(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 1 (358) SIupapn 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



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.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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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.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Dental enamel, the outermost layer of human
teeth, is a mineralized tissue that must endure repetitive forces,
wear, and corrosion resulting from everyday oral activities like
chewing. Its high mineral content provides the strength and
hardness necessary for proper tooth function. However, over
time, wear, fractures, or cavities often lead to the need for dental
repairs. Additionally, unlike other human tissues, dental enamel
lacks significant regenerative or self-repair capabilities, making
tooth restorations more essential.

Objective: To evaluate the effects of two electric toothbrush
modalities and two different concentrations of zirconia-
containing whitening toothpaste on enamel surface roughness.

Materials and Methods: Forty extracted lower third molars
were divided into four groups based on toothpaste concentration
(3% and 4% zirconia) and brushing mode (active and soft). Each
tooth was brushed for 5 minutes using an oscillating electric
toothbrush. Enamel surface roughness was measured before and
after brushing using a contact profilometer.

Results: Brushing with 4% zirconia toothpaste in active mode
resulted in the highest increase in enamel surface roughness,
particularly in Rz and Rq values. Conversely, the soft mode,
especially with 4% zirconia toothpaste, demonstrated a
protective trend, where post-brushing roughness values
decreased in some metrics. However, these changes did not
reach statistical significance across any group (p > 0.05).

Conclusion: While higher concentrations of zirconia in
whitening toothpaste and increased brushing force may
influence enamel surface roughness, the observed changes
were not statistically significant. Further research is needed
to determine safe concentrations and brushing techniques to
minimize enamel wear.

Key words. Enamel, tooth wear, zirconia, toothpaste,
toothbrush.

Introduction.

Enamel, the outermost layer of human teeth, is a mineralized
tissue that must endure repetitive forces, wear, and corrosion
resulting from everyday oral activities like chewing. Its high
mineral content provides the strength and hardness necessary
for proper tooth function [1]. However, over time, wear,
fractures, or cavities often lead to the need for dental repairs.
Additionally, unlike other human tissues, dental enamel lacks
significant regenerative or self-repair capabilities, making tooth
restorations more essential [2].
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Toothbrushing abrasion is one element in the multifactorial
process of tooth wear [3]. While brushing is generally
considered a minor factor in the abrasion of intact enamel
and dentin [4], it has been shown that it may be a significant
contributor to the development of erosive lesions. Specifically,
the abrasion of eroded enamel and dentin is influenced by the
toothpaste’s abrasivity and concentration [5] but also by the type
of toothbrush used and the force applied during brushing [6-8].

Toothpastes are effective formulations for incorporating
active ingredients that target various oral diseases. They are
also among the most commonly used products for daily oral
hygiene. Consequently, toothpastes are marketed for a broad
range of specific purposes, including the prevention of erosive
tooth wear. The efficacy of toothpastes in preventing erosion
can vary significantly, even with the same active ingredient or
combinations of ingredients [9]. In vitro studies [10-12] that
have investigated the effects of active substances in toothpastes,
using toothpaste slurries without additional brushing abrasion,
demonstrate a wide range of outcomes, from no effect to a
reduction in substance loss of up to 50%.

Toothpastes formulated for whitening are increasingly popular
due to their ability to enhance the aesthetic appearance of teeth.
These toothpastes typically contain mild abrasives, chemical
agents, or a combination of both, which work to remove
surface stains and discoloration caused by foods, beverages,
and smoking [13]. Common whitening agents include hydrogen
peroxide [14], carbamide peroxide [15], or sodium bicarbonate,
which help to break down or lift the stains from the enamel [16].

An intriguing ingredient found in some whitening toothpastes
is diamond particles, which may lead to greater enamel wear
compared to traditional abrasives [17].

Recently, a new toothpaste featuring zirconia particles has
garnered significant attention in the dental industry for its
potential to make a notable impact. Developed by Dermaflore
Inc. in St-Denis-sur-Richelieu, Quebec, Canada, this toothpaste
uses zirconium compounds as the active abrasive ingredient
[18].

Whitening toothpastes are marketed as convenient alternatives
to professional treatments, providing gradual improvements
with regular use. The effectiveness of stain removal depends
on the size, hardness, and quantity of abrasives, as well as the
amount of toothpaste used. Anti-tartar agents can also reduce
stain adherence and remove extrinsic stains [19].

In addition to choosing the right toothpaste, selecting the
appropriate toothbrush is crucial for maintaining good oral
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hygiene and preventing enamel wear caused by excessive
brushing force.

Electric toothbrushes are popular for their ability to clean
teeth effectively, offering more strokes per minute than manual
brushing. However, concerns have arisen about their potential
to cause enamel wear, especially if used with excessive force.
The high-speed motion and harder bristles, along with abrasive
toothpaste, can lead to enamel thinning, increasing the risk of
tooth sensitivity and structural damage [20,21].

The pressure applied during brushing is another key factor.
Although many electric toothbrushes feature pressure sensors,
users may still apply too much force, leading to enamel and
dentin erosion, and gum recession. This can expose sensitive
areas of the teeth, worsening the effects of wear [22].

To minimize risks, it's important to use the correct brushing
technique, avoid excessive pressure, and choose a toothbrush
with soft bristles. Regular dental visits are also essential to
monitor enamel health and ensure effective brushing without
causing damage.

This study aims to evaluate the impact of zirconia-containing
toothpaste on enamel roughness under different brushing modes
and concentrations.

Materials and Methods.

Sample Collection:

A total of 40 extracted lower third molars were obtained for
this study. The inclusion criteria for the samples were as follows:

Age range: Teeth from individuals aged between 18 and 40 years,
as this age group typically presents healthy, non-eroded enamel.

Absence of visible defects: Only teeth free from visible
cracks, caries, or other structural abnormalities were included to
ensure uniformity in the baseline condition of the enamel.

No history of dental treatment: Teeth that had not been
subjected to restorative treatments, bleaching procedures, or
previous exposure to acidic environments were included to
minimize external influences on enamel wear.

Non-erupted teeth: Only fully erupted lower third molars
with complete roots were selected to ensure standardized
surface area and enamel thickness.

Healthy enamel: Teeth with no signs of pre-existing enamel
erosion, hypoplasia, or abnormal wear were included to provide
a baseline of natural enamel integrity.

The selected teeth were stored in a sterile saline solution at
4°C until use, to preserve their natural structure and prevent
dehydration.

Experimental Groups:

The 40 samples were randomly assigned to two groups based
on the concentration of zirconia particles in the toothpaste:

* Group 1: Toothpaste with 3% zirconia concentration (n = 20)

* Group 2: Toothpaste with 4% zirconia concentration (n = 20)

Each group was further divided into two subgroups of 10
samples each, based on the electric toothbrush mode applied
(Prokudent Akku-Zahnbiirste, Germany).

Subgroup 1A: Toothbrushing with the active mode of the
electric toothbrush

Subgroup 1B: Toothbrushing with the soft mode of the electric
toothbrush
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Subgroup 2A: Toothbrushing with the active mode of the
electric toothbrush (4% zirconia concentration)

Subgroup 2B: Toothbrushing with the soft mode of the electric
toothbrush (4% zirconia concentration)

Toothpaste Preparation:

The toothpaste formulations were prepared with zirconia
particles incorporated at concentrations of 3% and 4%. The
zirconia particles, as specified by the manufacturer, were evenly
incorporated into a base paste to ensure consistency throughout
the experiment. The toothpaste formulation consisted of several
phases: Phase A included 27.44% water (solvent) and 43.00%
sorbitol 70% (humectant). Phase B contained 3% or 4% zirconium
oxide (abrasive) and 9.50% hydrated silica (abrasive). Phase
C included 7.00% glycerin (humectant) and 0.30% xanthan
gum (thickener). Phase D incorporated 0.52% HE Menthe
Verte (flavoring), 0.20% sodium saccharin (sweetener), 0.17%
sodium benzoate (preservative), 0.20% coconut oil (emollient),
and 1.17% sodium lauryl sulfate (surfactant). This formulation
ensured consistent zirconia concentration and optimized the
paste's texture and effectiveness process.

Electric Toothbrushing Protocol:

The tooth samples were subjected to electric toothbrushing
using an oscillating electric toothbrush with two distinct settings:

* Active mode: A higher-speed, intensive brushing setting.

* Soft mode: A lower-speed, gentler brushing setting.

Each tooth was brushed for 5 minutes in accordance with
standard brushing recommendations, simulating typical daily
brushing habits.

Profilometric Measurements.

The surface roughness of the enamel was measured using a
a contact profilometer (Mitutoyo P1300) with an accuracy
of 0.001 mm and. Initial baseline measurements were taken
at perpendicular angles before the toothpaste application to
assess the pre-brushing surface roughness. After fixation of the
specimens into silicone cubes (Zhermack Zetaplus C Silicone
kit, Zhermack SpA, Italy), profilometric measurements were
repeated to evaluate changes in surface roughness following
the brushing procedure. The profilometer was calibrated before
each measurement to ensure accuracy, and surface roughness
values (Ra, Rq, and Rz) were recorded for each sample. Rz
represents the maximum height of the roughness profile, while
Rq indicates the root mean square roughness, which accounts
for overall surface irregularities.

Statistical analysis:

Data processing was performed using InStat free version.
Descriptive statistics, including arithmetic mean, standard
deviation, median, minimum, and maximum values, were
calculated for all surface roughness parameters (Ra, Rz, Rq).

The normality of the data distribution was assessed using the
Shapiro-Wilk test. Based on the distribution results, paired
comparisons (before and after brushing) were analyzed using
either the Paired T-test (for normally distributed data) or the
Wilcoxon Matched Pairs Signed-rank test (for non-normally
distributed data).

To compare differences among multiple groups (toothpaste
concentration and brushing mode), a one-way ANOVA was



performed. Effect sizes (Cohen’s d) were calculated for each
comparison to assess the magnitude of differences, with values
interpreted as small (d = 0.2), moderate (d =0.5), and large (d >
0.8). Statistical significance was set at P < 0.05.

Results.

The study's results provide a detailed examination of the
changes in enamel surface roughness (Ra, Rz, and Rq)
following toothbrushing with zirconia-containing toothpaste at
two concentrations (3% and 4%) and two electric toothbrush
modes (active and soft).

The study demonstrated observable changes in enamel surface
roughness (Ra, Rz, Rq) following toothbrushing with zirconia-
containing toothpaste. However, these changes did not reach
statistical significance across any group (p > 0.05).

Effect size analysis revealed moderate to large values (Cohen’s
d=0.78d to 1.06) for subgroups 1A (3% zirconia, active mode)
and 2A (4% zirconia, active mode). These findings suggest
that brushing with higher concentrations of zirconia toothpaste
under the active mode setting has a meaningful impact on
enamel surface roughness. Largest increase in enamel roughness

metrics, particularly for Rz and Rq values, was also shown at
active toothbrushing mode at 4% concentration of the zirconia
containing toothpaste.

Conversely, the soft mode subgroups (1B and 2B) exhibited
smaller or even negative effect sizes, particularly in 2B (4%
zirconia, soft mode), where reductions in surface roughness
were observed. This indicates that softer brushing settings may
mitigate potential abrasive effects of zirconia toothpaste.

Table 1 presents the results of a one-way ANOVA used to
test the mean differences across groups. None of the metrics
(Ra, Rz, Rq) show statistically significant differences between
the conditions (Before vs. After) across the groups (p > 0.05).
Additionally, the low F-statistics suggest that the variance
explained by differences in toothpaste concentration and
brushing mode is minimal. In Figure 1, "False" represents no
statistically significant difference, while "True" indicates a
statistically significant difference. The bar graph intervals have
been standardized to ensure consistency across all groups.

The contour plots in Figures 2, 3, 4 and 5, represent the
enamel surface roughness before and after brushing with two

Table 1. Presents the results of a one-way ANOVA used to test the mean differences across groups.

Group Metric Mean Before SD Before Mean After |SD After T-Stat P-Value Cohen's d
1A Ra 0.634 0.184 0.944 0.386 -1.985 0.118 0.94
1A Rz 2.798 0.777 4.632 2.180 -1.914 0.128 0.91
1A Rq 0.764 0.210 1.208 0.526 -1.997 0.117 0.95
1B Ra 0.896 0.127 1.128 0.560 -1.052 0.352 0.50
1B Rz 4.190 0.631 5.318 2.634 -1.017 0.367 0.48
1B Rq 1.092 0.148 1.304 0.696 -0.743 0.499 0.35
2A Ra 0.788 0.128 1.116 0.303 -2.240 0.089 1.06
2A Rz 3.790 0.479 5.110 1.481 -1.650 0.174 0.78
2A Rq 0.968 0.150 1.368 0.382 -2.093 0.104 0.99
2B Ra 1.280 0.662 0918 0.170 1.336 0.253 -0.63
2B Rz 6.590 3.515 4.540 0.856 1.448 0.221 -0.69
2B Rq 1.610 0.847 1.124 0.191 1.435 0.225 -0.68

ANOVA Results: F-values Across Groups

Significant (p < 0.05)
Threshold (F=4)
Em False
. True

Figure 1. One-way Anova results.
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Figure 2. Contour plot of enamel surface roughness before and after brushing with 3% toothpaste in the soft mode.
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Figure 3. Contour plot of enamel surface roughness before and after brushing with 3% toothpaste in the active mode.
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Figure 4. Contour plot of enamel surface roughness before and after brushing with 4% toothpaste in the soft mode.

53



Before brushing

After brushing

Figure 5. Contour plot of enamel surface roughness before and after brushing with 4% toothpaste in the active mode.

concentrations of the toothpaste, in two brushing modalities.
The color gradient corresponds to the "Number of revolutions,"
indicating enamel roughness levels, where lighter shades
represent lower roughness (< 3,000 revolutions), while darker
shades indicate higher roughness (> 6,000 revolutions). There
are significant regions with darker shading, indicating higher
enamel roughness after brushing with active mode at both
percentages (Figures 3 and 5), while roughness levels seem
reduced at soft mode at both percentages, as evident by the
increased presence of lighter shades (Figures 2 and 4), where
some areas retain moderate roughness, while others exhibit
more uniform smoothness.

Discussion.

The toothbrush is essential for plaque removal, vital for disease
prevention and oral health. Advances in toothbrush technology
have led to electric alternatives, offering convenience and
aiding those with disabilities or children. However, improper
use can harm teeth and gums, with abrasion being the most
common injury. Dental abrasion, the pathological wear of teeth,
is influenced by toothpaste abrasivity, toothbrush type, and
brushing force.

In this study, the effects of two electric toothbrush modalities
and two different concentrations of zirconia-containing
whitening paste on the enamel surface were evaluated. The
findings provide insight into how these variables influence
enamel integrity, contributing to a better understanding of their
potential benefits and risks in oral care practices.

Zirconium whitening paste is a relatively new development in
dentistry and is currently undergoing laboratory testing.

Our study used a daily-use electronic toothbrush, unlike the
previous study [18] which employed a high-force electric
micromotor. This distinction ensures our findings better reflect
real-world brushing conditions.

The active mode of the electric toothbrush consistently resulted
in higher surface roughness values compared to the soft mode.
This finding aligns with the hypothesis that increased mechanical
force amplifies the abrasive effects of zirconia particles. The soft
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mode, particularly with 4% zirconia toothpaste, demonstrated
a protective trend, where post-brushing roughness values
decreased in some metrics. These results emphasize the role
of brushing dynamics in moderating enamel wear when using
abrasives.

The 4% zirconia toothpaste exhibited slightly higher
roughness values than the 3% formulation under active
brushing conditions. While the differences were not statistically
significant, the observed trend suggests a dose-dependent effect
of zirconia particles on enamel surface roughness.

Our findings align with previous research that has shown that
higher zirconium concentrations in toothpaste increase enamel
surface roughness and abrasive dentin wear. According to
Stavileci M. et al. [18], the dentin's abrasive capacity rises with
increasing zirconium levels in whitening toothpaste.

When evaluating the abrasiveness of toothpaste and
toothbrushes, it’s noteworthy that certain whitening ingredients,
including activated carbon, can increase enamel roughness
[23]. Pertiwi et al. [24] confirmed this effect, while Brooks et
al. found insufficient evidence to ensure the safety or efficacy
of activated charcoal for whitening or hygiene [25]. Febriani
et al. [26] observed that activated charcoal can whiten teeth by
attracting stains through its negative charge. Kini et al. reported
that toothbrushes with charcoal bristles caused less enamel
wear and removed plaque more effectively than nylon-bristled
brushes [27].

In 2019, Sanusi et al. assessed the effects of three commercial
abrasives: perlite, baking soda, and activated charcoal powder.
Their findings revealed that perlite was the most abrasive,
creating the deepest scratches and causing the greatest enamel
wear among the three [28].

Given the negative effects of abrasive active ingredients, the
demand for a whitening toothpaste that offers maximum efficacy
with minimal side effects is growing steadily. Consequently,
future research should prioritize evaluating the effectiveness
of zirconia particles in in vivo studies, particularly focusing on
determining the safe concentrations for their use.



Conclusion.

This study examined how zirconia-containing whitening
toothpaste and electric toothbrush settings affect enamel
surface roughness. While no statistically significant differences
were found, trends suggest that higher zirconia concentrations
and aggressive brushing may increase enamel roughness.
Conversely, using a soft brushing mode may mitigate abrasive
effects. These findings highlight the importance of selecting
appropriate toothpaste formulations and brushing techniques
to maintain enamel integrity. Further research is needed to
determine safe zirconia concentrations and to assess long-term
impacts on enamel health.
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eab uccienoBaHus:

Llenbro TaHHOTO MICCIIEAOBAHNS SIBISETCS OLICHKA BO3JCHCTBHS
JIBYX PEKHUMOB OICKTPHUYECKOM 3yOHOW IIETKH W JABYX
Pa3MYHBIX KOHIIEHTpanuii oTOennBaromei 3yOHOW MacThl C
n00aBIeHNEM MPKOHMS Ha IIEPOXOBATOCTh SMAIH.

MarepuaJnsbl U MeTOIbI:
Copok  SKCTparmpoBaHHBIX HIDKHHX TPETBHX  MOJIIPOB
ObUTH pa3feleHbl Ha YEThIPE TPYIIBl B 3aBUCHMOCTH OT
KOHIIeHTpanuu macThl (3% 1 4% TUPKOHUS) U PeXKIMAa YHCTKA
(axTuBHBIM W Msarkwit). Kaxnaeii 3y0 wmcTuics 5 MHHYT C
UCIIONIb30BAaHNEM OCIMJUIMPYIOIIEH 3JIEKTPUYECKOH 3yOHOU
metky. [llepoxoBaTocTh 3May U3MepsIach J10 M IIOCIIe YUCTKA
C TIOMOIIBIO KOHTAKTHOTO NpodrmomeTpa.

Pe3yabrarsi:

UYnctka 3y00B mactoi ¢ 4% IHMPKOHHUSA B aKTHBHOM pPEXHME
mpuBeNa K HanOONbIIEMY YBEIMYCHHIO [IEPOXOBATOCTH
aMaim, ocobeHHo 1o 3HaueHusM Rz n Rq. Hampotus, msrkuit
PeKUM YHCTKH, OCOOEHHO C 4% TacToi C IHMPKOHHEM,



OPpOACMOHCTPUPOBAT 3alIUTHYIO TCHACHIUWIO, IIPpU KOTOpOﬁ
MOCJIC YUCTKU IMOKA3aTeJIn MEPOXOBATOCTH YMCEHBLIIAIUCH T10
HEKOTOPBIM IMapaMeTpam. OZ[HaKO HaGHIOI[aeMI)Ie HN3MCHCHUA
HE UMEJH CTaTHCTHYECKOH 3HAYMMOCTH B JII000H U3 rpymm (p
>0,05).

3akaouenue:

Xors 6onee BBICOKHE KOHIICHTpalu IUPKOHUA B
OT6eHI/IBaIOHIeﬁ NnacTe nyBCIIMYCHHAA CUJIAYUCTKU MOT'Y T BJIUATDH
Ha MIePpOXOBATOCTb dMAJIH, HaGJ‘I}OL[aeMBIe U3MECHCHUA HE 6I>IJ'II/I
CTAaTUCTUYCCKU 3HAUYUMBbIMHU. HGOGXO,HI/IMI)I JOIIOJTHUTECIIbHBIC
HccCJICA0OBaHUA IJIsI OIMPEACICHUA 6630HaCHLIX KOHIIeHTpaI_[I/Iﬁ
IMUPKOHHUA U METOJ0B YUCTKU JJII MUHUMU3AallU U3HOCA SMAJIH.

KaioueBbie cinoBa: smanb, W3HOC 3y0OB, IUPKOHUH, 3yOHAs
nacra, 3y6Ha${ IeTKa

Georgian

3330l dobobo:

50 330930l 30Db0s M0 gerg GO bsdbadg ImEoEmdol
5 M0 Ibgo@olbgs 306396@®sg00lL GoM3mbo cogeprkaiio
07g0M0 35LE0L HBgdmddggdol dgzsLgds 3dowrol gdserols
Dga306H0L Fo0do LodBH3ogbY.

0505905 ©S g™ Yd0:

mOINEo 90mEgdmo 439s dqLsdy Jdool 3dowol

3900996000 M®b ¥R, OMIgEog 9iwdbgds 3sLE0L
3Mb396GH®M305L (3% s 4% 306H3Mb0) S ILWBRMSZgdOL

56

697006 (5JBHOMMO ©5 MBOWD). MOOMYNO 30Ol

©3LBM9390s 080bIMYMDOS 5 HYmol 25635300mds8o

BM3NLoMOJPM  gegdBAOm  bsdbadg  LodwgeEgdgdom.

995¢0l Bgs3oMolb bLod33Mm03g F9RLES ILWRMHZ3900L

§0b s 999099 Lo3MbEIIBHM dBrMFBoMIgEHGmOm.
89©9a900:

4% (3060 3mbob 35100 59GH0MHO M0dd0 EILIBISZYdS
23959m0f305 gdsewol bgs3oMol 1LodzzMmozol Yzgusby
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