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Abstract: Xylitol is a naturally occurring sweetener that cannot be metabolized by oral microorganisms. When used
as sugar substitute, it can lead to a reduction in dental caries incidence. The use of xylitol and other sugar
alternatives is not common practice in restorative dentistry. One reason for this could be the lack of understanding of
the proper rationale for utilizing such a preventive modality. This effort aims to summarize the literature concerned
with xylitol in chewing gums and provides a concise guideline for the use of this preventive approach in clinical

practice.
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Introduction

Dental caries is a bacterial disease with a
multifactorial etiology. Caries occurs due to an
imbalance between the protective and pathological
factors within the oral environment (Figure 1). This
same concept can also be expanded to include
recurrent caries (also known as secondary caries)
which is basically primary caries related to the
margins of existing dental restorations. Dental caries is
still widely spread in many regions of the world and is
considered the most common chronic disease affecting
the human population(Petersen, Bourgeois et al. 2005;
Jin, Lamster et al. 2016).

Management of dental caries involves several
approaches. Until recently, the surgical excavation of
the infected tooth structure was the only method for
dealing with the disease. In some parts of the world,
this is the primary method that dentists use to manage
the disease. In fact, from personal interaction with
patients, they are expecting the use of rotary
instruments when visiting the dental office. The focus
on preventive and minimally invasive methods is
starting to get traction. Among these, dietary
restriction of fermentable carbohydrates is a viable
option. As patients are accustomed to the sweet taste,
the use of sugar substitutes can be a very effective
strategy to restrict the consumption of caries-inducing
sugars.

There is a direct benefit to limiting dietary intake
of sucrose and other fermentable carbohydrates. Given
the major effect that sugar ingestion plays in the
development of caries, strategies restricting the
exposure to sugars can be used to counteract certain
parts of the etiology by replacing sugars with other
ingredients(Burt 2006). The use of these sugar
alternatives, or substitutes, is increasingly getting
more attention owing to the multifactorial nature of
the caries process. Sugar substitutes are low- or non-
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cariogenic sugars that cannot be metabolized
effectively by cariogenic bacteria. Multiple reports
have documented the benefits of sugar-free chewing
gums in reducing dental caries (Burt 2006; Deshpande
and Jadad 2008; Mickenautsch and Yengopal 2012).

The purpose of this report is to provide clinicians
interested in utilizing the preventive actions of xylitol,
especially xylitol-containing chew gums, to manage
their patients and to incorporate the chewing gums
into caries prevention regimens. A concise overview
of xylitol characteristics, mechanism of action, and
evidence of caries prevention as well as the reported
dosage will be presented. By providing answers for
five simple questions: “what, how, how much, who,
and what if...” dentists and dental students as well as
policy makers can have a general understanding of the
benefits and implications for incorporating such a
modality in the established clinical system.

Xylitol... [the what...?]

Carbohydrates in general can be divided into
simple and complex based on the composition. Simple
sugars (also known as monosaccharides) tend to be
utilized readily by the body owing to their simple
structure that is made of a single carbon atom.
Consequently, it can be fermented by cariogenic
bacteria leading to rapid production of lactic acid in
the dental biofilm and saliva. Examples of simple
sugars include glucose, fructose, and galactose.
Disaccharides are another category of simple sugars
that contains two carbons and are usually made of at
least of two units of simple sugars. Among these,
sucrose is the most cariogenic since it can be broken
down into two molecules of glucose leading to large
energy production and byproducts by oral
bacteria(Peldyak and Makinen 2002). Complex sugars
(also known as polysaccharides) require local
digestion by oral enzymes in order to be broken down
to a form that can be utilized by cariogenic bacteria. It
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tends to be less cariogenic unless it is consumed in
conjunction with simple sugars. These sugars
cumulatively along with sugar alcohols (polyols) are
referred as bulk sweeteners and used in baking and
confectionery products such as chewing gum, candies,
chocolates, and mints. Also, they can be used in
dentifrices and mouth rinses and cough syrups and
throat lozenges (Zero 2008).

To counteract the effect of sugar fermentation of
the sugars mentioned above, sweeteners were
introduced. These sugar substitutes can be divided into
intense (high intensity) and bulk sweeteners (Table 1).
Among these sugar substitutes, Xylitol is very
important owing to its non-cariogenic properties.
Furthermore, sometimes xylitol can be considered as
anti-cariogenic because it affects the metabolism of
oral bacteria(Peldyak and Makinen 2002; Zero 2008).
Xylitol is found naturally in birch trees and xylan-
producing trees as well as in small amounts in fruits
and vegetables. Xylitol has the same sweetness as
sucrose(Natah, Hussien et al. 1997)and was found
previously to be metabolized slowly or not effectively
by Streptococcus mutansleading to reduction in the
incidence of dental caries (Shaw 1976; Pihlanto-
Leppala, Soderling et al. 1990).

Mode of action... [thehow...?]

Xylitol and other polyols were first approved by
the FDA in 1998 as preventive agents for dental
caries. The reported mechanisms for the inhibitory
action of xylitol in chewing gum are shown in Figure
2. These effects are mostly due to the inhibitory effect
of xylitol to the metabolic pathways of caries-
producing oral microorganism (Makinen 2000). In
addition of not being metabolized by S.mutans
(Ghezzi 2014), xylitol interferes with the adherence of
cariogenic bacteria to dental hard tissues by affecting
the extracellular polysaccharides production. These
microorganisms cannot adhere properly to the tooth
structure leading to a reduced overall caries experience
(Loesche, Grossman et al. 1984) and vertical
transmission (Trahan, Soderling et al. 1992). Further, a
significant decrease in S. mutans quantities in saliva
and plaque was reported with the frequent use of
xylitol (Trahan 1995).

Recent systematic reviews show evidence that
the frequent use of xylitol-containing chewing gums
can reduce the occurrence of dental caries(Deshpande
and Jadad 2008; Mickenautsch and Yengopal 2012).
Even though this evidence was recorded with the use
of other polyols such as sorbitol, the non-cariogenic

potential of xylitol renders it more attractive
for preventive and management protocols.

Chewing gum is increasingly utilized for the
delivery of multiple active ingredients (Dodds 2012).
Typically, chewing gum for the delivery of polyol,
including xylitol, tends to be cheaper than other
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alternatives. This would allow it to be easily
incorporated into preventive protocols for individual
as well as on small community scales. The delivery of
xylitol via chewing gum has been previously reported
as convenient and as effective in producing adequate
salivary stimulation (Tanzer 1995; Edgar 1998). Up to
12 folds increase in salivary flow rate can take place
while chewing gum (Dawes 2010). This effect can last
for up to seven minutes and tapers down to a sustained
two fold increase after the gum sweetness fades
(Dawes and Kubieniec 2004). Increased salivary flow
will enhance the cleansing action of saliva as well as
facilitate remineralization of incipient lesions due to
the abundance of minerals found in the saliva.

Several investigators compared xylitol chewing
gum to placebo and found a significant difference
between the caries experience in the two groups
(Kandelman and Gagnon 1990; Makinen, Bennett et
al. 1995; Hildebrandt and Sparks 2000; Campus,
Cagetti et al. 2009). These authors attributed the caries
reduction compared to non-chewing gum controls to
the salivary stimulation effect while chewing. Still,
several investigations showed a direct effect for
chewing gum containing xylitol on caries increments
compared to negative controls as well as to chewing
gums containing other sugar alcohols (Van Loveren
2004; Soderling 2009).

Many clinical trials suggest greater reduction in
caries from chewing gums sweetened with xylitol than
from sorbitol-sweetened gums (Makinen, Bennett et
al. 1995; Machiulskiene, Nyvad et al. 2001; Van
Loveren 2004). In a study that was a part of the Turku
sugar research, the control group received chewing
gum sweetened with sucrose and the study group
received xylitol-sweetened gum (50% xylitol and 6%
sorbitol). The control group developed 3 new DMFS,
while DMFS in the xylitol group decreased by 1
(Scheinin, Makinen et al. 1975). Evidence also shows
that habitual use of gum sweetened with xylitol can
reduce dental biofilm accumulation (Makinen, Chen et
al. 1996) as well as provide a marked decrease in
patient’s caries risk compare to sorbitol-containing
chew gums (Burt 2006).

Effective dose... [the how much...?]

The recommended dose of xylitol to achieve
caries preventive effect can be set around the
consumption of 6 grams per day divided into multiple
sessions(Twetman 2010). Still, a range between 4 and
12 g per day can be found in the literature as well
(Peldyak and Makinen 2002). Clinical guidelines state
that the maximum recommended dose of xylitol for
individuals over 6 years of age not to exceed 10 g per
day (Jenson, Budenz et al. 2007). The consumption of
the chewing gum should be extended for
approximately 10 minutes to achieve the maximum
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benefit for the exposure to xylitol (Hurlbutt and
Young 2014).

To reach the daily recommended dose of xylitol
in chewing gum, dentists should know the
concentration of xylitol in the recommended products.
Not all products can deliver the recommended dose
efficiently. In a report by Bouges and colleagues, the
authors reviewed 49 products carrying the “sugar free”

label. Only two out of ten brands of chewing gum can
deliver the 6 g/day xylitol with the use of a reasonable
number of gum pellets (Bouges, Awn et al. 2017).
This dose should by divided over the course of the
day. Exposure to xylitol for three times daily is the
minimum frequency to achieve effective caries
reduction (Makinen, Bennett et al. 1995).

Pathologic factors Vedi Protective factors
{mezative forces) (positive forces)
Low flowr rate (0.7 mL 'n1in ) Adecuate fow rate (0.7 mL min.)
Insdequate bufferine . Salivary F Adequate buffering
Debydration Adequate body bydraton
High Soepiococous mmisns and Low Steptococcns nmtans and
Lactobacellus coumts =100, 000 Bacterial count r Lactobacellas coumnts (= 100, 000
CFUE) CFLUs)
Hiph in fermeatable carboldrate Digtary combent Low in fermisntable carboliydrates
Muldple exposures to fermentable Less frequency of exposre o
carbolnedrates and Dnetary habits fermentable carbobydrates and
canogenic snscks bemresn meals bealthy smacks with meals
. . At least brushing twice dadly with a
Inronsisient bmshime hebits . Brozhing 4 B Srofam
Inadequate fuonde exponme . Flooride expocure 4 Winltple sources of fluonide
Mo major bealth issues affecting
Presence of bealth issues that can salivary
sifect salivary Sow’ Physical Systemic conditions F o radiotherapy!
hisabiliry Mo medications affecting saliva
N physical disability

Figure 1. Force field analysis of the balance between pathological and protective factors in the oral cavity that

contribute to dental caries

Target population [the who...?]

The use of sugar-free products is potentially
beneficial to certain groups of people who have issues
with increased consumption of sugars. Still, in order to
decrease the caries risk for the patients, multiple
factors including: saliva, fluoride, and improving oral
hygiene play a role along with the reduction of sugars
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(Featherstone 2004). Xerostomic patients, elderly
patients with susceptibility to root caries, pregnant and
nursing women can benefit from incorporating xylitol-
containing chewing gums in their caries preventive
protocols(Makinen, Pemberton et al. 1996).

There is established evidence that the early use of
xylitol by parents and care givers can lead to a
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reduction in caries incidence in the offspring. This is
mainly attributed to the decrease in the vertical
transmission of S. mutans from mother to child
(Isokangas, Soderling et al. 2000; Soderling,
Isokangas et al. 2000). As the child-mother interaction
is the primary source of acquiring the cariogenic
species (Li and Caufield 1995), mothers and care
givers can be instructed to use xylitol products to
decrease such transmission. Its utilization during the
“window of infectivity” period, which spans between
ages of 19 and 35 months (Caufield, Cutter et al. 1993;
Kohler and Andreen 1994), can reduce or delay S.
mutans transmission leading to fewer DMFS scores
later in life (Straetemans, van Loveren et al. 1998).
Safety and side effects [the what if...?]

So does xylitol have side effects and what are the
safety considerations if the recommended dose is
exceeded? Xylitol, as well as other sugar alcohols, can
be consumed without side effects up to concentrations
in the range of 8 to 10 g/day (Forster, Quadbeck et al.
1982); however, at such quantities a laxative effect
was reported. In fact, a study reported that laxative
effect can take place only when doses as high as 15
g/day are used (Jang, Ju et al. 2012). To reach such a
high concentration, the patient needs to consume more
than ten gum sticks per day (Dodds 2012). Even
though the use of chewing gum is considered safe in
general, dentists should refrain from recommending
gum chewing for small children below the school age

to avoid potential choking hazards. Also, the use of
chewing gum is not advisable for patients with
temporomandibular dysfunction or for patients
suffering from jaw pain or stiffness (Christensen, Tran
et al. 1996).

Recommendations [the What...? So what...? and
Now what...?]

Secondary preventive measures such as the use
of chewing gums are seldom used by dental
professionals(Longbottom, Ekstrand et al. 2009).
Since the effectiveness of such modalities has been
recognized, it is essential to increase the awareness of
dentists in utilizing such effective modality than can
be a valid alternative to surgical measures for caries
management(Longbottom, Ekstrand et al. 2009;
Tellez, Gomez et al. 2013).

As reported above, there is strong evidence that
the regular use of xylitol-containing chewing gum can
prevent dental caries if used in conjunction with other
oral measures. This concept can also be expanded to
community-level initiatives as a public-health
preventive approach. As suggested by management
protocols of Caries Management by Risk Assessment
(CAMBRA) model, the incorporation of sessions of
chewing xylitol-sweetened guminto the regimen is
effective. Of course this should be considered in
addition to the use of other measures such as fluoride
and oral hygiene practices. The additive effect of these
measures can promote a healthier oral environment.
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Figure 2. Possible caries preventive mechanisms of xylitol
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Table 1. Types and properties of sweeteners (Van Loveren 2004; Ly, Milgrom et al. 2008) — adapted.

Relative
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SICTDSE
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Fructosa 4.0 15
Drigtary - - -
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Sugar Chewing mums, : :
alcohols munts and oral o
(polyols) care product: Lactirel 002 0.4
Isomalt 20 0.5
Iylitod 214 0 -
Yes Mo ';DT
Eryihritol 002 0.8
Aremifime-F 0.0 200
Tahle m=ar =
replacement. in Asparame 0.0 180
Infemse sugars diet beveragzes Ko Ko Lo
and in reduced Saccharin 0.0 300
reone Sucralose 0.0 500

Declaration of interests

The author declares no conflict of interest.

Corresponding Author:

Dr. Hani Nassar at King Abdulaziz University Faculty
of Dentistry,

Tel: +966 12 6400000, ext. 20330;

Fax: +966 12 6403316,

E-mail address: hnassar@kau.edu.sa

References

1. Bouges, S., S. Awn, et al. (2017). "Overview of
Sugar-Free Products in Saudi Arabia." Egyptian
Dental Journal 63(April): 559-566.

2. Burt, B. A. (2006). "The use of sorbitol- and
xylitol-sweetened chewing gum in caries
control." J Am Dent Assoc 137(2): 190-196.

3.  Campus, G., M. G. Cagetti, et al. (2009). "Six

months of daily high-dose xylitol in high-risk
schoolchildren: a randomized clinical trial on
plaque pH and salivary mutans streptococci.”
Caries Res 43(6): 455-461.

64

4. Caufield, P. W., G. R. Cutter, et al. (1993).
"Initial acquisition of mutans streptococci by
infants: evidence for a discrete window of
infectivity." J Dent Res 72(1): 37-45.

5.  Christensen, L. V., K. T. Tran, et al. (1996).
"Gum chewing and jaw muscle fatigue and
pains." J Oral Rehabil 23(6): 424-437.

6. Dawes, C. (2010). "Xylitol as caries prevention?"
Caries Res 44(2): 170; author reply 170.

7. Dawes, C. and K. Kubieniec (2004). "The effects
of prolonged gum chewing on salivary flow rate
and composition." Arch Oral Biol 49(8): 665-
669.

8. Deshpande, A. and A. R. Jadad (2008). "The
impact of polyol-containing chewing gums on
dental caries: a systematic review of original
randomized controlled trials and observational
studies." J Am Dent Assoc 139(12): 1602-1614.

9. Dodds, M. W. (2012). "The oral health benefits
of chewing gum." J Ir Dent Assoc 58(5): 253-
261.




Journal of American Science 2017;13(9)

http://www.jofamericanscience.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Edgar, W. M. (1998). "Sugar substitutes,
chewing gum and dental caries--a review." Br
Dent J 184(1): 29-32.

Featherstone, J. D. (2004). "The caries balance:
the basis for caries management by risk
assessment.” Oral Health Prev Dent 2 Suppl 1:
259-264.

Forster, H., R. Quadbeck, et al. (1982).
"Metabolic tolerance to high doses of oral xylitol
in human volunteers not previously adapted to
xylitol." Int J Vitam Nutr Res Suppl 22: 67-88.
Ghezzi, E. M. (2014). "Developing pathways for
oral care in elders: evidence-based interventions
for dental caries prevention in dentate elders."
Gerodontology31 Suppl 1: 31-36.

Hildebrandt, G. H. and B. S. Sparks (2000).
"Maintaining mutans streptococci suppression
with xylitol chewing gum." J Am Dent Assoc
131(7): 909-916.

Hurlbutt, M. and D. A. Young (2014). "A best
practices approach to caries management." J Evid
Based Dent Pract 14 Suppl: 77-86.

Isokangas, P., E. Soderling, et al. (2000).
"Occurrence of dental decay in children after
maternal consumption of xylitol chewing gum, a
follow-up from 0 to 5 years of age." J Dent Res
79(11): 1885-1889.

Jang, S. Y., E. Y. Ju, et al. (2012). "First flatus
time and xerostomia associated with gum-
chewing after liver resection.”" Journal of Clinical
Nursing 21(15-16): 2188-2192.

Jenson, L., A. W. Budenz, et al. (2007). "Clinical
protocols for caries management by risk
assessment." J Calif Dent Assoc 35(10): 714-723.
Jin, L. J., I. B. Lamster, et al. (2016). "Global
burden of oral diseases: emerging concepts,
management and interplay with systemic health."
Oral Dis 22(7): 609-619.

Kandelman, D. and G. Gagnon (1990). "A 24-
month clinical study of the incidence and
progression of dental caries in relation to
consumption of chewing gum containing xylitol
in school preventive programs." J Dent Res
69(11): 1771-1775.

Kohler, B. and I. Andreen (1994). "Influence of
caries-preventive measures in mothers on
cariogenic bacteria and caries experience in their
children." Arch Oral Biol 39(10): 907-911.

Li, Y. and P. W. Caufield (1995). "The fidelity of
initial acquisition of mutans streptococci by
infants from their mothers." J Dent Res 74(2):
681-685.

Loesche, W. J., N. S. Grossman, et al. (1984).
"The effect of chewing xylitol gum on the plaque
and saliva levels of Streptococcus mutans." J Am
Dent Assoc 108(4): 587-592.

65

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Longbottom, C., K. Ekstrand, et al. (2009).
"Traditional preventive treatment options."
Monogr Oral Sci 21: 149-155.

Longbottom, C., K. Ekstrand, et al. (2009).
"Novel preventive treatment options." Monogr
Oral Sci 21: 156-163.

Ly, K. A, P. Milgrom, et al. (2008). "The
potential of dental-protective chewing gum in
oral health interventions." J Am Dent Assoc
139(5): 553-563.

Machiulskiene, V., B. Nyvad, et al. (2001).
"Caries preventive effect of sugar-substituted
chewing gum." Community Dent Oral Epidemiol
29(4): 278-288.

Makinen, K. K. (2000). "Can the pentitol-hexitol
theory explain the clinical observations made
with xylitol?" Med Hypotheses 54(4): 603-613.
Makinen, K. K., C. A. Bennett, et al. (1995).
"Xylitol chewing gums and caries rates: a 40-
month cohort study." J Dent Res 74(12): 1904-
1913.

Makinen, K. K., C. Y. Chen, et al. (1996).
"Properties of whole saliva and dental plaque in
relation to 40-month consumption of chewing
gums containing xylitol, sorbitol of sucrose.”
Caries Res 30(3): 180-188.

Makinen, K. K., D. Pemberton, et al. (1996).
"Polyol-combinant saliva stimulants and oral
health in  Veterans Affairs patients--an
exploratory study." Spec Care Dentist 16(3):
104-115.

Mickenautsch, S. and V. Yengopal (2012).
"Effect of xylitol versus sorbitol: a quantitative
systematic review of clinical trials." Int Dent J
62(4): 175-188.

Natah, S. S., K. R. Hussien, et al. (1997).
"Metabolic response to lactitol and xylitol in
healthy men." American Journal of Clinical
Nutrition 65(4): 947-950.

Peldyak, J. and K. K. Makinen (2002). "Xylitol
for caries prevention." J Dent Hyg76(4): 276-
285.

Petersen, P. E., D. Bourgeois, et al. (2005). "The
global burden of oral diseases and risks to oral
health." Bulletin of the World Health
Organization 83(9): 661-669.

Pihlanto-Leppala, A., E. Soderling, et al. (1990).
"Expulsion mechanism of xylitol 5-phosphate in
Streptococcus mutans." Scand J Dent Res98(2):
112-119.

Scheinin, A., K. K. Makinen, et al. (1975).
"Turku sugar studies XVIII. Incidence of dental
caries in relation to 1-year consumption of xylitol
chewing gum." Acta Odontol Scand 33(5): 269-
278.




Journal of American Science 2017;13(9)

http://www.jofamericanscience.org

38.

39.

40.

41.

42.

43.

Shaw, J. H. (1976). "Inability of low levels of
sorbitol and mannitol to support caries activity in
rats." J Dent Res 55(3): 376-382.

Soderling, E., P. Isokangas, et al. (2000).
"Influence of maternal xylitol consumption on
acquisition of mutans streptococci by infants." J
Dent Res79(3): 882-887.

Soderling, E. M. (2009). "Xylitol, mutans
streptococci, and dental plaque." Adv Dent Res
21(1): 74-78.

Stractemans, M. M., C. van Loveren, et al.
(1998). "Colonization with mutans streptococci
and lactobacilli and the caries experience of
children after the age of five." J Dent Res 77(10):
1851-1855.

Tanzer, J. M. (1995). "Xylitol chewing gum and
dental caries." Int Dent J45(1 Suppl 1): 65-76.
Tellez, M., J. Gomez, et al. (2013). "Non-surgical
management methods of noncavitated carious
lesions." Community Dent Oral Epidemiol 41(1):
79-96.

9/19/2017

66

44,

45.

46.

47.

48.

Trahan, L. (1995). "Xylitol: a review of its action
on mutans streptococci and dental plaque--its
clinical significance." Int Dent J 45(1 Suppl 1):
77-92.

Trahan, L., E. Soderling, et al. (1992). "Effect of
xylitol consumption on the plaque-saliva
distribution of mutans streptococci and the
occurrence and long-term survival of xylitol-
resistant strains." J Dent Res 71(11): 1785-1791.
Twetman, S. (2010). "Treatment protocols:
nonfluoride management of the caries disease
process and available diagnostics." Dent Clin
North Am 54(3): 527-540.

Van Loveren, C. (2004). "Sugar alcohols: what is
the evidence for caries-preventive and caries-
therapeutic effects?" Caries Res38(3): 286-293.
Zero, D. T. (2008). "Are sugar substitutes also
anticariogenic?" J Am Dent Assoc 139 Suppl:
9S-10S.




