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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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]. 

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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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 

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-Zahnbürste, 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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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 

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 

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 0.918 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

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

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.

Figure 3. Contour plot of enamel surface roughness before and after brushing with 3% toothpaste in the active mode.

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

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.

Figure 5. Contour plot of enamel surface roughness before and after brushing with 4% toothpaste in the active mode.
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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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Russian
Цель исследования:
Целью данного исследования является оценка воздействия 

двух режимов электрической зубной щетки и двух 
различных концентраций отбеливающей зубной пасты с 
добавлением циркония на шероховатость эмали.

Материалы и методы: 
Сорок экстрагированных нижних третьих моляров 
были разделены на четыре группы в зависимости от 
концентрации пасты (3% и 4% циркония) и режима чистки 
(активный и мягкий). Каждый зуб чистился 5 минут с 
использованием осциллирующей электрической зубной 
щетки. Шероховатость эмали измерялась до и после чистки 
с помощью контактного профилометра.

Результаты:
Чистка зубов пастой с 4% циркония в активном режиме 

привела к наибольшему увеличению шероховатости 
эмали, особенно по значениям Rz и Rq. Напротив, мягкий 
режим чистки, особенно с 4% пастой с цирконием, 
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продемонстрировал защитную тенденцию, при которой 
после чистки показатели шероховатости уменьшались по 
некоторым параметрам. Однако наблюдаемые изменения 
не имели статистической значимости в любой из групп (p 
> 0,05).

Заключение:
Хотя более высокие концентрации циркония в 

отбеливающей пасте и увеличенная сила чистки могут влиять 
на шероховатость эмали, наблюдаемые изменения не были 
статистически значимыми. Необходимы дополнительные 
исследования для определения безопасных концентраций 
циркония и методов чистки для минимизации износа эмали.

Ключевые слова: эмаль, износ зубов, цирконий, зубная 
паста, зубная щетка

Georgian
კვლევის მიზანი:
ამ კვლევის მიზანია ორი ელექტრო საშხაპე მოდალობის 
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დიდ ზრდას, განსაკუთრებით Rz და Rq მნიშვნელობებში. 
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პასტით, აჩვენა დამცავი ტენდენცია, როდესაც 
დასუფთავების შემდეგ სიმკვრივის მნიშვნელობები 
ზოგიერთ მეტრიკაში შემცირდა. თუმცა, ეს ცვლილებები 
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ჯგუფში (p > 0,05).
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მიუხედავად იმისა, რომ ცირკონის მაღალი 
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საჭიროა დამატებითი კვლევები ცირკონის უსაფრთხო 
კონცენტრაციებისა და დასუფთავების ტექნიკის 
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პასტა, საშხაპე


	Title

