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Role of chewing gum in oral hygiene maintenance
H. Aravinth1, Dhanraj Ganapathy2, Ashish R. Jain2*

INTRODUCTION
Despite great achievements in oral health of 
populations globally, problems still remain in many 
communities all over the world, particularly among 
underprivileged groups in developed and developing 
countries. Dental caries and periodontal diseases have 
historically been considered the most important global 
oral health burdens. At present, the distribution and 
severity of oral diseases vary among different parts of 
the world and within the same country or region. The 
significant role of sociobehavioral and environmental 
factors in oral disease and health is evidenced in an 
extensive number of epidemiological surveys.[1]

To date, the most dependable mode of plaque control 
is mechanical cleaning with a toothbrush and other 
oral hygiene aids.[2] Unfortunately, the majority of 
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people are unable or unwilling to realize the need to 
spend time to remove plaque adequately from all tooth 
surfaces.[3] Barnes et al.[4] suggested that chewing gum 
may serve as an effective oral hygiene device when 
brushing may not be possible. Sugar-free gums are 
simple, inexpensive and are readily available. Studies 
have shown that daily chewing-gum has beneficial 
effects.

Gum chewing is a common habit among many 
people as it provides great pleasure; it is also a 
nemesis for countless parents, school teachers, and 
building custodians because this sticky intruder is 
often found in child’s hair, under tables, chairs, and 
desks. However, chewing gum has two characteristics 
which are important in considering its effect on 
dental health. First, it has proved possible to replace 
the “sugar” in chewing gum with sugar substitutes, 
without diminishing its consumer appeal. Indeed 
the development of sugar-free gums with optimal 
taste characteristics has opened up new markets. 
The second characteristic is that all gums - sugared 
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and unsugared - stimulate the saliva flow about 
3–10 times higher than resting values. The stimulation 
of saliva leads to an increase in potentially protective 
properties. Both of these characteristics of chewing 
gum could be responsible for the non-cariogenicity 
of sugar-free chewing gums. Furthermore, if the gum 
chewing was to be carried out after meals and if the 
sugar substituted had beneficial properties, these 
actions could lead to a therapeutic, caries lowering 
action, and various other benefits.[5]

The use of sugar-free gum provides a proven anticaries 
benefit, but other oral health effects are less clearly 
elucidated. Chewing sugar-free chewing gum promotes 
a strong flow of stimulated saliva, which helps to provide 
a number of dental benefits: first, the higher flow rate 
promotes more rapid oral clearance of sugars; second, the 
high pH and buffering capacity of the stimulated saliva 
help to neutralize plaque pH after a sugar challenge; and 
finally, studies have shown enhanced remineralization 
of early caries-like lesions and ultimately prospective 
clinical trials have shown reduced caries incidence in 
children chewing sugar-free gum.

The oral health, particularly caries reducing benefits of 
sugar-free chewing gums, has been well documented 
in many studies and reviews.[6-10] In addition, chewing 
gum is increasingly being viewed as a delivery system 
for active agents that could potentially provide direct 
oral care benefits. The purpose of this review is to 
provide an overview of the use of chewing gum as an 
adjunct to other oral health prevention strategies.

TYPE OF CHEWING GUMS[8]

• Medicinal - Chewing gum can be used for a local 
delivery of therapeutic agents such as sulfonamide, 
neomycin-gramicidin, miconazole, and nystatin.

• Dental - Fluoride containing, chlorhexidine 
containing, enzyme containing, mineral salts, 
carbamide ion, metal ions.

COMPOSITION OF CHEWING 
GUM
A typical chewing gum consists of powdered cane or 
beet sugar (50–65%), chewing gum base (18–30%), 
corn syrup (12–20%), color and flavoring agents 
(1–2%), and softeners (0.3–3%). Noticeably, 
more than half of its constituent is sugar, which is 
responsible to enhance flavor and enrich the texture of 
gum. Sugar in sugared gum can be sucrose, fructose, 
or hydrogenated glucose, but sugar-free gum has 
sugar substitute. Use of term sugar free is somewhat 
misleading because all carbohydrates provide about 
4 Kcal/g, so the amount of calorie provided is the same, 
but the difference is in the quantity which will depend 
on the sweetness. Thus, sweeteners can be divided into 

two groups - bulk sweeteners and intense sweeteners. 
Bulk sweeteners are almost always carbohydrates and 
carbohydrate derivatives such as sucrose, fructose, or 
polyols while intense sweeteners are either synthetic 
or natural substances such as saccharine, cyclamate, 
aspartame, and acesulfame-K.[5]

MOST COMMONLY USED SUGAR 
SUBSTITUTES
Xylitol
The German chemistry professor Emil Herman Fischer 
and his assistant Stahel separated from breech chips a 
new compound which was named xylit, the German 
word for xylitol. Simultaneously with Fischer, the 
French chemist M.G. Bertrand had managed to isolate 
xylitol syrup by processing wheat and oat straw. The 
history of xylitol was indeed quite eventless for the 
first 50–60 years after its first description in 1891. 
By the mid 1950s, Dr. Touster’s et al. concluded that 
xylitol is formed in the human body. This discovery 
stemmed from investigation on L-xylulose, the 
characteristic urinary sugar in essential pentosuria. 
This is a harmless, rare, recessive genetic disorder 
initially found in Jews and Arabs. It was recognized 
that accumulation and excretion of a metabolite which 
is readily disposed of in normal, but not in pentosuric, 
individuals. Eventually, the product was isolated 
and characterized as xylitol.[11] It is a natural “sugar 
alcohol” similar to other so-called sugar alcohols such 
as mannitol and sorbitol used as sugarless sweeteners. 
Xylitol is a sugarless sweetener usually derived from 
birch trees, and it can be found in gum, lozenges, and 
candies. Xylitol is a naturally occurring diabetic-safe, 
low-calorie carbohydrate that is obtained from the 
bark of birch trees, coconut shells, and cottonseed 
hulls. It looks and tastes like sugar and is comparable 
in sweetness.[12] It has an ability to form complexes 
with certain cations such as Ca, Cu, and Fe and to 
displace water molecules from the hydration layers 
of proteins and also from cations. This pentitol occurs 
widely in fruits (strawberries, plums, and raspberries) 
and vegetables (lettuce, cauliflower, and mushrooms) 
and is commercially prepared from coconut shells 
and birch trees. The absorption of xylitol, while 
slow and incomplete is greater than that of sorbitol 
and mannitol. Thus, it is associated with less severe 
diarrhea. Xylitol is metabolized as a carbohydrate by 
entering the pentose phosphate pathway through the 
glucuronic acid cycle. It has been used by diabetics 
because its metabolism is considered to be insulin 
independent. The caries-preventive effect of total 
substitution of dietary sugars by xylitol could be 
explained by the exclusion of fermentable sugars 
from the diet. Xylitol is not fermented by dental 
plaque as the activity of xylitol dehydrogenase in 
human dental plaque or whole saliva is practically 
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nil. Human oral microorganisms and specifically 
Streptococcus mutans do not have enzymes to utilize 
xylitol as a source of energy for acid production or 
for the synthesis of extracellular polysaccharides, and 
thus, no fall in plaque pH occurs. However, the major 
disadvantage associated with the use of xylitol is the 
cost which suggests that it is unlikely to replace more 
than a small portion of the sucrose intake.[13,14]

Sorbitol
It is widely distributed in the plant kingdom, in berries, 
apples, plums, pears, and algae. It was introduced in 
the diet of diabetics as early as 1929. It is slowly and 
incompletely absorbed from the intestine which results 
in osmotic diarrhea. Most microorganisms lack the 
enzymatic makeup to utilize sorbitol. An important 
exception is S. mutans. However, the fermentation 
of sorbitol by S. mutans is slow, and hence, the drop 
in the pH of dental plaque is also little. The slow 
rate of fermentation of sorbitol allows acid to diffuse 
out of plaque at a rate almost equal to the rate of 
formation. Nevertheless, the utilization of sorbitol by 
microorganisms provides them with a substrate that 
may contribute to their survival but does not directly 
contribute to their cariogenicity.[13] Due to the results of 
in vitro fermentation experiments and animal studies, 
concern has been expressed that the oral flora may adapt 
to sorbitol so that it loses its “safe for teeth” property.[14]

Aspartame
Aspartame was developed by G.D Searle laboratories 
as nutritious sweetener and flavor enhancer. It is about 
180–200 times as sweet as sucrose. It is composed of 
two amino acids: L-aspartic acid and the methyl ester 
of L-phenylalanine. Although aspartame has a caloric 
value of about 4 Kcal/g which is similar to that of 
proteins and carbohydrates, it is consumed in such a 
small amount that its caloric contribution is negligible. 
Due to its relatively greater sweetness, the addition of 
aspartame to foods can result in sweetness equivalent 
to that obtained from sucrose and yet reduce calories 
by over 95%. Aspartame is effective in enhancing acid 
fruit flavors and extending sweet taste as in chewing 
gum. If aspartame replaces even some part of the sugar 
in the diet, it would be expected to reduce caries simply 
by limiting the amount of frequency of fermentable 
sugar in the diet. Aspartame reduces caries as might 
raise plaque pH by forming amines by decarboxylation.

ORAL HEALTH BENEFITS OF 
CHEWING GUM
Non-specific Benefits of Chewing Suger-free Gum 
on oral Clearance, Saliva Stimulation, and Plaque 
pH Neutralization
The major benefits of sugar-free chewing gum are 
mediated through oral physiology: Stimulation of 

the salivary glands to produce a strong flow of saliva 
(a 10–12 fold increase over unstimulated saliva) 
is elicited by a combination of masticatory and 
gustatory stimuli.[15] Although saliva flow rates are 
highest during the 1st 5–7 min of chewing, when the 
sweeteners and flavor release are maximal, a two-
fold increase in flow rate (over unstimulated flow) 
is maintained for as long as the gum continues to be 
chewed.[16] One of the immediate short-term effects of 
this enhanced saliva flow is the increased clearance 
of sugars and food debris from the oral cavity.[17] The 
higher flow rate, pH, and buffer capacity of stimulated 
saliva further help to neutralize acids found in the 
mouth and, in particular, help to raise the plaque 
pH, accelerating the recovery phase of the Stephan 
curve.[18,19] The short-term neutralization of plaque 
pH out of the demineralization danger zone can also 
be supplemented by medium-term benefits, as it has 
been shown that frequent chewing increases baseline 
(unstimulated) saliva flow rate and increases the resting 
plaque pH and subsequent ability of the plaque to form 
acid from sugar.[20,21] Some studies have suggested that 
chewing gum is better tolerated than artificial saliva 
for symptomatic relief of xerostomia.[22,23]

EFFECT OF CHEWING SUGAR-
FREE GUMS ON BUFFERING 
CAPACITY OF SALIVA
Solutions containing both weak acids and their salts 
are referred to as buffer solutions. These solutions 
have the capacity of resisting changes of pH when 
either acids or alkalis are added to them. The buffering 
capacity of human saliva is regulated by three buffer 
systems - the carbonic acid, phosphate system, and 
proteins. Carbonic acid rapidly decomposes into 
water and carbon dioxide which leaves the solution. 
In contrast to most buffers, the net result is, therefore, 
not an accumulation of a weaker acid but a complete 
removal of acid. Phase change for carbondioxide 
from dissolved state to gas phase is essential for 
bicarbonate system. The phosphate system also 
functions similar to bicarbonate except for the fact that 
no phase change is involved. The salivary proteins 
are usually not considered to have any significant 
buffer capacity.[24] Stimulated saliva has an increased 
bicarbonate concentration and therefore increased 
buffering capacity in dental plaque while concurrently 
promoting clearance of fermentable substrate and 
provides more urea for base production.

REMINERALIZATION AND 
CARIES REDUCTION
In addition to the pH neutralizing effect, the increased 
rate of delivery of soluble calcium and phosphate 
ions from the stimulated saliva helps to remineralize 
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surface enamel lesions, as shown in a number of 
in situ remineralization studies.[25-28] Finally, clinical 
studies conducted in children who chewed gum at 
least 3 times daily for 2 or 3 years show that they have 
significantly lower rates of decay than children who 
do not chew gum.[29-31] Indeed, the American Dental 
Association has recently provided clinical guidelines 
for the use of sucrose-free polyol chewing gums in 
high caries-risk children and adults.[32]

EXTRINSIC STAIN REDUCTION
Chewing gum can reduce extrinsic tooth stain, either by 
removing existing stain or inhibiting its formation,[33] 
while the addition of specific active agents (typically 
polyphosphates) may provide additional efficacy.[34,35] 
However, it should be noted that these types of claims 
are cosmetic and do not directly affect oral health, 
and the magnitude of the effect is small compared to 
chair-side or over-the-counter bleaching therapies. 
On the other hand, accelerated oral clearance of 
staining agents such as tea or coffee, by chewing 
gum-stimulated saliva, could conceivably reduce the 
formation of extrinsic stain over time and help to 
prolong the benefits of a dental prophylaxis.

EFFECT OF SUGAR-FREE GUM 
ON DENTAL PLAQUE AND 
INTERDENTAL DEBRIS
The use of dental floss or inter-proximal brush appears 
to provide an adjunct effect on inter-dental hygiene 
when associated with tooth brushing.[36] However, 
the main problems with all interdental cleaning 
methods are the individual’s manual dexterity and 
motivation.[37,38] For that reason, there is a tendency 
to look for other simpler options for cleaning 
interdental areas.

There is little information in the literature regarding the 
effect of gum chewing on interdental debris, indicating 
that this topic remains unexplored. However, one study 
tried to assess the effect of chewing gum on salivary 
debris by having volunteers chew liquorice cakes 
and, after 10 min, collecting saliva samples with and 
without chewing the gum. A 50% reduction in the wet 
weight of liquorice debris in the saliva was recorded 
post-gum chewing.[39] For the chewing-gum studies, 
the trend has been to study the preventive action[40] 
of the gum in the absence of tooth brushing and 
other oral hygiene practices employing a 4 or 5 days’ 
plaque regrowth model.[36,37,41] The results of these 
studies were disappointing and showed no significant 
antiplaque effect on the buccal and lingual surfaces. 
Hence, it was felt that there is a need to study the effect 
of chewing gum as an adjunct to tooth brushing and 
also to assess the therapeutic action of the chewing 
gum on established plaque and interdental debris.

The chewing of gum can stimulate removal of inter-
dental debris left after food consumption. Removal 
is partly not only due to direct attachment of debris 
to the gum but also due to increased mastication and 
salivation which aids to wash away debris.[17,42] Since 
debris left after food consumption often contains 
fermentable sugars, its removal prevents oral bacteria 
from producing acids that desorb calcium (Ca2+) and 
phosphates (PO4 3-) from the enamel,[43,44-47] which 
constitutes a clear oral health benefit.

REDUCTION OF ORAL DRYNESS
Individuals suffering from xerostomia or the subjective 
feeling of dry mouth can relief their symptoms by 
the use of regular sugar-free chewing gum, which 
is generally preferred by dry mouth patients over 
the use of artificial saliva.[22] Symptom relief is 
related to mastication and increased salivation and 
not to any specific additive incorporated in chewing 
gums.[48] Importantly, the claim that the chewing of 
gum reduces dry mouth perception[48,49] is supported 
by the European Food Safety Authority (EFSA).

INHIBITION OF CALCULUS 
FORMATION
Calculus formation involves the formation of calcium 
phosphate mineral salts that calcify and harden oral 
biofilm. Among many other factors, biofilm pH 
and salivary calcium phosphate saturation play an 
important role in the rate of calculus formation.[50,51] 
Chewing of regular sugar-free gum did not have a 
pronounced effect on inhibiting calculus formation, 
and it has even been suggested that calculus formation 
is promoted by chewing sugar-free gum, due to 
higher biofilm pH and salivary calcium phosphate 
saturation.[52-54] Therefore, active ingredients have 
been incorporated in chewing gums aiming to maintain 
calcium phosphate deposits in an amorphous state, 
preventing hardening and facilitating removal. While 
chewing Vitamin C supplemented chewing gum  at 
least 5 times per day for a duration of 3 months, a 
reduction in supragingival calculus formation was 
found.[54]

EFFECTS ON BACTERIAL 
ADHESION TO ORAL SURFACE
Adhesion of planktonic bacteria to oral surfaces is 
the first step in the formation of oral biofilm and is 
mediated by attractive forces between oral surfaces 
and adhering bacteria. Accordingly, the properties of 
the oral surfaces play a major role in the development 
of these adhesion forces and changing the forces 
may impact the amount and composition of oral 
biofilm formed.[55,56] Chewing a gum containing 
polyphosphates made adsorbed salivary conditioning 
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films more hydrophilic and more negatively charged as 
compared with other gums. Since most oral bacterial 
strains are negatively charged,[57,58] this implies weaker 
adhesion of oral bacteria and polyphosphates may 
even promote detachment of bacteria from salivary 
conditioning films on enamel surfaces.[59]

EFFECTS ON BIOFILM 
FORMATION, COMPOSITION, 
AND REMOVAL
Chewing of regular sugar-free gum dislodges loosely 
bound bacteria from the oral mucosa[60] and inhibits 
regrowth and maturation of oral biofilm on occlusal 
surfaces.[40] Nonetheless, biofilm regrowth was not 
inhibited on smooth lingual and buccal surfaces and 
a relationship between complete biofilm removal 
directly after a single gum chew has not been 
established[40,61] not even when abrasive agents were 
included in the gum.[62] Therefore, the EFSA concluded 
that the claim that the chewing of regular sugar-free 
gum “reduces plaque formation” is unsubstantiated,[41] 
so direct and clinically relevant biofilm reduction is 
not a supportable claim for chewing gum without 
active ingredients, although it is possible that gum 
chewing could modify the biofilm composition to a 
less cariogenic state.

Chlorhexidine is the most effective antimicrobial 
for the chemical control of oral biofilm.[63] Its 
antimicrobial properties are based on disturbing the 
bacterial cell membrane, and its binding to intraoral 
surfaces ensures substantive action.[63] Chlorhexidine 
tastes bitter, alters long-term taste perception,[64] 
and causes (reversible) tooth stain.[64] Antimicrobial 
effective chlorhexidine containing chewing gums 
with acceptable taste can be made, but consumer 
hesitance remains to exist, and in certain countries, 
chlorhexidine-containing chewing gums are likely 
to only be available on prescription.[65,66] Application 
of chlorhexidine in chewing gum not only reduces 
planktonic levels of mutans streptococci directly after 
chewing[67] but also reduces oral biofilm formation. 
Incorporation of chlorhexidine in chewing gum 
inhibited oral biofilm growth in a 4 days’ study when 
only two pieces of gum were chewed per day in the 
absence of other oral hygiene measures.[66]

Similar to chlorhexidine, xylitol also resulted in a 
reduction of salivary mutans streptococcal numbers 
when used for 5 weeks, but this was too short to result 
in a change in the composition of oral biofilm.[68,69] 
Furthermore, in combination with regular brushing, 
no effects of xylitol-containing gum on biofilm and 
gingivitis scores were observed compared to chewing 
gum base only.[70] 6 months chewing of xylitol-
containing gum caused a decrease in the acidogenicity 
of oral biofilm,[71] indicative of a change in biofilm 

composition. In general, oral health-care benefits of 
xylitol on oral biofilm are still subject to debate, and it 
is not clear whether effects of xylitol-containing gum 
are solely due to increased salivation or to the addition 
of xylitol as well.[65,72,73]

POTENTIAL NEGATIVE EFFECTS 
OF CHEWING GUM
It is worth acknowledging that there are some concerns 
over chewing gum use, including its potential to be 
a choking hazard in young children, be subject to 
littering, exert a laxative effect, and to contribute to 
temporomandibular dysfunction (TMD). Therefore, 
consumers should be reminded not to give gum to 
children younger than school age and to dispose of 
chewed gum, responsibly. Despite limited evidence 
that chewing gum is a causative agent of TMD or 
jaw muscle pain,[74] the prudent practitioner should 
probably avoid recommending chewing gum for 
patients suffering from these conditions.

CONCLUSION
As mentioned earlier, the scientific evidence 
supporting the non-specific benefits of chewing sugar-
free gum has been reviewed. Over the past decades, 
chewing gum developed from a candy toward an oral 
health promoting nutraceutical to be used as an adjunct 
to regular oral hygiene. The basic beneficial effects 
of the chewing of gum on oral health have been well 
documented and are officially approved by the EFSA. 
Conventionally, preventive dentistry has focused on 
sugar restriction, plaque removal/oral hygiene, fluoride 
usage, fissure sealants, and education. More recently, 
these approaches have been modified by improved 
diagnostic methods to allow early identification of 
disease, together with an accurate assessment of 
disease activity. There is an opportunity for chewing 
gum to be considered as another preventive modality 
to provide an additional layer of prevention by helping 
to maintain the oral ecology in high and lower risk 
individuals and populations.

REFERENCES
1. Available from: http://www.who.org G: WHO.What is the 

burden of oral disease htm. [Last accessed on 2012 Jan 25].
2. Carranza FA, Newman MG, Glickman I. Plaque control. In: 

Carranza FA, Newman MG, Glickman I, editors. Clinical 
Periodontology. 8th ed. New York: W B Saunders Co; 
1996. p. 493.

3. Yankell SL. Toothbrushing and toothbrushing techniques. In: 
Harris NO, Christen AG, editors. Primary Preventive Dentistry. 
4th ed. New York: Appleton and Lange; 1995. p. 80.

4. Barnes VM, Santarpia P, Richter R, Curtis J, Xu T. Clinical 
evaluation of the anti-plaque effect of a commercial chewing 
gum. J Clin Dent 2005;16:1-5.

5. Edgar WM. Sugar substitutes, chewing gum and dental caries-a 
review. Br Dent J 1998;184:29-32.

6. Burt BA. The use of sorbitol- and xylitol-sweetened chewing 



H. Aravinth, et al.

2925Drug Invention Today | Vol 10 • Special Issue 2 • 2018

gum in caries control. J Am Dent Assoc 2006;137:190-6.
7. Deshpande A, Jadad AR. The impact of polyol-containing 

chewing gumson dental caries: A systematic review of original 
randomised controlled trials and observational studies. J Am 
Dent Assoc 2008; 139 (12): 1602-1614.

8. Imfeld T. Chewing gum – Facts and fiction: A review of 
gum-chewing and oral health. Crit Rev Oral Biol Med 
1999;10:405-19.

9. Mickenautsch S, Leal SC, Yengopal V, Bezerra AC, Cruvinel, V. 
Sugar-free chewing gum and dental caries: A systematic review. 
J Appl Oral Sci 2007;15:83-8.

10. Twetman, S. Consistent evidence to support the use of 
xylitol- and sorbitol-containing chewing gum to prevent dental 
caries. Evid Based Dent 2009;10:10-1.

11. Makinen KK. The rocky road of xylitol to its clinical 
application. J Dent Res 2000;79:1352-5.

12. Khathoon SM, Shabeena M. Awareness, knowledge of 
xylitol sugar free chewing gums among undergraduate dental 
students- A questionnaire. J Pharm Sci Res 2016;8:1017-20.

13. Nikiforuk G. Understanding dental caries. In: Sugar Substitutes, 
Food Additives and Dental Caries. Vol. 2.Ch. 9. Oxford: Karger 
Publication; 2013. P. 202-40.

14. Rugg-Gunn AJ. Nutrition and Dental Health. Oxford: Oxford 
University Press; 1993. p 260-84.

15. Dawes C, Macpherson LM. Effects of nine different chewing 
gums and lozenges on salivary flow rate and pH. Caries Res 
1992;6:176-82.

16. Dawes C, Kubieniec K. The effects of prolonged gum chewing 
on salivary flow rate and composition. Arch Oral Biol 
2004;49:665-9.

17. Fu Y, Li X, Ma H, Yin W, Que K, Hu D, et al. Assessment 
of chewing sugar-free gums for oral debris reduction: 
A randomised controlled crossover clinical trial. Am J Dent 
2012;25:118-22.

18. Manning RH, Edgar WM. pH changes in plaque after 
eating snacks and meals, and their modification by chewing 
sugared- or sugar-free gum. Br Dent J 1993;174:241-4.

19. Park KK, Schemehorn BR, Bolton JW, Stookey GK. Effect of 
sorbitol gum chewing on plaque pH response after ingesting 
snacks containing predominantly sucrose or starch. Am J Dent 
1990;3:185-91.

20. Dodds MW, Hsieh SC, Johnson DA. The effect of increased 
mastication by daily gum chewing on salivary gland output and 
dental plaque acidogenicity. J Dent Res 1991;70:1474-8.

21. Jenkins GN, Edgar WM. The effect of daily gum chewing on 
salivary flow rates in man. J Dent Res 1989;68:786-90.

22. Bots CP, Brand HS, Veerman EC, Valentijn-Benz M, Van 
Amerongen BM, Amerongen AV, et al. The management 
of xerostomia in patients on haemodialysis: Comparison of 
artificial saliva and chewing gum. Palliat Med 2005;19:202-7.

23. Davies AN. A comparison of artificial saliva and chewing gum 
in the management of xerostomia in patients with advanced 
cancer. Palliat Med 2000;14:197-203.

24. Tenovuo JO. Human Saliva: Clinical Chemistry and 
Microbiology, Collection and Treatment of Secretion of the 
Minor Salivary Glands. Washington, DC: Library of Congress 
Cataloging in Publication; 1989. p. 26-54.

25. Creanor SL, Strang R, Gilmour WH, Foye RH, Brown J, 
Geddes DA, et al. The effect of chewing gum use on in situ 
enamel lesion remineralisation. J Dent Res 1992;71:1895-900.

26. Leach SA, Lee GT, Edgar WM. Remineralisation of artificial 
caries-like lesions in human enamel in situ by chewing sorbitol 
gum. J Dent Res 1989;68l:1064-8.

27. Manning RH, Edgar WM. Salivary stimulation by chewing 
gum and its role in the remineralisation of caries-like lesions in 
human enamel in situ. J Clin Dent 1992;3:71-4.

28. Manning RH, Edgar WM, Agalamanyi EA. Effects of chewing 
gums sweetened with sorbitol or a sorbitol/xylitol mixture on 
the remineralisationof human enamel lesions in situ. Caries Res 
1992;26:104-9.

29. Beiswanger BB, Boneta AE, Mau MS, Katz BP, Proskin HM, 
Stookey GK. The effect of chewing sugar-free gum after meals 

on clinical caries incidence. J Am Dent Assoc 1998;129:1623-26.
30. Machiulskiene V, Nyvad B, Baelum V. Caries preventive effect 

of sugar-substituted chewing gum. Community Dent Oral 
Epidemiol 2001;29:278-88.

31. Szöke J, Banoczy J, Proskin HM. Effect of after-meal sucrose-
free gum chewing on clinical caries. J Dent Res 2001;80:1725-9.

32. Rethman MP, Beltran-Aguilar ED, Billings RJ, Hujoel PP, 
Katz BP, Milgrom P, et al. Non-fluoride caries-preventive 
agents: Executive summary of evidence-based clinical 
recommendations. J Am Dent Assoc 2011;142:1065-71.

33. Yankell SL, Emling RC. Efficacy of chewing gum in preventing 
extrinsic tooth staining. J Clin Dent 1997;8:169-72.

34. Biesbrock AR, Walters P, Bartizek RD. A chewing gum 
containing7.5% sodium hexametaphosphate inhibits stain 
deposition compared with a placebo chewing gum. Compend 
Contin Educ Dent 2004;25:253-64.

35. Porciani PF, Perra C, Grandini S. Effect on dental stain 
occurrence by chewing gum containing sodium tripolyphosphate 
– A double-blind six-week trial. J Clin Dent 2010;21:4-7.

36. Terezhalmy GT, Bsoul SA, Bartizek RD, Biesbrock AR. Plaque 
removal efficacy of a prototype manual toothbrush versus an 
ADA reference manual toothbrush with and without dental 
floss. J Contemp Dent Pract 2005;6:1-13.

37. Warren PR, Chater BV. An overview of established interdental 
cleaning methods. J Clin Dent 1996;7:65-9.

38. Segelnick SL. A survey of floss frequency, habit and technique 
in a hospital dental clinic and private periodontal practice. N Y 
State Dent J 2004;70:28-33.

39. Addy M, Perriam E, Sterry A. Effects of sugared and sugar-free 
chewing gum on the accumulation of plaque and debris on the 
teeth. J Clin Periodontol 1982;9:346-54.

40. Hanham A, Addy M. The effect of chewing sugar-free gum 
on plaque regrowth at smooth and occlusal surfaces. J Clin 
Periodontol 2001;28:255-7.

41. Pizzo G, Licata ME, La Cara M, Pizzo I, Guiglia R, Melilli D. 
The effects of sugar-free chewing gums on dental plaque 
regrowth: A comparative study. J Dent 2007;35:503-8.

42. Kakodkar P, Mulay S. Effect of sugar free gum in addition to 
tooth brushing on dental plaque and interdental debris. Dent 
Res J (Isfahan) 2011;7:64-9.

43. Edgar M, Dawes C. Saliva and Oral Health. 3rd ed. London: 
BDJ Books; 2004. p. 146.

44. Rosan B, Lamont RJ. Dental plaque formation. Microbes Infect 
2000;2:1599-607.

45. Sbordone L, Bortolaia C. Oral microbial biofilms and plaque-
related diseases: Microbial communities and their role in 
the shift from oral health to disease. Clin Oral Investig 
2003;7:181-8.

46. Leme A, Koo H, Bellato C. The role of sucrose in cariogenic 
dental biofilm formation - New insight. J Dent Res 
2006;85:878-87.

47. Jakubovics NS. Talk of the town: Interspecies communication 
in oral biofilms. Mol Oral Microbiol 2010;25:4-14.

48. Furness S, Worthington H. Interventions for the management 
of dry mouth: Topical therapies. Cochrane Database Syst Rev 
2011;12:1-106.

49. EFSA Panel on Dietetic Products Nutrition and Allergies 
(NDA). Scientific opinion on the substantiation of health 
claims related to sugar-free chewing gum and dental and oral 
health, including gum and tooth protection and strength (ID 
1149), plaque acid neutralization (ID 1150), maintenance of 
tooth mineralization (ID 1151), reduction of oral dryness (ID 
1240), and maintenance of normal body weight (ID 1152) 
pursuant article 13(1) of regulation (EC) No 1924/2006. EFSA 
J 2009;7:1271.

50. Nancollas G, Johnsson M. Calculus formation and inhibition. 
Adv Dent Res 1994;8:307-11.

51. White DJ. Dental calculus: Recent insights into occurrence, 
formation, prevention, removal and oral health effects of 
supragingival and subgingival deposits. Eur J Oral Sci 
1997;105:508-22.

52. Dawes C, Dong C. The flow rate and electrolyte composition 



H. Aravinth, et al.

Drug Invention Today | Vol 10 • Special Issue 2 • 20182926

of whole saliva elicited by the use of sucrose-containing and 
sugar-free chewing-gums. Arch Oral Biol 1995;40:699-705.

53. Fure S, Lingström P, Birkhed D. Effect of three months’ 
frequent use of sugar free chewing gum with and without urea 
on calculus formation. J Dent Res 1998;77:1630-7.

54. Lingström P, Fure S, Dinitzen B, Fritzne C, Klefbom C, 
Birkhed D. The release of Vitamin C from chewing gum and 
its effects on supragingival calculus formation. Eur J Oral Sci 
2005;113:20-7.

55. Wessel SW, Chen Y, Maitra A, Van den Heuvel ER, Slomp AM, 
Busscher HJ, et al. Adhesion forces and composition of 
planktonic and adhering oral microbiomes. J Dent Res 
2013;93:84-8.

56. Tang G, Yip HK, Samaranayake LP, Chan KY, Luo G, 
Fang HH. Direct detection of cell surface interactive forces of 
sessile, fimbriated and nonfimbriated Actinomyces spp. using 
atomic force microscopy. Arch Oral Biol 2004;49:727-38.

57. Van der Mei HC, Kamminga-Rasker HJ, De Vries J, 
Busscher HJ. The influence of a hexametaphosphate-containing 
chewing gum on the wetting ability of salivary conditioning 
films in vitro and in vivo. J Clin Dent 2003;14:14-8.

58. Busscher HJ, White DJ,Rasker HJ, Poortinga AT, Van der 
Mei HC. Influence of oral detergents and chlorhexidine on soft-
layer electrokinetic parameters of the acquired enamel pellicle. 
Caries Res 2003;37:431-6.

59. Van der Mei HC, White DJ, Cox E, Geertsema-Doornbusch G, 
Busscher HJ. Bacterial detachment from salivary conditioning 
films by dentifrice supernates. J Clin Dent 2002;13:44-9.

60. Dawes C, Tsang RW, Suelzle T. The effects of gum chewing, 
four oral hygiene procedures, and two saliva collection 
techniques, on the output of bacteria into human whole saliva. 
Arch Oral Biol 2001;46:625-32.

61. EFSA Panel on Dietetic Products Nutrition and Allergies 
(NDA). Scientific opinion on the substantiation of health 
claims related to sugar free chewing gum and reduction of 
dental plaque (ID 3084) pursuant to article 13 (1) of regulation 
(EC) No 1924/2006. EFSA J 2010;8:1480.

62. Mouton C, Scheinin A, Mäkinen K. Effect on plaque of a 
xylitol-containing chewing-gum: A clinical and biochemical 

study. Acta Odontol Scand 1975;33:33-40.
63. Imfeld T. Chlorhexidine-containing chewing gum. Schweiz 

Monatsschr Zahnmed 2006;116:476-83.
64. Cosyn J, Verelst K. An efficacy and safety analysis of a 

chlorhexidine chewing gum in young orthodontic patients. 
J Clin Periodontol 2006;33:894-9.

65. Dodds M. The oral health benefits of chewing gum. J Ir Dent 
Assoc 2012;58:253-61.

66. Ainamo J, Nieminen A, Westerlund U. Optimal dosage of 
chlorhexidine acetate in chewing gum. J Clin Periodontol 
1990;17:729-33.

67. Marwaha M, Bhat M. Antimicrobial effectiveness of 
chlorhexidine chewing gums on Streptococcus mutans 
counts – An in vivo microbiological study. J Clin Pediatr Dent 
2010;35:31-5.

68. Söderling E, Elsalhy M, Honkala E, Fontana M, Flannagan S, 
Eckert G, et al. Effects of short-term xylitol gum chewing on 
the oral microbiome. Clin Oral Investig 2015;19:237-44.

69. Söderling E, Hirvonen A, Karjalainen S, Fontana M, Catt D, 
Seppä L. The effect of xylitol on the composition of the oral 
flora: A pilot study. Eur J Dent 2011;5:24-31.

70. Keukenmeester R, Slot D, Rosema N, Van Loveren C, Van der 
Weijden G. Effects of sugar-free chewing gum sweetened with 
xylitol or maltitol on the development of gingivitis and plaque: 
A randomized clinical trial. Int J Dent Hyg 2014;2:1-7.

71. Campus G, Cagetti MG, Sacco G, Solinas G, Mastroberardino S, 
Lingström P. Six months of daily high dose xylitol in high-risk 
schoolchildren: A randomized clinical trial on plaque pH and 
salivary Mutans streptococci. Caries Res 2009;43:455-61.

72. Zero D. Are sugar substitutes also anticariogenic? J Am Dent 
Assoc 2008;139:9S-10.

73. Fontana M, González-Cabezas C. Are we ready for definitive 
clinical guidelines on xylitol/polyol use? Adv Dent Res 
2012;24:123-8.

74. Christensen LV, Tran KT, Mohamed SE. Gum chewing and jaw 
muscle fatigue and pains. J Oral Rehabil 1996;23:424-37.

Source of support: Nil; Conflict of interest: None Declared


