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ABSTRACT 

 

Title: Use of a Functional Chewing Gum in Reduction of Gingival Inflammation 

Arash Ashton Merati, Master of Science, 2020 

Thesis Directed by: Harlan J. Shiau, DDS, DMSc, Clinical Associate Professor 

 

Control of plaque biofilm is central to prevention of gingivitis.  In addition to 

professional care, effective oral hygiene measures are known to improve gingival health.   

The objective of this study was to investigate the effect of chitosan/blackberry-extract, 

delivered in a chewing gum, as an adjunct to oral hygiene, on gingival inflammation and 

plaque biofilm accumulation. In this 12-week randomized controlled study, the use of 

chitosan/blackberry-extract gum was compared to placebo in 34 subjects (17/17).  Plaque 

index(mPI) and gingival index(mGI) were the main outcome measures followed at 

baseline, week 2, 4, 8, and 12.  Measured patient compliance and mPI had no significant 

difference between experimental and control at any interval during the study.  mGI was 

significantly lower for the experimental group compared to control at 12 

weeks(P<0.005).  Chitosan/blackberry-extract chewing gum may be beneficial in 

reduction of clinical signs of gingival inflammation and has potential as an adjunct to 

routine oral hygiene. 
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INTRODUCTION 

GINGIVAL INFLAMMATION 

Inflammatory response to bacterial biofilm at or below the gingival margin results 

in plaque-induced gingivitis.  In other words, an inflammatory infiltrate consisting of, but 

not limited to, polymorphonuclear leukocytes, lymphocytes, erythrocytes and histiocytes 

accumulates in the underlying lamina propria. Page and Schroeder presented the classic 

gingival morpho-histopathologic features in response to this plaque biofilm etiology. 

 In the initial lesion, the gingival tissue responds to acute bacterial injury within 2-

4 days primarily by exudative vasculitis subjacent to the junctional epithelium and a loss 

of perivascular collagen.  The polymorphonuclear neutrophil was described as the 

dominant immune cell type.   Continuous bacterial injury within 4-7 days represents the 

early lesion, which consists of an accumulation of lymphoid infiltrates, further loss of 

collagen, and pathologic alteration of fibroblasts. Within 2-3 weeks, the early lesion 

progresses into the established lesion.  Plasma cells predominate in this infiltrated 

connective tissue. Apical junctional epithelium migration and pocket formation may or 

may not occur in this stage. The histopathologic features of the initial, early, and 

established lesion represent clinical gingivitis.   In the advanced lesion there is persistence 

of many of the established phase histological features.   However, at this stage the lesion 

has extended to the alveolar bone and periodontal ligament regions—there is bone loss, 

pocket formation, and attachment loss.   The advanced lesion corresponds to the clinical 

manifestation of periodontitis.1 

 Notably, even in clinical health, there is a presence of immune components such 
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as polymorphonuclear leukocytes, functioning in physiologic surveillance.  Memory B 

cells have been observed in the underlying connective tissue of the junctional epithelium 

in human biopsies of clinically healthy sites.   It is suggested that this adaptive immunity 

component plays a role in maintaining gingival homeostasis.2 At the tipping point clinical 

manifestations of inflammation will subsequently become apparent in the form of marginal 

gingival edema, erythema, and bleeding upon probing (BoP).  

GINGIVITIS 

Plaque-induced gingivitis is a periodontal disease, resulting from the response to 

bacterial biofilms at or below the gingival margin. Plaque-induced gingivitis is a result of 

accumulation of bacterial plaque for 9-21 days without biofilm disruption. This accretion 

of etiology may cause dysbiosis between biofilm and the host immuno-inflammatory 

response, leading to characteristic clinical gingival inflammation. Although in gingivitis 

the surrounding tissue of teeth becomes inflamed, it is entirely reversible with control of 

the plaque biofilm etiology. It has been demonstrated that 7-10 days of plaque control 

results in reversal of gingivitis into a healthy state without permanent damage to the 

periodontium.3 However, persistent bacterial plaque biofilm establishment may lead to 

bone loss, pocket formation, and periodontitis which is irreversible. 1  

Gingivitis is the most common of periodontal diseases,  with prevalence reported 

to be in a range of 50%-100% of the general population.4 Recent studies reported 100% 

prevalence in adult Egyptian & Saudi Arabia population.5,6 In a study of 1000 American 

adults, 93.9% of individuals exhibited  0.50 Löe-Silness Gingival Index (GI).7 Given the 

high global prevalence of gingivitis there is much interest in effective prevention and 

management—most of which is centered on establishing sufficient plaque biofilm control 
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with various oral hygiene aids.   

Adequate plaque control is the only realistic means to periodontal health, globally.  

Toothbrushing with fluoride dentifrices is part of daily oral hygiene regimens of many 

societies.8 Brushing daily or once every 2 day  has been shown to decrease clinical sign of 

gingival inflammation in gingivitis subjects.9 On the contrary, brushing once every third or 

fourth day has been shown to impair the resolution of clinical gingival inflammation in 

human experimental gingivitis.10 The benefits of home care and preventative professional 

oral hygiene has been demonstrated to achieve improved periodontal health, greater tooth 

retention, and lower caries incidence, in a 30 year longitudinal study.11 However, 

maintaining effective plaque control remains a major challenge for most individuals; 69% 

of dentate patients in the United Kingdom had visible plaque on at least one tooth, despite 

reporting brushing twice daily.12  With this limitation in toothbrushing effectiveness, there 

has been attention to additional adjunctive plaque control measures. 

ADJUNCTIVE ORAL HYGIENE MEASURES 

Dental floss was introduced by Levi Spear Parmly in 1819 as an auxiliary to 

toothbrushing with the aim at achieving improved interproximal plaque control. More 

recently, a 2011 Cochrane systematic review reported that flossing plus toothbrushing 

significantly reduces gingivitis in comparison to toothbrushing alone.13 However, flossing 

is perceived as time-consuming and incurs additional cost; all of this discourages the 

consistent usage of dental floss as an adjunctive oral hygiene device. 14 In fact, findings 

from the 2011-2014 National Health and Nutrition Examination survey revealed that only 

31.6 % of adults floss daily in the United States.15 Therefore, additional adjunctive 

approaches may be desirable to decrease the amount of dental plaque on teeth.  
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Mouth rinses are a delivery vehicle designed to reduced plaque and gingivitis 

when coupled with antimicrobial agent.   The most studied mouth rinses are those 

containing chlorhexidine gluconate (CHX), essential oils, cetylpyridinium chloride (CPC) 

and stannous fluoride (SnF2).16 CHX containing oral rinses are considered the gold 

standard of chemotherapeutic mouth rinses.17 A large systematic review and meta-

analysis, including randomized controlled clinical trials, concluded that CHX together 

with oral hygiene provided superior reductions in gingivitis and plaque scores, compared 

to placebo rinses.  Essential oil containing mouth washes have only 60% magnitude 

effect of  0.12 % CHX rinse in achieving plaque and gingivitis reduction. 14 In spite of its 

well-established anti-plaque and anti-gingivitis properties, CHX usage is consistently 

linked to extrinsic tooth staining, thereby dissuading long-term use in patients.  

CHEWING GUM AS ADJUNCTIVE ORAL HYGIENE AID 

Chewing gum is a pliable, cohesive compound designed in order to be chewed 

without being swallowed.  A limited number of investigations detail the effects of 

chewing gum on the oral cavity and related oral function.  For example,  salivary flow 

increases with mechanical (chewing) and gustatory (taste) stimuli.18 Flavored chewing 

gums stimulates both of these mechanisms. Chewing gum is a known stimulator of 

salivary flow which increases the plaque pH and acid buffering rate. Increased salivary 

flow and acid buffering effect promote enamel remineralization.19 It has been shown that 

80% of habitual gum consumers chew one piece of gum for longer than 20 minutes.20 

Prolong chewing gum increases salivary flow and pH which can have oral health 

benefits.21  
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There is some evidence that sugar free gums can reduce plaque accumulation on 

occlusal surfaces in the absence of routine oral hygiene regimen without any significant 

effect at sites related to gingival inflammation.22 Additionally, a systematic review in 

2014, concluded that sugar free gums as an adjunct to oral hygiene routine provide small 

but significant improvement in plaque score.23 Therefore, chewing gum can be a suitable 

adjunct to oral hygiene regimen. Despite the mentioned advantages of chewing gum as an 

oral hygiene adjunct, there is limited evidence that supports intensive gum chewing in 

habitual gum users may affect temporomandibular dysfunction (TMD) signs. Thus, 

caution should be exercised in individuals with TMD conditions.24   

MEDICATED-CHEWING GUM 

Functional chewing gum represents a different delivery vehicle for possible 

chemotherapeutic agents.  The effect of medicated-chewing gum with various ingredients 

has been investigated for different oral applications. For example, sugar-free gum with 

xylitol has anti-caries properties. There is evidence that mastic chewing gum reduces 

plaque formation and gingival inflammation in the absence of normal oral hygiene. In a 

randomized control trial, individuals were given a prophylaxis before the start of the trial 

to establish zero plaque score. Subjects were then randomly assigned to chew mastic gum 

or placebo gum three times a day, each time for 20 minutes. No other oral hygiene was 

allowed. Plaque and gingival indices were evaluated over a period of 7-days. Mastic gum 

showed significant lower plaque index and gingival index compared to placebo gum usage. 

The investigation concluded that mastic gum is a beneficial anti-plaque agent.25 Other 

studies have evaluated the effect of chlorohexidine (CHX) in chewing gum and have 

reported improvement in plaque index (PI) and gingival index (GI). Also, eucalyptus, 
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acacia, pycnogenol, and funoran have demonstrated inhibitory role in plaque formation. 

Additionally, magnolia, eucalyptus, CHX has been shown to reduce gingival inflammation. 

23 Therefore, chewing gum with antimicrobial and anti-inflammatory ingredients may be a 

suitable device as an adjunct to oral hygiene regimen. Chitosan and blackberry extracts are 

of mentioned ingredients that can be incorporated in chewing gum.     

CHITOSAN  

Chitosan is a polysaccharide polymer of glucosamines that comes from partial 

alkaline deacetylation of naturally occurring chitin (Figure 1). In nature, chitin is abundant 

in exoskeleton of arthropods, diatoms, algae, and some fungal cell walls. The process of 

deacetylation normally occurs over several hours with 40-50% sodium hydroxide; 

structurally, chitin and chitosan differ by degree of deacetylation. 26 

 

Figure 1. Deacetylation of Chitin to Chitosan 

 

 

Chitosan is a biocompatible cationic copolymer that has been used extensively as 

an antimicrobial agent in agriculture, as a hydrogel in cosmetics, and recently as an 
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antimicrobial in pharmaceutical, medical, and dental fields. Biophysical properties of 

chitosan include (a) fungicidal activity, which is of interest in the agriculture and food 

industry, (b) antibacterial effects on both gram positive and gram negative bacteria in an 

acidic environment, and (3) antiviral activity by means of phage inactivation in plant cells, 

and interferon production in mammalian cells.27 

Recently, it has been demonstrated that different chitosan formulas and molecular 

weights have varied antimicrobial activity against bacteria. High molecular weight (HMW) 

chitosan has more antimicrobial activity against gram positive bacteria while low 

molecular weight (LMW) formula is being more effective against gram negative. 28,29 

Moreover, chitosan has been shown to have inhibitory effect on the common periodontal 

pathogens such as A. actinomycetemcomitans, P. gingivalis, P. intermedia, T. forsythensis. 

Chitosan causes cell wall disruption of these bacteria. It is hypothesized that the cationic 

molecule attaches to the negatively charged bacterial cell wall thereby creating pores and 

cell lysis, as a consequence. 29,30 

In addition, chitosan has been shown to decrease the amount of pro-inflammatory 

cytokines TNF- and interleukin- 6 produced by macrophage cells. This reported anti-

inflammatory effect may vary with different cell lines and chitosan formulations. 31 

Moreover, chitosan has been shown to decrease prostaglandin E2 level secretion in human 

gingival fibroblasts, through modulation of JNK pathway in vitro.32 Pro-inflammatory 

cytokines such as IL1-, IL-6, TNF-, PGE-2 have a central role in pathogenesis of 

periodontal disease.33,34 Therefore, chitosan may have a therapeutic role in the treatment of 

periodontal disease. In a randomized human clinical trial, 1% (w/v) chitosan was dissolved 

in 1% lactic acid. 1% Chitosan gel as an adjunct to scaling and root planning showed 
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additional benefit of increased pocket depth reduction and decreased GI at 24 weeks in 

comparison to SRP alone. 35     

The physical characteristics of chitosan are of interest in tissue engineering 

applications. Chitosan has been explored for oral use as a bone substitute material, barrier 

and carrier device.  Notable favorable properties include: its general biocompatibility, 

antimicrobial and anti-inflammatory properties, relatively slow rate of degradation, and 

demonstrated osteoblast cell scaffolding qualities.36 Undifferentiated mice calvariae 

mesenchymal stem cells incubated on chitosan pre-treated culture wells, demonstrate 

greater numbers of bone forming colonies compared to controls. Chitosan facilitates 

osteoprogenitor differentiation and bone formation, in vitro. 37 In a split mouth human 

study, the effect of chitosan on extraction socket bone healing was investigated. Sockets 

grafted with chitosan showed increased bone density in the apical & middle third, as 

compared to no graft at 10 weeks post-extraction. Chitosan increased regenerated bone 

density up to 98.2% of maximum mandibular bone density. 38 Furthermore, flexible 

physical properties of chitosan allow delivery to be in the form of powder, hydrogels, or 

aqueous solutions. Thus, there is interest in chitosan used as a therapeutic carrier. In one 

application, Chitosan-Tricalcium phosphate (TCP) sponges loaded with platelet-derived 

growth factor-BB (PDGF-BB) demonstrated prolonged mitogen release and enhanced 

bone formation at 4 weeks following grafting murine calvarial defect.39 In a mongrel dog 

study, chitosan hydrogel was used as a carrier in experimental periodontal one-wall infra-

bony defects. Chitosan was infused with basic fibroblast growth factor; greater amount of 

new bone, cementum, and PDL regeneration was noted, compared to flap surgery alone, at 

8 weeks. Therefore, chitosan could be a suitable barrier in periodontal regeneration therapy. 
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40 Effect of chitosan membrane in comparison to collagen membrane was investigated for 

treatment of furcation defects in mongrel dogs. Grade II furcations were created surgically 

bilaterally on mandibular premolar. In the right side, the defects were treated by 

hydroxyapatite covered with chitosan membrane while the left side was treated with 

hydroxyapatite covered with collagen membrane. Chitosan membrane showed significant 

increase of  bone formation compare to collagen membrane at 8 weeks following GTR. 41 

More recently, electrospinning of chitosan with polyethylene oxide allowed for both 

random and aligned fiber  orientation in a manufactured membrane. Highly aligned fibers 

allowed for the regeneration of periodontal ligament while more random fiber organization 

promoted interaction with of osteoprogenitor bone cells, and bone formation.  Thus, 

producing an electro-spun chitosan membrane in this layered construct, could potentially 

enhance regeneration of specific periodontal tissues. 42 

Similarly, Chitosan membrane has been used for guided bone regeneration (GBR) 

applications. Calvarial defects were surgically created in rats, covered with a chitosan 

membrane fixated by pins. Significant bone formation was observed in 4 weeks compared 

to the no membrane controls. Chitosan membrane maintained its integrity and provided 

space maintenance for bone regeneration up to 6 weeks. 36 

In short, chitosan has well demonstrated antimicrobial and anti-inflammatory 

properties.  In addition, chitosan can be used as a carrier device for controlled release of 

other agents. These characteristics may merit investigation into potential use as an agent 

against gingival inflammation and plaque biofilm formation.  
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BLACKBERRY 

Blackberry is rich in anthocyanins, ellagitannins, and other phenolic compounds 

such as flavonoid. Flavonoid is a phenolic compound that has antioxidant capacity by 

reducing oxidative stress produced by free radicals.43 Since major pathophysiology of 

many chronic diseases involve damage to cells by oxidative stress44, flavonoid rich food 

may be beneficial in treatment of periodontitis as a chronic disease. 45 Epidemiological 

studies have shown beneficial effect of consumption of anthocyanins and flavonoids in 

coronary heart disease46, lung cancer47, and neurodegenerative diseases. 48 

Blackberry’s anthocyanins consist of various cyanidin derivatives, such as: 

cyanidin 3-glucoside, cyanidin 3-galactoside, cyanidin 3-xyloside, cyanidin 3-dioxalyl-

glucoside, cyanidin 3-rutinoside, cyanidin3-sophoroside, cyanidin3-glucosylrutinoside, 

cyanidin 3-arabinoside, malvidin 3-arabinoside, perlargonidin 3-glucoside, cyanidin 3-(3-

malonyl)glucoside, cyanidin 3-(6-malonyl)glucoside, and cyanidin 3-dioxaloylglucoside. 

In addition, blackberry consists of various amounts of flavonols, phenolic acids, and 

lignans. Anthocyanin in blackberry has antioxidant activity which reduces production of 

free radicals by oxidative stress. 49 

In vitro, blackberry cyanidin glycosides and other phenolic compounds have 

antioxidant properties and have inhibitory effects on human low-density lipoproteins 

(LDL) and the liposome oxidation system. High plasma LDL plays a major role in 

cardiovascular diseases. 50 Moreover, dietary consumption of anthocyanidins exhibited a 

reduction in proinflammatory cytokines such as IL-6, TNF-, and C-reactive protein 

(CRP) while had an increase in production of anti-inflammatory adiponectin molecule in 

rats. 51 
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Additionally, phenolic compounds in blackberry extract showed antiviral effect on 

human herpes simplex virus type 1 (HSV1) in oral epithelial cells. Blackberry extract has 

viricidal properties, and inhibits HSV-1 replication in vitro. 52  

In summary, antioxidant, anti-inflammatory, antiviral, and antimicrobial effects of 

blackberry extract share common pathways in pathogenesis of gingivitis and periodontitis. 

Therefore, blackberry extract warrants an investigation in the pursuit of potential 

therapeutic activity as an adjunct in gingivitis treatment.  
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PURPOSE 

The aim of this study was to investigate the effect of chitosan and blackberry 

extract, delivered in a chewing gum, as an adjunct to oral hygiene, on gingival 

inflammation and plaque biofilm accumulation.   

HYPOTHESES 

 

H0: 

Subjects using chitosan/blackberry extract gum as an adjunctive oral hygiene aid do not 

demonstrate difference in gingival inflammation or plaque accumulation compared to 

placebo gum.   

 

H1: 

Subjects using chitosan/blackberry extract gum as an adjunctive oral hygiene aid 

demonstrate improvement in gingival inflammation or plaque accumulation compared to 

placebo gum. 
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METHODS AND MATERIALS  

DESIGN 

This study was a prospective, randomized, double-blind, placebo-controlled, 

parallel-group, single center trial of 12 weeks follow-up.  The clinical protocol was 

approved by the Institutional Review Board of the University of Maryland Baltimore 

(HP-00073354).  All procedures performed in this investigation involving human 

participants were in accordance with the ethical standards of the aforementioned 

institutional research board and the 1964 Helsinki Declaration and its later amendments 

or comparable ethical standards.   

The primary aim of this investigation was to evaluate the effect of chitosan and 

blackberry extract, delivered in a chewing gum as an adjunct to oral hygiene, on gingival 

inflammation and plaque biofilm accumulation.   

STUDY POPULATION 

Inclusion:  All patients were 18 years old or greater with a minimum of 20 natural 

teeth.  Qualifying patients presented with mild to moderate gingival inflammation, as 

defined by a minimum mean baseline gingival index (GI) of 1.5, and mean Silness-Loe 

plaque index (PI) of at least 1.5 score.53  Subjects had no alveolar bone loss in 

interproximal areas as evidenced by standard radiographic evaluation of full mouth 

series, or bitewings. 

Exclusion:  Criteria for exclusion included any requirement for antibiotic pre-

medication prior to dental procedures.  Patients reporting use of systemic antibiotic, 

aspirin/non-steroidal anti-inflammatory medications or anti-coagulant therapy for 14 days 
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prior to the baseline exam were excluded.  A current history of diabetes, smoking, 

pregnancy, periodontitis were additional exclusion criteria. 

STUDY VISITS 

Each study participant will have six total visits: a screening (SC) visit up to 21 

days before the beginning of the trial, a baseline visit (BL) at day 0 with adult prophy, 

and monitoring visits at weeks 2 (W2), 4 (W4), 8 (W8), and 12 (W12). At the SC visit, 

participants will be evaluated in order to determine eligibility with regard to inclusion 

and exclusion criteria, as described above.  Necessary radiographs were taken to evaluate 

presence of bone loss.  Radiographs that demonstrate alveolar bone loss, defined as 3 

mm cementoenamel junction to bone distance at interproximal sites, disqualified patients 

from this study. (Figure 2) 



 15 

  

 Figure 2. CONSORT Flow Chart of the study 
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At BL visit participants received an adult prophylaxis scaling and were given 

standard oral hygiene instructions, focusing on tooth brushing—modified Bass technique.  

Subjects were instructed not to use any adjunctive oral rinses, such as essential oil 

containing mouthwash, cationic quaternary ammonium compound rinses, and 

chlorhexidine, during the study.  Subjects were allowed to perform customary 

interproximal oral hygiene measures if they had routinely done so prior to enrollment in 

the study.  A block randomization system was utilized to ensure equivalent sized study 

arms.  Following study arm assignment, subjects were provided instructions in using the 

assigned chewing gum.  Subjects were told to chew one piece of gum for a minimum 20-

minute duration, three times a day.  Participants were given a compliance diary to log 

daily gum usage.   The returned logs, at the conclusion of the subject’s participation, were 

used to calculate compliance.  Compliance was defined as the inverse percentage value of 

(missed dose/total expected doses). 

MEASUREMENTS 

Gingival inflammation and plaque accumulation were measured using Gingival 

Index (GI), and Silness-Loe Plaque Index (PI) by examiners Arash Merati (AM) or 

Harlan Shiau (HS) masked to treatment intervention.  (See, Appendix A.1, A.2) GI and 

PI scores were recorded as the most severe value of all sites for each of the six Ramfjord 

teeth; the six values were then averaged to obtain whole mouth mean GI and whole 

mouth mean PI value, respectively.  Missing teeth would be substituted for the nearest 

proximal tooth, which would be subsequently scored for the entire duration of the study.  

These scores were recorded for every subject at BL, W2, W4, W8 and W12 visits, and, at 

the end of the study, averaged to obtain mean PI and mean GI (mPI, mGI) values.  Prior 



 17 

to study initiation, calibration of examiners was established for recording of GI and PI.  

Patient centered outcomes on the convenience and taste of the chewing gum were 

recorded using a Likert-scale questionnaire at W12.   

FUNCTIONAL CHEWING GUM 

Subjects placed in the control or test arms, received placebo or experimental gum 

respectively.  The manufacturer of the gum (Per Os Biosciences, Hunt Valley, Maryland) 

labelled the gums as ‘1064’ or ‘1065’ with the association to control or test unknown to 

all examiners AM or HS.  The components of the chewing gum differed only in the 

addition of chitosan (25 mg) and blackberry extract (25 mg) in the test gum vehicle.   The 

remaining ingredients were at proprietary amounts typical of a chewing gum (Table 1):  

gumbase, maltitol, sorbitol, isomalt, xylitol, vegetarian magnesium stearate, stevia, and 

silicon dioxide.  The proprietary manufactured individual chewing gum pieces were 15 

mm in diameter and 4 mm in thickness.  Gum was packaged in non-transparent, solid re-

sealable pouches, only identified by lot number, each containing a one-week supply, or 

21 pieces.  The identity of the lot number, corresponding to the treatment arm was not 

revealed to the examiners.  Depending on study visit, an appropriate number of re-

sealable pouches were provided to the subject to have sufficient supply. 
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Table 1. Control and Test Gum Composition 

 

OBSERVER RELIABILITY 

To standardize measurements and minimize inter-examiner variability, calibration 

training was completed prior to commencement of the study. Inter‐examiner reliability 

was determined by calculating κ coefficients.    

DATA ANALYSIS 

As this study was a pilot, sample size determination was based on evaluation of 

prior adjunctive oral hygiene device study effect data which had an equivalent desired 

outcome with respect to gingival inflammation and plaque control. 54 To detect a 

treatment difference of 15% it was determined to have a necessary 16 minimum patients 

per arm, allowing for 85% power and a two-sided significance α=0.05.  In comparing 

independent samples, a Student t-test was conducted if a normal distribution or lognormal 

distribution was confirmed by the Shapiro-Wilk test.  Otherwise a non-parametric Mann-

Whiney U, or similar test was utilized.  In instances of two independent variables, such as 

intervention and time, data was analyzed by repeated measures analysis of variance 
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(ANOVA), and Sidak’s test for post-hoc comparisons. Prism 8.0/GraphPad statistical 

software was used for data analysis. A p-value of less than or equal to 0.05 was 

considered statistically significant.   
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RESULTS 

51 participants were assessed for eligibility, of which 40 participants met 

inclusion criteria and were randomly assigned to control and test arms. At the end of the 

study, the outcomes of 34 participants, 17 in each arm, were used for data analysis 

(Figure. 2). In regard to sex, there was a total of 20 females, of which 11 (65%) and 9 

(52%) were in control and experimental group, respectively. 3 participants reported to be 

former smokers while the remaining 31 reported never smoking. Participants identified 

themselves as White (n= 20), Black (n=11), and Asian (n=3) race/ethnicity. The groups 

were comparable in age with 44.2 ± 17 and 45.6 ±14 for control and experimental group 

respectively (Table. 2).  There were no adverse reactions associated with test or control 

gum intervention amongst all 34 study subjects. 

Table 2. Study Subject Demographics 
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The observer reliability for clinical measurements was determined after 

calibration sessions, but prior to the screening of subjects.  At the calibration session, the 

grading rubrics for PI and GI were reviewed by the raters (AM, HS).  Patients, not to be 

enrolled in the study, with presence of clinical gingivitis were used to determine inter-

observer agreement.  The weighted Kappa was 0.872 (SE 0.111, [CI: 0.618-1.000], with a 

percent agreement of 89.5% for gingival index rating.   For plaque index, the weighted 

Kappa was 0.939 (SE 0.078, [CI: 0.768-1.000], with a percent agreement of 92%.  Kappa 

values between 0.81 and 1.00 may be interpreted as almost perfect agreement. 

The results of mPI and mGI at study visits, averaged for all subjects in each study 

arm, are presented in Table 3. Baseline mPI of subjects were not different, with values 

2.05±0.35 and 1.91± 0.34, (p= 0.1885) for control and test group respectively. At the 12-

week visit, mPI was not different between placebo gum and chitosan/blackberry extract 

gum users, 1.33±0.39 and 1.25±0.47, (p=0.7747). Furthermore, there was not a 

significant difference between control and test groups’ mPI and mGI at intermediate 

study timepoints. (Figure. 3).  

With respect to gingival inflammation at baseline, mGI between groups did not 

significantly differ, with values 2.06 ± 0.28 and 2.00 ± 0.35 (p= 0.5143) for control and 

test respectively (Figure 4). There was no significant difference between mGI of the two 

groups at week 2, 4, and 8 (p=0.4053, 0.3078, and 0.3615). However, at week 12, mGI 

was significantly different between placebo gum and chitosan/blackberry gum with 

values 1.30 ±0.53 and 0.81 ± 0.35 (p= 0.0031), accordingly (Table 3). Subjects receiving 

the chitosan/blackberry gum intervention had significantly lower mGI values at the end 

of the study, compared to controls (Figure. 4). 
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Two subjects in the control arm at W12 with mGI values of 2.5 and 2.33, were 

analyzed for outlier status based on graphical presentation (Figure 4e).  However, a 

standard Z Score and a modified Grubb’s test determined that the data set did not 

represent outliers (Prism 8.0/GraphPad Inc.).  Both subjects with these values at W12 

were consistently in the worst quintile of mGI throughout the investigation.  One of these 

subjects (mGI 2.5 at W12) was in the worst quintile of mPI for 4 of 5 study visits.  The 

second subject was (mGI 2.33 at W12) was never in the worst mPI quintile for any study 

visit. 

 

 

Table 3. Mean PI and GI at Study Visits 
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Figure 3. Control and Test mPI values at Timepoints 
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Figure 4. Control and Test mGI values at Timepoints 
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Figure 5. PI and GI response to interventions over time 
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A two-way repeated measures ANOVA was run to determine the effect of 

independent variables gum intervention and time, upon mGI (Appendix C.1, Figure 5a).   

There was a statistically significant interaction between gum intervention and time for 

mGI score, F(4, 128) = 6.212, p = 0.0001).  The effect of intervention was evaluated at 

each time point.  Sidak’s multiple comparison test found mGI not statistically 

significantly different between control arm (mGI=2.06) and the test arm (mGI=2.00) at 

the beginning of the study (Mean dif. 0.05882, CI: -.02417 to 0.3593, p=0.9892).  mGI 

was statistically different between control arm (mGI=1.30) and test arm (mGI=0.81) at 

week 12 (Mean dif. 0.4902, CI 0.0675 to 0.9129, p=0.0172).  In summary, the effect of 

intervention was significant at week 12, but not baseline, week 2, week 4 or week 8 

(Figure 5a). 

Additional post-hoc comparisons showed all subjects improved (decreased) 

significantly in whole mouth gingival index on average (Mean diff. 1.446, CI: 1.241 to 

1.651, p<0.0001) between baseline timepoint and week 2.  The mean whole mouth 

gingival index scores of all subjects subsequently increased from week 2 to the end of the 

study; in particular, significant increases in the mean score of all subjects was noted in 

the final time interval, between week 8 and week 12 (Mean diff. -0.3088, CI: -0.5440 to -

0.07368, p=0.0040). 

A two-way repeated measures ANOVA was run to determine the effect of 

independent variables gum intervention and time, upon mPI (Appendix C.1, Figure 5b). 

There was no interaction between gum intervention and time for mPI score, F(4, 128) = 

0.1134, p = 0.9776).  Sidak’s multiple comparisons between control and test revealed no 

significant mean difference at all time points.  Patients from the two arms on average 
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presented with similar levels of plaque accumulation within each observation time point.  

The mPI scores of all subjects demonstrated significant improvement (decrease) between 

baseline and week 2 (Mean diff. 1.083, CI: 0.8509 to 1.316, p<0.0001).  On average, all 

subjects worsened significantly in plaque levels from week 2 to end of study (Mean diff. -

0..3922, CI: -0.6232 to 0.1611, p<0.0001), with specifically week 4 to week 8 interval 

accounting for a significant degree of this change (Mean diff. -0.2304, CI: -0.4227 to 

0.0381, p=0.0104). 

Response of patients’ Likert scale survey on the convenience and taste of gums 

are presented in Figure 6. The control arm subjects responded to a statement on 

convenience of chewing gum—“The use of chewing gum was convenient”—as agree 

(11), or strongly agree (6).  When test arm subjects were asked to respond to the same 

statement regarding convenience, they logged responses as neutral (3), agree (9) or 

strongly agree (5).  The test arm subjects responded to a statement on taste of chewing 

gum—“The taste of the chewing gum was satisfactory”—as neutral (3), agree (10) and 

strongly agree (4).  When control arm subjects were asked to respond to the same 

statement, they logged responses including, neutral (1), agree (12) and strongly agree 

(3); of note, was one (1) response indicating disagree with the statement concerning taste 

of chewing gum.   The control and test chewing gum arm subject responses to 

convenience of use statement was not different (p=0.3969).  The control and test chewing 

gum arm subject responses to taste statement was not different (p=0.8606). 

 Compliance of subjects was assessed by evaluating patient study diaries.  14 of 17 

(82.3%) control arm subjects, and 12 of 17 (70.6%) test arm subjects returned their diary 

at the final study visit.  A non-compliant day was defined as missing one or more gum 
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uses; compliant days had all three doses recorded.  The average number of non-compliant 

days was 10.8 and 11.5 in the control and test arms, respectively.  The overall compliance 

rate was not different at 87.2% and 86.2% in the control and test arms, respectively 

(p=0.3673).  
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Figure 6. Subject survey data on opinion of chewing gum 
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DISCUSSION 

 

Plaque formation and gingival inflammation in response to daily adjunctive use of 

chitosan/blackberry extract (CBBE) chewing gum was assessed in this three-month long 

investigation.  To our knowledge, this is the first study to provide measures of anti-plaque 

and anti-inflammatory properties of a CBBE delivered via a functional chewing gum 

vehicle.  The present results indicate that the intervention of this experimental gum is 

associated with a reduction in clinical gingival inflammation, as measured by GI.  

Overall, patients had positive experience with convenience and taste of gum in 

both groups. Only 1 patient in the placebo group found the taste of gum unsatisfactory. 

Compliance was not significantly different between groups, with values greater than 

86%. Our subjects’ conformity may reflect activity associated within a controlled clinical 

study; nevertheless, the encouraging compliance rate should be noted. Consistent usage 

appears to be an important advantage of functional chewing gum as a choice of 

adjunctive oral hygiene aid.    

In our study, plaque accumulation level was not different between control and 

experimental group.  Both groups exhibited an improvement in mPI for the interval 

between baseline and week 12; however, both groups also displayed an increasing mPI 

trend from week 2 to week 12. Similar results have been reported by utilizing chitosan in 

the form of gel in chronic periodontitis subjects at 12 and 24 weeks by Akincibay et. al.35 

However, this is in contrast with a study by Sano et al. 55 who reported significant plaque 

reduction at 14 days. Perhaps, this difference may be explained by variations in mode of 

chitosan delivery. In the study by Sano et. al. chitosan was used in oral rinse as compared 
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to chewing gum in this study. Additionally, monitoring of plaque scores was limited to 2-

week duration, as opposed to our follow-up of 12 weeks. In this study, there was a 

significant reduction in mPI for both groups by two weeks, compared to baseline. This 

suggests the considerable primary effect of baseline prophylaxis and oral hygiene 

instruction interventions.  Moreover, Steinberg et al.56 reported inhibition of plaque 

formation by chewing xylitol and sorbitol gum in compare to no chewing gum. In our 

study both control and experimental gums had equal amount of xylitol and sorbitol. Since 

there was no negative control (no chewing gum) and/or xylitol/sorbitol group, the effect 

of xylitol and sorbitol could not be verified independently.  

At final week 12 visit of the study, experimental group gingival inflammation was 

significantly less compared to control group conditions.  A significant improvement in 

gingival inflammation was observed between baseline and week 2 for both arms of this 

investigation. This, again, may be due in part to the clinical response to provided 

prophylaxis and oral hygiene instructions at baseline on plaque reduction. Subsequent to 

week 2, both groups exhibited an increasing trend of GI; still the experimental group 

exhibited a comparatively significant lower GI at 12-week observation.  One might relate 

this finding to a lower PI in experimental group, as studies report an association between 

controlled plaque accumulation and reduced gingival inflammation. 1,9,57 However, in this 

study PI was not statistically different between experimental and control at 12 weeks.  

Possibly, specific anti-inflammatory and specific microbial effects of the experimental 

gum could explain this observation.  Arancibia et al.32 evaluated the antimicrobial and 

anti-inflammatory properties of chitosan in vitro. A chitosan solution at concentration of 

50 µg/mL inhibited the growth of Porphorymonas gingivalis and Aggregatebacter 
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actinomycetemcomitans—and also notably inhibited interleukin-1ß stimulated 

prostaglandin E2 production in human gingival fibroblast. Another study by Akincibay et. 

al. 35 evaluated the effect of 1% chitosan gel as an adjunct to SRP in chronic periodontitis 

patients. It was demonstrated that chitosan improved clinical inflammation compared to 

SRP alone at 24 weeks. In agreement with Akincibay et al. this investigation found GI 

significantly lower in a chitosan containing chewing gum group, at 12 weeks.  Possibly 

the selective reduction of bacteria associated with gingivitis,58,59 via specific anti-

microbial properties of chitosan gum, explains the difference in clinical gingival 

inflammation, but not non-specific plaque accumulation between groups.  Analogously, 

the disruption of pathogenic biofilm through a combination of mechanical debridement 

and antimicrobial agents is known to be successful in management of gingival 

inflammation.60,61 

Blackberry extract (BBE) and its constituents such as anthocyanins have been 

demonstrated to have antimicrobial and antibacterial properties. 52,62 The antibacterial 

mechanism may be explained by a metabolite of anthocyanin called gallic acid. Gallic 

acid is an iron chelator that reduces the availability of iron to bacteria by forming stable 

molecules. Therefore, BBE may contribute to a reduction in metabolic activity of select 

bacterial species. 63 However, more in vitro and in vivo studies are needed to clarify the 

precise mechanism of BBE on periodontal pathogens.  

Gonzalez et. al. 64 investigated the antibacterial properties of a BBE solution 

against periodontal pathogens and oral bacterial commensals, in vitro.  BBE specifically 

inhibited the metabolic activity of F. nucleatum, P. gingivalis by approximately 40%, and 

Streptococcus mutans by 30% while not affecting other oral commensals.  A qualitative 
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change in composition of a bacterial biofilm, rather than overall plaque mass reduction, 

may yield a modification of host inflammatory response.  Indeed, in the limits of our 

investigation the value of PI, an approximation of non-specific plaque quantity measure, 

was not different between groups—while there was evidence of a differential gingival 

inflammatory response.  The composition of plaque biofilm might have been different in 

terms of pathogenicity between groups, despite having similar plaque amount, 

contributing to a lower GI measure in the experimental arm. 

Since this study did not have separate arms for chitosan alone or blackberry 

extract alone, no interpretation can be provided in regards to effect of those ingredients 

separately.  Additionally, there was not a negative control to evaluate the effect of this 

novel gum compared to routine oral hygiene alone. Thus, future studies with robust 

subject numbers, microbial evaluation, and additional control/experimental arms would 

allow conclusions about the effect of our test gum’s components, individually and in 

synergy.  However, within the limitations of this study, we conclude that CBBE 

functional chewing gum is beneficial to the reduction of clinical signs of gingival 

inflammation as an adjunct to routine oral hygiene.  

 

 

 

 

 

 



 34 

APPENDIX 

A.1 Gingival Index  

Score Description 

0 Normal, healthy gingival appearance 

1 Mild inflammation – slight change in color and slight edema but no 

bleeding on probing 

2 Moderate inflammation – redness, edema and glazing, bleeding on probing 

3 Severe inflammation – marked redness and edema, ulceration with tendency 

to bleeding 

 

A.2 Plaque Index 

Score Description 

0 No observed plaque 

1 A film of plaque adhering to the free gingival margin and adjacent area of 

the tooth. 

2 Moderate accumulation of soft deposit within the gingival pocket, or the 

tooth and gingival margin which can be seen by the naked eye 

3 Abundance of soft matter within the gingival pocket and/or on the tooth and 

gingival margin. 
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B.1 Subject Diary Example 
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C.1 Two-way Repeated Measure Analysis of Variance  

2 Way RM ANOVA -- Dependent Variable Gingival Index 

   
ANOVA table SS DF MS F (DFn, DFd) P value 

Time x Intervention 1.976 4 0.494 F (4, 128) = 6.212 P=0.0001 

Time 48.38 4 12.09 F (3.428, 109.7) = 152.1 P<0.0001 

Intervention 0.3163 1 0.3163 F (1, 32) = 0.6873 P=0.4132 

Subject 14.73 32 0.4603 F (32, 128) = 5.788 P<0.0001 

Sidak's multiple 

comparisons test Mean Diff. 95.00% CI of diff. Adjusted P Value 

  
Baseline vs. W2 1.446 1.241 to 1.651 <0.0001 

  
Baseline vs. W4 1.382 1.178 to 1.586 <0.0001 

  
Baseline vs. W8 1.279 1.074 to 1.485 <0.0001 

  
Baseline vs. W12 0.9706 0.7458 to 1.195 <0.0001 

  
W2 vs. W4 -0.06373 -0.2130 to 0.08553 0.9044 

  
W2 vs. W8 -0.1667 -0.4110 to 0.07764 0.3935 

  
W2 vs. W12 -0.4755 -0.7125 to -0.2385 <0.0001 

  
W4 vs. W8 -0.1029 -0.3303 to 0.1244 0.8685 

  
W4 vs. W12 -0.4118 -0.6679 to -0.1557 0.0003 

  
W8 vs. W12 -0.3088 -0.5440 to -0.0736 0.004 

  
Sidak's multiple 

comparisons test Mean Diff. 95.00% CI of diff. Adjusted P Value 

  
Control - Test 

     
Baseline 0.05882 -0.2417 to 0.3593 0.9892 

  
W2 -0.04902 -0.4134 to 0.3154 0.9981 

  
W4 -0.1373 -0.4995 to 0.2250 0.8414 

  
W8 0.06863 -0.3265 to 0.4638 0.9938 

  
W12 0.4902 0.06746 to 0.9129 0.0172 
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2 Way RM ANOVA -- Dependent Variable Plaque Index 

   
ANOVA table SS DF MS F (DFn, DFd) P value 

Time x Intervention 0.03366 4 0.008415 F (4, 128) = 0.1134 P=0.9776 

Time 24.53 4 6.132 F (3.051, 97.63) = 82.66 P<0.0001 

Intervention 0.459 1 0.459 F (1, 32) = 0.7330 P=0.3983 

Subject 20.04 32 0.6262 F (32, 128) = 8.442 P<0.0001 

Sidak's multiple 

comparisons test Mean Diff. 95.00% CI of diff. Adjusted P Value 

  
Baseline vs. W2 1.083 0.8509 to 1.316 <0.0001 

  
Baseline vs. W4 0.9853 0.8033 to 1.167 <0.0001 

  
Baseline vs. W8 0.7549 0.5555 to 0.9543 <0.0001 

  
Baseline vs. W12 0.6912 0.5144 to 0.8679 <0.0001 

  
W2 vs. W4 -0.09804 -0.2429 to 0.04683 0.4045 

  
W2 vs. W8 -0.3284 -0.5410 to -0.1158 0.0005 

  
W2 vs. W12 -0.3922 -0.6232 to -0.1611 0.0001 

  
W4 vs. W8 -0.2304 -0.4227 to -0.03810 0.0104 

  
W4 vs. W12 -0.2941 -0.4988 to -0.08943 0.0014 

  
W8 vs. W12 -0.06373 -0.2231 to 0.09564 0.9348 

  
Sidak's multiple 

comparisons test Mean Diff. 95.00% CI of diff. Adjusted P Value 

  
Control - Test 

     
Baseline 0.1373 -0.1842 to 0.4587 0.7664 

  
W2 0.1078 -0.3563 to 0.5720 0.9771 

  
W4 0.1275 -0.2489 to 0.5038 0.8943 

  
W8 0.05882 -0.3740 to 0.4916 0.998 

  
W12 0.08824 -0.3166 to 0.4930 0.9826 
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