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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.
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Abstract.

Aim: This study aims to summarize the evidence of the
effectiveness of xylitol toothpastes with a focus on caries,
namely on its prevention and reduction.

Materials and methods: A thorough literature review was
performed after conducting an electronic search through
Medline, PubMed (Central), Scopus, Web of Science (Scielo),
Google scholar, and the Cochrane Library (from 2000 to
November 2022) to identify studies relevant to the effectiveness
of xylitol toothpastes in caries prevention.

Results: The number of studies that have been found in the
literature to meet the criteria for inclusion in this article has been
limited. Number of studies have analyzed the effect of xylitol on
vehicles such chewing gums, gummy bears, lozenges or candies
and not on toothpastes. Eight papers have been found that have
met the criteria for inclusion in this article so that their results
could be compared and discussed. The results of these studies
regarding the effectiveness of xylitol toothpastes in oral health
were quite convenient

Conclusion: Positive proven properties of xylitol such as:
biocompatibility with oral tissues, anti-caries effect, antibacterial
effect, demineralization inhibitor and remineralization enhancer,
makes xylitol an effective caries preventive and cariostatic agent
and it should be part of a comprehensive strategy to prevent
caries. Clearly can be concluded that xylitol should be consider
as the most suitable sugar substitute in toothpastes.

Key words. Xylitol, Xylitol toothpaste, caries prevention.

Introduction.

Dental caries is the most common chronic disease. Mostly
affects children, but also adults all over the world. Early
childhood caries (ECC) is also a form of caries in young
children, which is increasing in United States preschool-aged
children, especially preschoolers from low-income families
[1,2]. Dental caries is a multifactorial disease that often results
from the interaction between cariogenic dental plaque and
carbohydrates [3]. It has an impact on the quality of life and
may be the reason that many children who need dental treatment
undergo to general anesthesia [4]. Fortunately, caries can be
prevented through good oral health habits such as brushing
teeth regularly with toothpaste among others. Toothpastes are an
essential component of everyday oral hygiene, and a key factor
to achieving and maintaining excellent oral health [5]. They may
have all the same basic ingredients, but all toothpastes are not
the same. The main components of toothpastes are surfactants,
abrasives, and active ingredients. Of these, the active ingredients
dictate the therapeutic indications of the toothpaste and provide
the main therapeutic benefits of toothpastes [6]. Modern
formulations may contain one or several active ingredients
which can be classified as anti-caries, anti-calculus/anti-tartar,
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anti-erosion, anti-halitosis, anti-microbial, anti-plaque/anti-
gingivitis, desensitizing, and whitening [6,7]. Currently, there
is an increasing number of active ingredients being used in
modern toothpastes. Fluoride is arguably the most effective
known topical substance for arresting and preventing dental
caries [8]. However, researchers and professionals continue to
search and investigate other caries preventive measures such as
xylitol [9].

Xylitol, a naturally occurring substance, was first introduced
in Finland during World War II as a sugar substitute. In 1963,
the Food and Drug Administration (FDA) approved the use
of xylitol as a nutritional additive [9]. Xylitol is a five-carbon
sugar alcohol that is widely distributed in plants; it is found
in significant concentrations in plums, strawberries, and
raspberries [10]. As well as providing an alternative to sugar,
it has other properties that are thought to help prevent tooth
decay. Xylitol is an unsuitable source of energy for many
micro-organisms demonstrates the antimicrobial activity [11-
13]. Although anti-and non-cariogenic properties of xylitol
cannot be fully explained, the mechanism of action includes a
reduction in streptococcus mutans (SM) count and reduction
of lactic acid production by the bacteria. Xylitol increases the
production of saliva and reduce the growth of bad bacteria in
the mouth so that less acid is produced; as well as reduces the
adhesiveness of SM, to tooth biofilms and inhibits the growth of
SM, which is the most important bacterium in the development
of dental caries [9,15-22]. Currently, more than 35 countries
have approved the use of xylitol in foods, pharmaceuticals, and
oral health products, principally in chewing gums, toothpastes,
syrups, and confectioneries [23].

A recent study who compared the efficacy of different xylitol
products concludes that chewing-gum is comparatively more
effective than mouthwash and toothpaste. But he suggests
that considering convenience and affordability, chewing gum
may not always be preferred, and in that case, mouthwash or
toothpaste can be used for the promotion of better oral health
[24]. In addition, xylitol presents ability to form complexes
with calcium ions on dental surface minimizing enamel
demineralization [25].

The American Academy of Pediatric Dentistry (AAPD)
endorses the use of xylitol as part of a comprehensive strategy
to prevent caries but does not recommend xylitol toothpaste use
because the research evidence is inconclusive [26].

In the literature there is the considerable evidence that xylitol
is an effective caries preventive and cariostatic agent and many
researchers suggest adding xylitol to the toothpaste [9,17,27].

This review aimed to find, evaluate and summarize
contemporary literature about the efficacy of xylitol toothpaste
in oral health with the particular focus on caries prevention and
reduction.
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Figure 1. Flow chart of searching process.

Methodology.

Study design that has been used in this article is a narrative
review. We have so far looked at different types of primary
research which attempt to answer a specific review question
which was the impact of xylitol toothpastes in oral health with
the focus on the prevention and reduction of caries. The literature
has been elaborated and discussed in several aspects such as: the
antibacterial role of xylitol, its role in the caries prevention and
reduction as well as demineralization and remineralization. A
thorough literature search we have identified all articles related
to the research question and ensure that no relevant article is left
out. The search has included electronic databases such Medline,
PubMed (Central), Scopus, Web of Science (Scielo), Google
scholar, and the Cochrane Library (from 2000 to November
2022) to identify studies relevant to the effectiveness of xylitol
toothpaste in caries prevention. The following keywords were
used: “xylitol toothpaste,” “xylitol toothpaste AND caries
prevention,” and “Xylitol toothpaste and oral health.”

In the discussion section, only the articles that have to do with
the impact of xylitol toothpastes on the issues mentioned above
were included. All articles that have to do with the presence of
xylitol in other products (syrup, chewing gums, gummy bears,
lozenges, candies) were excluded from the review/discussion.
Likewise, only studies in humans with no restriction of ages
were included, of which one was in vitro studies. The search
was limited to studies published in the English language and
studies performed on humans.
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The material was reviewed, and the results of the research
strategy were reported, extracting relevant data from includes
studies.

Results.

The number of studies that have been found in the literature
has been very limited, eight papers have been found that have
met the criteria for inclusion in this article so that their results
could be compared and discussed. The results of these studies
regarding the effectiveness of xylitol toothpastes in oral health
were quite convenient.

Discussion.

Biocompatibility: In addition to the actual requirements that
toothpaste must fulfil, such as cleaning the teeth, releasing
fluoride (F), and much more, toothpaste must also be well
tolerated by the tissue surrounding the teeth. Consistent with
these, a study through cell experiments tested the chemical
and biological parameters of a newly formulated toothpaste
(Airflow) in terms of its safety for oral mucosal tissues by
comparing it with four other commercial toothpastes. Along
with other ingredients, all the toothpastes contained fluoride
above 1000ppm, while the comparison was made in two aspects
on the one hand, erythritol and xylitol were added to the Airflow
paste, which substances were not present in other toothpastes,
and on the other hand, the effect of the surfactant sodium lauryl
sulfate (SLS), which was not present in the Airflow toothpaste,
but contained all the other toothpastes. Results showed that



toothpaste with erythrol and xylitol content showed excellent
biocompatibility in cell tests and has high availability of free
fluoride. This additional positive cell-protective function might
be provided by the addition of both natural sweeteners erythritol
and xylitol [28].

Reduction of SM: Although there is reliable evidence in the
literature that xylitol tested in other products than toothpastes
has been effective in reducing SM [18,20,21,29], however,
the evidence of the effectiveness of xylitol toothpastes is not
sufficient to prove the same effect. In relation to this, two papers
were found which show contradictory results even though they
differed a lot in terms of design, age group of the participants,
the composition of the paste, etc.

A study of 155 university students with high SM levels
compared three fluoridated dentifrices (toothpaste with or
without triclosan, or triclosan plus 10% xylitol). Only the
toothpaste with triclosan and xylitol showed significant
reductions in plaque and saliva SM levels from the placebo at 6
months although the levels dropped in all the groups. Whether
this reduction, which is in the order of 0.3—0.9 log CFU/ml
saliva or per plaque sample, has any clinical relevance is still an
open question [30].

A study conducted by Maden aimed to reveal the influence
of fluoride, xylitol, or xylitol-probiotic on salivary SM and
Lactobacillus levels of children. It was found that brushing
with xylitol toothpaste is no more efficacious in reducing SM
and Lactobacillus levels than a fluoride or xylitol-probiotic
toothpaste in 13-15-year-old children [31].

Prevention and reduction of caries: our review in this regard
has also found different results of the two researches. Study in
school children (7-12 years) in a sample of 3,394 participants
compared the long-term caries increment associated with the
use of two dentifrices: a fluoride toothpaste with and without
10% xylitol. For both Decayed Filled Surfaces and Decayed
Filled Teeth, the increments associated with the test dentifrice
containing 10% xylitol were statistically significantly lower
than those associated with the positive dentifrice without xylitol,
with the observed reductions in caries increment exceeding 10%
in for both parameters and this result can definitely be attributed
to xylitol [32].

As long as a newer study reported the opposite results than
previous one and provide their own explanations about it.
Investigation that lasted 6 months included the 4-5-year-
old children at high risk for caries, divided into two groups
where the experimental group used 1,400 ppm F 31% xylitol
toothpaste and the control group 1,450 ppm sorbitol toothpaste.
This resulted in no therapeutic effects compared to an over-the-
counter fluoride toothpaste in the two aspects of preventing
ECC and reducing SM, but the author explains that this result
may be due to the surfactant sodium lauryl sulfate used in
toothpaste may interfere with xylitol uptake [2]. Therefore, they
suggest the manufacturers to switch to other surfactants like
sodium lauroyl sarcosinate and not to affect the efficiency of
the toothpaste.

Demineralization: A study tested the toothpaste with a low
concentration of fluoride (200), which also contains several
other ingredients, sodium trimetaphosphate (TMP) and xylitol
with erythrol, with the aim of testing the inhibition of enamel
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demineralization, as well as its effect on the mineral composition
and dental biofilm. The TMP was added since it is absorbed
in the enamel thus reducing the acidic diffusion and loss of
minerals, but despite this it does not show an antimicrobial
effect. Therefore, xylitol and erythritol have been added to the
toothpaste as an antimicrobial agent. The participants were
volunteers aged 20-30 and had to brush their teeth three times
a day. The author concluded that the addition of TMP, xylitol
and erythritol in the toothpaste with low F concentration gave a
greater protective effect against demineralization compared to the
toothpaste containing 1,100ppm F. He confirms that the superior
effect in reducing the production of extracellular polysaccharides
was due to the presence of xylitol and erythritol [4].

Remineralization: Indicated that xylitol can induce the
remineralization of deeper layers of demineralized enamel by
facilitating Ca movement and accessibility. Sano in his study
examined the effect of fluoride and xylitol containing toothpaste
on the remineralization of human enamel using the Quantitative
Light-induced Fluorescence method. The findings demonstrated
that a slurry of toothpaste with 500 ppm F and 5% xylitol
enhanced remineralization of early caries lesion for 14-day
treatment period compared to toothpaste containing 500ppm F.
He concluded that although it is not possible to directly correlate
his findings to in vivo situations, toothpaste containing 500 ppm
F and 5% xylitol might be beneficial, both with respect to its
caries inhibiting effect [33].

Another in vitro experimental study with the aim to explore
the remineralizing effect of toothpastes was carried out in an 18
human premolars sample, which were treated with one of the 3
evaluated toothpastes (Xylitol, Camellia Sinensis and Juniperus
Communis added to dentifrices) and a control fluoride one.
The atomic percentages of Ca and P were evaluated by Energy
Dispersive X-ray Spectroscopy (EDS). In addition, the enamel
surface of treated teeth was visualized by Scanning Electron
Microscopy (SEM). It was concluded that Xylitol paste showed
the highest remineralizing property, both in the EDS analysis
and in the SEM images [34].

The dosages: The safety of xylitol has been studied and sort of
consensus has been reached among researchers regarding daily
doses of xylitol and that is dose of 6g/day [9,15-17].

Exceeding the daily dose of xylitol 10.32 g/day is not likely
to increase effectiveness as well as, a dose of 3.44 g/day is not
likely to show reductions in SM levels [15].

The safety of xylitol has also been studied extensively. While
most studies reported few side effects, these occurred following
high ingestion of xylitol, four to five times the recommended
dose, reaching 50g per day, which included stomach disturbance
and diarrhea. With the appropriate dose and frequency, xylitol
was considered completely safe for everyone at a recommended
dose of 6 g/day [9,15-17].

Conclusion.

The evidence we identified does not allow any firm conclusions
to be drawn regarding the effects of xylitol toothpastes in oral
health. What can clearly be concluded is that xylitol can be
consider as the most suitable sugar substitute in toothpastes. Its
positive proven properties such as: biocompatibility with oral
tissues, anti-caries effect, antibacterial effect, demineralization
inhibitor and remineralization enhancer, makes xylitol an



effective caries preventive and cariostatic agent and it should be
part of a comprehensive strategy to prevent caries.

Despite the literature data related to xylitol, new researches,
and further studies are needed to determine the efficacy of
xylitol toothpastes on different parameters of oral health.
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