliva immediately before and immediately 

following SRP (at the same appointment).148 Decreased PD and gains in CAL four weeks 

following SRP indicated an overall improved treatment outcome within the study. Researchers 

found that salivary levels of IL-1a, IL-6, and IL-8 measured immediately after SRP were higher 

in participants who had an improved treatment and of the three cytokines, IL-6 appeared to 

predict the treatment outcome with a sensitivity and specificity of 90.0% and 81.82%, 

respectively. However, this study does not give an accurate representation of the healing time 

required to see clinical treatment outcomes from initial SRP to a re-examination visit; it may also 

be unrealistic to evaluate salivary cytokine levels immediately following SRP as bacteria, tissue, 

blood and deposit have been disrupted.  
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CRP 

 CRP levels have been found to increase in the blood with periodontal disease severity.149 

Circulating CRP may then reach the saliva via GCF or the salivary glands.150  Recent literature 

suggests that higher levels (compared to healthy controls) of salivary CRP have been associated 

with the presence of chronic periodontitis.151,152,153  Many studies have found a positive 

association between the presence of chronic periodontitis and high serum CRP 

levels.154,155,156,157,158,159  Among adults with chronic periodontal disease, serum CRP levels were 

significantly decreased following SRP.160 With that being said, several studies have also 

examined CRP concentrations in GCF pre- and post-periodontal therapy but a knowledge gap 

exists for comparing salivary CRP levels pre- and post-ST.161,162,163  
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Table 1.2. Human Studies Using Salivary Inflammatory Biomarkers to Correlate with the Presence of Chronic Periodontitis1   

Year, 
Country 

[Reference] 
 
 

Cases/Periodontal 
Disease 

Classification 
Controls 

Salivary 
Biomarkers 
Measured 

Population characteristics/Study Design Periodontal Reference 
Indices 

Detection  
Method 

Saliva Collection to Assess Healing Post-ST at Two Time Points 

2015, 
China 
[164] 

 
22, CP 

 
None 

IL-1α 
IL-1β 
 IL-6  
IL-8  

TNF-α 
TNF-β 

Mean age 58.75. Participants with chronic periodontitis all 
received SRP from one clinician. Unstimulated saliva was 

collected both before SRP and immediately following SRP. The 
aim of this study was to assess if the change of pro-inflammatory 

cytokines pre- and post-SRP could predict the efficacy of SRP 
outcomes.   

 
Participants were regarded as part of two group; either the 

nonprogress group when percentage differences in >7 mm PD 
increased between the initial SRP and 4 weeks after SRP (N = 12) 

or in the effective treatment group (N = 10). 

Chronic periodontitis: at 
least 6 sites with PD >5 mm 
and more than 16 functional 

teeth. 
 

 
Human 22- plex 
multicytokine 

detection system 

 

Main 
Findings 

• The differences of IL-6 levels (cut point: 0.05 µg/g) yielded a sensitivity and specificity of 90.0% and 81.82%, respectively, for predicting the periodontitis treatment 
outcome (effective or not) 

• Actual levels of cytokines from the saliva samples obtained immediately following SRP are not provided in the article, however, the median difference in pro-
inflammatory cytokines between participants in the nonprogress group (no clinical treatment progress) or the effective treatment group (clinical treatment progress), 
respectively are as follows:  IL-1α: - 11.97, 142.70 (p=0.02); IL-1β: -28.38, -0.13 (p=0.04); IL-6: -0.72, 3.33 (p=0.0014); IL-8: -87.31, 7.84 (p=0.02); TNF-α: 0.11, 0.41 
(p=0.97); TNF-β:  -0.01, 0.01 (p=0.45) 

• A negative median difference indicates that the cytokine levels decreased immediately after scaling 
• The reduction in IL-1β was larger in the effective treatment group than that in the nonprogress group 

Summary Although the authors found that the IL-6 levels in the saliva collected immediately following SRP predicted treatment outcome; the study does not allow for healing time between the 
SRP and re-examination visit and it may not be the most practical time to collect saliva as there may be an increased risk of blood contamination. 
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2011, 
USA 
[165] 

 

35, chronic 
periodontitis 33, chronic 

periodontitis 

IL-1β 
IL-8 

Macrophage 
inflammatory 
protein (MIP)-

1α 
MMP-8 

osteoprotegerin 
TNF-α 

6-month case-controlled study with participants ranging in age 
from 25 to 69 years.  
Control group received oral hygiene instruction(OHI)  
Treatment Group received other SRP+OHI. 
 Saliva samples collected at week 0, 16 and 28.  
Measures of periodontitis were recorded at each visit. Changes 
from baseline in the periodontal indices were compared between 
the treatment groups using analysis of covariance (ANCOVA) 
with adjustments for age, race and tobacco use. Response to 
therapy was also measured, based on expected improvements 
published in previous literature; participants with a successful 
response to SRP demonstrated 20% improvement in % BOP 
sites, %CAL ≥ 2mm sites, % sites with PD ≥ 4 mm sites and % 
sites with PD ≥ 5mm sites at both follow-up visits. 

Periodontitis group: 5 
qualifying sites in two 

quadrants with a minimum 
of 2 affected teeth in each 

quadrant with each site 
having PD ≥ 5 mm, CAL of 
≥ 3 mm, and BOP score of ≥ 

2 (0= one, 1=pinpoint, 
2=interdental bleeding, 
3=spontaneous/heavy 

bleeding). 

Luminex 

Main 
Findings 

• In both groups, all parameters of periodontal health (PD, CAL, BOP) improved significantly by week 16 (p<0.0001)  
• The SRP group demonstrated greater benefit at week 16 and 28. 
• Levels of salivary biomarkers were detected in all samples, had distinct ranges of distribution, and mean levels that were similar between the groups at baseline 
• SRP was sufficiently effective in exceeding a biological threshold required to detect the changes in saliva in four biomarkers (IL-1β, MMP-8, osteoprotegerin, TNF-α)  
• The levels of MIP-1α and IL-8 did not vary from baseline at 16 or 28 weeks.  
• Osteoprotegerin levels varied significantly from baseline at week 28 (p<0.004), regardless of treatment group.  
• TNF-α levels varied significantly from baseline at both visits (p<0.03), regardless of treatment group. 
• IL-1β levels varied significantly from baseline at both visits (p<0.04) in the SRP group, and only at week 28 for the OHI group (p<0.05).  
• Levels of MMP-8 reduced significantly from baseline at both visits in the SRP group only (p<0.0001).  
 

Summary 

The 6-month longitudinal study was designed to follow adults with chronic periodontitis who received either OHI or SRP to better understand how the utilization of biomarkers can 
be used to monitor periodontitis and response to different therapies (SRP or OHI). The study demonstrated that significant reductions (compared to baseline) in TNF-α, IL-1β, 
MMP-8 and osteoprotegerin occurred following SRP.  The authors also demonstrated that select salivary biomarkers, ranked by the area under the curve (MMP-8 ≥ OPG > MIP-
1α >IL-1β), were most indicative of a response to SRP (as successful or unsuccessful).  
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2013,  
Argentina 

[166] 

59; 18 with mild 
CP, 21 with 

moderate CP and 
21 with severe CP 

 

15, healthy IL-1ß 
 PGE2 

After periodontal diagnosis, healthy subjects were given thorough 
oral hygiene instruction, including use of a toothbrush, wooden 
sticks and interdental brushes. Only participants with mild, 
moderate or severe periodontal disease received SRP. Re-
examination of all clinical parameters was carried out 3 months 
following treatment. 

Mild: <2 inter-proximal 
sites with PD ≥5 mm 

and�CAL ≥4 mm; 
�Moderate: ≥2 inter-

proximal sites with PD ≥5 
mm and CAL ≥4 mm; 

Severe: ≥2 inter-proximal 
sites with PD ≥5 mm 

and�CAL ≥6 mm 

ELISA 

 

Main 
Findings 

• Low salivary levels of IL-1ß (166.8 3.3 pg/mL) and PGE2 (73 9 pg/mL) were observed in healthy subjects.  
• In periodontitis groups, IL-1ß and PGE2 concentrations were increased with increasing periodontal disease severity. 
• In the mild periodontitis group: IL-1ß did not increase, whereas PGE2 increased by 53% above the level of the healthy group. 
• In the moderate periodontitis group, compared to healthy controls, both biomarkers significantly increased; IL-1ß by 558% and PGE2 by 194%  
• In the severe periodontitis group, the IL-1ß concentration was elevated by 756% whereas PGE2 levels in the severe disease group were like those of the moderate disease 

group.  
• The threshold value for determining diagnosis of periodontitis with 78% sensitivity and 100% specificity for IL-1ß was 212 pg/mL and 121.4 pg/mL with 78% sensitivity 

and 91% specificity for salivary PGE2 
• SRP induced a significant decrease in salivary levels of both biomarkers as well as in CAL and PD. 
• A correlation was found between IL-1ß and CAL but not PD and this did not change after SRP.  

Summary 

IL-1ß and PGE2 levels increased with periodontitis severity and decreased with therapy. Higher concentrations of both, IL-1ß and PGE2, were found in participants with 
periodontal disease compared with periodontally healthy subjects. The increase pattern, with regard to IL-1ß showed a significant positive correlation with CAL. The usefulness of 
IL-1ß and PGE2 as biomarkers of periodontitis was confirmed through the analysis of their sensitivity and specificity using receiver operating characteristic (ROC) curves.  

Assessing Periodontitis from Salivary Biomarkers at One Time Point 

2015, 
USA 
[167] 

101, chronic 
periodontitis 

65 healthy, 
43 gingivitis 

IL-1ß 
IL-6 

MMP-8 
MIP-1α 

 

Mean age of healthy and gingivitis subjects was 27.5 and mean 
age of subjects with periodontitis was 47. Smokers were included 

in the periodontitis groupings. 
 

Healthy participants: 
BOP≤10% of sites, < 3% of 
sites PD ≥ 4 mm, and no 
sites with CAL ≥ 2 mm. 
Gingivitis group: BOP 
≥20% of sites, < 3% sites 
PD ≥ 4 mm, and no sites 
with CAL≥2 mm.  
Periodontitis group: 
BOP >10% of sites, >5% of 
sites with PD ≥ 4 mm and 
CAL ≥ 2 mm. 
 

MILLIPLEX MAP 
Kit 
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Main 
findings 

• IL-1β concentrations were significantly higher in the periodontitis group (102.3±10.1 SEMpg/mL) compared to levels in the gingivitis (28.7±7.3) and healthy (14.6±2.6) 
subjects.  

• Significantly elevated levels of salivaryIL-6 was found in the periodontitis group (22.8± 3.7pg/mL) compared to both the gingivitis (6.3±2.7) and healthy (3.7±0.5) 
subjects.  

•  IL-6 levels were below the level of detection in the assay (0.64pg/mL) in approximately 2% of the periodontitis participants, compared with nearly 20% of both gingivitis 
and healthy subjects  

• MMP-8 levels were also significantly elevated in the periodontitis group (314.1 ±25.5ng/mL) compared to both gingivitis (199.0±29.1) and healthy (130.7±14.5) subjects. 
• MIP-1α was also significantly increased in the periodontitis group (16.2±2.2pg/mL) compared to both gingivitis (12.0±2.2) and health (3.2±1.0) groups 
• Authors identified that pairs of markers, including IL-1ß/IL-6, IL-1ß/MMP-8, and IL-6/MMP- 8, provided an increase in diagnostic ability by demonstrating sensitivity 

and specificity values of approximately 0.8.  
• The inclusion of three salivary biomarkers in a diagnostic model (IL-1ß/IL-6/MMP-8) yielded a small increase in the sensitivity, specificity, and accuracy values.  
• Using MIP- 1α in the diagnostic model groupings yielded little improvement in the sensitivity and specificity of identifying periodontitis 
•  Potential thresholds to distinguish periodontitis from health (health + gingivitis) were identified; IL-1ß: 24–28pg/mL; IL-6: 5.11–5.5pg/mL; MIP-1α: 3.28–5pg/mL, and 

MMP-8: 140–165.9ng/mL. 

Summary 
Select biomarkers, particularly in combination, provided enhanced sensitivity and specificity for identification of periodontitis in the study population (North Americans). The 
combination that improved sensitivity, specificity and accuracy of the identification of periodontitis versus the health was IL-1ß and IL-6 with a sensitivity of 0.8115, specificity of 
0.7718 and accuracy of 0.7916.  

 
 
 

2015 
USA 
[168] 

 
 
 
 

28, mild 
periodontitis, 21 

moderate to severe 
periodontitks 

  

 

50, healthy 
and 

gingivitis 

MMP-8  MMP-
9 Calprotectin 

Osteoprotegerin 
IL-1ß 
 IL-2 
IL-4 
IL-6 

 IL-10 
IL-13 
TNF-a 

type I collagen 
pyridinoline 
cross-linked 
telopeptide 

(ICTP) 

57 female and 42 male subjects, ranging in age from 20 to 77 
years.  Following the recording of periodontal clinical and 
radiographic parameters, the 99 subjects were stratified and 
subdivided into four groups (healthy/ gingivitis and mild chronic 
periodontitis/moderate to severe chronic periodontitis) prior to the 
analysis of the data. The detection of oral bacteria colonization 
from plaque biofilm samples (A.actinomycetemcomitans,  
Campylo-
bacterrectus, F.nucleatum, P.intermedia, P.gingivalis, T.forsythia 
and T.denticola) were also analyzed as an adjunct to the salivary 
analysis using real time quantitative polymerase chain reaction.  

Healthy and gingivitis 
group: <3 mm of attachment 
loss, no PD >4 mm, and no 
radiographic alveolar bone 
loss. 
Periodontitis groups: ≥4 
sites with PD >4 mm, 
CAL >3 mm, and 
radiographic evidence of 
bone loss 

 

ELISA; 
Fluorescence- based 
protein microarray; 
radioimmunoassay 

(RIA) 

 

Main 
Findings 

• Select median levels, ranges, diagnostic ability (indicated by p-value comparing the healthy group + gingivitis group to the periodontitis groupings) and AUC of salivary 
biomarkers measured are as follows:  

o MMP-8 (ng/mL): Healthy: 23.6 (2.5 - 322.5); Mild chronic Periodontitis: 129.9 (8.5 – 978.9); Moderate to severe chronic periodontitis: 203.8 (10.1 – 2,681.1); 
p= <0.001, AUC=0.75 

o MMP-9(ng/mL): Healthy: 106.4 (10 – 1,185.7); Mild chronic Periodontitis: 301.6 (4.6 – 3,348.1); Moderate to severe chronic periodontitis: 780.8 (10.4 – 
9,778.2); p= 0.001, AUC=0.72 

o Osteoprotegerin (pg/mL): Healthy: 2.3 (1.4 – 6.6); Mild chronic Periodontitis: 1.9 (0.2 – 10.1); Moderate to severe chronic periodontitis: 1.6 (0.5 to 11.8).  p= 
0.007, AUC=0.62 
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o IL-1ß (pg/mL):  Healthy: 158.6 (0 - 6,000); Mild chronic Periodontitis: 247.5 (24- 3, 120); Moderate to severe chronic periodontitis: 462.2 (15.7 - 6,000); 
p=0.059, AUC= 0.72 

o IL-6 (pg/mL): Healthy: 0.0 (0 – 1,915); Mild chronic Periodontitis: 14.6 (0 – 5,259.7); Moderate to severe chronic periodontitis: 88.7 (0 – 10,816.9; p= 0.092, 
AUC= 0.7  

• Bacteria from biofilm samples that were significantly associated with the presence of periodontitis compared to healthy + gingivitis (indicated by a significant p-value of 
<0.001) are as follows: T. denticola, P. gingivalis, T. forsythia, P. intermedia 

• Elevated salivary MMP-8 and T. denticola biofilm levels displayed robust combinatorial characteristics in predicting periodontal disease severity (AUC = 0.88; odds ratio 
= 24.6, 95% confidence interval: 5.2 – 116.5) 

Summary 

The study provides valuable ranges of salivary levels of several key cytokines associated with periodontitis in a North American population among individuals who are 
periodontally healthy to suffering from severe periodontitis. It was found that MMP-8, MMP-9 and osteoprotegerin demonstrated the ability to predict periodontitis. However, the 
greatest diagnostic accuracy of periodontitis was noted when MMP-8 or -9 was combined with red-complex anaerobic periodontal pathogens (such as P.gingivalis or  T.denticola) 
provided highly accurate predictions of periodontal disease category.  

 
 

2014,  
Finland 

[127] 

123, moderate to 
severe CP 

340, no 
periodontitis 

or mild 
periodontitis  

MMP-8  
IL-1ß 

P. gingivalis  

Male participants, mean age of no-mild periodontitis group was 
62 years and 65 years for the moderate to severe periodontitis 
group, recruited from a hospital where they were undergoing 
coronary angiography. All participants were further categorized 
according to their cardiological diagnosis.  Stimulated saliva was 
collected using paraffin wax.  

 

No or mild periodontitis 
group: none or mild 
radiographic alveolar bone 
loss, <4 sites with PD of ≥4 
mm 
Moderate to severe 
periodontitis group: 
presence of moderate to 
severe radiographic alveolar 
bone loss from moderate to 
severe and at least 4 sites 
with PD of ≥4 mm  

 

qPCR 
Time-resolved 

immunofluorometric 
assay (IFMA) 

Luminex 

Main 
Findings 

• Median salivary concentrations of all three biomarkers were highest in subjects with severe alveolar bone loss (MMP 8: 1486ng/mL; IL1-ß: 56.3 pg/mL) in subjects with 
≥7 sites with PD of 4-5 mm (MMp-8: 1234 ng/mL; IL1-ß: 59.7 pg/mL) and in subjects with ≥7 sites with PD ≥ 6 mm (MMp-8: 1419 ng/mL; IL1-ß: 124.8 pg/mL) 

• Salivary levels of MMP-8 and IL-1ß were associated with BOP.  
• Salivary concentrations of MMP- 8 and IL-1ß were higher in subjects with diabetes (MMp-8: 1047ng/mL; IL1-ß: 37 pg/mL) compared to those with no diabetes (MMp-8: 

900 ng/mL; IL1-ß: 20.7 pg/mL) 
• Salivary concentration of IL-1ß was higher in participants with stable coronary artery disease (MMp-8: 980 ng/mL; IL1-ß: 30.8 pg/mL) or acute coronary syndrome 

(MMp-8: (949 ng/mL; IL1-ß: 21 pg/mL) compared to subjects with no coronary artery disease (MMp-8: 818 ng/mL; IL1-ß: 11.4 pg/mL) 
• Researchers used a CRS index of all three biomarkers and found that a stronger association existed with moderate to severe periodontitis (OR 6.13; 95% CI 3.11–12.09) 

than any of the markers alone.  
• A logistic regression model was used to analyze the association of saliva MMP-8, IL-1ß, and P. gingivalis 

Summary 
The CRS index used tertiles with periodontal parameters of moderate to severe periodontitis. The model was adjusted for the number of teeth and implants (continuous variable), 
age (continuous), gender (male/female), diabetes (no/yes), coronary artery status and smoking (never/former/ current). High salivary concentrations of MMP-8, IL-1ß and P. 
gingivalis were associated with increased PD and alveolar bone loss. 
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2013,  
India 
[169] 

30 gingivitis, 
30 moderate to 

severe 
periodontitis 

30, healthy 
 CRP 

Subjects categorized into three equal groups based on periodontal 
indices: healthy, plaque-induced gingivitis and chronic 

periodontitis, mean age of 36.4. 

Control: GI = 0, CAL = 0.  
Gingivitis group: GI ≥1 and 
CAL= 0.  
Chronic Periodontitis group: 
GI ≥ 1, CAL> 2 

ELISA 

 

Main 
Findings 

• The mean salivary CRP levels were 5332.62±5051.63pg/mL in periodontitis participants, 3545.41±3061.38pg/mL in gingivitis group and 3108.51±3574.47pg/mL in 
healthy subjects; The statistical analysis showed a significant difference in salivary CRP concentrations between the periodontitis participants and healthy subjects 
(p=0.045). 

Summary Mean age of the sample is very young and the use of CAL >2mm may indicate only mild periodontitis.  

2013, 
USA 
[170] 

50, generalized chronic 
periodontitis 30, healthy 

MMP-8 
IL-1ß 
IL-6 

TNF-α  
IFN-a 
PGE2 

Prospective cohort study design, mean age 31.4 in 
healthy group and 43 in periodontitis group. 

≥5 sites in two quadrants 
with PD ≥5 mm, CAL�≥3, 
mm and BOP ≥2; CALs 
were measured at inter- 
proximal sites only 

Luminex 

 

Main 
Findings 

• ROC analyses of IL-1β, IL-6 and MMP-8 yielded areas under the curves of 0.963-0.984 for discriminating periodontitis from health. 
• Select mean salivary concentrations and standard deviations: 

o IL-1ß: healthy: 7.24±7.69; periodontitis: 90.94±85.22; p= <0.0001, AUC= 0.95 
o IL-6: healthy: 3.30±2.32; periodontitis: 35.57±48.17; p= <0.0001, AUC= 0.95 

Summary IL-1ß, MMP-8 and IL-6 yielded high sensitivity and specificity, providing evidence of the potential of these markers in combination to be used in a clinical setting �as a screening 
tool for generalized periodontitis. 

 
2007. 

Columbia 
[171] 

 
48, 30 with CP and 18 

with aggressive 
periodontitis 

 
 

18, healthy 

 
 

IL-1β 

 
Mean age 33.5 for healthy group, 42 for CP group 

and 33 for aggressive periodontitis group. Levels of 
IL-1ß in saliva were measured in duplicate. 

Periodontitis group: at least 
4 sites with PD≥ 4 mm, 
CAL≥2 mm and  
radiographic  bone 
loss >2mm from the CEJ 

 
 

ELISA 

Main 
Findings 

• A post-hoc Mann-Whitney U-test demonstrated significantly greater mean values in the periodontitis group (543.78 pg/mL ± 243.91; p < 0.001) and AgP (510.65 pg/mL ± 
247.84; p = 0.006) groups compared with healthy controls (295.75 pg/mL ± 175.01)  

Summary 
Although no significant difference (P = 0.624) was found for salivary IL-1β levels between periodontitis groups, they were significantly greater (P < 0.01) than those detected for 
healthy controls. Furthermore, Spearman correlation analysis showed statistically significant correlations (P < 0.01) between data from salivary IL-1β levels and clinical 
measurements. 

1AUC: Area under curve (AUC= 1 reflects a perfect test); BOP: Bleeding on probing; CAL: Clinical attachment level; CP: Chronic periodontitis; 
CRS index: Cumulative risk score index; PI: Plaque index; ROC: Receiver operating characteristics: in a ROC curve, the true positive rate 
(sensitivity) is plotted in function of the false positive rate (100-specificity) for different cut-off points of a parameter. Each point on the ROC 
curve represents a sensitivity/specificity pair corresponding to a decision threshold.172 
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1.9.  Sanative Therapy for the Treatment of Chronic Periodontitis 

 The main aim of ST is to stimulate and support the repairing potential of the periodontal 

tissues by reducing the causative agents that result in inflammation. Clinical studies have 

reported that mechanical biofilm debridement can prevent or treat periodontitis with bacterial 

etiologies.173, 174 ST is the first line of defense against tooth loss due to periodontitis.175  As an 

initial treatment phase, a non-surgical approach is used in the form of scaling and root planing 

which involves the mechanical removal of pathogenic bacteria (biofilm) and hard, calcified 

deposits from the teeth both below and above the gum-line using hand and ultrasonic 

instrumentation. ST is the “gold standard” therapy in comparison to other therapeutic periodontal 

procedures. 176,177,178,179,180,181,182   After ST, there is less pathogenic bacteria as the bacterial 

plaque shifts from the predominantly gram-negative flora found in periodontal disease to gram-

positive bacteria, such that the profile becomes health-compatible.183,184,185  As a result, 

immediate clinical responses include noticeable reduction in redness, inflammation and bleeding.  

 It is important to note that there are circumstances where the completion of ST may 

require additional visits. There are numerous clinical trials world-wide that have reported the use 

of multiple sessions/visits to complete ST.186,187,188 At the clinic where our study was conducted, 

ST is almost always completed in either one or two sessions. Whether ST is completed in one or 

two sessions is relative to anticipated debridement difficulty (based on deposit formation, 

tenacity, and location) and the use of local anesthesia where often one half (two quadrants) of the 

mouth are anesthetized.  A follow-up re-examination appointment is scheduled at approximately 

8-weeks following ST to evaluate the response of the periodontal tissue to treatment, 

specifically, baseline clinical measurements are compared to the re-examination measurements 

(PD, CAL, BOP).  
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1.9.1.  ST to Facilitate Healing of Periodontal Tissues 

 Healing after ST occurs as repair of existing tissues rather than regeneration of tissues 

lost in the disease process. Periodontal pockets, alveolar bone, periodontal ligament, and 

epithelium will heal, inflammation will be resolved, long junctional epithelial attachment may 

occur, and recession may result.  Junctional epithelium can be expected to take approximately 

one week to heal following debridement whereas underlying collagen fibers will appear within 

21 days.189   

 Mechanical debridement during ST facilitates stabilization of most cases of chronic 

periodontitis as the clinical healing outcomes of ST indicate a decrease in PD and a gain in 

CAL.190,191,192,193    Generally, sites with deeper initial probing depths respond with greater 

improvements than shallower pockets.194 Researchers of a past study conducted at the same 

clinic where our study took place reported that baseline percentage of sites with PD > 3 mm was 

63±20 standard deviation (SD) in non-smokers and 68±21 in smokers. At the 8-week follow-up, 

there was a significant reduction (p= 0.028) in the percentage of sites with PD > 3 mm in non-

smokers (9±6) compared to smokers (13±10) because of the ST.195  

 After ST and follow-up, ongoing removal of plaque and calculus from below the gum-

line represents an essential component in maintaining periodontal health, preventing or reducing 

the incidence of tooth loss and preventing or minimizing the reoccurrence of periodontal 

breakdown for a patient’s life time.196  The frequency of these appointments is dependent upon 

the degree of residual pocket depths following treatment, the effectiveness of daily plaque 

control and an individual’s unique susceptibility to periodontal disease.197,198  
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1.9.2.  Importance of Successful ST   

 If periodontitis is not treated or if ST is not successful, soft and hard periodontal tissue 

destruction will continue and participants with active periodontitis will ultimately end up losing 

their teeth. Tooth loss has profound effects that extend beyond oral health. For example, food 

selection is highly correlated with dentition and dental status, where nutrient intake decreases as 

the total number of teeth decreases—affecting overall nutritional state and well-being.199,200  In 

this case, the function and position of the remaining teeth seem to more accurately indicate 

chewing ability than the total number of teeth present.201 Based on National Health and Nutrition 

Examination Survey (NHANES) data, those with impaired dentition (no posterior occluding 

pairs, 1-4 pairs remaining, or full dentures) had lower Healthy Eating Index scores compared to 

those with 5-8 posterior occluding pairs.202,203 Individuals with fewer teeth are more likely to be 

underweight and experience difficultly chewing—making them less likely to consume fruits and 

vegetables, foods high in fiber, nuts and animal protein.204,205 In some populations, tooth loss has 

even been linked to increased risk of mortality from upper gastrointestinal cancer, heart disease 

and stroke.206, 207,208  Even though periodontal diseases are not directly caused by nutritional 

deficiencies, malnutrition may contribute to the progression of periodontitis symptoms by 

impairing the host’s reaction to pathogenic microorganisms and may influence the success of 

treatment by suppressing the immune system.209  

 Tooth loss has also been associated with lower quality of life scores.210 As the number of 

natural teeth decrease, individuals score worse on the Oral Health Impact Profile (OHIP), a tool 

that documents the functional and psychosocial impacts of oral health disorders and assesses 

issues such as pain, problems with eating and sleeping, concerns about appearance and 

difficulties in social situations. The benefits of successful periodontal therapy also extend beyond 
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the prevention of tooth loss as numerous systemic health benefits have been reported.211 Current 

evidence suggests that periodontal intervention may improve glycemic control in diabetics, 

reduce systemic markers of inflammation, lower cholesterol levels�and improve vascular 

function.212,213,214 Due to the similar inflammatory mechanisms underlying the pathogenesis of 

periodontal disease and other chronic diseases such as diabetes, cardiovascular disease and 

obesity, there exists great potential for periodontal therapy to modulate these complex 

relationships.215,216 

1.10. Nutrition and Periodontal Healing Post-ST: A Role for Flavonoids? 

 Nutrition plays an important role in ensuring the success of ST.217 There is growing 

evidence that certain biologically active plant chemicals, termed ‘bioactives’ with potential anti-

inflammatory and/or anti-oxidant activity may promote and optimize periodontal healing after 

ST.  A North American study of 83 participants with chronic periodontitis investigated the 

association between self-reported diet (using a validated food frequency questionnaire (FFQ)) 

and periodontal healing (based on probing depths) at baseline and 8-weeks following ST.196 The 

researchers found that fruit and vegetable intake, β-carotene, vitamin C, α-tocopherol, EPA, and 

DHA intakes were significantly associated with periodontal healing in non-smokers, but not in 

smokers. Given that fruits and vegetables are rich sources of vitamin C, β-carotene as well as a 

wide range of bioactives including flavonoids, provides a basis for studying if there is an 

association with tea intake and periodontal healing due to the high flavonoid content of tea. The 

aforementioned study did not specifically assess flavonoid intake and healing post-ST. Studies 

have shown that tea is a major source of flavonoids. For instance, a large population based study 

from Australia investigated flavonoid intake sources and found that 76% of flavonoid intake 

came from tea consumption in the diet.218 Another American study found that tea was the most 
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prominent source of flavonoids (flavan-3-ols) from food and beverages in the U.S. diet.219  

However, other particularly good sources of flavonoids are onions, kale, broccoli, spinach, 

apples, avocados, black berries, cherries, cranberries, peaches, raspberries and strawberries, to 

name a few.220,221,222 Of note, coffee is also a major source of antioxidants in the diet. 223  In 2016 

alone, 85% of Canadians reported drinking coffee. 224  Researchers have found that cocoa, tea, 

(green and black) and coffee all have statistically significant antioxidant capacity,225 where 

coffee contains 200–550 mg of antioxidants per cup and tea, 150–400 mg/cup.226  However, the 

antioxidant activity of coffee is related to chlorogenic, ferulic, caffeic, and n-coumaric acids 

contained in it whereas our study is mainly interested in the antioxidant potential of 

flavonoids.227 Irrespective of its antioxidant potential, observational research has shown that 

coffee consumption of greater than or equal to one cup per day is inversely associated with 

periodontitis severity (OR=0.55).228     

  A study from North America, and from our research group, also found that significant 

associations between certain vitamins and minerals (β-carotene, vitamin C, α-tocopherol) were 

attenuated or lost when the supplemental forms were considered in addition to dietary intake.196 

The results of this attenuation are in line with current evidence that simply adding supplements 

of antioxidants to a typical North-American diet is not protective.229 A healthful overall diet—

namely, a diet that is both low in factors that promote disease (such as smoking) and high in 

antioxidant nutrients through fruits and vegetables, and possibly tea consumption, may be more 

beneficial to improved periodontal healing following ST than use of individual supplements.39 

The proposed study builds from the findings of this earlier study but with a specific focus on tea 

because of its high flavonoid content. 
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1.11.  Tea and Periodontal Health 

1.11.1. Tea: flavonoid content and types  

 Flavonoids are a subclass of naturally occurring polyphenolic compounds widely 

distributed in fruits, vegetables, nuts, seeds, herbs, spices, tea and red wine.  Flavonoid-

containing foods help to protect blood vessels from rupture or leakage; they also protect the cells 

from oxygen damage and help in the prevention of excessive inflammation in the body. A high 

dietary flavonoid intake is associated with decreases in mortality from coronary artery disease by 

up to 65% and generally decreases the risk for stroke, lung and rectal cancers, asthma and 

chronic obstructive pulmonary disease.230,231,232  

 Flavonoids are composed of two benzene (aromatic) rings linked through three carbon 

atoms that form an oxygenated heterocyclic ring.233  Multiple combinations of hydroxyl groups, 

sugars, oxygens, and methyl groups attached to these structures create the various sub-classes of 

flavonoids, such as anthocyanins, flavan-3-ols, flavonols, flavones, flavanones, and 

isoflavones.234  Flavonoids have several hydroxyl groups in their structure and function as 

electron donors to other free radicals and have the capacity to scavenge other reactive oxygen 

species; the antioxidant activities of each compound differ by the number of hydroxyl groups 

(Figure 1.7).  The flavonoid compounds of interest to this thesis research are the catechins and 

theaflavins, due to their antioxidant, anti-allergic, anti-inflammatory, cytoprotective and 

antibacterial properties.148,235,236 Catechins and theaflavins are a subgroup of flavan-3-ol (Refer 

to Table 1.3) and both contain important bioactive compounds that are most commonly found in 

green and black tea, respectively. 
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Figure 1.7. Chemical Structure of a Flavonoid and its Subclasses. Remove the OH at (1) for 

Flavone; replace OH at (1) with 3rd ring for Isoflavone; replace the O at (2) with an H for 

Anthocyanin. Adapted from Wayne Armstrong (2001)237 
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Table 1.3. Subclasses of Flavonoids  

                                                    PLANT PHYTOCHEMICALS 

FLAVONOIDS 
 

 
Flavones 

 
Flavonols 

 
Isoflavones 

 
Flavanones 

 
Flavan-3-ols 

 
Anthocyanins 

 

 

 

 

 

 

   

 

 

 

 

Thearubigins 
Theaflavins 
 (Black tea) 

 

Catechins 
(Green tea) 

( 

Theaflavin-3-gallate 
Theaflavin-3'-gallate 

Theaflavin-3-3'-digallate 

Epicatechin (EC) 
Epicatechin-3-gallate (ECG) 

Epigallocatechin (EGC) 
Epigallocatechin-3-gallate (EGCG) 
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 Because tea is the most commonly consumed beverage world-wide next to water, and 

flavonoids are most widely consumed in the form of tea; the daily consumption of tea 

(particularly black or green) is a readily available adjunct to a healthful diet and may even play a 

beneficial role for periodontal health.  Black, green, white, oolong and pu’er teas are all 

produced from the leaves of Camellia sinensis.  Fresh tea leaves contain polyphenolic 

compounds, carbohydrates, proteins, lignin, ash, amino acids, lipids, organic acids, caffeine and 

a small amount of chlorophyll.238  The particular type of tea produced is dependent on how the 

leaves are processed and their relative levels of oxidation. White and green teas are the least 

oxidized; oolong is partially oxidized (up to 90%) and black and pu’er tea are fully oxidized 

(100%).  The oxidation process of the tea leaves into black tea transforms catechins into 

theaflavins. To minimize oxidation of green tea, there is direct deactivation of enzymes within 

the tea by steaming or pan-firing, whereas black teas undergo a full oxidation. For production 

of green tea, the method of deactivating the enzymes in the leaves will vary depending on 

which region the tea is produced; Japanese style green tea is steamed (up to 100°C) and 

Chinese style green tea is pan fired (up to 230°C). 239  Limited research has been done to evaluate 

whether the different processing styles affects polyphenolic content in the green tea; one study 

did find that Japanese tea contained lower catechin content (but more amino acids) compared to 

Chinese green tea; however, the authors of this study attributed these levels to the fact that 

Japanese tea is often grown in the shade.240  In contrast, other research has found higher amounts 

of catechins in green tea (up to 1 g/cup) compared to oolong or black tea, possibly because they 

are more oxidized or fully oxidized, respectively.241 Figure 1.8 outlines the oxidation process 

and the type of flavonoids that are dominant within each tea type.
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Figure 1.8. Teaà Tea Type à Oxidation Level à Flavonoid Content 
�242 
* significantly (p < 0.05) higher antioxidant activity compared to the other flavonoid compounds in the tea  
(Source: white243; green244; oolong245; pu’er246; black247) 
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  Thus, the chemical composition of the compounds found in tea, such as catechins in 

green tea, theaflavins in black tea and even the caffeine content is dependent on the cultivation, 

processing, handling, and packaging of the tea.248  Health Canada has reported that the caffeine 

content in steeped tea leaves (black or green) can range between 30 mg to 50 mg per eight ounce 

cup.249 The teas produced from Camellia sinensis and some herbal varieties, such as chamomile 

and rooibos, contain varying levels of flavonoids and possess antioxidant properties that have 

been studied for their health benefits.  However, green tea is the tea most widely studied for its 

high polyphenolic (flavonoid) content and its potent antioxidant capacity. There are limited 

studies available examining black tea and its antioxidant properties. In fact, one experimental in 

vitro study compared the antioxidant potency of theaflavins found in black tea against the 

catechins found in green tea.  This laboratory study used low-density lipoprotein (LDL) 

oxidation as a model. The researchers found that the conversion of catechins to theaflavins 

during oxidation does not significantly alter their free radical-scavenging activity as the 

theaflavins present in black tea possessed at least the same antioxidant potency as the catechins 

in the green tea.250  

  In green tea, the major flavonoids present include catechins (flavan-3-ol) such as 

epicatechin (EC), epicatechin-3-gallate (ECG), epigallocatechin (EGC) and epigallocatechin-3-

gallate (EGCG).251 Catechin content in green tea can be as high as 1 g/cup. Among these 

catechins, EGCG is well known as a strong antioxidant. It has been reported that tea leaves are 

the only food products containing high levels of EGCG.252,253 According to a recent literature 

review, investigators have ranked a catechin’s ability to scavenge free radicals: EGCG > ECG > 

EGC > EC.254  Fifty percent of the overall antioxidant potential of catechin activity comes from 

EGCG. Thus, EGCG is the compound that is most widely researched. 
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 1.11.1.1. Bioavailability of Tea Catechins 

 Surprisingly, little is known about the bioavailability and absorption of catechins from 

green tea beverage.255 Peak plasma levels are reached within 2 to 4 h after tea ingestion.256 One 

study found that the consumption of green tea (20 mg per kg bodyweight in 200 mL of water) in 

humans lead to peak plasma concentrations of 77.9 ng per mL, 223 ng per mL and 124 ng per 

mL, for EGCG, EGC and EC, respectively. 257  This is the equivalent of consuming 

approximately 2 cups of tea, in which the EGCG, EGC, and EC equated to approximately 424 ng 

per mL.  The authors also noted that the addition of milk to tea does not alter catechin 

absorption, however, it may affect the antioxidant potential of tea depending upon milk fat 

content and volume of milk added.258,259,260,261  Regarding canned or bottled tea drinks, 

researchers have observed that the epimerization reaction occurring in the manufacturing does 

not significantly affect antioxidant activity and bioavailability of total tea polyphenols. 262 

 1.11.1.2. Steep Time and Polyphenol Content  

 Steep time influences the polyphenol content, and in turn, antioxidant activity of eight 

popular brands of loose-leaf teas.263  One black (English breakfast), three green (Dragonwell, 

Sencha, Golden Monkey) as well as a green rooibos, red rooibos and two herbal teas (peppermint 

and chamomile) were studied using a steep time of between 1 to 10 minutes to represent realistic 

steep durations used by consumers.  Black and green teas had greater quantities of polyphenols 

and in turn, more potent antioxidant capacity when compared to the rooibos or herbals teas.  It 

was found that steep time directly influenced total polyphenol content among all teas; 

however, longer steep time was not correlated with higher antioxidant activity. 

 



 49 

 1.11.1.3. Loose Leaf versus Bagged Tea and Organic versus Non-organic Tea 

 Green tea in the form of loose leaf or bagged that was also labeled as organic or non-

organic has also been studied for its polyphenol content.264  The researchers reported that green 

teas having a certificate of organic production contained significantly more flavonols, tannins 

and catechin compared to non-organic teas whereas the non-organic green teas contained more 

phenolic acids, caffeine and EGCG. This same study also found no significant effect on the 

content of total polyphenol and antioxidant activity based on tea production (organic or non-

organic) and form (loose leaf or bagged) in the green teas tested. 

1.11.2.  Tea and the Potential for Periodontal Repair  

 Researchers have primarily studied green tea and its constituents both in vivo and in vitro 

as therapeutic agents in the treatment of periodontal inflammation as they have been found to 

possess inhibitory effects on the pathogenesis of bacterial collagenase associated with 

periodontitis.265  Emerging studies investigating tea and bone will be discussed as some have 

shown that tea (black and green) may modulate bone cell activity and thus may have the 

potential to be used in the treatment of periodontitis as it is a disease that leads to alveolar bone 

resorption.  Regarding animal models within periodontal research, it is often difficult to 

determine whether the findings from animal models are applicable to humans, particularly with 

respect to periodontal disease pathogenesis and healing.266  Variability in host responses to 

bacterial infection among individuals contributes significantly to the expression of periodontal 

diseases. Therefore, in vitro studies using cultured cells will only be briefly discussed as they 

illustrate the underlining processes that occur during the pathogenesis of periodontitis, although 

the complex host response fundamentally responsible for this disease cannot be reproduced. 

(Tables 1.4 and 1.5 provide a summary of the literature).   
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 1.11.2.1. Cell Studies 

 1.11.2.1.1. Tea and Bone Cell Activity 

 Alveolar bone loss is a hallmark of periodontitis progression and its prevention prevents a 

clinical challenge in periodontal disease treatment.  As previously discussed, destruction of 

alveolar bone is mediated by the host immune and inflammatory response to microbial 

challenge. Recent literature has investigated key compounds found in tea (green and black) for 

their potential to inhibit or modulate both the bacterium associated with disease and the 

inflammatory mediators that are triggered in response.  Both collagenase (MMP-1 and MMP-13) 

and gelatinase A (MMP-2) and B (MMP-9) have been considered the principal MMPs in the 

digestion of bone collagen by osteoblasts.267,268 In a culture of mouse bone marrow cells and 

primary osteoblastic cells, researchers demonstrated that EGCG inhibited the expression of P. 

gingivalis-induced MMP-9 mRNA of osteoblasts and also inhibited osteoclastic formation.269 

The researchers suggest that EGCG may inhibit the alveolar bone resorption that occurs in 

periodontitis by inhibiting the expression of MMP-9 in osteoblasts and the formation of 

osteoclasts. 270  These findings suggest that P. gingivalis may contribute to the alveolar bone loss 

observed in periodontitis by stimulating host osteoblastic cells to produce MMP-9. An in vitro 

study that compared the effect of black, green and rooibos tea on osteoblast activity concluded 

that the addition of tea at low concentrations (1 µg per mL) demonstrated positive effects on 

osteoblast behavior as seen with increased levels of cellular activity and lower levels of cell 

toxicity, measured by mitochondrial reductase activity and lactate dehydrogenase release, 

respectively;271 suggesting that tea polyphenols do offer protective bone benefits at low 

concentrations, regardless of tea type.272  
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 1.11.2.1.2. Tea and Periodontal Pathogens  

 In cells challenged with pro-inflammatory mediators associated with the pathogenesis of 

periodontitis, several in vitro studies have shown that green tea catechins can significantly inhibit 

or kill bacteria predominately associated with the stimulation of periodontitis. Studies have 

predominately used green tea extract in the form of EGCG on P. gingivalis273,274 , P. 

intermedia275 or Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitan). One study 

found that the minimal inhibitory concentrations of the green extract required for A. 

actinomycetemcomitans was 6.25 and 12.5 mg/mL  for P. gingivalis and P. intermedia.210  A 

number of cell-culture studies have investigated the effects of green tea catechins, either in 

isolation or in combination, on the inhibition of pro-inflammatory cytokines involved in the 

stimulation of periodontitis (MMP-9276, TNF- induced IL-6 in human gingival fibroblasts277, IL-

6 and IL-11278). Tea catechins have also been tested for their ability to inhibit the prokaryotic and 

eukaryotic cell derived collagenase activities using the GCF collected from highly progressive 

adult periodontitis subjects. 279 The researchers found that among the catechins tested, ECG and 

EGCG showed the most potent inhibitory effect on collagenase activity when an optimal 

concentration of tea catechins (100 µg/mL) was added to a reaction mixture containing 

collagenase and collagen. 

 For a more applied approach, one study prepared Japanese green tea in hot water and 

measured its catechin content to investigate the effect of polyphenolic compounds isolated from 

the tea on the production of toxic end metabolites of P. gingivalis. 280  It was found that the green 

tea polyphenols completely inhibited the production of n-butyric acid and propionic acid at a 

concentration of 1.0-2.0 mg/mL in a general anaerobic medium, indicating an antibacterial effect 

of whole tea as opposed to its isolated constituents.   
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 Many of the findings from cell studies lead researchers to believe that the daily, 

continuous application of tea polyphenols can be considered a useful and practical method for 

the prevention of periodontal diseases—possibly in the form of a green tea extract or EGCG 

containing mouth rinses. However, the demonstrated pathogenicity of the flavonoid components 

found in tea also provides rationale for potential periodontal benefits of dietary tea consumption.  
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Figure 1.9.  Possible Pathways for Flavonoids (EGCG) to Attenuate Periodontal Destruction. 
The accumulation of gram-negative bacteria and the presence of LPS from plaque biofilm 
triggers the immune release of PMNs. The PMNs signal the T and B lymphocytes which in turn 
triggers the production of pro-inflammatory cytokines (MMP-8, MMP-9, IL-1ß, IL-6 and TNF-
a), increasing the presence of ROS while leading to both chronic soft and hard tissue destruction. 
Pro-inflammatory cytokines (MMP-8, MMP-9) lead to the destruction of the PDL (connective 
tissue) whereas IL-1ß, IL-6 and TNF-a trigger the production of osteoclasts that slowly degrade 
jaw bone, resulting in alveolar bone resorption around the tooth—potentially leading to mobility 
or tooth loss.  The dash lines represent possible pathways for the EGCG to attenuate the 
periodontal inflammatory process: EGCG has the potential to inhibit or alter the growth of perio-
pathogenic bacteria and may also suppress the LPS found in the cell wall281; EGCG is a potent 
antioxidant with the potential to decrease ROS; it has also been found to inhibit osteoclast 
formation and inhibit the damaging effects of pro-inflammatory cytokines associated with 
periodontal tissue destruction. Adapted from Dodington (2014)196
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Table 1.4. In vitro Studies on the Effects of Tea and its Components on Bacteria or Biomarkers Associated with Periodontitis 

Periodontal Bacteria 
Challenge Bioactive Component Found in Tea (Inhibitor) 

P. gingivalis 

 
Commercial black tea extract (theaflavin content of 40.23%)*282 

Japanese green tea, prepared in hot water*283 
Green Tea Extract*284 

EGCG*285 
ECG*285 

Summary In the presence of P. gingivalis, the addition of green tea, ECG, EGCG, black tea extract and green tea extract 
damaged the cell membrane and cell wall, inhibiting growth 

P. intermedia 
 

Commercial black tea extract (theaflavin content of 40.23%)*286 
Green tea extract*287 

Summary The growth of P. intermedia was sensitive to the presence of green tea extract, EGCG, and the black tea extract 

F. nucleatum Commercial black tea extract (theaflavin content of 40.23%)287 

Summary The black tea extract as well as theaflavin and theaflavin-3,3’-digallate were active against P. gingivalis 
and P. intermedia and to a lesser extent against F. nucleatum and A. actinomycetemcomitans. 

A. actinomycetemcomitans 
 

Commercial black tea extract (theaflavin content of 40.23%)287 
Green tea extract*288 

Summary 
 

All clinical isolates of the bacteria (100%) were sensitive to green tea extract at all concentration levels; The minimal 
inhibitory concentrations of the green extract required for A. actinomycetemcomitans was 6.25 mg/mL; the black tea extract 

was active against A. actinomycetemcomitans. 

Prokaryotic and 
eukaryotic cells derived 
from GCF collagenase 

EC, EGC, ECG*, EGCG*288 

Summary 

Among the tea catechins tested, ECg and EGCg showed the most potent inhibitory effect on collagenase activity when an 
optimal concentration of tea catechins (100 micrograms/mL) was added to reaction mixture containing collagenase and 

collagen. The collagenase activity in the GCF from highly progressive adult periodontitis was completely inhibited by the 
addition of tea catechins. 
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Periodontal Cytokine 
Challenge Bioactive Component Found in Tea (Inhibitor) 

MMP-9 Methanol extract of Green tea and commercially purchased EGCG (>95% purity)* 289 

Summary 

EGCG at 0.1% inhibited the activity of MMP-9. EGCG (0.1 %) significantly inhibited (p < 0.001) the release of MMP-9 
from N-Formylmethionine-leucyl-phenylalanine- stimulated human neutrophils by 62.01%±6.717 and 79.63%±1.308, 

respectively. Impaired neutrophil function has been attributed to defective neutrophil formyl peptide receptor(s) has been 
described in association with some forms of aggressive periodontitis. 

IL-8 
 

Commercial black tea extract (theaflavin content of 40.23%)287 
 

Summary 
 

Black tea extract attenuated (reduced) the secretion of IL-8 in oral epithelial cells stimulated by LPS 
 

 
IL-6 (stimulated by LPS) 

 
EGCG*290 

Summary The addition of EGCG significantly attenuated the IL-6 expression and NF-κB activation 

IL-6 (induced by Tumor 
necrosis factor superfamily 

14 in human gingival 
fibroblasts) 

ECG*, EGCG*, Theaflavin-3,3-digallate (black tea extract)*291 

Summary 
The EGCG, ECG, and black tea extract prevented TNFSF14- mediated IL-6 production in  

human gingival fibroblasts and attenuated TNFSF14 expression. 

MMP-1 (Stimulated by 
LPS) EGCG*[295] 

Summary 
 

EGCG could attenuate LPS-enhanced production of MMP-1 in human gingival fibroblasts, whereas this attenuation might 
be due to the inhibition of IL-6 by EGCG. 

 
* Tea compound studied significantly (p<0.05) and positively affected pathogenic bacteria or pro-inflammatory cytokines 
[EC: Epicatechin; ECG: Epicatechin-3-gallate; EGC: Epigallocatechin; EGCG: Epigallocatechin-3-gallate] 
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 1.11.2.2. Human Studies Investigating Tea and Tea Components as Adjunct to ST  

 ST is very effective at reducing PD and managing/treating periodontitis. However, 

whether diet can further support the healing process post-ST remains an active area of research.   

 1.11.2.2.1. Controlled Trials Using Steeped Tea as Adjunct to Periodontal ST 
 There are two controlled trials that have investigated the effects of steeped green tea on 

clinical periodontal indices (PD, BOP and PI) following ST, however there are aspects of the 

study design that limit applicability. One trial consisted of 840 male and female participants 

apparently suffering from chronic periodontitis who were randomly allocated into a study or 

control group following supragingival prophylaxis (professional cleaning above the gumline).292 

Participants were given 2% green tea packets with instructions to prepare the tea using lukewarm 

water immediately before rinsing; they were asked to rinse with 10–20 mL of green tea three 

times per day but the duration of the rinsing is not well defined in the paper. It is also unclear 

how the researchers determined baseline periodontal status of the participants, as it appears that 

the prophylaxis was completed first and then measurements to assess for periodontal disease 

were conducted. If the participants were indeed suffering from chronic periodontitis, the 

appropriate treatment would be subgingival SRP, whereas these participants were only treated 

above the gumline to remove superficial deposit. Both groups in the study demonstrated 

significant reductions in PD, BOP and PI following prophylaxis, however this could be due to 

the resolution of gingival inflammation (gingivitis) rather than periodontitis (repair of deep PD). 

The reduction in PI indicates that each group may have significantly improved their oral hygiene 

practices at home, likely from the OHI that was given by the researchers. But, it appears that no 

statistical analyses were conducted to determine if these reductions were significantly different 

from one another. Therefore, it is unclear whether the green tea rinse truly attenuated healing. 
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 Another controlled trial was conducted among thirty adult males and females with a 

mean age of 30.5 years who were reported to have chronic periodontitis.293  The participants 

were randomly divided into three groups (n=10); the first group received SRP only, the second 

group received SRP as baseline but were instructed to consume four cups of green tea per day 

(SRP + green tea), the third group did not receive any treatment but were instructed to also 

consume four cups of green tea/day (green tea). The green tea groups were provided with 

commercially available green tea bags (weighing 1.175 g) and were asked to keep up their daily 

tea consumption for a period of six months. Researchers used a plaque index, bleeding index and 

a periodontal index as dependent variables. Periodontal indices were recorded at baseline, three, 

and six months.  All three groups showed significant (p < 0.01) improvement in all the 

parameters measured at baseline when compared to 3 and 6 months. These results are suggestive 

of the positive effects that green tea consumption may have on clinical periodontal parameters 

irrespective of whether SRP is performed or not.  However, a major limitation to interpreting the 

results of this study is that it is unclear how the researchers determined clinical diagnosis of 

periodontitis as well as identifying periodontitis severity (i.e. mild, moderate, or severe). For 

example, a periodontal index is not widely used in clinical settings; it is more suitable for large, 

epidemiological studies as the index only identifies periodontal status through visual inspection 

of gingival tissues.294 Therefore, according to the baseline characteristics table of this study, the 

baseline mean periodontal index score was 2.08 for the three groups combined; this indicates, 

according to Russell’s periodontal index, that the mean of participants in all three groups 

presented with gingivitis rather than periodontitis (connective tissue destruction and alveolar 

bone loss) and after this trial their gingival inflammation became more mild (mean periodontal 

index score of 1.49 at 3 months and 1.6 at 6 months).  
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 1.11.2.2.2. Controlled Trials Using Tea Components as an Adjunct to Periodontal SRP 

 There is evidence to support a link between the bioactives found in green tea (catechins) 

and periodontal repair. Some researchers have investigated the addition of green tea catechins or 

potent green tea extract in the form of toothpaste, mouth rinses, gels, or subgingival strips as an 

adjunct to periodontal healing following SRP.  It is important to briefly discuss these studies as 

they highlight some of the topical effects of green tea on clinical healing parameters.   

 One study investigated the effects of a green tea extract dentifrice (tooth paste) 

containing 60–90% EGCG versus a commercially available fluoride and Triclosan (antibacterial) 

containing dentifrice among adults with mild to moderate periodontitis four weeks following 

SRP.295  Researchers compared the GI, PI, BOP, CAL and the total antioxidant capacity and 

Glutathione-S-transferase (GST) activity from GCF in both groups from baseline. As expected, 

all parameters were significantly improved (p <0.05) in both groups. The inclusion of the total 

antioxidant capacity from GCF may reflect the inflammatory status of the involved periodontal 

tissues where GST is responsible for catalyzing the conjugation of reduced glutathione to 

neutralize a wide range of compounds and products of oxidative stress.  The total antioxidant 

capacity in both groups showed significant improvements at 4 weeks. This is likely attributed to 

removal of deposit and reduction in subgingival microbial load by non-surgical periodontal 

therapy.296   At the end of the study period, the test group showed statistically significant 

improvements (p <0.05) in GI, BOP, and CAL compared to the control group. The increase in 

total antioxidant capacity and increase in GST activity was also significantly higher in the test 

group compared to controls.  
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  In contrast, another study investigated the use of a green tea extract (20%) containing 

mouth rinse versus a placebo mouth rinse following a dental prophylaxis (cleaning above the 

gum-line) in adults with gingivitis (gingival inflammation but no alveolar bone resorption).297 

After two weeks of use, researchers reported improved PI among the treatment group compared 

to the placebo group. In line with the dentifrice findings, these results indicate that green tea 

extract in the form of a mouth rinse may play a role in bacterial plaque accumulation.  It would 

be of interest to investigate these effects on a sample suffering from moderate to severe 

periodontitis and its effects on GCF, like the previous study. It is also interesting to mention that 

traditionally, toothpastes and mouth rinses are unable to penetrate deep below the gum-line (only 

about 3 to 4 mm) yet, the first study demonstrated the potential of topically applied green tea 

extract to modulate the antioxidant capacity and factors associated with oxidative stress within 

the deepest pockets affected by periodontitis.  Other methods of locally delivering green tea 

constituents into deep pockets associated with periodontitis have also been investigated.  

 Two clinical studies have explored the effects of using green tea catechin-containing gels 

for their time release properties when placed subgingivally as an adjunct to SRP in participants 

suffering from chronic, mild to severe periodontitis. 298,299 In one study, researchers conducted a 

split mouth study in 30 chronic periodontitis participants with PD’s between 4 to 6mm. As an 

adjunct to periodontal therapy, random assignment of either thermo-reversible green tea gel or 

placebo gel was placed in two of the deepest probing sites, contralateral from one another, 

equaling a total of sixty sites.  Adjunctive local drug therapy with thermo-reversible green tea gel 

was shown to significantly reduce PD and inflammation during 4 weeks of the trial. The second 

study formulated a similar thermo-sensitive catechin-containing gel to determine the long-term 

benefit of this adjunctive application following initial SRP. The second study did not employ a 
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split-mouth design; instead, they performed SRP and then randomly allocated 23 and 19 

participants with chronic periodontitis (PD of 5–10 mm) into either a study or control group, 

respectively. The gel was applied at the first visit and then repeatedly applied 1 and 2 weeks 

later; clinical parameters were recorded at baseline, and at the 1st, 3rd and 6th month after the 

last gel application. In both groups, all clinical parameters (PD, CAL, BOP and GI) were 

significantly improved compared to baseline. In contrast to the first study, that used a split mouth 

design, PD and CAL were not significantly different between the groups at any time point.  

 In comparison to the slow release gels, three studies investigated the use of slow-release 

strips containing green tea catechins and another study investigated a chip containing EGCG on 

clinical periodontal parameters and bacteria associated with periodontal disease. The first study 

was a very small pilot study consisting of six participants; each participant had both a test and 

control strip placed into 4-5 mm pockets (two total per participant) and were randomly assigned 

to one of two groups: ST or no ST. 300  Of note, the researchers state that the participants 

presented with advanced periodontitis, however baseline characteristics are not provided and the 

fact that only 4 to 5mm pockets were chosen for the strips leads the reader to believe that the 

periodontitis was only mild to moderate in severity.  Green tea catechin showed a bactericidal 

effect against P.gingivalis and P.intermedia in vitro at a minimum inhibitory concentration of 1.0 

mg/mL. Clinically, the average PD in the test sites of the scaled group was reduced from 4.7 mm 

at baseline to 3.3 mm at week 8 but the PD showed no change at the end of the experiment in the 

placebo sites of scaled group and the placebo and test sites of non-scaled groups. �The second 

and third studies both employed a split mouth design among men and women with chronic 

periodontitis for 5 weeks and 21 days, respectively. 301,302  Every participant underwent SRP 

prior to the intervention. The second study placed two strips in the deepest pockets of 
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participants; one containing the green tea catechin as a local drug delivery strip or a placebo strip 

on opposite sides of the mouth. The third study only placed the EGCG containing chip into one 

randomly allocated test site. Neither study provides levels of green tea catechins used in their 

drug delivery systems. The results of the second study found statistically significant difference in 

PD, GI, and PI and significant reduction of red complex organisms from baseline to 1st week and 

baseline to 5th week in both study and control groups (p < 0.001) whereas intergroup comparison 

between study and control group was statistically insignificant for PD, PI, and GI (p>0.05). 

Likewise, the third study showed that inter-group comparison of the PI and GI for test and 

control groups at 21 days was not significant; however, in contrast, the PD at 21 days was found 

to be significant between the two groups. Plaque samples from the second study showed 

significant reductions in T. forsythus at 1st and 5th week and P. gingivalis at 1st week when 

compared to controls, whereas inter-comparison results in the third study demonstrated a 

considerable reduction of occurrence of A. actionmycetemcomitan and P. intermedia compared 

to controls. In conclusion, the local delivery of green tea catechin might attenuate the healing 

effects of SRP for up to two months due to its bactericidal properties.  

 1.11.2.3. Observational Studies 

 1.11.2.3.1. Tea Consumption and Bone Health   

  Population based studies have investigated the possible association between tea 

consumption (black and green) on overall bone health. It is important to briefly discuss these 

studies as alveolar bone loss is the main characteristic of periodontitis, and it is known that bone 

loss at hip, spine and skeletal sites is associated with tooth loss.303  Several reviews have reported 

positive associations between tea intake and bone health. 304 Green tea flavonoids such as EGCG 

have been associated with higher BMD305 and a reduction in osteoclast activity.306 In an 
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Australian population, higher intake of black tea and classes of flavonoids have been associated 

with lower risk of fracture-related hospitalizations in elderly women at high risk of fracture.307   

 A six-month placebo-controlled intervention study using a green tea polyphenol 

supplement containing 99.25% catechins (majority being EGCG at 46.5%) and Tai Chi exercise 

three times a week proved beneficial to the 113 postmenopausal women with osteopenia 

allocated to the groups receiving either the green tea supplement alone, Tai Chi exercises alone 

or both supplementation and exercise.  Ingestion of green tea polyphenols was shown to 

significantly increase muscle strength and demonstrated a positive effect on bone turnover. 308  

Another Japanese study found an association between women who consumed green tea (5 

days/week) and higher BMD at the lumbar spine and better T-scores (-1.59±2.70 vs -2.17±2.08) 

than those who did not consume tea.309  

1.11.2.3.2. Tea Consumption Associated with Better Periodontal Status in Some Populations 

 One large population based study that has looked for an association between tea intake 

and periodontal status. In 940 Japanese males aged 49–59 years, the relationship between the 

daily dietary intake of green tea and chronic periodontitis was evaluated. Researchers found that 

every one-cup per day increase in green tea intake resulted in a 0.023 mm decrease in mean PD, 

a 0.028 mm decrease in mean CAL and a 0.63% decrease in BOP.310  Thus, green tea intake was 

inversely correlated with the clinical parameters of chronic periodontal disease, after adjusting 

for other confounding variables.   This large study offers beneficial background information 

among tea drinking men and current periodontal status whereas our study aims to look at tea 

consumption among both men and women presenting with chronic moderate to severe 

periodontitis from a North American sample and its effects on periodontal healing following 

SRP.  
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 A more recent cross-sectional study among 218 dental students in Pakistan (aged 19-27) 

compared green and black tea consumption against the Community Periodontal Index Treatment 

Need (CPITN) index and a plaque index.  The CPITN Need index is a simple population 

screening method used by dental professionals to determine the level of intervention required 

and to monitor longitudinal changes in disease.  Consumers of green (66.95%) versus black tea 

(31.03%) had healthier gums as measured by a lower CPITN index and less plaque 

accumulation. A major flaw and limitation within this study design is that consumption levels of 

green and black tea are not reported. Although the authors conclude that green tea may have 

some positive effects on the periodontium and help to prevent plaque deposition, the young age 

of the sample measured makes it difficult to translate these findings to adults suffering with more 

severe forms of periodontal disease.  

 A large Japanese study analyzed cross-sectional data from a previous study to determine 

if an association exists between tooth loss and green tea consumption.311  Tea consumption data 

was obtained from a validated FFQ and tooth loss was self-reported. It was shown that among 

men, there was a progressive reduction in the odds for tooth loss (cut-off point of ≤ 20 teeth) 

with an increase in consumption of green tea (1.00 for ≤ 1 cup/day, 0.82 for 1 to 4 cups/day, and 

0.77 for ≥ 5 cups/day). Almost similar results were reported in women. Black tea consumption 

was measured but not reported on as so few drank black tea. But, among oolong tea drinkers, the 

researchers found an inverse dose-response relationship, rather than a threshold relationship with 

tooth loss.  Since this study solely uses epidemiological data, it is unclear whether the tooth loss 

was associated with periodontitis (alveolar bone loss that eventually resulted in tooth loss), tooth 

decay, trauma, or other factors.  
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Table 1.5. Human Studies on the Effects of Tea and its Constituents on Periodontal Pathogens and Periodontal Biomarkers 

Year, Country 
[Reference] 

Cases/Periodontal 
Disease 

Classification 
Controls Population Characteristics, Study Design,  

and Intervention(s) 
Tea Component 

Studied 
Clinical  

Outcomes 

Controlled Trials Using Steeped Tea as Adjunct to Periodontal SRP 

2017,  
India 
[312] 

N=840 with chronic 
periodontitis, 

Unclear how many 
participants in study 

group and it is unclear 
how clinical diagnosis of 

periodontitis was 
determined) 

 

Unclear how 
many control 
participants 

out of the 840 
total 

• RCT 
• Male and female nonsmokers, no systemic disease, no 

antibiotics or anti-inflammatory drugs 
• Participants underwent prophylaxis (above the gum-line 

cleaning) 
• Participants were then randomly allocated into two groups 

(study group or control group). 
• After random allocation of participants, a complete dental 

examination was carried out. 
• In the study group, the participants were asked to maintain their 

oral hygiene (OH) and consume the green tea as directed 
• Control group asked to maintain OH with no green tea 
• All participants received clinical monitoring and periodontal 

examination at baseline, 1 and 3 months' time intervals. 

Green tea rinse; 
10–20 mL of 2% green 

tea, rinsing 3 
times/day; using warm 
water, prepared directly 
before use. However, 
the duration of rinse 

use is not clear. 

PD 
 CAL 
BOP 
GI 

 

Main Findings 
• All clinical parameters (PD, CAL, BOP, GI) showed significant reductions from baseline to one and three months.  
• Study group showed significant reduction of GI and BOP compared to control group. 

Summary 

• There are obvious limitations in the study design, as italicized above, that hamper the interpretation of findings 
• If the participants were indeed suffering from chronic periodontitis, the appropriate treatment would be subgingival SRP, whereas these participants 

were only treated above the gumline to remove superficial deposit. 
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2012,  
India  
[313] 

 

 

N=10 (SRP+Green tea) 

 
10 (SRP only), 
10 (Green tea 

only) 

• Investigator blind, RCT  
• Males and females between the ages of 21 to 43 years of age 

(mean age: 30.50) 
• Smokers excluded from the study 
•  Thirty participants total were randomly divided into three groups 

using block randomization.  
• The first group received professional scaling and root planing 

alone (SRP only).  
• The second group (SRP + Green tea) received SRP at baseline 

along with green tea for a period of 6 months.  
• The third group received only green tea for a period of 6 months 

with no SRP.  
• Indices recorded at baseline, 3 and 6 months 
• Clinician performing the SRP and examiner recording the data 

were blind to study groups  
• One professional was responsible for performing SRP in all the 

participants.  

Green tea (Camellia 
sinensis) without any 
additional flavors like 

lemon or mint. The 
green tea was provided 

to participants in the 
form of tea bags, each 

weighing 1.75 g; 
participants were asked 
to have 4 cups of green 

tea/day. 

PI 
Bleeding 

index 
Periodontal 

index 

Main Findings 

• Plaque Index reduced from baseline compared to 3 months and was highly significant (p < 0.01) for all three groups.  
• The Bleeding Index comparisons of baseline scores showed statistically significant outcomes at 3 months as well as 6 months (P < 0.01).  
• The mean difference as compared to baseline in SRP + Green tea group was 1.223 ± 0.324 at 3 months and 1.152 ± 0.281 at 6 months 
• The Periodontal Index of 2.301 ± 0.502 at baseline in SRP + GT group was reduced to 1.315 ± 0.332 at 3 months, with mean difference of 0.989 ± 

0.306 as compared to 0.609 ± 0.404 for SRP group and 0.148 ± 0.176 for Green tea group 
o The comparison of these scores shows that the best outcome was when the green tea is used as an adjunct to SRP as compared to 

professional plaque control alone or green tea alone.  
• The results of the comparison at 6 months were also statistically significant (p < 0.01).  
• The SRP + Green tea group demonstrated better results when Periodontal Index scores were compared among the three groups, with a mean 

difference of 0.906 ± 0.281 

Summary 

• These results are suggestive of the positive effects that green tea consumption may have on clinical periodontal parameters irrespective of whether 
SRP is performed or not. 
• However, a major limitation to interpreting the results of this study is that it is unclear how the researchers determined clinical diagnosis of 
periodontitis as well as identifying periodontitis severity (i.e. mild, moderate or severe) 
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Controlled Trials Using Tea Component as Adjunct to Periodontal SRP 

2016,  
India 
[314] 

N=15, with mild to 
moderate chronic 

periodontitis (having at 
least six sites with PD >4 

mm with CAL of 1–2 
mm (mild periodontitis) 

or CAL of 3–4 mm 
(moderate periodontitis) 

 

15, mild to 
moderate 

periodontitis 

• RCT(Pilot) 
• Males and females, 18–60 years old 
• Participants randomly allocated into two treatment groups, 

‘test’ and ‘control’ after initial SRP.  
• Test group given green tea dentifrice (no fluoride or 

triclosan) w/ instructions on method of brushing, control 
group received a commercially available fluoride and 
triclosan containing dentifrice. 

• Smokers excluded  
• Clinical and biochemical parameters were recorded at 

baseline and 4-weeks following SRP. 
• For the collection of GCF; a total of six strips were placed 

in the deepest pockets present, and a total of four pockets 
were sampled from each patient  

• Participants were advised to brush twice daily for a 
minimum period of 2 min and a maximum period of 5 min.  

Dentifrice containing 
green tea extract (60–

90% of EGCG) 

 

 

GI 
PI 

BOP 
CAL 

 
From GCF: 

 Total 
antioxidant 

capacity  
Glutathione-

S-
transferase 

activity 

Main Findings 

• Intragroup analysis at 4 weeks showed statistically significant improvements of GI, PI, BOP, PD, CAL and TAOC in both groups from baseline 
• Glutathione-S-transferase activity was increased only in the test group. 
•  At the end of the study period, the test group showed statistically significant improvements in GI (p < 0.001), BOP (p=0.019) and CAL (p = 0.01) 

compared to the control group. 
• Comparison between groups did not show any significant difference in probing depth reduction or PI 
• The total antioxidant capacity in GCF showed significant improvement at 4 weeks in the test group and control group (P < 0.001).  
• The increase in total antioxidant capacity was significantly higher in the test group compared to controls, 
•  The mean glutathione-S- transferase activity in the control group did not show any change at base line and 4-week follow-up 
• In the test group, the mean GST activity showed an increase at the end of 4 weeks with a mean increase of 0.16 0.1 lmol/l, (p = 0.002).  
• The intergroup comparison of increase in the mean GST activity showed statistically significant improvement in the test group. 

2016,  
Brazil 
[234] 

N=37, clinical evidence 
of gingivitis (no clinical 

signs of periodontitis 
were measured in this 

study) 

37 

• RCT; longitudinal, double-blind comparison. 
• Males and females with chronic gingivitis, aged between 18 

and 61 years (Smokers excluded) 
•  All participants underwent a dental prophylaxis 
• Groups randomly allocated to treatment or placebo group  
• Both groups received a mouth rinse and instructions to use 

the product (green tea extract or placebo mouth rinse; 0.9% 
saline solution) for 7 days then tests repeated 

• Measurements at baseline and 15 days after intervention. 

Green tea extract with a 
concentration of 

20mg/mL 
(Instructed to rinse 

with 10 mL of 
mouthwash for 30 

seconds, twice daily, 
preferably morning and 

night) 

PI 
GI 

Main Findings 
• No differences on GI between the groups  
• PI was significantly lower in treatment group compared to placebo group.  
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2016,  
Thailand 

[315] 

N=23 with chronic 
periodontitis  

(PD of 5–10 mm) 

19, chronic 
periodontitis 
(PD of 5–10 

mm) 

• RCT. 
• Subjects were stratified according to their age and sex and 

were randomly allocated to the test or control group using 
sealed envelopes. 

• Subjects received oral hygiene instruction, single episode 
of SRP and subgingival application of the green tea gel 
(test group) or the placebo gel (control group).  

• The gel was repeatedly applied 1 and 2 weeks later.  
• Clinical parameters were recorded again at the 1st, 3rd and 

6th month after the last gel application.  

Thermosensitive  
green tea gel  

(containing no less than 
80% total catechins 
with 12 % w/w of 
green tea extract) 

 

GI 
BOP 
PD 

CAL 

Main Findings 

• PD, CAL, BOP and GI were significantly different when compared with baseline in both groups (p < 0.001).� 
• Test group exhibited significantly higher reduction in BOP at the 3rd month and significantly (p <0.05) lower GI at the 1st and 3rd month when 

compared with the control group but not at the sixth month.  
• PD and CAL were not significantly different between groups at any time point�. 

2013 
India 
[316] 

N= 30 with chronic 
periodontitis; two sites in 

the contralateral 
quadrants having PD’s 4-

6 mm in >30% of sites 

 

Two control 
sites with 

identical PDs 
(using split 

mouth design, 
same patient 
received test 

gel and control 
gel at two sites 

in opposite 
sides of the 

mouth) 

• RCT; Split-mouth single-evaluator masked  
• Males and females, mean age 50.3 
• PD and CAL baseline recordings were done after SRP 
• Green tea and placebo gels were placed at test and control 

sites as an adjunct to periodontal therapy (SRP) 
• A split-mouth design was followed in which two sites with 

identical PDs in the contralateral quadrants, with PDs of 4 
to 6 mm at baseline, chosen by the operator 

• A total of 60 sites from 30 participants were selected and 
grouped to represent the sites for drug and placebo 
placement 

• The randomization was done through a coin-toss method; 
insertion of drug and placebo by a department faculty 
member 

• At the end of week 4, the operator made a recording of the 
post-insertion clinical parameters without any knowledge 
of the control or test sites. 

Thermo-reversible 
green tea catechin gel, 

10mg/mL 
(The total catechin 

content was observed 
to be 97%) 

 

PI 
GI 

CAL 
PD 

Main Findings 

• The mean GI, PD, PD and CAL values were statistically significant (p<0.05) from baseline in both the control and treatment groups 
• Comparison of the mean ± SD GI, PD, and CAL values within the test group at baseline (1.92 ± 0.24, 4.93 ± 0.58, and 9.97 ± 0.72, respectively) and 

the end of 4 weeks (0.01 ± 0.04, 2.87 ± 0.51, and 7.87 ± 0.51, respectively) showed statistical significance (P <0.001) when compared to control sites 
• In vitro portion of study revealed amount of drug release was estimated at 765 nm.  
•  At 24 hours, concentration was measured at 15.84 umg/mL with 16.3% release.  
• At 4.5 days, approximately 96% of the gel was released at a concentration of 9.3 umg/mL.   
• At the end of week 4, the operator made a recording of the post-insertion clinical parameters without any knowledge of the control or test sites.  
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2002,  
Japan  
[317] 

N=3 with moderate 
periodontitis; at least two 

sites with PD 4-5mm. 
3, same criteria 

• In vitro and in vivo RCT (pilot). T 
• Three males, three females, 41–64 years of age with 

periodontitis and no systemic disorders 
• From each volunteer who had a pair of deep pockets 

bilaterally, two pockets were selected; one for 
administration of the test agent and the other for placebo. 

• The pocket depths (PD) were approximately 5 mm.  
• The subjects were divided randomly into the scaled and 

non-scaled groups (n=3) 
• SRP performed in the scaled group only 
• The test or placebo strips were inserted into the pocket of 

subjects in both the scaled and non-scaled groups. 
• Measurement of peptidase activity and the insertion of 

strips were once a week for 8 weeks  
• At the end of the experimental period, week 8, 

microbiological tests and the determination of PD and 
peptidase activity were performed.  

Hydroxy-
propylcellulose slow-

release strips 
containing green tea 

catechin (5% green tea 
catechin, with more 

than 80% of the green 
tea catechin released 

from the strips within 2 
hours; complete release 

was within 4 hours) 

 

 

In vivo 
PD 

GCF  
 
 

In vitro 
P.gingivalis  

P. 
intermedia 

Main Findings 

• Green tea catechin showed a bactericidal effect against P.gingivalis and P.intermedia. in vitro with a minimum inhibitory concentration of 1.0 
mg/mL. 

• The average PD in the test sites of the scaled group was reduced from 4.7 mm at baseline to 3.3 mm at week 8. 
•  In contrast, PD showed no change at the end of the experiment in the placebo sites of scaled group and the placebo and test sites of non-scaled 

groups. � 

2013 
India 
[318] 

N= 20 with untreated CP, 
PD of 5 mm or more 

(However, no baseline 
measurements provided) 

Split mouth 
design 

• Split mouth RCT utilizing SRP therapy 
• Males and females over the age of 35 
• Two sites in the contra-lateral quadrants with PD 5 ≥ mm at 

baseline were chosen. 
• All subjects received microbiological and clinical 

monitoring at baseline, 1st week, and 5th week respectively 
• Green tea catechin as local drug delivery strip or placebo 

strips were placed. 

Hydroxy propyl 
cellulose strips (HPC) 

containing green tea 
catechin 

(Level of catechin not 
provided by the author) 

PD 
GI 
PI 

Subgingival 
plaque 

samples 
(T. 

denticola, T. 
forsythia, 

P. 
gingivalis) 

Main Findings 

• Statistically significant difference in PD, GI, and PI and significant reduction of red complex organisms from baseline to 1st week and baseline to 
5th week in both study and control groups (P < 0.001). 

• Intergroup comparison between study and control group was statistically insignificant for PD, PI, and GI (p>0.05). 
• A significantly greater reduction in T. forsythus at 1st week and 5th week and P. gingivalis at 1st week was observed in study group when compared to 

control group. 
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2011,  
India 
[319] 

N=14 with at least two 
sites with probing depth 

between 5–8 mm 

Split mouth 
design 

 

 
• Fourteen Indian males and females, age range 30–55 years  
• Periodontal measures taken at baseline and 21 days 
• Micro-biological analysis at baseline, 1 week and 21 days  
• Test sites received SRP along with green tea catechin chip  
• Control sites received SRP alone, therefore participants 

aware of treatment sites 

Green tea catechin 
(EGCG) 

Chip (level of EGCG 
not provided by the 

author) 

PI, GI, PD 
Subgingival 

plaque 
samples (A. 
actionmycet
emcomitans, 

P. 
intermedia, 
Fusobacteri
um species 

Main Findings 

• The result showed inter-comparison of the plaque index and gingival index for test and control groups at 21 days was not significant (p>0.05) 
• The probing depth at 21 days was significant with P<0.001 between the two groups 
•  Inter-comparison between microbial results demonstrated a considerable reduction of occurrence of A. action-mycetemcomitans, P. intermedia, 

Fusobacterium species, and Capnocytophaga in test subjects 
• Green tea catechin local delivery along with scaling and root planing is more effective than scaling and root planing alone in a young adult to middle-

age adult Indian population  
 

Observational Studies 

2009, 
Japan 
[320] 

940 
- 

 
• Observational, cross-sectional 
• Japanese men, aged 49 to 59 years old 
• Researchers examined the relationship between the intake 

of green tea and periodontal parameters 
• Intake of green tea was defined as the number of cups per 

day from a self-administered questionnaire. 

Green tea consumption 
PD 

CAL 
BOP 

 
 

Main Findings 

• The intake of green tea was significantly inversely correlated with all periodontal parameters.  
• Every one-cup/ day increment in green tea intake was associated with a 0.023-mm decrease in mean PD (P <0.05), a 0.028- mm decrease in mean 

CAL (P <0.05), and a 0.63% decrease in BOP (P <0.05), after adjusting for other confounding variables. 
• Mean intake of green tea/day was 3.5±2.2 (0 to 12) cups 
• Overall, the more frequently the subjects drank green tea, the better their periodontal condition.  
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2014,  
Pakistan 

[321] 

 

118 green tea drinkers, 58 
black tea drinkers 

(Exact parameters of 
indices used to establish 
periodontal disease are 

unclear) 

58, non-tea 
drinkers 

• Cross-sectional 
• Male and female dental students between the ages of 19 to 

27 years old  
• Tea consumption determined from self-administered 

surveys 
 
 
 

Green and black tea 
consumption 

Plaque 
index 

CPITN  
 

Main Findings • Participants drinking green tea had less plaque accumulation compared to black tea drinkers  

  
BOP: Bleeding on probing; CAL: Clinical attachment level; CP: Chronic periodontitis; CPITN: Community Periodontal Index of 
Treatment Needs; GI: Gingival Index; OH: Oral hygiene; OHI: Oral hygiene instruction; PI: Plaque index; PD: Periodontal Probing 
Depth
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1.12. Identification of Knowledge Gaps, Summary and Rationale 

 Tea, whether true tea from Camellia sinensis or as an herbal or rooibos ‘tea’ represents a 

major source of dietary flavonoids that may help with periodontal healing and repair after ST. 

Although there has been considerable research among topical applications of flavonoids from 

green tea and its constituents (rinses, gels and dentifrices), to date, there has been very little 

study of dietary flavonoid intake through tea as well as fruits and vegetables to support 

periodontal healing.  This thesis research was designed to study the association between tea 

intake as well as flavonoid intake and periodontal healing after ST among participants with 

moderate to severe forms of periodontitis. Given that fruit and vegetables were a major source of 

flavonoids in non-tea drinkers, it was important to assess their contribution to flavonoid intake 

and potential relationship with periodontal healing after ST. This study also evaluated pro-

inflammatory cytokine levels immediately prior to ST and 8-weeks following ST. These data 

support the existing knowledge regarding salivary IL-1ß levels as they have also been shown to 

decrease following ST and also identify the potential use of measuring salivary IL-6 and CRP 

levels pre- and post-ST as biomarkers of healing post-ST.  
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CHAPTER TWO  

OBJECTIVES AND HYPOTHESES 
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2.1. Objectives 

•   To determine the relationship between tea intake and clinical healing outcomes after 

sanative therapy. 

•  To determine the relationship between flavonoid intake and clinical healing outcomes 

after sanative therapy.  

 

2.2. Hypotheses 

• Higher intake of tea will be significantly associated with improved healing outcomes 

eight weeks following sanative therapy. 

• Higher intakes of dietary flavonoids will be significantly associated with improved 

healing outcomes eight weeks following sanative therapy. 
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CHAPTER THREE  

MATERIALS AND METHODS 
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3.1. Experimental Design  

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

University, St. Catharines, Ontario on 20 December 2016 (File #16-114-WARD, Appendix 8.1) 

and was registered at clinicaltrials.gov as NCT03073161. Participants were recruited from a 

periodontal specialty clinic in Fonthill, Ontario. In general, participants who have been identified 

as exhibiting signs of chronic periodontal disease are referred to the clinic for treatment from the 

patient’s general dentist.  New participants to the clinic were provided with routine paperwork, 

including confidential patient information/medical history questionnaire (Appendix 8.2) and a 

nutritional supplement questionnaire (Appendix 8.3).  Our study consisted of three patient visits 

and followed a similar study design described by Dodington et al. (2015). Prior to enrollment, 

participants attended an initial consultation visit, represented as visit 1, where a baseline 

periodontal examination was completed. Participants then returned within two months for 

sanative therapy (visit 2). Participants returned within 8 to 11 weeks following sanative therapy 

when the follow-up periodontal examination took place (visit 3). The study design is shown in 

Figure 3.1. 

 Adults ≥ 18 years of age with the mental capacity to provide informed consent to 

treatment, who presented with a clinical diagnosis of moderate to severe chronic periodontitis (at 

least ≥ 2 interproximal sites with PD ≥ 5mm) were invited to participate in the study.  It is 

important to note that the diagnosis of periodontitis was not only determined from the clinical 

assessment but was also based on periodontal history and through radiographic interpretation 

(when available) in accord with the AAP’s classification of periodontal disease severity (Table 

1.1). At visit 1, the periodontist invited eligible participants and provided them with a written 

letter of invitation (Appendix 8.4) and obtained signed, written informed consent (Appendix 8.5). 
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 At visit 2, on the day of initial sanative therapy, a saliva sample was collected and height 

and weight were measured. The participant then completed The Block 2014 Food and Activity 

Questionnaire (FFQ) (Appendix 8.6). A member of the research team was available to answer 

questions that participants had while completing the questionnaire.  The FFQ was used in lieu of 

other methods such as a 3-day diet record to minimize participant burden.  Once the 

questionnaires were completed, the ST phase was completed by one of four registered dental 

hygienists employed at the clinic. As compensation, participants were provided with an electric 

toothbrush (Oral-B Vitality) and instructions on its proper use at the end the first sanative 

therapy visit.  At the re-exam visit (visit 3), a periodontal examination was performed to obtain 

clinical measures (PD, CAL, BOP), body weight and height were measured, and a saliva sample 

was collected that same day.  Each aspect of the experimental design is described in greater in 

the proceeding sections and is also shown in Figure 3.1.  

 

 

 

 

 

 

 

Figure 3.1. Study Design 

VISIT 3: 
Re-examination 

VISIT 1: 
Consultation/Recruitment 

(Baseline) 

VISIT 2: 
Sanative Therapy 

< 4 months ~ 8 weeks 

Height & Weight (BMI)  
Block 2014 FFQ 

Saliva Sample (IL-1ß, IL-6, CRP) 
 

Periodontal Examination 
(PD, CAL, BOP) 

 
 
 

Height & Weight (BMI)  
Saliva Sample (IL-1ß, IL-6, CRP) 

Periodontal Examination (PD, CAL, BOP) 
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3.2. Periodontal Examination and Measurement of Clinical Outcomes 

 The baseline periodontal examination was completed by one periodontist and the re-exam 

periodontal examination was completed by one of four hygienists. Importantly, to ensure 

consistent probing pressure among hygienists and thus the accuracy of the main outcome, PD, 

the hygienists were calibrated for probing pressure. Probing pressure was simulated by having 

each hygienist probing against an electronic scale to ensure that they each probed with a pressure 

of 25 grams of force. Baseline measurements included PD (mm), BOP (number of sites) and 

CAL (mm).  These measurements were performed using a conventional manual periodontal 

probe with colour coding at every 5, 10 and 15 mm (UNC-15 probe; Hu-Friedy, Chicago, IL, 

USA).  Measurements were performed at 6 sites per tooth at the mesiobuccal (MB), buccal (B), 

distobuccal (DB), mesiolingual (ML), lingual (L), and distolingual (DL) tooth surfaces of all 

teeth.  PD was measured from the gingival margin to the base of the clinical pocket with the 

probe tip parallel to the long axis of the tooth and positioned interproximally as close as possible 

to the contact point.  CAL was measured as the distance from the cementoenamel junction to the 

bottom of the gingival sulcus or periodontal pocket. This was calculated by measuring the 

distance from the cementoenamel junction to the gingival margin (recession) and adding this 

value to the PD measurement.  BOP was evaluated based on the presence or absence of gingival 

bleeding upon probing.  Baseline and re-exam clinical values (PD, CAL, BOP) included six sites 

from both natural teeth and crown-supported titanium implants. Percentage of sites was 

determined by the number of teeth present, however sites on teeth designated for extraction were 

not included in the calculation. Oral hygiene was assessed by the simplified plaque index (PI, %) 

according to O’Leary, which describes the percentage of tooth surfaces covered in visible plaque 

in relation to all tooth surfaces.322 
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3.3. Anthropometry 

 BMI is an important measure to collect as emerging data suggests that BMI may relate to 

periodontal status.323 While it can be argued that BMI does not measure body fat distribution nor 

does it distinguish between excess fat, muscle or bone mass, BMI is a surrogate measure of body 

fatness and measures excess weight rather than excess body fat. Factors such as age, sex, 

ethnicity, and muscle mass can influence the relationship between BMI and body fat. 324 Prior to 

sanative therapy at visit 2 and at the beginning of visit 3, participant height and weight was 

measured using a calibrated scale (Health o Meter Professional) with clothing on but without 

shoes.  BMI was subsequently calculated (BMI= weight/height2 (kg/m2)). Body weight was 

measured at both visits to assess for significant changes that could indicate a change in diet or 

physical activity between visits.325  
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3.4. Participant Information 

 All new participants to the clinic are required to complete a detailed medical history 

questionnaire (Appendix 8.2). Participant information such as age, gender, smoking status 

(recorded as never, former or current), allergies, health conditions and medication use were 

collected from this questionnaire. It was also important to obtain information regarding the 

presence of systemic and/or inflammatory diseases as many are associated with the presence of 

and severity of periodontitis.326  Cardiovascular disease was characterized by the reported 

presence of atherosclerosis, a history of heart attack or ischemic stroke, heart failure, arrhythmias 

or heart valve problems (such as stenosis, or mitral valve prolapses) based on the American 

Heart Association’s current definition of cardiovascular disease.327 A patient was characterized 

as having a systemic disease if they reported suffering from one or more diseases that have been 

shown to affect the entire body. For example, rheumatoid arthritis, osteoporosis, cardiovascular 

disease, diabetes, high cholesterol, hypertension and thyroid disorders were included in the 

overall analysis. Of note, the presence of sleep apnea or asthma were included as systemic 

diseases as they have been shown to influence systemic inflammation.328,329,330  
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          3.5. The Block 2014 Food and Activity Questionnaire (FFQ) 

 The Block 2014 Food and Activity Questionnaire is a validated FFQ supplied by 

NutritionQuest that combines a full-length food frequency questionnaire with a brief physical 

activity screening tool; it has been widely used among research and public health settings across 

North America. 331,332,333,334,335  The food and beverage list includes 127 items, plus additional 

questions to adjust for fat, protein, carbohydrate, sugar, and whole grain content. Respondents 

were asked how often each food item is consumed and to specify the portion size; portion size 

pictures are included in the questionnaire booklet.  The frequencies of consumption were listed 

in a multiple-choice fashion as: never, a few times per year, once per month, 2 to 3 times per 

month, once per week, 2 times per week, 3 to 4 times per week, 5 to 6 times per week or every 

day.  Tea and coffee consumption were also reported using the FFQ. Total energy and nutrient 

intakes were calculated by NutritionQuest. For our study, nutrient and food group analysis was 

completed using the 2015 Canadian Food and Nutrient File database.336 Flavonoid values were 

developed from USDA data released for NHANES 2007-2008 and updated based on the 

expanded USDA Flavonoid database from September 2014.  

 One study estimated its reproducibility and validity among a population sample of 

American middle aged men and women (n= 211) using median age-specific correlation 

coefficients between the questionnaire (administered at two time points with a 3-month interval) 

and four 2-day food record diaries. The researchers reported strong positive reproducibility with 

correlation coefficients of 0.8 in men and 0.7 in women with a range of 0.5 to 0.9. Whereas 

correlation coefficients between nutrient estimates from the FFQ and food diary records were 

generally >0.5, suggesting a moderate positive association.337  
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 In all analyses, we adjusted nutrient intake values, including flavonoid values, for 

total energy intake using the residual method. Because nutrient intakes are highly correlated to 

total energy intake with the ability to minimize FFQ errors from under or over reporting, the use 

of energy-adjusted nutrient intakes has become standard in epidemiological research. 338,339 The 

residual method of energy adjustment has also been widely used in epidemiological studies to 

adjust flavonoid intake.340,341,342,343  The residual method involves performing a regression to 

predict flavonoid values from total energy intake. The residuals (difference between raw nutrient 

intakes and predicted nutrient intakes) are then added to a constant (the flavonoid intake 

predicated from the mean total energy intake) to derive energy-adjusted flavonoid intake values. 

Nutrient and flavonoid intakes within our dataset were standardized to 2000 kilocalories (Kcal).  

 Of note, the FFQ reported tea consumption as grams per day. To provide more 

meaningful and applicable results, grams per day was converted into three groups based on 

cup(s) per day consumption; zero cups per day; greater than zero but less than 1 cup per day; or 

greater and/or equal to 1 cup per day, where 236.6 g = 1 cup. We previously mentioned that 

coffee also contains powerful antioxidants; therefore, coffee consumption was also reported and 

grouped in the same way as tea consumption (Table 4.2).  
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3.6. Sanative Therapy 

 ST was conducted at visit 2 under local anesthesia by one of four experienced registered 

dental hygienists using a combination of ultrasonic scaling (Touch and Steri-Mate 360°, 

Dentsply Sirona) with a variety of Cavitron tips and hand instrumentation with rigid periodontal 

instruments (Hu-Friedy EverEdge).  As mentioned in Section 1.8, ST was completed in either 

one or two sessions. Saliva collection and the administration of the FFQ was always conducted at 

the first ST visit, which is designated as visit 2 in the study design.   

 

3.7. Saliva Collection 

 Participants were seen between 8 a.m. and 4 p.m. Saliva samples were collected at two 

time points: (1) visit 1, immediately prior to sanative therapy and (2) visit 2, eight-weeks post-

sanative therapy. Saliva samples were collected using techniques outlined in the Salimetrics® 

Saliva Collection and Handling Advice booklet344 for passive drool collection using 

polypropylene vials with a saliva collection aid (Salimetrics). Seated comfortably in the dental 

chair in a semi-upright position, participants were asked to rinse their mouths with water to 

remove potential food residue; there was a ten-minute interval between when they rinsed their 

mouths and when saliva collection began.  

 The vials held up to 2 mL of saliva. According to Salimetrics, good saliva collection 

requires documenting items that may affect results, as well as following procedures that will 

avoid the possibility of contaminating saliva with substances that could interfere with the 

immunoassay. Therefore, several precautions were taken: participants were asked not to 

consume caffeine, sugary foods or eat a major meal within 60 minutes of sample collection. 

Based on recommendation from Salimetrics, habits and activities performed within the past 12 
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hours were documented, such as alcohol consumption, caffeine consumption, nicotine intake, 

any medications taken, the presence of oral injury and whether vigorous physical activity was 

performed. However, this information was not used in the analysis or interpretation of findings. 

Among our participants, only one saliva sample was removed due to blood contamination.  

3.7.1. Salivary Flow Rate  

 Although the literature suggests that the main salivary inflammatory biomarkers of 

interest (CRP, IL-6, IL-1ß) are not flow rate dependent, it was advised by Salimetrics to collect 

unstimulated saliva and measure salivary flow rate by recording the total time necessary to 

collect the desired volume of saliva.345 As soon as participants were asked to begin pooling their 

saliva, a timer was started. For our study, we aimed to collect at least 1.5 mL of unstimulated 

whole saliva and allowed participants up to 15 minutes to passively drool. The timer was stopped 

once participants could produce at least 1.5 mL of saliva or were visibly struggling to produce 

any saliva at all. Samples were immediately divided into 200 µL aliquots (VWR®, PCR tubes 

with attached flat caps) and stored long-term at -80°C. Of note, some participants produced less 

than 200 µL of saliva. In these instances, there was only enough sample to measure one or two 

markers rather than all three. Based on previous literature and findings from our lab identifying a 

relationship between PD and IL-1ß, measurement of IL-1ß took precedence over measurement of 

CRP or IL-6. 346  
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3.8.  Measurement of Salivary IL-1ß, IL-6, and CRP  

 Salivary IL-1ß, IL-6, and CRP concentrations were measured using commercially 

available ELISA diagnostic kits according to manufacturer’s instructions (Salimetrics, Carlsbad, 

California) 347,348,349. All samples were analyzed in triplicate and a participant’s baseline (visit 2) 

and re-exam (visit 3) sample were analyzed on the same plate to minimize inter-assay variation 

within a subject. On the day of sample analysis for an analyte, a single 200 uL volume sample 

was thawed, vortexed and centrifuged at 1500 x g for 15 minutes to remove mucins and other 

particulate matter that may interfere with binding of antibody in the assay.   

 Each ELISA kit required diluted saliva samples with varying dilution factors that were 

pre-determined by Salimetrics. For example, saliva was diluted 10X in CRP Sample Diluent 

using 15 µL saliva to 135 µL of CRP Sample Diluent prior to pipetting samples into the 

appropriate wells; therefore, final concentrations of CRP were determined by multiplying the 

calculated concentrations by a dilution factor of 10 to obtain final concentrations.  The known 

standard concentrations of the CRP ELISA kit range from 0-200 pg/mL. Table 3.1 outlines each 

ELISA dilution factor, known concentrations and the sensitivity (minimum and maximum 

detectable concentrations) of each kit.  
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Table 3.1. ELISA Kit Characteristic 

 

 All three ELISA kits utilized a sandwich technique. A “sandwich” was formed when the 

binding sites on the pre-coated microtitre plates bound to the IL-1β, IL-6, or CRP present in 

standards and samples, which were then bound again by a detection antibody. One of the 

advantages of a sandwich ELISA is its high specificity as each protein is specifically captured 

and detected. Using the CRP ELISA kit, standards, controls and saliva samples were pipetted 

into wells that contained anti-CRP antibody, then an anti-CRP detection antibody (antibody 

enzyme conjugate) linked to horseradish peroxidase (HRP) was immediately added to the plate 

and mixed on a plate rotator continuously for 2 hours (Figure 3.2). After the 2-hour incubation 

period, unbound components were washed away. After following the wash protocol, 

tetramethylbenzidine (TMB) substrate was added to the plate where it reacted to 

remaining/bound CRP antibody enzyme by producing a visibly blue color. Of note, this 

enzymatic reaction will continue if there is available substrate. Therefore, after a 30-minute 

incubation period, an acidic stop solution was added to the wells, which after 3-minutes 

produced a visible yellow colour change of each well, indicating that the reaction had stopped.  

 Dilution 
Factor 

Known  
Concentration Range, 

pg/mL 

Functional Sensitivity 
(Minimal Concentration 
Distinguished from 0), 

pg/mL 

Maximum 
Detectable  

Concentration,  
pg/mL 

CRP 10 0 - 3000 10 30,000 

IL-1ß 15 0 - 200 9 3,000 

IL-6 5 0 - 100 10.4 500 
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 The test principle utilized in the CRP ELISA kit varied slightly from the IL-6 and IL-1ß 

ELISA kits. Like the CRP ELISA kit, standards, controls and saliva samples were pipetted into 

wells that contained either IL-6 or IL-1β antibody binding sites. However, unlike the CRP 

ELISA, the IL-1β and IL-6 ELISA plates were incubated on a plate rotator immediately after the 

initial pipetting took place (Figure 3.3).  After the first incubation period, unbound components 

were washed away. Biotin conjugated to goat antibodies to human IL-1β or IL-6 (antibody 

conjugate) was then added to the plate where it attached to the remaining/bound IL-1β or IL-6. 

After a second incubation period, unbound components were washed away again. Streptavidin 

conjugated to HRP (Streptavidin-HRP) was then added and bound to the antibody conjugate over 

another incubation period. Following this incubation period, a TMB substrate was added directly 

to the plate where it bound to the Streptavidin-HRP. Another 20-minute incubation period 

allowed for the reaction to produce a blue colour in each well. Finally, once the stop solution was 

added, the reaction was halted as indicated by a change in well colour from blue to yellow.  

 The optical density (OD) of each plate was read within ten minutes of adding a Stop 

Solution at a wavelength of 450 nm with a secondary filter correction read at 620 nm, as 

recommended. A microplate reader was used to quantify the salivary concentrations of CRP, IL-

1β and IL-6 by reading the absorbance (the amount of colour produced) in each well. The OD 

(absorbance) is proportional to the amount of target antigen present.  With the CRP ELISA, the 

amount of CRP antibody enzyme conjugate detected was directly proportional to the amount of 

CRP present in the sample whereas in the other ELISA kits, the amount of Streptavidin-HRP was 

proportional to the amount of IL-1β or IL-6 present in the sample.350 
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Figure 3.2. CRP ELISA Test Principle 

 
 
 
 
Figure 3.3. IL-1β and IL-6 ELISA Test Principle 
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  Serial dilutions of known-concentrations of the target molecule as well as the known 

sample concentrations of each antigen were used to calculate a standard curve. For example, 

the OD of the diluted known sample concentrations (y-axis) corresponds to a known 

concentration value on the x-axis (Figure 3.4).  Using the equation of the regression line, final 

salivary concentration values from the samples were determined. Final concentration values 

were multiplied by the sample dilution factor outlined in the manufacturer’s instructions, as 

previously discussed.  

 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3.4. CRP Curve Fit, R2 and Regression Equation 
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3.8.1. Inter- and Intra-Assay Coefficients of Variability  

 The coefficient of variation (CV) is a measure of relative variability, defined as the ratio 

of the standard deviation to the mean. It is important to report on CVs to express the precision, or 

repeatability of the ELISA findings. Within our study, two CVs were calculated: (1) the inter-

assay CV (Table 3.2) and (2) the intra-assay CV (Table 3.3). Both inter- and inta-assay CVs 

were calculated from the calculated salivary biomarker concentrations as per Salimetrics 

guidelines.351 Salimetrics suggests that inter-assay CVs of  ≤ 15% and intra-assay CVs < 10% are 

acceptable.  However, CVs ≤ 20% are also generally acceptable.352  All assays were performed 

by one individual (S. Klok).  

 Inter-assay CV is an expression of plate-to-plate consistency. Of note, each plate had at 

least one sample duplicated from plate to plate (tested in triplicate).  Therefore, the inter-assay 

was calculated both from the mean concentration values of high and low controls on each plate 

and from mean values of duplicated saliva samples on each plate.  First, the plate means of both 

the high and low controls and plate means of the duplicated saliva samples were calculated, then 

the average and standard deviation of the high, low and duplicate means was calculated. The CV 

percentage of both the high and low controls and duplicated plate samples was calculated using 

the following equation: CV (%) = SD plate means/AVG of plate means * 100. The overall inter-

assay CV was calculated using the average CV percentage of the high and low controls and the 

average CV percentage of the duplicated saliva samples. For example, overall inter-assay CV = 

(13.96 + 5.85 + 14.98) / 3 = 11.60%. The intra-assay CVs are reported as an average value 

calculated from the individual CVs of all triplicate samples (Table 3.3). 
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Table 3.2.  Inter-assay CVs 

 High 
Control CV 

(%)1 

Low  
Control CV 

(%)2 

Inter-Assay 
CV 

 (%)3 

Inter-Assay CV  
(Plate Duplicates) 

(%)4 

Overall 
Inter-assay 

CV (%)5 
 
CRP 

 
6.94 

 
9.32 

 
8.13 

 
21.49 

 
14.81 

IL-1ß 33.23 20.67 26.95 9.36 18.15 
IL-6 3.40 9.42 6.41 29.77 18.09 
 
1 SD of high control means/AVG of high control means*100 
2 SD of low control means/AVG of low control means*100 
3 AVG of high control CV and low control CV 
4 SD of duplicate means/AVG of duplicate means*100 
5 AVG of high control CV, low control CV and CV of duplicates 
 
 
 

Table 3.3. Intra-assay CVs  

 Plate 1 
Intra-assay 

CV (%) 

Plate 2 
Intra-assay 

CV (%) 

Plate 3  
Intra-assay 

CV (%) 

Plate 4 
Intra-assay 

CV (%) 

Overall  
Intra-assay  

CV (%)1 
CRP 6.38 3.57 2.72 3.94 4.15 
IL-1ß 4.17 4.03 4.42 4.85 4.37 
IL-6 5.75 4.55 - 5.51 5.27 

 

1 Overall intra-assay CV = average intra-assay CV of each plate; CRP = (4) ELISA plates with 
23 samples per plate, (n=92); IL-1ß = (4) ELISA plates with 22 samples per plate, (n=88); IL-6 = 
(3) ELISA plates with 22 samples per plate, (n=66). 
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3.9. Statistical Analyses 

3.9.1 Approach for Measuring Periodontal Healing 

 We were interested in how tea or flavonoid intake may influence periodontal healing. 

Initially, to be included in the study, participants had to have a PD of 4 mm or greater in at least 

30% of probed sites, which is the criteria for chronic generalized periodontitis set by the AAP.353  

Healing is measured as the percentage of PD sites that are < 4 mm after ST.  Based on previous 

literature and clinical knowledge, we know that after ST, some participants will have residual PD 

≥ 4 mm, indicating the presence of a periodontal pocket; however, it is expected that the 

percentage of sites with PD ≥ 4 mm would be significantly reduced. There is a substantive body 

of evidence that shows ST improves PD. 181-194 Therefore, we chose to report on the percentage 

of post-ST sites with PD ≥ 4 mm as our dependent variable while controlling for the response to 

ST by including percentage of pre-ST sites with PD ≥ 4 mm in the model.      

3.9.2 Approach for Considering Smoking Status  

 A previous study has found that the effect of smoking severely attenuated the effects of 

diet on periodontal healing outcomes within their sample.196 The researchers found that when 

their sample was split by current smoking adults and non-smoking adults, the dietary intakes 

(fruits and vegetables, ß-Carotene, Vitamin C, a-Tocopherol, EPA, and DHA) significantly 

predicted periodontal healing outcomes within their sample. We hypothesized that it was 

possible that the effects of smoking may also be associated with periodontal healing outcomes 

among our sample. For that reason, current smokers and non-smokers were compared for many 

outcomes.  

All statistical procedures were performed using SPSS for Mac (version 24; IBM Corp., 

Armonk, NY). Statistical significance was defined as p < 0.05.   
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3.9.3 Participant Characteristics  

Whole Group 

 Participant characteristics, clinical characteristics and dietary intakes of our entire sample 

are provided for review in Chapter Four.   

Non-smokers vs. Smokers 

 Participant characteristics, clinical characteristics and dietary intakes were compared 

between non-smokers and current smokers using an independent sample t-test for continuous 

variables (age and number of medications) and chi-square testing for categorical variables (sex, 

BMI status, and presence of systemic diseases).   

3.9.4. Pre- and Post-ST Clinical Parameters 

Whole Group 

 To show the clinical effectiveness of ST among our sample, a paired-sample t-test was 

used to evaluate overall periodontal healing parameters (PD, CAL, BOP) pre- and post-ST. CAL 

was reported on in our results section to compare our findings to previous literature.  

Non-smokers vs. Smokers 

 An independent sample t-test was used to determine differences of baseline and re-exam 

clinical parameters and thus the effectiveness of ST (the difference in clinical parameters from 

pre- to post-ST) among the smoking and non-smoking adults in our sample. 
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3.9.5. Saliva Markers   

Characteristics of Saliva Collection 

 According to K-S tests of normality (p < 0.001), amount of saliva collected (mL), time 

taken to collect saliva (mins), salivary flow rate (mL/min) and our salivary biomarker 

concentrations of interest (IL-1ß, CRP and IL-6) were not normally distributed. Therefore, 

differences from pre- and post-ST were analyzed using the Related Samples Wilcoxon Signed 

Rank Test. 

Analyzing Salivary Biomarker Concentration in Non-smokers versus Current Smokers 

 Smoking is an established risk factor for periodontal disease and thus it is reasonable to 

hypothesize that smoking may influence salivary cytokine concentration. The salivary 

concentrations were not normally distributed, therefore, pre-ST, post-ST and the change in 

pre- and post-ST salivary concentration (the difference from baseline to re-exam) was analyzed 

using the Related Samples Wilcoxon Signed Rank Test among non- and current smokers.  

Salivary Flow Rate 

 According to Salimetrics, IL-1β is not flow rate dependent in individuals with 

concentrations in the normal range, based on a high correlation between concentration (pg/mL) 

and concentration corrected for flow rate (r (25)=0.88, p < 0.001, n=27).354 However, effect of 

flow rate in individuals with higher levels of IL-1β has not been determined. Therefore, we were 

interested in whether the change in IL-1β concentrations from pre- and post-ST were dependent 

on participant flow rate among our sample. A Spearman's rank-order correlation was performed 

to determine the relationship between change in IL-1ß (pg/mL) pre- and post-ST and change in 

IL-1ß when adjusted for salivary flow rate pre- and post-ST (pg/min). 
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3.9.6. Saliva Markers and Clinical Parameters  

Whole Group   

 Correlations between re-exam salivary inflammatory concentration levels and re-exam 

clinical parameters were assessed using Spearman rank correlation coefficients.   

Non-smokers versus Current Smokers  

 Correlations between re-exam salivary inflammatory concentration and re-exam clinical 

parameters were assessed among non- and current smokers using Spearman rank correlation 

coefficients.   

 

3.9.7. Hierarchical Multiple Linear Regression (MLR) Analyses   

Potential Covariates 

 Aside from baseline PD and current smoking status, Dodington et al. (2015) found that 

follow-up time, re-exam BOP and hygienist performing sanative therapy were all significant 

predictors for re-exam PD (p < 0.05) among their sample. Although, these covariates did not 

significantly influence PD at re-exam among our sample (p > 0.05) and were therefore excluded 

from our model as we had a small sample size and wanted to avoid over-parameterization of the 

data and loss of power. Age and sex were included as control variables.  

 We also know that vitamin C intake can influence periodontal healing and is closely 

related to flavonoids, where many fruits and vegetables that contain flavonoids also contain 

vitamin C; therefore, energy-adjusted dietary vitamin C (mg/d) intake was also controlled for in 

our final MLR models.355,356 Energy-adjusted dietary vitamin C intake was considered normally 

distributed through visual inspection and K-S tests of normality (p > 0.05).    
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 To test the hypothesis that higher intakes of tea or flavonoids will significantly predict 

PD at re-exam, eight weeks following ST, two hierarchical MLR analyses were performed. We 

were interested in how the addition of (1) tea intake and (2) flavonoid intake would influence the 

model. First, age, sex, percentage of pre-ST sites with PD ≥ 4 mm, dietary vitamin C intake and 

current smoking status were entered as predictors in step 1. Then, (1) tea intake and (2) flavonoid 

intake were added as predictors in step 2.   

Tea Intake  

 Based on previous preliminary findings from our research group, tea intake was grouped 

by daily tea consumption; group 1: 0 cups per day, group 2: > 0 but < 1 cup per day, and group 3, 

≥ 1 cup per day. The three groups were transformed into dummy variables and included in the 

first MLR model, where, the B values of > 0 but < 1 cup per day and ≥ 1 cup per day are 

interpreted in comparison to the reference group, 0 cups per day.  For example, yielding a 

negative B value would indicate that the > 0 but < 1 cup per day or ≥ 1 cup per day groups have a 

lower percentage of PD post-ST sites ≥ 4 mm compared to the 0 cups per day group.  

The regression models used were as follows:  

Step 1:   

% PD sites post-ST ≥ 4 mmi = β0i + β1 age1i + β2 sex2i + β3 current smoking status3i + β4 % PD 

sites pre-ST ≥ 4 mm 4i + β5 dietary vitamin C intake5i + εi  

Step 2:  

% PD sites post-ST ≥ 4 mmi = β0i + β1 age1i + β2 sex2i + β3 current smoking status3i + β4 % PD 

sites pre-ST ≥ 4 mm4i + β5 dietary vitamin C intake5i + β6 tea intake > 0 cup < 1 cup/d6i + β7 tea 

intake ≥ 1 cup/d7i + εi  
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Flavonoid Intake 

  Energy-adjusted dietary flavonoid intakes were positively skewed and not normally 

distributed. A log-transformation did not normalize the variables. Therefore, to maintain the 

original units (mg/d), three groups were created based on intake pattern. The three groups: group 

1, 0-100 mg/d; group 2, 101-351 mg/d and group 3, ≥ 352 mg/d, were transformed into dummy 

variable groups and included in the second MLR model, where, the B values of group 1 and 

group 2 are interpreted in comparison to the reference group, group 1.  A negative B value would 

indicate that individuals consuming 101-351 mg per day or ≥ 352 mg per day have a lower 

percentage of PD sites post-ST ≥ 4 mm compared to the 0-100 mg per day group.  

The regression models used were as follows:  

Step 1:   

% PD sites post-ST ≥ 4 mmi = β0i + β1 age1i + β2 sex2i + β3 current smoking status3i + β4 % PD 

sites pre-ST ≥ 4 mm 4i + β5 dietary vitamin C intake5i + εi 

Step 2: 

% PD sites post-ST ≥ 4 mmi = β0i + β1 age1i + β2 sex2i + β3 current smoking status3i + β4 % PD 

sites pre-ST ≥ 4 mm4i + β5 dietary vitamin C intake5i + β6 flavonoid intake 101-352 mg/d6i + β7 

flavonoid intake > 352 mg/d7i + εi 
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 These models predicted how much each variable influenced percentage of post-ST sites 

with PD ≥ 4 mm with a large effect based on a sample of 45 with seven predictors.357 Values 

reported are: R2 (amount of variance explained by the model), R2
Adj (generalizability of the model 

to other populations), ΔR2 (amount of unique variance explained by the predictor of interest), B 

(regression coefficient: change in outcome for each change in unit of the predictor) and β 

(standardized regression coefficient to compare the effect size of different predictors).  

 Assumptions of normality, linearity, and homoscedasticity were checked. Based on the 

K-S test of normality (p > 0.05) and visual inspection, the dependent variable (% PD sites post-

ST ≥ 4 mm) was normally distributed. Normality of observed residuals (actual value of 

dependent variable minus predicted value of outcome variables) was also visually checked and 

met by transforming residuals and predicted scores into standardized z-scores and running a 

normal probability plot. A linear relationship between the dependent variable and predictors was 

also checked by visually inspecting the normal probability plots.  The plots of standardized 

residuals versus standardized predicted values showed that points were equally distributed across 

all values of the independent variables and centered within -3 and 3, therefore, the assumption of 

homoscedasticity was met. There was no multicollinearity among our final models, based on 

variance inflation factor values below 2, ranging from 1.17 to 1.33.358 Also, Pearson’s correlation 

values of the predictors were not highly correlated with one another (r < 4.0). 
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CHAPTER FOUR 

 RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1. Participant Characteristics 
 Participants were referred by their general dentist for management of chronic generalized 

moderate-severe periodontitis (> 30% of PD sites ≥ 4 mm), which is a complex dynamic 

interplay of multiple causal factors. Figure 4.1 summarizes our initial participant recruitment 

and final sample size. In total, 56 participants were recruited to the study. Of those, four did not 

return to the clinic for their second visit (ST), baseline data was not collected for one participant 
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as the student investigator was not available, and one participant was scheduled for ST after the 

study had ended.  Three participants did not return to the clinic for the follow-up (visit 3), one 

participant was scheduled for follow-up outside of the time frame of this thesis research, and one 

participant did not return their FFQ to the clinic. Thus, the final sample size was 45.  

 The average time between ST sessions was 12.71 days. Average total follow-up time 

between visit 2 and visit 3 was 64 days or 2 months and was determined by calculating the days 

between a patient’s most recent ST session and the re-exam (visit 3). If two sessions were 

required to complete sanative therapy, the second session date was used. The second date was 

used as it signified the completion of ST. 

 

 

 

 

 

 

 

 

 

 

 

Number of participants recruited  
(n= 56) 

Number of participants who 
completed sanative therapy  

(n= 50) 

n= 4 Did not complete sanative therapy due 
 to cost of treatment 
n= 1 Student investigator was not available 
 to collect baseline data   
n= 1  Sanative therapy was scheduled after 
 the study had ended 
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* Data was not included within the thesis document but will be collected for future publication  

Figure 4.1. Flow Chart: Recruitment and Final Sample Size of Adults Undergoing ST. Arrows 
to the right denote a transition between stages where explanations are given for participants who 
either did not complete sanative therapy or return for their re-exam visit.   

 

 

 

 

 

Whole Group  

 Participant characteristics of the whole group are shown in Table 4.1. Among our 

sample, presence of systemic disease was not a significant predictor (p > 0.05) of follow-up 

periodontal status (% PD sites post-ST ≥ 4 mm). Therefore, it was not included as a confounding 

variable in our regression analysis. Although, we did report on the presence of systemic disease 

as part of our patient characteristics. BMI was categorized as normal (18.5-24.9 kg/m2), 

Number of participants who 
completed the re-exam/final 

portion of the study 
 (n= 45) 

Final sample size  
(n= 45) 

n= 3  Did not complete re-exam visit due to 
 cost of treatment  
n= 1 Re-exam visit scheduled for date 
 outside of the thesis research duration*  
n= 1  Did not return the FFQ  
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overweight (25-29.9 kg/m2), or obese (≥ 30 kg/m2). Among our sample, the mean weight at 

baseline (83.4±18.24 kg, 54.48-123 kg) was not statistically different (p > 0.05) from mean 

weight at re-exam (83.5±18.24 kg, 54.48-123.03 kg).   

 

Non-smokers versus Current Smokers 

 Participant characteristics comparing non-smokers and current smokers are also outlined 

in Table 4.1. All participant characteristics reported in Table 4.1 are similar between non-

smokers and current smokers except that a higher proportion of current smokers presented with a 

normal BMI compared to non-smokers. 
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Table 4.1. Participant Characteristics of the Whole Group and According to Smoking Status  

 Whole Group  
(n= 45) 

Non-smokers 
 (n= 32) 

Current 
Smokers 
(n=13) 

p-value1 

Age, y 56±9 (32-72) 56±10 (32-72) 57±7 (46-69) 0.457 
Sex, n (%)     
 Male 22 (49) 18 (56) 4 (31) 0.121  Female 23 (51) 14 (44) 9 (70) 
BMI Status, n (%)     

Normal (18.5-24.9 kg/m2) 14 (31) 7 (21) 7 (54) 0.036* 
 Overweight (25.0-29.9 kg/m2) 15 (33) 12 (38) 3 (23) 0.816 
 Obese (≥ 30.0 kg/m2) 16 (37) 13 (39) 3 (23) 0.072 
Medication User, n (%) 29 (64) 18 (56) 11 (85) 0.072 
Number of Medications, mean ± SD (range) 2±3 (0-14) 2±3 (0-14) 2±2 (0-5) 0.759 
Comorbidities, n (%)     
 Diabetes (Type 1 or Type 2) 2 (4) 2 (6) 0 0.519 
 Osteoporosis 5 (11) 3 (9) 2 (15) 0.561 
 Arthritis   7 (16) 5 (19) 2 (15) 0.984 
 Cardiovascular Disease 5 (11) 2 (6) 3 (23) 0.104 
 Hypertension 7 (16) 3 (9) 4 (31)  0.073 
 Thyroid Disorder 8 (18) 5 (16) 2 (15) 0.984 
Smoking Status   
Never Smoker, n (%) 17 (38) - - - 
Former Smoker, n (%) 15 (33) - - - 
 Quit (# of Years), mean ± SD (range) 17±12 (3-39) - - - 
 Years Smoked, mean ± SD (range)   17±9 (5-35) - - - 
Current Smoker, n (%) 13 (29) - - - 
 Years Smoked, mean ± SD (range) 24±13 (10-40) - - - 
 Cigarettes/day, mean ± SD (range) 15±6 (5-25) - - - 

* p < 0.05 
1 Independent samples t-test comparing non-smokers and current smokers and chi-square test  
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4.2. Pre- and Post-ST Clinical Characteristics and Periodontal Indices 

Whole group  

 Pre- and post-ST clinical characteristics and periodontal indices are outlined in Table 4.2. 

Non-smokers versus Current Smokers 

 Results from the independent sample t-tests comparing non-smokers and current 

smokers’ pre- and post-ST clinical characteristics and periodontal indices are outlined in Table 

4.2. Smokers had significantly greater average PD (mm) (p < 0.001) and significantly greater 

percentage of sites with PD ≥ 4 mm (p < 0.001) both pre-ST (baseline) and post-ST (re-exam) 

compared to non-smokers. However, there were no significant differences between pre- and 

post-ST PI, BOP, or CAL between the two groups (p > 0.05).  
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Table 4.2. Clinical Characteristics and Periodontal Indices of the Whole Group and According to 
Smoking Status  

 Whole Group  
(n= 45) 

Non-smokers 
 (n= 32) 

Current 
Smokers (n=13) 

p-value1 

Pre-ST (Baseline) Clinical Characteristics and Periodontal Indices, mean ± SD (range)  
 Number of Teeth2 27±2 (20-31) 27±2 (21-31) 25±3 (20-30) 0.050 
 Participants w/ Implants, n (%) 4 (9) 2 (6) 2 (15) 0.329 
 Average PD, mm 4±0.7 (3-6) 4±0.7 (3-6) 5±0.6 (4-6) 0.005* 
 PD, % of sites ≥ 4 mm 68±20 (29-99) 62±19(29-99) 82±14 (56-99) 0.000* 
 PD, % of sites > 6 mm 7±10 (0-43) 6±9 (0-36) 12±11 (1-43)  0.060 
 CAL, % of sites ≥ 5mm 52±19 (18-97) 54±18 (18-97) 49±20 (25-85) 0.266 
 BOP, % of sites 43±26 (12-100) 44±29 (11-100) 41±13 (23-65) 0.617 
 Plaque score, %  69 ±23 (30-100) 69±22 (30-100) 70±26 (40-100) 0.906 
 Follow-up time, d 69±15 (43-123) 66±11 (43-89) 76±21 (56-123) 0.122 
Post-ST (Re-exam) Periodontal Indices, mean ± SD (range)   
 Average PD, mm 0.3±0.3 (2-3) 3±0.3 (2-3) 3±0.3 (2-3) 0.028* 
 PD, % of sites ≥ 4 mm 9±8 (0-26) 7±7 (0-25) 15±7 (7-26) 0.000* 
 PD, % of sites > 6 mm 0.4±1 (0-7) 0.4±1.3 (0-7) 0.5±0.8 (0-2) 0.813 
 CAL, % of sites > 4mm 12±10 (0-35) 12±11 (0-35) 11±8 (3-30) 0.573 
 BOP, % of sites 7±11 (0-74.07) 7±13 (0-74) 6±4 (0-13) 0.899 
 Plaque score, %  31±19 (10-100) 32±20 (10-100) 30±13 (10-60) 0.835 

* p < 0.05 
1 Independent samples t-test comparing non-smokers and current smokers and chi-square tests 
for categorical data comparing non-smokers and current smokers 
2 Natural teeth + dental implants 
BOP: bleeding on probing; CAL: clinical attachment level; PD: probing depth 
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4.3. Pre- and Post-ST Clinical Healing Characteristics  

Whole group  

 Results from the paired-sample t-tests that were used to evaluate overall periodontal 

healing parameters pre-ST (baseline) to post-ST (re-exam) are outlined in Table 4.3.  As 

expected, we found that there was a significant positive change (p < 0.005) pre- and post-ST 

among all healing parameters (PD, CAL, BOP). These findings are expected because ST is a 

main-line treatment for periodontal disease. 

Non-smokers versus Current Smokers 

 Results from the paired-sample t-tests that were used to evaluate overall periodontal 

healing parameters pre-ST (baseline) to post-ST (re-exam) by smoking status are also outlined in 

Table 4.3. There was a significant positive change (p < 0.005) pre- and post-ST among all 

healing parameters (PD, CAL, BOP) regardless of smoking status.  
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Table 4.3. Clinical Healing Parameters of the Whole Group and According to Smoking Status 

 Whole Group 
(n= 45) 

Non-smoker 
 (n= 33) 

Current Smoker  
(n= 12) 

Average Pre-ST PD, mm 4±0.7 (3-6) 4±0.7 (3-6) 5±0.6 (4-6) 

Average Post-ST PD, mm 3±0.3 (2-3) 3±0.3 (2-3) 3±0.3 (2-3) 

p-value 0.000* 0.000* 0.000* 

Pre-ST PD ≥ 4 mm, % 68±20 (29-100) 62±19 (29-99) 82±14 (56-100) 

Post-ST PD ≥ 4 mm, % 10±8 (0-33) 7±8 (0-33) 15±7 (7-26) 

p-value 0.000* 0.000* 0.000* 

Pre-ST CAL > 4 mm, % 52±19 (18-97) 50±19 (18-97) 59±17 (25-85) 

Post-ST CAL > 4 mm, % 12±10 (0-35) 12±11 (0-35) 11±8 (3-30) 

p-value 0.000* 0.000* 0.000* 

Pre-ST BOP, % 43±26 (12-100) 43±30 (12-100) 40±13 (23-65) 

Post-ST BOP, % 7±11 (0-74) 7±13 (0-74) 6±4 (0-13) 

p-value 0.046* 0.000* 0.000* 

* p < 0.05 (p-values obtained with paired t-tests, comparing pre- and post-ST parameters) 
All values are expressed as mean ± SD (range) 
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4.4.  Dietary Characteristics 

Whole Group  

 Dietary characteristics and estimated dietary flavonoid intakes of our sample are outlined 

in Table 4.4.  The mean daily reported energy intake by the FFQ was 1698.67±518.27 kcal. The 

participant’s total energy intakes fell within the following energy limits: > 700 kcal/d and < 3000 

kcal/d for males and > 900 kcal/d and < 2600 kcal/d for females; with a total of 3 participants 

who reported energy intake of < 1000 kcal/d.  

 All subjects consumed flavonoids (21-1269.76 mg/d) where the flavan-3-ol family 

contributed the most to overall flavonoid intake (79%).  The flavonoids in the flavan-3-ol 

subgroup (9-1146 mg/d) were primarily from tea and foods such as apples, cherries, pears and 

raspberries. Of note is that the FFQ does not specifically ask about the type of hot tea consumed. 

Although, the FFQ reports that thearubigins (traditionally only found in black tea but in this case, 

attributed to overall hot tea flavonoids) contributed to 55% of flavan-3-ol intake. Therefore, it 

can be assumed that within our sample, tea was the main contributor of flavonoids to the diet, 

where the 69% of our tea drinking participants reported drinking an average of 206±307 g 

(equivalent to just over ½ cup) of tea per day, which is less than the average Canadian who 

consumes approximately 516 g/d or roughly 2 cups/d). 359 

 The RDA for vitamin C is 90 mg per day for males and 75 mg/day for females over 19 

years of age.360 Our sample consumed much more vitamin C (including dietary and supplemental 

intake) than the RDA, where non-smoking women (n= 14) 472±132 mg/d consumed 472±132 

mg/d and non-smoking men (n= 18) consumed 381±155 mg/d.  
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Non-smokers versus Current Smokers  

 Results from independent sample t-tests for continuous variables and chi-square tests for 

categorical variables comparing dietary characteristics of non-smokers and current smokers are 

outlined in Table 4.4. There were no significant differences in dietary characteristics between 

non-smokers and current smokers (p > 0.05). Although, it looks like the smokers in our sample 

were consuming more flavonoids than the non-smokers. Of note, the Food and Nutrition Board 

suggests that smokers modify their diet to include an additional 35 mg/day of vitamin C 

due to the oxidative stress caused by smoking.361 In our sample, female smokers consumed 

vitamin C above the RDA and additional recommendation (n= 9, 293±136 mg/d) whereas male 

smokers consumed vitamin C below the RDA and additional recommended 35mg/d (n= 4, 

68±12, 45-85 mg/d).   
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Table 4.4. Participant Dietary Characteristics According to Smoking Status  

 Whole 
Group 
(n= 45) 

Non-
smokers  
(n=32) 

Current 
smokers 
(n=13) 

Smoking 
status  

p-value1 
Tea Intake Characteristics    

Tea Drinker, n (%) 31 (69) 22 (69) 9 (69) 0.975 
 Tea Intake, grams/d,  
 mean ± SD (range) 

142±271 
 (0-948) 

116±259  
(0-948) 

204±301 
(0-948) 0.330 

0 cups/d, n (%) 14 (31) 10 (31) 4 (31) 
0.181  > 0 < 1 cup/d, n (%) 21 (47) 17 (53) 4 (31) 

 ≥ 1 cup/d, n (%) 10 (22) 5 (16) 5 (38) 
Coffee Intake Characteristics    

Coffee Drinker, n (%) 39 (87) 30 (94) 9 (69) 0.028 
 Coffee Intake, grams/d,  
 mean ± SD (range) 

460±285  
(0-948) 

489±288 
 (0-948) 

388±276 
(0-711) 0.104 

Nutrition Intakes, mean ± SD (range)  
 Total energy intake, kcal 1699±518 

(700-2988) 
1637±552  
(700-2988) 

1849±404  
(1219-2437) 0.283 

 FV, servings/d2 6±3  
(0.8-12) 

6±3  
(0.8-12) 

6±2  
(2-9) 0.671 

 Dietary vitamin C, mg/d 130±56  
(31-279) 

139±58  
(31-279) 

110±44  
(45-194) 0.374 

 Total vitamin C (dietary + 
 supplement intake), mg/d 

371± 547 
(31-2369) 

431±603 
 (31-2369) 

223±351 
(45-1373) 0.283 

Flavonoid Intake3, mg/d, mean ± SD (range)  
 Total Dietary Flavonoids4 249±333  

(21-1270) 
220±317  
(21-1270) 

322±372  
(32-1249) 0.348 

Dietary Catechins 67.57±105.64 
(3.13-388) 

57±100  
(3-388) 

94±119 
(5-386) 0.290 

 Total Flavan-3-ols5 192±314 
 (9-1146) 

160±295  
(9-1146) 

270±356 
(9-1142) 0.289 

 Hot Tea Flavonoids6 113±199 
 (-0.8-718) 

92±187 
 (0.1-718) 

164±227 
(0.1-717) 0.276 

1 Independent samples t-test comparing non-smokers and current smokers and chi-square tests for 
categorical data comparing non-smokers and current smokers;  
2 FV = fruit and vegetable (One serving is 125 mL fresh, frozen, or canned fruit or vegetable or 100% 
juice; or 250 mL leafy raw vegetables or salad) 
3 Values from USDA Database for the Flavonoid Content of Selected Foods (September 2014 expanded) 
4 Total anthocyanidins, total flavan-3-ols, total flavanones, total flavones, total flavonols, total isoflavones 
5 EC, ECG, EGC, EGCG, Theaflavins: Theaflavin-3-gallate, Theaflavin-3'-gallate, Theaflavin-3-3'-
digallate 
6 Theaflavins: Theaflavin-3,3'-digallate, Theaflavin-3,3'-digallate, Theaflavin-3-gallate 
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4.5. Saliva Markers 

 Figure 4.2 outlines characteristics of saliva collection among our final sample. Out of 45 

participants, one participant was unable to produce a saliva sample and one participant’s sample 

was contaminated by blood prior to ST.  Eight weeks post-ST, saliva was not collected for five 

participants due to logistical issues and two participants were unable to provide enough sample 

for all three ELISAs. Of note, the amount of saliva collected and the time it took to collect saliva 

were not recorded for three participants.  

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Flow Chart: Saliva Sample Collection of Adults Undergoing ST. Arrows to the right 
denote a transition between stages and an explanation for exclusion of samples. 

 

 

 

 

 

 

Saliva samples collected pre-ST   
(n= 43) 

Saliva samples collected post-ST  
(n= 38) 

n= 1 Unable to produce a saliva sample 
n= 1 Sample contaminated by blood   

n= 5  Saliva not collected due to logistical issues  
  

n= 2  Unable to provide enough sample for all 
 three ELISA’s  
 

Total number of participants  
(n=45) 
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Characteristics of Saliva Collection  

 Table 4.5 outlines the characteristics of saliva collection. Saliva collected (mL) pre-ST 

(median=1.5) did not significantly differ from saliva collected (mL) post-ST (median= 1), z= -

1.24, p= 0.22, r= -0.21. Time taken to collect saliva (mins) pre-ST (median= 5.33) did not 

significantly differ from time taken to collect saliva (mins) post-ST (median= 4.44), z= -0.75, p= 

0.45, r= -0.12. Salivary flow rate (mL/min) pre-ST (median= 0.25) also did not significantly 

differ from salivary flow rate (mL/min) post-ST (median= 0.25), z= -0.03, p= 0.98, r= -0.005.  

 
Table 4.5. Characteristics of Saliva Collection 
 

 Pre-ST Post-ST p-value 

Saliva Collected, mL 1.5 
(0.1-1.9) 

1 
 (0.25-1.8) 

0.216 

Time Taken to Collect Saliva, mins 5.33 
 (0.5-14.5) 

4.44 
 (1-11.7) 

0.451 

Salivary Flow Rate, mL/min 0.25 
 (0.01-3.6) 

0.25 
 (0.02-1.8) 

0.978 

Salivary Flow Rate < 0.1 mL/min,  
suspected salivary gland hypofunction 

10 (22) 6 (13) - 

Salivary Flow Rate ≥ 0.1 mL/min,  
suspected normal flow rate  

34 (76) 33 (73) - 

 
All values are median (range) for continuous variables and counts (%) for categorical variables. 
p-values between pre- and post-ST conducted with Wilcoxon Signed Rank Tests. 
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Salivary Biomarker Concentration: Whole Group  

 Table 4.6 identifies characteristics associated with biomarker concentration (pg/mL), 

adjusted and unadjusted for salivary flow rate (pg/min). Of the three biomarkers, only IL-1ß 

(pg/mL) was significantly lower post-ST (p < 0.05). Interestingly, when adjusted for flow rate 

(pg/min), IL-1ß concentration pre- and post-ST remained significantly lower (p < 0.05). We 

found that IL-1ß (pg/mL) increased in 14 participants (37%) and decreased in 24 participants 

(63%) post-ST. Whereas, IL-6 and CRP concentrations were not statistically different when pre- 

and post-ST (p > 0.05) levels were compared. Out of 35 participants, CRP concentration 

(pg/mL) increased in 13 (37%) and decreased in 22 (63%) participants post-ST. For IL-6, 14 

participants had increased levels and 14 had decreased levels post-ST.  Figures 4.3 to 4.5 show a 

visual representation of median pre- and post-ST values for each of the markers.   

Salivary Flow Rate 

 Table 4.6 also identifies characteristics associated with biomarker concentration 

(pg/mL), adjusted and unadjusted for salivary flow rate (pg/min). There was a significant 

positive correlation between the change in pre- and post-ST IL-1ß concentrations adjusted and 

unadjusted for salivary flowrate (rs (36) = 0.97, p < 0.001), indicating that salivary 

concentrations of IL-1ß are likely not dependent on flow rate among individuals with higher 

conentration of IL-1ß. Change in CRP pre- and post-ST was also significantly correlated when 

adjusted for flow rate (rs (32) = 0.38, p < 0.001), whereas IL-6 concentration was not statistically 

correlated when adjusted for flow rate (rs (32) = 0.36, p >0.05).   
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Table 4.6. Salivary IL-1ß, IL-6, and CRP Concentration  

 Pre-ST Post-ST p-value1 Δ Pre-ST and 
Post-ST 

Correlation2  
(rs) 

IL-1ß, pg/mL 360  
(49-2670) 

248 
(30-991) 0.015* -44 

(-2392-872) 
0.97* 

IL-1ß adjusted for 
flow rate, pg/min 96 (5-1095) 58 (2-652) 0.022* -38 

(-551-303) 

IL-6, pg/mL 36 
(20-174) 

39 
(21-100) 0.81 0.05 

(-136-45) 
0.36 

IL-6 adjusted for 
flow rate, pg/min 

9 
(2-45) 

10 
(2-40) 0.79 0.4 

(-39-34) 

CRP, pg/mL 4657 
(2117-18561) 

4030 
(1130-24361) 0.08 -323 

(-4793-5800) 
0.38* 

CRP adjusted for 
flow rate, pg/min 

1279 
(106-17955) 

1149 
(79-6115) 0.88 -103 

(-13816-4162) 

  
* p < 0.05 
Values expressed as median (range) 
IL-1ß, n=35; IL-6, n=28 ; CRP, n= 35 
1 Related Samples Wilcoxon Signed Rank Test; pre- and post-ST 

2 Spearman rank correlation coefficient; Δ pre-and post-ST between biomarker concentration and 
concentration adjusted for flow rate 
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Figure 4.3.  Median Salivary Concentration of IL-1ß (pg/mL) Pre- and Post-ST 
 

 

Figure 4.4. Median Salivary Concentration of IL-6 (pg/mL) Pre- and Post-ST 
 

 

Figure 4.5. Median Salivary Concentration of CRP (pg/mL) Pre- and Post-ST 
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Salivary Biomarker Concentrations: Smokers vs. Non-smokers  

 Table 4.7 outlines salivary biomarker concentrations among non- and current smokers. 

Pre-ST IL-1ß concentration among current smokers was significantly lower than pre-ST 

concentration of non-smokers (p < 0.01). The change in IL-1ß levels between pre- and post-ST 

among non-smokers and current smokers was also significantly different (p < 0.05), where there 

was a positive change (increased value) in smokers compared to non-smokers. 

 
Table 4.7. IL-1ß, IL-6, and CRP Concentrations Among Non- and Current Smokers 
 

Salivary 
Concentration, pg/mL 

Non- 
smokers 

Current  
Smokers  p-value1 

Pre-ST IL-1ß 548 (75-2670) 135 (49-372) 0.014* 

Post-ST IL-1ß 270 (30-1159) 225 (76-991)  0.683 

Pre-ST IL-6 35 (22-174) 38 (20-54) 0.746 

Post-ST IL-6 39 (24-69) 38 (21-100) 0.980 

Pre-ST CRP 5131 (2117-18561) 3405 (2205-8233)  0.141 

Post-ST CRP 4925 (1130-24361)  3610 (2388-6770)  0.078 

 

* p < 0.05 
Values expressed as median (range) 
1 Independent-Samples Mann-Whitney U-test 
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4.6. Saliva Markers and Clinical Healing Measures 
 
Whole Group 

 
 There were no correlations (p > 0.05) between post-ST clinical parameters and re-exam 

salivary concentration values (Table 4.8). There were also no significant correlations (p > 0.05) 

between pre-ST clinical parameters and salivary biomarker concentrations, as well as no 

significant correlations between change in salivary biomarker concentrations with change in 

periodontal clinical parameters (data not shown).  

Non-smokers versus Smokers 

 There are no significant correlations (p > 0.05) in clinical parameters between non-

smokers or current smokers in our sample (data not shown). 
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Table 4.8. Correlations of Post- ST Salivary IL-1ß, IL-6, and CRP Concentrations with Post-ST  
Clinical Parameters 

 
Post-ST Clinical Parameters Post-ST IL-1ß (n= 38) 

 Rs
1 p-value 

PI, % 0.217 0.190 

BOP, % -0.041 0.809 

PD ≥ 4 mm, % -0.026 0.878 

CAL > 4 mm, % 0.178 0.286 

 Post-ST IL-6 (n= 28) 

 Rs
1 p-value 

PI, % 0.222 0.256 

BOP, % -0.089 0.670 

PD ≥ 4 mm, % -0.046 0.954 

CAL > 4mm, % 0.024 0.904 

 Post-ST - CRP (n= 35) 

 Rs
1 p-value 

PI, % -0.186 0.269 

BOP, % 0.07 0.255 

PD ≥ 4 mm, % - 0.241 0.082 

CAL > 4 mm, % -0.143 0.486 

 

1 Spearman rank correlation coefficient; positive rs values indicate that as the value of one 
variable increases, the value of the other variable increases and as one decreases the other 
decreases; negative rs values indicate that as one variable increases, the other decreases, and 
vice-versa 
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Exploratory Analyses to Potentially Explain Change in Biomarker Concentrations Pre- 
and Post-ST 

 IL-1ß 

 As mentioned in section 4.3, we found that some participants had increased salivary 

biomarker concentration 8-weeks following ST while others experienced a reduction. To explain 

the change in concentration (indicated as an increase from pre-ST or a decrease from pre-ST 

concentration) among our sample, an independent-samples t-test was conducted to compare 

patient characteristics (age, sex, BMI status, presence of systemic conditions, number of 

medications) and periodontal healing parameters (PD, CAL, BOP) in participants with elevated 

IL-1ß and participants with reduced IL-1ß. There were no significant differences (p >0.05) 

between patient characteristics, BOP or PD, however, there was a near significant difference (p = 

0.06) between the two groups based on current smoking status (yes or no). There was a 

significant difference in the percentage of CAL sites ≥ 5 mm at baseline between participants 

with increased IL-1ß (M= 58.52, SD=13.73) compared to participants with reduced IL-1ß (M= 

46.40, SD= 16.37); t(36)= -2.331, p = 0.025. The higher percentage of baseline CAL ≥ 5 mm in 

participants with increased concentration post-ST suggests that they had more extensive 

periodontitis than those who experienced a decrease in IL-1ß post-ST.   
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 IL-6 

 Among our sample, an equal number of participants experienced a decrease in IL-6 

(Median= -4.43 pg/mL) as they did an increase in IL-6 (Median= 2.59 pg/mL) pre- and post-ST, 

although the direction of change of salivary IL-6 was not statistically significant. We used a 

Mann-Whitney test to explore possible differences between participants with elevated IL-6 and 

participants with decreased IL-6. Among patient characteristics (age, BMI) and periodontal 

parameters (PD, CAL, BOP), the age among participants with elevated IL-6 was significantly 

older (Median = 61.5) than participants with decreased IL-6 (Median = 56), p = 0.044.  

 

 CRP 

 Among our sample, 37% (13 out of 35) of adults with chronic periodontitis exhibited a 

non-significant increase in CRP ~ 8 weeks following ST.  Mann-Whitney tests yielded no 

significant differences between patient characteristics and clinical parameters between 

participants with elevated CRP and participants with decreased CRP and no differences in 

salivary concentration of CRP among participants with systemic disease. 
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4.7. Hierarchical MLR Analyses 
 

Tea Intake 

 Given the results of the MLR regression analysis, summarized in Table 4.9, the null 

hypothesis that higher tea intake (≥ 1 cup) has no effect on percentage of PD sites post-ST ≥ 4 

mm (B = -1.987, t = -0.859, p > 0.05) was not rejected.  Addition of tea intake variables did not 

significantly improve prediction outcomes (R2 change = 0.009; F = 0.370, p > 0.05).  Among our 

sample, percentage PD sites pre-ST ≥ 4 mm was a significant predictor of percentage of PD sites 

post-ST ≥ 4 mm (B= 0.203, t = 4.542, p < 0.01).  We expected pre-ST PD to significantly predict 

post-ST PD as the variable was added to control for variation in PD from the two time points. 

Current smoking status was also a significant predictor of percentage of PD sites post-ST ≥ 4 

mm (B = 6.303 t = 3.053, p < 0.01). The positive association between current smoking status and 

post-ST PD indicates that smokers compared to non-smokers will present with approximately 

6% more sites with PD ≥ 4 mm post-ST. In Figure 4.6, the percent of sites with PD ≥ 4 mm 

post-ST is shown in terms of three categories of mean total tea intake, adjusted for baseline PD 

and current smoking status. 
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Table. 4.9. Linear Model of Predictors for Periodontal Healing Based on Percentage of PD Sites 
Post-ST ≥ 4 mm 

 B±SE ß p-value 

 
Step 1 

   

    Constant  -8.839±6.460 - 0.179 

 Age, years 0.018±0.086 0.023 0.834 

 Sex, male = reference -1.067±1.688 -0.075 0.531 

     PD Sites pre-ST ≥ 4 mm, % 0.197±0.042 0.548 0.000* 

     Current Smoker 6.273 ±1.961 0.399 0.003* 

     Dietary Vitamin C, mg/d 1 0.014±0.015 0.112 0.346 

Step 2    

  Constant  -7.658±6.750 - 0.264 

 Age, years 0.004±0.090 0.048 0.962 

 Sex, male = reference -0.646±1.788 -0.045 0.720 

     PD Sites pre-ST ≥ 4 mm, % 0.203±0.045 0.564 0.000* 

     Current Smoker 6.303±2.064 0.401 0.004* 

     Dietary Vitamin C, mg/d 1 0.013±0.016 0.103 0.396 

   Tea Intake    

 0 cups/d reference - 

 > 0 cups < 1 cup/d -0.888±1.886 -0.062 0.641 

 ≥ 1 cup/d -1.982±2.308 -0.116 0.396 

Model summary: ANOVA: p < 0.00; R2 =0.582 for step 1 and 0.591 for step 2; R2
adj = 0.526 for 

step 1 and 0.509 for step 2; ΔR2: 0.009 (p > 0.05); * p < 0.05; 1Not including supplement intake  

 



 122 

Flavonoid Intake 

 Given the results of the MLR regression analysis, summarized in Table 4.10, we were 

unable to reject the null hypothesis that higher flavonoid intake (≥ 647 mg/d) has no effect on 

post-ST PD ≥ 4 mm (B = -3.696, t = -1.565, p > 0.05). Addition of the flavonoid intake variables 

did not significantly improve prediction outcomes (R2 change = 0.030; F = 1.357, p > 0.05). In 

Figure 4.7, the percent of sites with PD ≥ 4 mm post-ST is shown in terms of three categories of 

mean total flavonoid intake, adjusted for baseline PD and current smoking status. 

Hierarchical MLR Analyses: Non-smokers vs. Smokers 
 

 Data was also grouped according to smoking status and another hierarchical MLR 

analysis was run following the model outlined in Table 4.10, with the exclusion of smoking 

status as a predictor variable. There were no differences in the significance of predictors when 

the MLR models for (1) tea intake and (2) flavonoid intake were compared amongst non-

smokers and current smokers (data not shown).   
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Table. 4.10.  Linear Model of Predictors for Periodontal Healing Based on Percentage of PD 
Sites Post-ST ≥ 4 mm  

 B±SE ß p-value 

 
Step 1 

   

    Constant  -8.839±6.460 - 0.179 

 Age, years 0.018±0.086 0.023 0.834 

 Sex, male = reference -1.067±1.688 -0.075 0.531 

     PD Sites pre-ST ≥ 4 mm, % 0.197±0.042 0.548 0.000* 

     Current Smoker 6.273 ±1.961 0.399 0.003* 

     Dietary Vitamin C, mg/d 1 0.014±0.015 0.112 0.346 

Step 2    

  Constant  -6.325±6.582  - 0.343 

 Age, years -0.017±0.091 -0.021 0.854 

 Sex, male = reference -0.365±1.746 -0.026 0.836 

     PD Sites pre-ST ≥ 4 mm, % 0.197±0.045 0.547 0.000* 

     Current Smoker 6.708±1.968 0.426 0.002* 

     Dietary Vitamin C, mg/d 1 0.013±0.017 0.104 0.426 

    Flavonoid Intake    

 0-100 mg/d  reference - 

 101-351 mg/d -0.565±2.140 -0.038 0.793 

 > 352 mg/d -3.696±2.362 -0.198 0.127 

Model summary: ANOVA: p < 0.00; R2 =0.582 for step 1 and 0.612 for step 2; R2
adj = 0.526 for 

step 1 and 0.534 for step 2; ΔR2: 0.030 (p > 0.05); * p < 0.05; 1 Not including supplement intake 
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Figure 4.6. Mean Total Tea Intake Adjusted for Baseline PD and Current Smoking Status 

 

 

Figure 4.7. Mean Total Flavonoid Intake Adjusted for Baseline PD and Current Smoking Status  
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CHAPTER FIVE 

DISCUSSION  
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     5.1. Discussion 

5.1.1. Tea and Flavonoid Intake is not Associated with Improved Healing Outcomes 

 This research demonstrated that tea and flavonoid intake were not associated with 

improved healing outcomes eight weeks following ST.  There are a few potential explanations 

for our results, such as current smoking status masking effects of diet and tea, sample size, 

participants not drinking enough tea, or the method of quantifying tea and flavonoid intake. 

Current Smoking Status Masking Effects of Diet and Tea  

 Is it possible that the negative effects of smoking on the periodontium may have masked 

a potential relationship between higher tea intake and improved periodontal healing 

(decreased % of PD sites ≥ 4 mm). Within our sample population, 50% of current smokers were 

heavy tea drinkers (≥ 1 cup/d). It is well known that current smoking status is not only a 

significant risk factor for periodontitis, but delays healing following periodontal treatment. Of 

interest, for the discussion, we analyzed our data by smoking status (current smoker or non-

smoker) and ran descriptive analysis on baseline and re-exam periodontal indices (average PD, 

mm and % PD sites ≥ 4 mm) among participants consuming ≥ 1 cup of tea per day. Although not 

statistically significant (independent t-tests), it appeared that both the non- and current smokers 

consuming ≥ 1 cup of hot tea per day presented with lower overall average PD’s (mm) at 

baseline and re-exam, and lower percentages of baseline and re-exam PD sites ≥ 4 mm compared 

to those consuming < 1 cup/d. Perhaps if we had more participants consuming ≥ 1 cup of hot tea 

per day, we could stratify and explore these findings further.  
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Sample Size  

 There is only one controlled trial that has investigated the effects of tea intake on clinical 

periodontal indices following periodontal therapy.362 Thirty participants were randomly divided 

into three groups (n=10); the first group received periodontal therapy (SRP) alone, the second 

group received SRP at baseline and were instructed to consume four cups of green tea per day 

(SRP + green tea), the third group did not receive any treatment but were instructed to consume 

four cups of green tea/day. As previously discussed, there are aspects of the study design that 

limit applicability. For example, the researchers determined periodontal status through visual 

inspection alone and did not measure PD. Therefore, it is difficult to compare overall findings 

from this study with findings from our study as it is unclear whether participants were truly 

suffering from periodontitis (presenting with connective tissue destruction and alveolar bone 

loss) prior to receiving periodontal therapy. There was an observational study among a Japanese 

male population (n= 940) that found a significant inverse relationship between green tea 

consumption and periodontal parameters (PD, CAL, BOP) where overall, the more frequently 

the subjects drank green tea, the better their periodontal condition.363  However, this study did 

not directly measure periodontal healing. 

Participants Not Drinking Enough Tea 

  It is possible that participants in our study were not consuming high enough amounts of 

tea or flavonoids to modulate healing after periodontal therapy. For example, the participants of 

the green tea trial were asked to consume four cups of tea per day and the average green tea 

intake of the Japanese participants was 3.5 cups per day, which are both much higher intakes 

than the overall tea consumption within our sample (approximately ½ cup/d). 
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Using an FFQ to Quantify Tea and Flavonoid Intake 

  There is the possibility that significant associations may have been detected using a 

different method of measuring flavonoid intake or a direct measure of antioxidant status 

(discussed further in Sections 6.1 and 6.2).  This is because there were general limitations 

associated with using an FFQ to calculate flavonoid intake as FFQs are unable to account for 

variations in environment, food production, storage, and preparation techniques that can alter the 

flavonoid content of food. Another limitation of the FFQ is the lack of information about the 

type of tea consumed and the length of infusion time because these factors are known to affect 

the concentration of flavonoids in tea.364 For example, the FFQ did not specifically capture green 

tea intake. Therefore, the total EGCG (27±48, 0-173 mg/d) calculated from the FFQ was 

primarily from fruits such as apples and blackberries.  It is important to note that there are other 

nutrients and bioactive substances in fruits and vegetables, aside from the EGCG. For example, 

apples are an important source of vitamin C and phenol compounds, which are also known to act 

as natural antioxidants.   

5.1.2. Baseline Salivary Concentration (IL-1ß, IL-6, and CRP) 

 Previous studies have shown that IL-1ß, IL-6, and CRP concentrations were elevated 

among a sample suffering from chronic periodontitis compared to healthy controls, with 

concentrations increasing with disease severity.365 For example, Miller et al. (2006) found that 

among a sample of non-smoking adults, IL-1ß values were higher in moderate to severe 

periodontitis subjects compared to control subjects with reported mean concentrations (± SD) in 

pg/mL of IL-1ß were 213±167 and 753±1022 for periodontally healthy and periodontitis 

subjects, respectively. In contrast, baseline IL-1ß values of our sample (663±747) were lower.  A 

possible explanation for the discrepancy between these results might reside in the level of disease 
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of the two study populations and inclusion of smokers in our sample. Though, Miller’s 

periodontitis subjects presented with similar, if not less severe baseline periodontal status than 

our sample, represented by their mean percentage of sites with PD (± SD) ≥ 4 mm of 45±22% 

compared to 68±20% in our population. In contrast, Teles et al. (2009) found no significant 

difference in levels of IL-6 and IL-1ß from healthy subjects and those suffering from chronic 

periodontitis.112 The mean baseline IL-1ß concentration (673±69) in pg/mL (± SEM) of their 

sample was comparable our sample (663±121), whereas IL-6 concentration was higher in 

healthy subjects compared to their subjects with chronic periodontitis (data not provided). With 

respect to periodontal health, Shojaee et al. (2013) has been the only study to investigate salivary 

CRP in individuals with periodontitis. 366 CRP concentration in subjects with periodontitis 

(5333±5052) was significantly higher than their healthy controls and is comparable to our 

sample (5777±3998).  

5.1.3. Salivary Biomarker Concentration Pre- and Post-ST  

 Of the three biomarkers measured in our study, only median IL-1ß values were shown to 

significantly decrease 8-weeks following ST in smoking and non-smoking adults with chronic 

periodontitis. In other words, it appears that IL-1ß may be a sensitive marker to detect healing 

after ST. Our results are in line with current literature as studies have shown that salivary IL-1ß 

decreases following periodontal therapy. 367,368,369 It is possible that results of our saliva markers 

pre- and post-ST could be due to the decrease in inflammation of the gingival tissues, presence 

of cytokine gene polymorphisms, systemic biological processes related to periodontitis, or 

underlying systemic conditions.  

 

 



 130 

 Salivary IL-1ß: Whole Group 

 Eight weeks after ST, out of 38 participants with chronic periodontitis, all but 14 

participants exhibited reduced IL-1ß. Fourteen men and women exhibited elevated salivary IL-1ß 

post-ST.  Kaushik et al. (2011) have reported similar results, except out of their sample of 28 

men and women, four female participants were found to have increased IL-1ß following 

periodontal therapy.370 We found a high percentage of CAL ≥ 5mm in the participants with 

elevated IL-1ß pre-ST, suggesting that these participants had more extensive periodontitis than 

those participants with decreased IL-1ß concentration post-ST.  This is important to note as it 

may have been more difficult to fully debride such deep pockets, as evidenced in the number of 

residual PD sites > 6 mm remaining in the participants with elevated IL-1ß concentration (data 

not shown). The elevated salivary IL-1ß among those 14 participants could be indicative of 

warranting further scaling and root planing, especially since the overall clinical parameters had 

improved in the rest of sample, where measuring salivary concentration after another healing 

period may then yield a reduction in IL-1ß. 

 IL-1ß Concentrations and Clinical Parameters: Non-smokers vs. Smokers  

 We found that median salivary IL-1ß levels pre-ST were statistically lower among 

current smokers compared to non-smokers (Table 4.7). There is conflicting evidence in the 

literature that has reported on smoking status and salivary concentrations of IL-1ß and IL-6. 

Some research has concluded that IL-1ß and IL-6 do not appear to be affected by smoking status, 

where the concentrations of other salivary proteins were lower in smokers. 371,372,373  One possible 

explanation could be a decreased flow of GCF in smokers leading to a decreased influx of 

inflammatory mediators into the saliva374,375  A recent review by Grigoriadou et al. (2014)  has 

reviewed studies that also demonstrate that the genotype for IL-1 and IL-1ß are influenced by 
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smoking status in some sample populations.376 Nevertheless, Jaedicke et al. (2016) suggests that 

more research is needed to reach firm conclusions on the relationship between smoking habits 

and salivary cytokines.377  

 IL-6 

 Like our findings, other reports evaluating the concentrations of IL-6 in saliva have 

shown no significant changes post-treatment.378,379 Interestingly, IL-6 may have direct 

stimulatory effects on bone resorption380 but on the other hand, IL-6 is also suggested to have 

anti-inflammatory properties.381  Therefore, IL-6 may not be a robust salivary biomarker for 

treatment outcomes among a sample suffering from chronic periodontitis.  Despite these 

findings, within the limitations of our study, it is difficult to know the exact reason why some 

participants experienced slight increase in IL-6 salivary levels.  

 CRP 

 Given the close biological relationship between cytokines such as IL-6, IL-1ß and CRP, 

we were curious to investigate a relationship between salivary CRP levels and ST outcomes. We 

can only report on studies that have found significant decreases in serum or GCF CRP following 

ST as no other studies have measured salivary CRP pre- and post- periodontal therapy. We found 

no significant difference between pre- and post-ST salivary CRP levels.  Our results conflict with 

studies that have noted significant reduction in GCF and serum CRP levels in non-smokers 

following periodontal therapy.382, 383 It is possible that salivary CRP may not be sensitive enough 

to detect significant change after periodontal therapy as there is conflicting evidence about the 

origin of CRP in the mouth. For example, Megson et al. (2010) have deduced that the CRP 

detected in the GCF is of systemic origin and cannot be produced locally due to the absence of 

CRP messenger ribonucleic acid (mRNA) in periodontal tissues.384 Whereas another study has 
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hypothesized that CRP may be locally produced in gingival epithelium.385 Megson et al. have 

stated that susceptibility to inflammation may also modify CRP levels in response to periodontal 

destruction or systemic disease, possibly explaining the increase in CRP levels post-ST.  

 In summary, flavonoid and tea and intake were not associated with ST but this may be 

limited by how tea and flavonoid intake were measured. Our findings showing the clinical 

effectiveness of ST are in line with current literature and with a previous study from this 

clinic.196 And, as previously shown, we found that current smoking status influenced 

participants’ periodontal condition, where smokers not only presented with more advanced 

periodontitis at baseline, they did not heal as well as non-smokers following ST.196,386  An 

interesting aspect of our research was the inclusion of salivary biomarkers as we are among only 

a handful of studies that have assessed salivary biomarkers pre- and post- periodontal therapy. 

Although we found no difference pre- and post-ST with salivary IL-6 and CRP, IL-1ß may be a 

promising biomarker for measuring long-term prognosis of periodontitis.  

Conclusions 

• Higher intakes of tea were not associated with improved healing outcomes eight weeks 

following ST. 

• Higher intakes of dietary flavonoids were not associated with improved healing outcomes 

eight weeks following ST. 
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CHAPTER SIX 

FUTURE DIRECTIONS
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6.1. Future Observational Studies  

 Given the limitations of sample size and generalizability within our study, an important 

step would be to investigate flavonoid intake, specifically from tea (as it is quantifiable) among a 

larger sample. Although, the study should be replicated using different methods of quantifying 

dietary intakes of flavonoids and tea consumption. In our study, a food frequency questionnaire 

was used to quantify usual dietary intakes over the past year. We know that a certain amount of 

recall bias exists when participants are asked to recall diet patterns. Therefore, a future study 

might want to consider looking specifically at quantifying intake during the two-month healing 

period following sanative therapy. To do that, a single diet record, or a number of independent 

diet records could be completed during the healing process to capture patterns of food intake. 

Since we live in a digital age, it might also be easier for participants to track their dietary patterns 

over a set period using online tracking technology or a smart phone application.387  Ideally, 

future studies should seek out the use of a validated tea questionnaire that also quantifies 

flavonoids associated specifically with tea consumption. There is currently only one validated tea 

questionnaire that also measures flavonoid intake; however, this questionnaire is designed to 

solely capture black tea intake and flavonoids associated with black tea consumption, which is 

what our current FFQ captured.388  It would also be interesting to know the long-term effects of 

flavonoid intake among participants in the periodontal maintenance phase; this could be 

accomplished by following participants to a later date or conducting a follow-up study among 

our sample. Long-term follow-up would also allow for the monitoring of alveolar bone loss or 

gain using dental radiographs.  
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 As ours was the first study to investigate salivary CRP levels before and after periodontal 

therapy, further research should be done among a larger sample to determine the potential of 

salivary CRP for determining clinical effectiveness after treatment.  Also, possible mechanisms 

of IL-1ß pre- and post-ST could be further elucidated by measuring salivary levels at more than 

two time points. For example, we noticed that some participants experienced an increase in IL-1ß 

8-weeks following ST, where it is possible that the elevated concentration could be related to 

residual deep PD. Once the re-exam periodontal measurements are completed, additional scaling 

and root planing is conducted to remove residual deposit and disrupt biofilm to allow the deep 

PD to heal.  Periodontal health is then maintained through a periodontal maintenance protocol, 

where they return to the clinic every 3 to 4 months for maintenance therapy (cleanings). Samples 

could be collected at the midway point between ST and re-exam (1 month) and up to 6-months 

following ST to track concentrations during periodontal maintenance.  

 

 

 

 

 

 

 

 

 

 

 



 136 

6.2. Future Intervention Studies  

 In the literature, one of the major knowledge gaps identified was the lack of quality 

intervention studies in participants diagnosed with chronic periodontitis who undergo ST. It is 

possible that we were unable to see a significant relationship between tea consumption and 

periodontal healing not only due to our small sample but because our tea drinking adults were 

not consuming much tea per day. We were also unable to capture green tea intake from our FFQ 

and the potent EGCG flavonoids that are found in green tea.  Future studies should focus on how 

green tea catechins (especially EGCG) can influence healing following non-surgical periodontal 

therapy. Therefore, conducting a well-designed intervention study with dietary wash out periods 

could identify whether or not dietary consumption of green tea (and subsequently the EGCG 

flavonoid intake) truly influences or predicts periodontal healing outcomes among a population 

suffering from chronic periodontitis. To control for flavonoid intake from sources in the diet like 

fruits, vegetables and wine, researchers should track regular food intake using the methods 

described in section 6.1. To date, only one intervention study has been conducted among a small 

sample (n=30) with apparent periodontal disease; although, there were a number of limitations 

with this study (as described in Table 1.5). To carry out this type of intervention study, we 

suggest that researchers consult with experienced dental clinicians to ensure that the sample with 

confirmed generalized chronic periodontitis. Experienced clinicians will also be able to provide 

the best possible outcome following periodontal therapy. As described in section 6.1, there is the 

potential to include periodontal biomarkers (such as IL-1ß) to strengthen analysis of clinical 

outcomes.  
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Catechins from green tea have been found to exert vascular protective effects through 

multiple mechanisms, including antioxidative, anti-hypertensive, anti-inflammatory, anti-

proliferative, anti-thrombogenic, and lipid lowering effects where consumption of 1 cup (250 

mL) of green tea green tea increases antioxidant capacity in the blood, yet 1 cup may not be 

enough to modulate healing in periodontal tissues.389,390  There was one study that elucidated to 

the presence of EGCG in saliva after the ingestion of the equivalent to two to three cups of green 

tea.391  The study confirmed that 4.8–22 µg/mL of EGCG was detected in saliva. The researchers 

suggested that the oral absorption was responsible for faster delivery (compared to EGCG 

containing capsules) into the blood stream, where after 15 minutes, plasma level of EGCG were 

two times higher than plasma levels 60 minutes after ingestion. Another study found similar 

results in salivary theaflavin levels when a black tea was held in the mouth for up to five 

minutes. Although, this study did not report the effects of black tea ingestion on flavonoid 

absorption or plasma levels.392 There is still the potential to explore the relationship between 

periodontal inflammation and tea intake in well-controlled trials as discussed briefly in section 

6.2.  

 Future intervention studies could use biomarkers to assess compliance with tea intake and 

the same details in the periodontal examination that were described in section 6.1 could be taken 

into consideration. For example, current biomarkers for dietary intakes of flavonoid and 

polyphenols (from both tea and the diet) come from urine or blood samples.393 Results from such 

a trial would be essential in determining if tea intake can in fact modulate periodontal outcomes. 

This would be a large step forward in using food products to create therapeutic strategies aimed 

at optimizing periodontal healing following periodontal therapy, which could ultimately lead to 

greater tooth retention and better overall health.  
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Appendix 8.2. Confidential Patient Information/Medical History Questionnaire  

 
 
 
 
  

Bioscience Research Ethics Board 
 

 

Certificate of Ethics Clearance for Human Participant Research 
 

Brock University 
Research Ethics Office 
Tel: 905-688-5550 ext. 3035 
Email:  reb@brocku.ca 

 

 

                    
 

DATE: 12/20/2016 
  
PRINCIPAL INVESTIGATOR: WARD, Wendy - Kinesiology 
  
CO-INVESTIGATOR(S): Peter Fritz (peter.fritz@utoronto.ca) 
  
FILE: 16-114 - WARD 
  
TYPE: Masters Thesis/Project STUDENT: Stephanie Klok 

SUPERVISOR: Wendy Ward 

TITLE: Flavonoid Intake and Periodontal Outcomes after Sanative Therapy 

 

ETHICS CLEARANCE GRANTED  
 

Type of Clearance:  NEW Expiry Date:  12/29/2017 
 
The Brock University Bioscience Research Ethics Board has reviewed the above named research proposal and 
considers the procedures, as described by the applicant, to conform to the University’s ethical standards and the 
Tri-Council Policy Statement.  Clearance granted from 12/20/2016 to 12/29/2017.   
 
The Tri-Council Policy Statement requires that ongoing research be monitored by, at a minimum, an annual 
report.  Should your project extend beyond the expiry date, you are required to submit a Renewal form before 
12/29/2017.  Continued clearance is contingent on timely submission of reports. 
 
To comply with the Tri-Council Policy Statement, you must also submit a final report upon completion of your 
project.  All report forms can be found on the Research Ethics web page at 
http://www.brocku.ca/research/policies-and-forms/research-forms.   
 
In addition, throughout your research, you must report promptly to the REB: 

a) Changes increasing the risk to the participant(s) and/or affecting significantly the conduct of the study; 
b) All adverse and/or unanticipated experiences or events that may have real or potential unfavourable 

implications for participants; 
c) New information that may adversely affect the safety of the participants or the conduct of the study; 
d) Any changes in your source of funding or new funding to a previously unfunded project. 

 
We wish you success with your research. 
 
 
 
Approved:        
  ____________________________ 
  Sandra Peters, Chair 
  Bioscience Research Ethics Board  
 
Note: Brock University is accountable for the research carried out in its own jurisdiction or under its auspices 

and may refuse certain research even though the REB has found it ethically acceptable. 
 

If research participants are in the care of a health facility, at a school, or other institution or community 
organization, it is the responsibility of the Principal Investigator to ensure that the ethical guidelines and 
clearance of those facilities or institutions are obtained and filed with the REB prior to the initiation of 
research at that site. 
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Confidential Patient Information and Medical History 
(Please print) 
Patient Name:  ________________________________   Date of Birth (dd/mm/yyyy):  _____________ 

Home Address:  ___________________________________________________________________ 

City:  ____________________________   Postal Code:  ___________   

Home Telephone:  _________________   Cell Telephone:  ______________________________ 

Best Phone Number to Contact You:  _________________   

E-Mail Address:  _________________________________    Marital Status:  ___________________   

Employer:  _________________________   Occupation:  __________________________________ 

Business Address:  ________________________________________________________________ 

Business Telephone:  _______________________________________ 

Name of your general dentist:  ___________________ Referred by:  ______________________ 

Do you have dental insurance?  �   Yes  �   No 

In case of an emergency, contact: 

Name:  _________________________   Relationship:  ____________   Phone Number:  __________ 

Family  Physician’s  Name:    ____________________________   Phone Number:  ________________ 

Pharmacy:  ________________________________________   Phone Number:  ________________ 

My last physical examination was:  __________________   Are you in good health?   �   Yes �   No 

Has there been any change in your health in the last year? �   Yes  �   No 

If so, please elaborate.  _____________________________________________________________ 

Has it ever been recommended that you routinely have antibiotic coverage before surgery or dental 

treatment?  �   Yes  �   No 

PLEASE LIST ALL MEDICATIONS YOU ARE CURRENTLY TAKING. 
__________________________________________________________________________________________
__________________________________________________________________________________________ 
__________________________________________________________________________________________
__________________________________________________________________________________________ 

ARE YOU CURRENTLY TAKING ANY MINERAL, VITAMIN AND/OR HERBAL SUPPLEMENTS? IF SO, PLEASE SEE 
BLUE SHEET. 

ALLERGIES - Are you allergic or have you reacted adversely to any of the following? 
Yes No Yes No 

Aspirin Codeine or other narcotics 

Penicillin Sedatives or sleeping pills 

Tetracycline Local Anesthetics 

Other antibiotics Latex gloves 

Other allergies (please list): 

Do you smoke?    �   Yes                �   No 
   If so, how many cigarettes/day? _______    How many years have you smoked? _______ 

Are you a former smoker?             �   Yes         �   No 
  If so, how many cigarettes/day? _______    How many years did you smoke? _______ 

 How long ago did you quit? _______   
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Appendix 8.4. Letter of Invitation  
 

 
 

 

 

 
January 2017 

Letter of Invitation 
 

Project Title:  Flavonoid Intake and Periodontal Outcomes after Sanative Therapy 
 

 

Faculty Investigator: Dr. Wendy E. Ward, Professor & Canada Research Chair in Bone and 

Muscle Development,  

Department of Kinesiology, Brock University 
 

Co-Investigator:  Dr. Peter C. Fritz, Periodontist & Implant Surgeon,  

Reconstructive Periodontics and Implant Surgery Clinic, Fonthill, ON 

Adjunct Assistant Professor, Department of Kinesiology, Brock University 

Student Investigator: Stephanie Klok, M.Sc. Candidate, Faculty of Applied Health Sciences,  

Brock University, B.A., Registered Dental Hygienist 

 

I, Wendy Ward, Professor & Canada Research Chair in Bone and Muscle Development, from the 

Department of Kinesiology, Brock University, invite you to participate in a research project 

entitled, Flavonoid Intakes and Periodontal Outcomes after Sanative Therapy. Please note 

that this study is in addition to your scheduled appointment and that it is your choice to participate 

or not participate in this research study. Your decision will not impact the standard of care 
that you will receive.  
 

You are here today at Dr. Fritz’s clinic to have your periodontal condition assessed, diagnosed 

and be presented with an individualized treatment plan to treat your periodontal condition.  

A sanative cleaning (also referred to as a “deep cleaning”) is often recommended to improve the 

health of your gums and teeth. The purpose of this study is to determine if specific dietary 
patterns or intakes of a specific nutrient or food component allows a patient to achieve 
healthier gums and teeth after sanative therapy. While the deep cleaning you may receive will 

improve the health of your gums, there is some evidence that specific nutrients or food 

components may further improve gum health as well. 

 

Participation will result in your regularly scheduled appointments requiring an additional 30 

minutes. You will have your body weight and height measured. You will complete three short 

dietary questionnaires and a saliva sample will be taken to analyze for markers of periodontal 

inflammation.  

 

When you return for your follow-up visit that is scheduled 8 weeks after your sanative therapy 

visit, body weight and height will be measured, a final saliva sample will be obtained and the 

dietary questionnaires will be completed.  
 

Your participation will help us to develop dietary strategies that may enhance the recovery of gum 

tissue, allowing you to keep your natural teeth, after a sanative cleaning. Healthier gums and 

teeth are associated with better overall health including a healthier and stronger skeleton. As 

compensation for agreeing to participate in our study, you will be provided with a powered 

toothbrush after your first deep cleaning appointment.  

 

If you have any pertinent questions about your rights as a research participant, please contact the 

Brock University Research Ethics Officer (905-688-5550 ext. 3035, reb@brocku.ca) 
 

If you have any questions, please feel free to contact me. 

 

Thank you, 

 

Wendy E. Ward     

Faculty of Applied Health Sciences	
Department	of	Kinesiology	&	
Department	of	Community	Health	Sciences	
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Saliva 
Collection: 

• To yield the most accurate results, we ask that you do not ingest 
anything other than water for 1 hour prior to your visits 

• Saliva will be collected by expectorating into a small, sterile tube 
• Your saliva will be analyzed for a number of periodontal disease and 

inflammation markers. Specifically, saliva samples will be analyzed 
for expression and protein markers of inflammation. A decrease in 
the levels of these markers of inflammation is associated with 
healthier gums 

• Saliva samples will be stored in a freezer in Dr. Ward’s laboratory for 
a maximum of 10 years after data are published 

Visit 3: 
8-Week Re-

Examination 

• You will be scheduled to arrive 15-30 minutes prior to your visit 
• We will complete two short dietary questionnaires in the office 
• Immediately before your sanative cleaning, you will have your body 

weight and height measured by a registered dental hygienist 
• You will also be asked to provide a small saliva sample 

(approximately 5mL, which is about 1 teaspoon) 
• Supportive periodontal therapy (a lighter cleaning) will then be 

performed 
  

As compensation for agreeing to participate in our study, you will be provided 
with a powered toothbrush after your first deep cleaning appointment. 

 
POTENTIAL BENEFITS AND RISKS 
Your participation will help us to develop dietary strategies that may enhance oral health 
through the recovery of gum tissue after sanative therapy. Healthier gums are 
associated with better tooth health as well as overall health including a healthier and 
stronger skeleton. You will be mailed individualized feedback about your dietary 
patterns, including fruit and vegetable intake and beverage consumption with standard 
guidance about healthy eating for oral health. When the study is completed, you will be 
sent a summary of the overall findings. This will include group and not individual 
information about dietary patterns. There are no known or anticipated risks related to 
participation in this study.  
 
CONFIDENTIALITY 
Any information that arises from participants will be treated with confidentiality. Your 
name will not be included or, in any other way, associated with the data collected in the 
study. Data collected during this study will be stored in a locked filing cabinet in Dr. 
Ward’s office at Brock University or Dr. Fritz’s office and will be destroyed 10 years after 
your participation in the study. Once questionnaire data is uploaded for analysis, all 
electronic data will be stored on an external drive. The external drive will be labeled with 
the study name and stored in a secure area, locked in a cabinet in Dr. Ward’s office for 
up to 10 years following publication of results. Access to this data will be restricted to the 
principal investigator, co-investigator, and their research team 
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Appendix 8.6. Block 2014 Food and Activity Questionnaire  

 
 



 183 

                                                                                                                                                       

 
 
 



 184 

                                                                                                                                                       

 
 
 



 185 

                                                                                                                                                       

 
 
 



 186 

                                                                                                                                                       

 
 
 



 187 

                                                                                                                                                       

 
 
 



 188 

                                                                                                                                                       

 
 
 



 189 

                                                                                                                                                       

 
 
 



 190 

                                                                                                                                                       

 
 
 



 191 

                                                                                                                                                       

 
 
 



 192 

                                                                                                                                                       

 
 
 



 193 

                                                                                                                                                       

 
 


