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Abstract

Xylitol is a polyol, five-carbon sugar alcohol classified as a natural sugar substitute. Even though its sweetness
degree is similar to sucrose, it is less caloric. Dentists became interested in xylitol after the publication of the
data of the “Turku sugar studies” in the 1970’s, which turned out to be promising in caries reduction. Presently,
xylitol is recognized to be a safe dental caries preventive measure, having approval as a dietary food additive.
It possesses properties that reduce the levels of Streptococcus mutans bacteria in the dental plaque and saliva due
to the disruption of the energy production process leading to bacterial cell death, adhesion reduction to the teeth
and less lactic acid production. Xylitol can also cause the disruption of bacterial protein synthesis. Its impact on
the remineralization process results from the formation of polyol-Ca complexes, constituting a calcium carrier that
leads to a raised level of calcium in dental plaque, where the additional calcium increases remineralization instead
of plaque mineralization.

Currently, xylitol is mostly used in chewing gum, chewable or soluble tablets, syrups, mints, mouth-wash liquids
and wipes. The AAPD recommends the use of xylitol as a part of a preventive strategy aimed to achieve long-
term suppression of cariogenic pathogens and a reduction of caries development in moderate and high caries risk
subjects. However, to obtain those goals, a therapeutic dose is needed (Dent. Med. Probl. 2015, 52, 4, 479-484).
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Xylitol is a 5-carbon sugar alcohol, alditol,
polyol, that has been accepted for use in food,
medicines and products for oral health-keeping
in a great number of countries. Xylitol has got ap-
proval, as a sweetener, from the US FDA in 1963,
while the Scientific Committee on Food of the
Commission of the European Communities ap-
proved it in 1984, classifying the compound with
the E967 number. It is also referred to as birch sug-
ar. It is naturally present in some fruits and vegeta-
bles, nonetheless, birch, beech, oat, corn or sugar-
cane bargasse are used as raw materials to extract
the compound. It is manufactured, in industrial
quantities, by hydrogenation of xylan (hemicellu-
lose), attained from a xylan-rich wooden materi-
al through acid hydrolysis. The compound is also
formed in the human body in the glucose meta-
bolic process [1, 2]. Xylitol is considered to be one

of the nutritious sweeteners that provide energy.
Nonetheless, in comparison with sucrose, it con-
tains fewer calories (4 kcal/g vs. 2.4 kcal/g, respec-
tively). Due to its mildly sweet taste, it can replace
the bulk and sweetness of sugar in foods and en-
hance the flavor of sugar-free foods.

Ingested xylitol is absorbed by the body only
partially, then it is either metabolized (generally
by insulin-independent mechanisms) or excreted
via the urinary tract, with the unabsorbed com-
pound partially fermented in the colon and ex-
creted. A high level of consumption (45 g per day
in children, 100 g per day in adults) may result in
a laxative effect — osmotic diarrhea [3].

When it comes to medical applications, xyli-
tol has been used for a long time in infusion ther-
apy in the patients during post-surgery recovery,
as well as in patients suffering from severe burns
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or shock and in the diet of patients suffering from
diabetes [4]. Dental practitioners became interest-
ed in xylitol after the publication of the results of
a cycle of studies named “Turku sugar studies”,
presenting the multi-dimensional effect a xyli-
tol-based diet has on the oral environment. Af-
ter 2 years, starting from the moment when su-
crose was replaced by xylitol in the food of the
adults, it was proven that no caries increment was
observed, thus a conclusion was drawn that the
non-cariogenic properties of xylitol are related
to not being metabolized by salivary and plaque
bacteria [5]. Next, in a double-blind study lasting
40 months, the impact on dental caries resulting
from the use of chewing gums with xylitol, sor-
bitol and sucrose by children was compared. The
lowest incidence of dental caries was found in the
xylitol group [6].

Xylitol is currently used as a preventive mea-
sure in the form of chewing gum, chewable or
soluble tablets, syrups, mints, mouth-wash lig-
uids, tooth-paste, dental floss and oral wipes that
are used to maintain oral hygiene in infants. Jelly
beans and other sweets and milk can also be used
as a carrier for xylitol [2, 7].

Properties and Mechanism
of Action

Xylitol, during dissolution in saliva, similar-
ly to mint, produces a cool feeling in the oral cav-
ity. This feeling results from the fact that xylitol
absorbs more heat in the process of dissolution in
water than sucrose does.

Impact on Bacteria
and Plaque

Xylitol reduces-plaque formation and bacteria
adherence, and it also reduces the degree of Strep-
tococcus mutans adhesion to dental surfaces. Pro-
longed use of xylitol results in an increase in the
number of S. mutans strains that are xylitol-resis-
tant. This resistance originates from the fact that
these microorganisms have a changed fructose ab-
sorption system and are unable to transport xyli-
tol to the bacterial cell in which, after accumula-
tion, it would exhibit a toxic effect. On the oth-
er hand, the xylitol-sensitive bacteria transport it
to the cell after phosphorylation to xylitol-5-phos-
phate, via the system relevant for fructose (phos-
phoenolpyruvate: fructose phosphotransferase).
Xylitol-5-phosphate competes with phosphofruc-
tokinase, and it may thus hamper the glycolysis
process. The xylitol-5-phosphate contained inside

the cell is not being metabolized. It reaches toxic
levels and needs to be expelled from the cell, af-
ter the previous dephosphorylation. The expulsion
requires some amount of energy, however it can
not be gained from xylitol metabolism. Therefore,
xylitol inhibits the growth of the xylitol-sensitive
S. mutans bacteria by starving the bacteria.

The number of the xylitol-sensitive bacte-
ria decreases with time and xylitol-resistant mi-
croorganisms dominate, which are less virulent
(i.e. they produce less acids). The study of biofilm
containing a xylitol-resistant and xylitol-sensitive
S. mutans strains have shown that when 5% xyli-
tol is present, xylitol-resistant S. mutans bacteria
caused a 10-fold reduction of unmatured biofilm,
however it had no impact on plaque matured for
24 hours. However, the xylitol-resistant strains of
S. mutans that were not hampered by xylitol did
not show the xylitol-induced reduction of the bio-
film, thus the decrease of xylitol-resistant strains
in the clinically-young biofilm was responsible for
the growth inhibition. Moreover, xylitol-resistant
bacteria are freed from the plaque into saliva eas-
ier, which also decreases the total number of mi-
croorganisms present within the dental plaque.

It has also been found that xylitol causes a dis-
ruption of bacterial protein synthesis [2, 3, 8, 9].
No adaptation of the bacteria to a xylitol metab-
olism was found, even after one year of using the
xylitol chewing gum [10].

Impact on Remineralization

Xylitol has a number of chemical properties
that may be tied to remineralization. A lack of
the carbonyl reductive group causes xylitol to be
less reactive chemically, thus it is not recognized
by the transport mechanisms of cariogenic bacte-
ria. Similarly to other polyols, xylitol has an “ad-
ditional” number of hydrogen atoms that may be
accumulated in other metabolites, including the
co-enzymes (e.g. NADP or NAD), forming some
reduced metabolism products. Moreover, it can al-
so form complex compounds, with metal cations,
including calcium which is important within the
scope of the remineralization process.

Xylitol also shows hydrophilic properties due
to a number of hydroxyl groups, which makes it
easy to be dissolved in saliva. Due to its low molec-
ular weight and hydrophilic nature, it may func-
tion as an osmotic regulator. In the oral cavity,
xylitol competes against the water molecules, in
a struggle to reach the originally hydrous calcium
layer, stabilizing the tricalcium phosphate in sali-
va and in the fluid plaque phase. This stabilization
causes the calcium salts and phosphate salts to re-
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main in the solution, even if it is supersaturated.
Even though the polyol-Ca complexes are weak,
they may constitute a calcium carrier during the
remineralization process, which in turn would re-
sult in an increase of calcium absorption. Xylitol
consumption may result in a raised level of cal-
cium, in dental plaque, where the additional cal-
cium increases remineralization instead of plaque
mineralization. Moreover, xylito inhibits D-glu-
cose isomerase [11].

Benefits Resulting
from Xylitol Use

Decreased transmission of cariogenic bac-
teria. Studies have shown that the introduction
of xylitol to primary-primary caries prevention
caused a reduction of the cariogenic bacteria res-
ervoir in a mother’s oral cavity, resulting from reg-
ular chewing of xylitol-containing chewing gum.
This results in a reduction or a delay of the child’s
oral infection by cariogenic bacteria, and thus, the
reduction of early childhood caries.

Alamoudi et al. [12, 13], studying mothers
of 10-36-month-old children, which were using
a chewing gum with 1.8 g of xylitol three times
a day for 3 months, found no significant increase
of S. mutans number in saliva, as well as no in-
crease in the DMFT value in their children com-
pared to the children of the mothers who were
given a fluoride varnish. However, no difference
in plaque in the children was found. Therefore,
a beneficial impact of xylitol consumption by the
mother on caries development and S. mutans level
in children, in comparison to fluoride varnish ap-
plication, was found.

The study carried out by Laitala et al. [14]
showed that the reduced transmission of S. mu-
tans bacteria from a mother to a child, had a long-
lasting, beneficial effect on children’s dental con-
dition. Retrospective evaluation of the dental con-
dition of children aged 10, whose mothers with
a high caries risk used xylitol chewing gum with-
in the period when their children were at the age
of 2 to 24 months, revealed that these children re-
mained caries-free for a longer period of time in
comparison to the control group (8.2 vs. 5.8 years).

However, Thorlid et al. [15] did not find a long-
term, beneficial effect regarding the dental condi-
tion of 10-year-old children, the mothers of whom
used xylitol chewing gum for a year (through-
out the period when their children were aged
6 to 18 months), in comparison to the children of
mothers using chewing gum with chlorhexidine,
xylitol and sorbitol or sodium fluoride, xylitol and
sorbitol.

Prevention of Dental
Caries Development
in Deciduous Teeth

Studies have shown the rationale for xylitol
implementation as a measure of primary caries
prevention leading to a reduced level of cariogenic
bacteria already existing in the oral cavity even if
the caries symptoms are not noticeable. Milgrom
et al. [16] studied the effectiveness of administer-
ing a syrup containing xylitol or xylitol with sor-
bitol to children aged 15.0 + 2.7 months old for
a period of 10.5 + 2.2 months twice a day. They
did not find significant differences in caries in-
cidence that could be linked to the xylitol dose.
However, they found that administration twice
a day of a total dose of 8 g of xylitol during the
eruption of deciduous teeth could prevent the de-
velopment of 70% of carious decay. On the other
hand, Zhan et al. [17] found that 6-35-month-old
children cleaning their teeth and gums for a year,
3 times a day with the use of special xylitol wipes
(daily dose — 4.2 g of xylitol) additionally to nor-
mal toothbrushing twice a day significantly lowers
the development of new carious lesions in compar-
ison to the control group (5% vs. 32%). Moreover,
no changes in the levels of S. mutans and Lactoba-
cilli spp. bacteria were noted. Hanno et al. [18], si-
multaneously administering xylitol to mothers (as
a chewing gum) and children (in the form of tab-
lets), 3 times a day for 3 months, reported a signif-
icant decrease in the dental plaque index and no
difference in caries level in comparison to the con-
trol group. Moreover, they also noted that the fac-
tors substantially influencing S. mutans level were
the baseline DMFT values of the children and the
S. mutans level of their mothers. Specially designed
pacifiers with a special “pocket”, where a xylitol
tablet is placed, constitute a new form of admin-
istration of the medicine to the child’s oral cavity.
Aaltonen et al. [19] compared the effect of Fludent
tablets, containing 0.25 mg of F (NaF), 159 mg of
xylitol and 153 g of sorbitol, applied to 12-month-
old children in the pacifier mentioned above or to-
gether with the evening meal, in a crushed form.
They noted a lower incidence and less frequent oc-
currence of S. mutans bacteria in the dental plaque
upper incisors in 2-year-old children receiving the
tablet via the pacifier.

Maikinen et al. [20] evaluated the effectiveness
of topical xylitol administration by parents as an
element of a caries prevention program. Children
whose age ranged from 6 to 36 months were giv-
en a 45% solution of xylitol with the use of cotton
swabs once or twice a day on all erupted deciduous
teeth. The daily dose of xylitol applied on the den-
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tal surface was approx. 13.5 g. At the age of 7, in
comparison to the control group, a significant re-
duction of caries was noted in the enamel and den-
tine, approx. a 2-fold lower caries risk (2.1 and 4.0,
respectively) and significantly lower level of S. mu-
tans bacteria. The data indicated that a topical ap-
plication of xylitol at home constitutes an effective
preventive measure complementary to the preven-
tive measures used so far.

The effectiveness of xylitol chewing gum was
also evaluated in kindergarten children. Its effec-
tiveness was shown in decreasing the S. mutans
level within the dental plaque of 3—4-year-old chil-
dren following its use for 3 months [21]. Howev-
er, according to AADP guidelines, chewing gum
should not be recommended for children less than
4 years of age, due to the risk of choking [2].

The cariostatic effectiveness of xylitol deliv-
ered to the oral environment by toothpaste was al-
so studied in small children. However, no signif-
icant differences in the caries incidence and the
level of S. mutans between the children brushing
their teeth with a toothpaste with 1400 ppm of
fluoride and 31% of xylitol and the children using
a toothpaste with 1450 ppm of fluoride and sorbi-
tol were found [22].

Prevention of Caries
Development in Permanent
Teeth in Children

Hujoel et al. [23] presented a long-term reduc-
tion of caries-risk as the result of xylitol chewing
gum use. After administration to 6-year-old chil-
dren for 2 years of chewing gum with xylitol, sorbi-
tol or a mixture of xylitol and sorbitol, they found
after 5 years a 59% reduction in caries risk in the
xylitol group and 44% in the xylitol-sorbitol group.
This long-term caries risk reduction was related to
the process of tooth eruption, as when teeth ap-
peared after 1 or 2 years from the time of chewing
gums use, the reduction was 93% and 88%, respec-
tively. Therefore, in order to maximize the long-
term preventive effect, one should introduce xylitol
chewing gum at least one year before eruption of
the permanent teeth. By contrast, use for 1-2 years
by older children, 10 years old, of lozenges contain-
ing xylitol (4.7 g) and maltitol (4.6 g) or erythritol
(4.2 g) and maltitol (4.2 g) did not cause a caries re-
duction after 4 years from the baseline (i.e. from the
moment when the use of the polyols began) [24].

In order to prevent dental caries in school-
children, toothpastes with xylitol were also used,
however here the results were inconsistent. Sintes
et al. [25] presented a significant reduction of den-

tal surfaces filled and caries-affected (at 12.3%) af-
ter the use of a toothpaste with 0.243% NaF and
10% xylitol content in a silica basis for 3 years by
8-10-year-old children.

Contrarily, Cutress et al. [26] did not note any
impact of xylitol of a quantity 15 mg/g (15%) add-
ed to toothpastes with a varied fluoride content
(1250, 2500 and 5000 ppm) on caries incidence
in permanent teeth. Nonetheless, they did ob-
serve a negative relationship between DMFT val-
ues and fluoride concentration. In turn, Subrana-
niam et al. [27] evaluated the level of S. mutans in
the dental plaque of 7-13-year-old children rinsing
the oral cavity, under supervision, with a mouth-
rinse containing 5% xylitol, 0.05% NaF and 0.03%
triclosan or 0.12% chlorhexidine twice a day for
3 weeks. They did not find any significant differ-
ence in the reduction of S. mutans level between
the mouthrinses.

Alternatively, xylitol can be introduced into the
oral environment of kindergarten and school chil-
dren in the form of a gummy-bear snack [28-30].
Ly et al. [29] evaluated the efficiency of the admin-
istration 3 times a day of such snacks containing
doses of xylitol, in total reaching up to 15.9 g and
11.7 g, and 44.7 g maltitol, on the levels of S. mu-
tans, S. sobrinus and Lactobacilli spp. in dental
plaque. After 6 weeks, a reduction of S. mutans
and S. sobrinus was noted, however no differenc-
es occurred in the level of Lactobacilli spp. bacte-
ria. Instead, Lee et al. [30], administering xylitol
(7.8 g/day) to 5-6-year-old children 3 times a day
within 9 months, or alternatively a placebo (inu-
lin, 20 g/day) in the form of gummy bears, found
a lower caries incidence in children that were re-
ceiving xylitol.

Prevention of Dental Caries
in Adults

A study based on a numerous group of adults
aged 21-80, who received chewable tablets con-
taining 1 g of xylitol over a period of 33 months,
5 times a day, showed a 40% reduction of root car-
ies and a 10% reduction (statistically insignificant)
of coronal caries compared to the placebo control
group [31-33]. This data leads to the conclusion
that the caries preventive effect of xylitol is main-
ly caused by its impact on dental plaque and cario-
genic bacteria. However, continuous and long-term
exposure of teeth to xylitol is required, regardless
of the carrier used. The most common form of xy-
litol administration is use of a chewing gum. Not
only does this carrier release xylitol gradually, and
thus the teeth are in contact with the substance for
a longer period of time, but it also provides me-
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chanical and taste stimulation, which in turn in-
creases the salivary secretion, which increases its
buffering capacity, and this can help in caries re-
duction. The dentist should recommend a suitable
form of xylitol for a given patient and the clinical
situation, e.g. chewing gum is not recommended
for children aged under 4 and for patients suffer-
ing from temporomandibular joint disorders.

The American Academy of Pediatric Dentist-
ry (AAPD) endorses the use of xylitol as a part of
a preventive strategy, the aim of which is to achieve
long-term suppression of cariogenic pathogens,
and in order to reduce caries development in pa-
tients with moderate and high caries risk [2, 4].
The Academy also stresses the fact that, accord-
ing to the current state of the art, the total daily
dose should be in the range of 3 to 8 g, in order
to obtain the cariostatic effect, with the use of the
currently applied forms of supply (syrup, chewing
gum, mints, lozenges, gummy bears). The dose
should be administered at least twice a day and not
exceed 8 g per day [2]. Table 1 presents the AAPD
recommendations.

Xylitol is safe for children if it is consumed in
therapeutic quantities suitable for caries preven-
tion. Thus, parents should control xylitol intake.
By recommending the use of xylitol, the dentist
should inform the patient about the undesirable
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use for children at moderate or high caries risk (2)

Age Product Dose

< 4 years Syrup 3-8 g/day,
divided dose

> 4 years age-appropriate pro- 3-8 g/day,

ducts: chewing gum¥, divided dose
mints, lozenges, gum-

my bears snack food

*AAPD does not recommend the use of chewing gum in
children less than 4 years old due to choking risk.

side-effects, such as osmotic diarrhea and gas pro-
duction, occurring when larger quantities of xy-
litol are consumed. These symptoms disappear
once intake of xylitol is ceased or reduced. In order
to minimize the symptoms mentioned above, xy-
litol should be introduced gradually, during a pe-
riod of one week or longer, so that the body is able
to get used to this specific polyol [2].

In conclusion, one may state that in light of
the current state of the art, xylitol use is a prov-
en and effective complementary measure of car-
ies prevention at any level (primary-primary, pri-
mary and traditional) among subjects with mod-
erate and high caries risk, especially in pediatric
patients.
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