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Sazetak

Svrha: Svrha rada bila je odrediti stupanj trosenja dentina nakon sto se zubi cetka-
ju elektricnom ¢etkicom s glavama razlicitih veli¢ina te primijene razli¢ita opterece-
nja u usporedbi s obi¢nom (mehanickom) ¢etkicom za zube. Materijal i postupci: Za
to su odabrane elektricne ¢etkice Sonicare-Elite s malom i standardnom veli¢inom
glave i vertikalnim opterecenjem od 90 i 150 grama te mehanicka ¢etkica Oral-B-
P35 s vertikalnim opterecenjem od 150 grama. Ona je istodobno sluzila i kao kon-
trolna. Uredajem za simulaciju cetkanja s razlicitim brojem okretaja koristili smo se
kako bismo postigli abraziju dentina ¢etkanjem. Za standardne veli¢ine glave Son-
icare-Elite rabilo se 12 000 okretaja, a za mini glavu 18 000. Za cetkicu Oral-B-P35
izabrali smo 12 500 okretaja. Laserskim scannerom 3D koristili smo se za evaluacije
trosenja dentina. Rezultati: Rezultati su pokazali da je najvece trosenje dentina bilo
kod uporabe manualne cetkice (107,26um), a najmanje kod cetkice Sonicare-Elite
sa standardnom veli¢cinom glave i 90 grama vertikalnog opterecenja (47.7pm). Nisu
potvrdene statisticki znatne razlike izmedju elektricne cetkice s “mini” glavom (90
grama opterecenja) i standardnom veli¢cinom glave (90 i 150 grama opterecenja) te
elektri¢ne cetkice s “mini” glavom i optere¢enjem od 150 grama i manualne Cetkice.
Zakljuéak: Elektricne cetkice s razlicitim veli¢inama glave i razli¢itim vertikalnim
opterecenjima razli¢ito trose dentin i 5to je manja glava te jace opterecenje, to je
vece troSenje dentina.

Zaprimljen: 3. listopada 2008.
Prihvaéen: 13. sije¢nja 2009.

Adresa za dopisivanje

Alena KneZevi¢

Sveuciliste u Zagrebu
Stomatoloski fakultet

Zavod za endodonciju i restaurativnu
stomatologiju

Gunduli¢eva 5, 10000 Zagreb
Hrvatska

Tel. +3851 4802 123

Fax. +3851 48 02 159
ma505ak@yahoo.com

Klju€ne rijeci
dentin; zubi, pranje; stomatoloski
uredaji, kuéna upotreba; zub, abrazija

Uvod

Cetkanje zuba osnova je profilakse i oralne higi-
jene. Iako je mnogo pozitivnih u¢inaka kod ¢etkanja
zuba, ako je ono nepravilno zna se da moZe nepo-
voljno utjecati na gingivu i tvrdo zubno tkivo. Naj-
¢esce posljedice su recesija gingive s ogoljenjem
korijena te cervikalna abrazija cementa i dentina, pa
nastaje dentinska preosjetljivost, ali i estetski pro-
blemi (1).

Introduction

Toothbrushing is the most common means of oral
prophylaxis and hygiene. Despite its positive effect, it
has been known that toothbrushing can have some un-
wanted effects on the gingival and hard tooth tissue.
Gingival recession with root surface exposure and cer-
vical abrasion of cementum and dentin, are the most
prevalent consequences of inappropriate toothbrush-
ing, and can cause great discomfort for patients, den-
tine hypersensitivity and aesthetic problems (1).
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Trosenje zuba zbog abrazije rezultat je zajednic-
kog ucinka abraziva primijenjenog pritiska te ka-
rakteristika Cetkice (2). Znanstveni rezultati poka-
zuju da je caklina rezistentna na abraziju kod vecine
zubnih pasta. Suprotno tome, dentin je podloZniji
abraziji od cakline ako se rabi zubna pasta, pa dr-
Zavni i medunarodni standardi postavljaju abrazij-
ski limit primarno odreden prema testiranjima pro-
vedenima na dentinu (3).

Elektri¢ne Cetkice za zube prvi su put bile pred-
stavljene ranih Sezdesetih godina kada se zakljuci-
lo da mogu poboljsati oralnu higijenu. Od tada se
Cesto raspravljalo o tome jesu li i koliko bolje od
standardnih manualnih (4). Godine 1964. Ash (5) je
zakljucio da su mnogo vaznije pravilne upute kako
treba Cetkati zube, negoli izbor i oblik Cetkice.

Bilo je i mnogo klinickih ispitivanja kako bi se
usporedila u¢inkovitost elektricne ¢etkice i one ma-
nualne, no rezultati i miSljenja bili su suprotni. Na
pocetku je u nekoliko studija bilo istaknuto zaSto
su elektricne Cetkice loSije u odnosu prema manu-
alnima, dok je u ostalima jasno pokazana superior-
nost elektri¢nih u odnosu prema manualnima - kako
za kontrolu i uklanjanje plaka, tako i za poboljSanje
gingivnog zdravlja opéenito (6,7,8).

Za procjenu dentinske abrazije uzrokovane zub-
nim pastama i njihovim sastavima primjenjivali
su se i procjenjivali razli¢iti materijali i postupci,
no nazalost nema dovoljno podataka o abraziji na-
kon Cetkanja bez utjecaja paste. Cetkanje zuba pa-
stom uklanja zaostali sloj i eksponira dentinske tu-
buluse (9). Moore i Addy (10) dokazali su u svojoj
studiji da se uporabom takvog Cetkanja ne uklanja
samo zaostatni sloj nego i dentin. Cetkanje bez pa-
ste uklanja samo zaostatni sloj debljine 1 gm (11).
Objasnjenje za to jest rezultat ispitivanja spomenu-
tih autora, no oni nisu dokazali znatno troSenje den-
tina tijekom cetkanja vodom kod 20 000 okretaja u
usporedbi s 10 000 okretaja (10).

Elektri¢ne cetkice za zube danas se smatraju
znatno ucinkovitijima nego manualne. Tehnoloski
razvoj omogucio je tzv. zvucne Cetkice s visokom
frekvencijom od pribliZno 30 000 okretaja u minuti.
No, u nekim se studijama isti¢e da veci broj okretaja
ne utjece znatno na oStecenje tvrdoga zubnog tkiva
ili restoraciju zbog kompenzirajuéeg ucinka takvih
elektricnih Cetkica te da njihova uporaba u uvjeti-
ma in vivo moZe zavrsiti manjim abrazijama, Sto se
ne dogada kod standardne manualne tehnike cetka-
nja (12,13).

Svrha rada bila je ispitati kako se trosi tvrdo zub-
no tkivo, to¢nije dentin tijekom uporabe elektricne

Elektricne cetkice i trosenje dentina

Wear due to the abrasion is a function of: the type
of abrasive, the pressure applied and the stiffness
or texture of the bristles (2). Laboratory data indi-
cates that enamel is resistant to abrasion by most
toothpastes. On the contrary, dentine appears more
susceptible to toothpaste abrasion than enamel, and
national and international standards set toothpaste
abrasivity limits based primarily on tests of abra-
sion on dentine (3).

The electric toothbrush was first introduced in
the early 1960s when it was considered to have the
potential to significantly improve the standard of
oral hygiene in the general population. Since that
time, there has been much controversy as to whether
the electric toothbrush really is more effective than
a conventional toothbrush (4). In 1964 Ash conclud-
ed that professional dental care and instruction of
the patient in how to brush correctly was more im-
portant than toothbrush design (5).

Clinical studies designed to compare the efficacy
of electric toothbrushing with that of manual tooth-
brushing have lead to conflicting results and opin-
ions. In the past, several studies have failed to show
any benefit of an electric toothrush over the use of a
conventional manual toothbrush, whilst others have
clearly demonstrated the electric toothbrush to be
superior in terms of both plaque removal and im-
provement in gingival health (6,7,8) .

A variety of methods and materials have been
used to study and measure dental abrasion by tooth-
paste and their ingredients, but unfortunately there
is not enough information about dentine abrasion
caused by toothbrushing without influence of den-
tifrice. Brushing teeth with toothpaste removes the
smear layer and exposes the underlying dentin tu-
bules (9). Moore and Addy (10) show in their study
that not only the smear layer is removed but also
body dentine. The water brushing appeared to on-
ly remove the smear layer, which is quoted as 1 ym
thick (11). Evidence for this is the experiment from
the same authors which shows lack of significant
increase in dentin loss with waterbrushing at 20000
strokes compared to 10000 strokes (10).

One approach in powered toothbrush technolo-
gy has been the development of sonic toothbrushes
that have a high frequency of filament movement in
excess of approximately 30000 strokes per minute.
However, it has been concluded that an increase in
the number of brushing strokes was not necessarily
damaging to hard dental tissue or several types of
restorative materials. This is because of other com-
pensating factors of powered toothbrushes, and the
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Cetkice Sonicare-Elite s dvjema razli¢itim velicina-
ma glave i standardne manualne Cetkice, uz primje-
nu razli¢itog opterecenja.

Materijali i postupci

Priprema uzoraka

Za pripremu dentinskih uzoraka rabljeni su ek-
strahirani, potpuno intaktni zubi ¢uvani u fiziolos-
koj otopini s antimikrobnim sredstvom N;Na.

Zubi su bili razrezani standardnom dijamantnom
pilom (Isomet, Buehler) i dijamantnim noZem s ni-
skim brojem okretaja u incizalno-apikalnom smje-
ru, kako bi se dobili uzorci debljine 2 mm, Sirine 3
mm te duZine 10 mm. Pritom su se nastojali izbje-
¢i rogovi pulpe, njezina komorica i kanali. Dodatno
su svi izabrani i tako pripremljeni uzorci pregledani
optickim mikroskopom kako bi se iskljucile sve ne-
pravilnosti, kao Sto su diskoloracije ili drugi znakovi
skleroticnog dentina. Nakon preparacije i izbora re-
prezentativnih uzoraka dentina, uzorci su uloZeni u
model od samostvrdnjavajuéeg materijala za izradu
provizorija (Luxatemp, DMG, Hamburg, Njemac-
ka). Model s dentinskim uzorkom bio je napravljen
tako da simulira oblik zuba u zubnom luku (Slika
1.). PovrSina uzoraka ispolirana je papirom SiC fi-
noce 400, 600 i 1200. S iznimkom fisura i kvrZica,
dentinska je povrSina zaravnata s povr§inom modela
nakon obrade povrsine. TeZina uzoraka kontrolirala
se i prilagodavala prije svakog mjerenja elektronic-
kom vagom. Unaprijed pripremljeni uzorci nasum-
ce su se birali i odvajali za eksperimentalne skupine.
Cuvali su se u plasti¢nim vre¢icama omotani u vlaz-
nu gazu, kako bi se sprijecila dehidracija.
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use of such devices in vivo may produce less abra-
sion than usual manual brushing methods (12,13).

This in-vitro study examines hard tooth surface
wear resulting from the use of an oral hygiene de-
vice in a controlled oral condition. Specifically, this
protocol compares dentin wear associated with the
use of: manual toothbrush and Sonicare Elite with
two different brush heads in accordance with the
usual usage conditions.

Materials and Methods

Specimen preparation

Extracted teeth stored in physiologic saline so-
lution with the antimicrobial agent sodium azide
(N;Na) were used as a dentin source. Only the teeth
without caries or restorations in the plane of the sec-
tion were chosen for this experiment.

The teeth were sectioned with a slow speed di-
amond saw with a diamond-wafering blade cooled
with water bath along the inciso-apical plane to ob-
tain 2 mm thick dentin slices, that were 3 mm wide
and 10 mm long. The pulp canals or pulp cham-
bers were to be avoided. Additionally, all the cho-
sen dentin samples were optically checked and all
samples which exhibited any irregularities like dis-
colorations or other sign of sclerotic dentin, were
eliminated. After properly preparing and choosing
dentin slices, the selected slices were embedded in-
to a model made from a self-curing material for tem-
porary crown and bridge (C&B) restorations (Lux-
atemp, DMG, Hamburg, Germany) (Figure 1). The
surface of the specimen was sanded and finished us-
ing a 400 grit, 600 grit and finally a 1200 grit SiC-
paper. With the exception of the valleys between the
ridges, the dentin surface was co-planed to the mod-
el surface after the surface treatment. The weight
of the samples was controlled and adjusted before
each test with an electronic balance. The dentin slic-
es were prepared in advance and assigned random-
ly to the experimental groups. They were stored in
plastic bags wrapped in wet tissues to keep the sam-
ples hydrated prior to testing.

Slika 1. Dentinski uzorak ulozen u akrilatni blok
Figure 1 Dentine sample embedded into a model made
from a self-curing material
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Ispitivale su se sljedece Cetkice za zube uz pri-
mjenu razli¢itog vertikalnog opterecenja:

1. Sonicare-Elite e7000 (glava HX7001, drZak
HX7001, Philips, Washington, SAD) sa standar-
dnom veli¢inom glave te vertikalnim opterece-
njem od 90 grama i 12 000 okretaja;

2. Sonicare-Elite 7000 elektri¢na Cetkica sa stan-
dardnom veli¢inom glave te vertikalnim optere-
¢enjem od 150 grama i 12 000 okretaja;

3. Sonicare-Elite €9000 (glava HX7011, drZak
HX7001, Philips, Washington, SAD) elektri¢na
Cetkica s “mini” glavom te vertikalnim opterece-
njem od 90 grama i 18 000 okretaja;

4. Sonicare-Elite €9000 elektri¢na Cetkica s “mini”
glavom te vertikalnim optereéenjem od 150 gra-
ma i 18 000 okretaja;

5. Oral-B P35 (Iowa City, IA, SAD) manualna Cet-
kica s vertikalnim opterecenjem od 150 grama te
12 500 okretaja (kontrolna skupina).

Ukupno je bilo pripremljeno 60 uzoraka - 12 za
svaku skupinu.

Simulacija ¢etkanja

Uzorci su bili postavljeni u uredaj za simulaci-
ju Cetkanja tako da je glava Cetkice bila potpuno u
doticaju s dentinom (Slika 2.). Elektri¢ne su Cetki-
ce bile prikljucene na vanjski izvor energije, kako bi
se tijekom pokusa osigurali konstantni uvjeti. Gla-
va Cetkice mijenjala se prije svakog testa, tako da je
svaki uzorak imao Cetkicu s novom glavom.

Uredaj za Cetkanje ima Sest mjesta za montiranje
Cetkica. Zbog prirode pokreta i ovisnosti o veliCi-
ni glave, u uredaju se ispitivala isklju¢ivo jedna po
jedna vrsta Cetkice. Uzorci su bili postavljeni ispod
glave Cetkice za zube, tako da je uzorak bio parale-
lan s ravninom koju ¢ine vlakna Cetkice te je sred-
nji dio glave cetkice prolazio preko sredine proma-
tranog podrucja. Kako bi se simulirale sile cetkanja,

Elektricne cetkice i trosenje dentina

The following toothbrushes with different verti-
cal loads were compared:

1. Sonicare Elite ¢7000 (head HX7001, handle
type HX7001, Philips, Washington, USA) pow-
ered toothbrush with standard sized brush head
at 90 g vertical load; 12000 strokes

2. Sonicare Elite €7000 powered toothbrush with
standard sized brush head at 150 g vertical load;
12000 strokes

3. Sonicare Elite 9000 (head HX7011, handle type
HX7001, Philips, Washington, USA) powered
toothbrush with mini sized brush head at 90 g
vertical load; 18000 strokes

4. Sonicare Elite €9000 powered toothbrush with
mini sized brush head at 150 g vertical load;
18000 strokes

5. Oral-B P35 (Iowa City, IA, USA) manual tooth-
brush at 150 g vertical load; 12500 strokes (con-
trol).

A total of 60 samples were made, 12 samples for
each group.

Simulated brushing

The samples were mounted in the toothbrush
machine and aligned so that the brush head was in
proper contact with the dentin and the center of the
brush head passed over the dentin surface (Figure
2). The powered toothbrushes were externally pow-
ered to guarantee constant conditions throughout
the test. The brush heads were replaced before each
test so that each specimen had a new brush head.

Due to the nature of the motion and its depen-
dency on the brush size, only one type of device
(treatment) was tested in the brushing machine at a
time. The brushing machine has six stations for de-
vices of the same type. The specimens were mount-
ed below the six toothbrush heads in such a way that
the specimen sample was at the same level with re-
spect to the toothbrush filament tip plane. The spec-
imen was oriented so that the center of the brush
head passed over the center of the region of interest
(ROI). Weight was added to simulate the brushing
force as required for each brush group. The sample
holder was designed to be long so that the tooth-
brush head was fully supported throughout the en-
tire brushing cycle.

Slika 2. Cetkica montirana u uredaj za simulaciju éetkanja
Figure 2 Toothbrush machine with mounted toothbrush
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dodana je teZina za svaku ispitivanu skupinu. Drzac
uzoraka bio je napravljen tako da je glava Cetkice u
cijelosti bila poduprta, odnosno prekrivala je uzorak
tijekom cijelog ciklusa ¢etkanja. Konstantna aplitu-
da Cetkanja od 43 mm bila je odredjena na temelju
najvece glave Cetkice, kako bi se osigurala ista ek-
spozicija dentinskog uzorka za sve vrste ispitivanih
Cetkica. Trajanje ekspozicije dentinskog uzorka bilo
je odredjeno prema velicini glave Cetkice. Kako bi
se simulirali klini¢ki relevantni uvjeti cetkanja, ra-
bljena su tri razli¢ita broja okretaja, od toga je jedan
¢inio potpuni pokret naprijed-natrag. Za Sonicare-
Elite sa standardnom veli¢inom glave rabljeno je 12
000 okretaja, za Sonicare-Elite s “mini” glavom 18
000 okretaja te za Oral B - 12 500.

U postupku cetkanja koristili smo se standar-
dnom zubnom pastom pripremljenom od 247 grama
glicerina, 247 grama deionizirne vode i 6,25 grama
standardne komponente zubne paste-“zgusnjiva-
¢a” (Merck, Darmstadt, Njemacka). Ta je mjeSavi-
na poznata pod nazivom “Tragant” i moZe se Cuva-
ti nekoliko dana. Pasta s abrazivom pripremala se
prije svakog mjerenja mijeSanjem 11,2 grama gli-
cerina, 11,2 grama deionizirane vode, 44,2 grama
otopine Tragant i 33,4 grama kalcijeva hidrogenfos-
fata. Nakon toga su se pastom ispunile komorice s
dentinskim uzorkom, tako da su uzorci bili potpuno
prekriveni. Sedimentacija je bila izbjegnuta, jer se
drZac uzorka u komorici pomicao ispod glave cetki-
ce omogucujudi tijekom svakog okretaja stalno mi-
jeSanje paste.

Analiza povrsine uzoraka

Analiza povrsSine dentinskih uzoraka obavlje-
na je uz pomo¢ 3D laserske triangulacije. Koli¢ina
potroSenog dentina bila je izmjerena 3D laserskim
skenerom (Scan-3D, Willytec, Munich, Njemacka).
Skener ima vertikalnu rezoluciju manju od 10 ym,
a lateralna rezolucija bila je namjestena na veli¢inu
25 x 25 ym?. Uzorci su snimljeni prije testa trose-
nja i nakon njega.

PovrsSina uzorka bila je prije skeniranja prekri-
vena posebnim sprejem (Met-L-Chek Developer D-
70, Helling GmbH, Spokerdamm 2, 25436 Heidgra-
ben, Njemacka). Njegov tocan sastav nije poznat,
no prema tvrdnji proizvodjaca sadrZava otopljene
tvari koje se brzo kristaliziraju kada su aplicirane
na Cistu povrSinu. Tako nastali kristali podjednake
su veli¢ine (manji od 10 gm) i nastaju samo u jed-
nom soju. Kako bi se smanjio broj artefakta, stavlja-
lo se vrlo malo spreja, tek toliko da potpuno pokri-
je ravnu ispoliranu povrsSinu uzorka. Zbog toga neki
od 3D podataka sadrZavaju crne tockice, no one ne

Powered toothbrushes and dentine wear 7

A constant amplitude of 43 mm was determined
based on the largest brush head, so that for the si-
nus curve this would ensure the same exposure con-
ditions of the dentin to all brushes. The exposure
time of the dentin samples to the brush head bris-
tles was based on the brush head size, with short-
er heads resulting in less exposure. To mimic clini-
cally relevant brushing conditions the devices were
subjected to three different strokes (1 stroke = one
complete forward and backward motion). 12000
strokes were used for the Sonicare Elite with a stan-
dard size head, while 18000 strokes were used for
the Sonicare Elite with the mini size head 18000.
125000 strokes were used for the control group with
the Oral-B manual toothbrush.

The brushing was done with a standardized
toothpaste slurry. The slurry was prepared from 247
g Glycerine, 247 g deionized water and 6.25 g Tra-
gant (Merck, Darmstadt, Germany) (suspension
thickener; a standard component of toothpaste).
This mixture is called Tragant solution and can be
easily stored for several days. The slurry contain-
ing the abrasive was freshly prepared before each
test by mixing: 11.2 g Glycerine, 11.2 deionized wa-
ter, 44.2 g Tragant solution, and 33.4 g Calciumhy-
drogenphosphate. The slurry was filled into the test
chamber and the samples were totally covered with
the slurry. Sedimentation was avoided because the
specimen holder was moved below the toothbrush
head in the slurry bath. This motion mixed the slur-
ry continuously with every stroke.

Surface analysis

Surface analysis was done through 3D laser tri-
angulation. The wear loss was measured with a 3D
Laser Scanner (Scan-3D, Willytec, Munich, Ger-
many). The scanner has a vertical resolution of less
than 10 gm. The lateral resolution is set to 25 x 25
um?. The samples were digitized before and after
the wear test. The specimen surface was digitized
after polishing and the 3D data set was superim-
posed to a 3D-image acquired after testing.

The original surface of the specimen was covered
with a special spray (Met-L-Chek Developer D-70,
Helling GmbH, Spokerdamm 2, 25436 Heidgraben,
Germany). The detailed information about the spray
could not be obtained because the manufacturer does
not disclose this information. We were told that the
spray contains a dissolved material which rapid-
ly crystallizes when applied to a clean surface. The
manufacturer claims that the crystals are uniform in
size, less than 10 ym and crystallize in one layer only.
In order to ensure little artifacts due to the spray, very
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utjecu na rezultat, jer su automatski iskljucene iz
evaluacije podataka.

Povrsina uzoraka bila je ocis¢ena u ultrazvuc¢noj
kupelji neposredno prije aplikacije spreja te skeni-
ranja uzoraka i nakon toga. Dva seta 3D podataka
superponiraju se prema podrucjima gdje uzorak nije
ostecen Cetkanjem i na temelju toga dobiva se dife-
rencijacijska snimka za statisti¢ku obradu podataka.
Za vizualizaciju 3D podataka rabljen je postupak
difuzne iluminacije kod kojega je izvor svjetla pa-
dao na povrSinu uzorka. S povrSine uzorka svjetlost
se reflektira, a njezina koli¢ina predstavlja funkci-
ju povrsinske inklinacije. Prosjecan gubitak visi-
ne uporabljen je za usporedbu razlicitih ispitivanih
skupina.

Za statisticku analizu rezultata koristili smo se
jednosmjernom analizom varijance (oneway ANO-
VA), te Tukeyjevim post-hoc testom.

Rezultati

U Tablici 1. zajednicki je prikaz rezultata tro-
Senja dentina za sve ispitivane skupine. Elektri¢na
Cetikca za zube Sonicare-Elite sa standardnom ve-
li¢cinom glave i 90 grama vertikalnog opterecenja
imala je najniZu vrijednost troSenja dentina. Nije
ustanovljena statisticki znatna razlika izmedju Cet-
kica Sonicare-Elite sa standardnom veli¢inom glave
i 90 grama vertikalnog opterecenja, Sonicare-Elite
sa standardnom veli¢inom glave i 150 grama ver-
tikalnog opeterecenja te Sonicare-Elite s mini gla-
vom i 90 grama opterecenja. Dvije ispitivane sku-
pine - Sonicare-Elite s “mini” glavom i 150 grama
vertikalnog opterecenja te manualna Cetkica za zube
Oral-B pokazale su statisticki veliku razliku (vece
troSenje dentina) u odnosu prema ve¢ spomenutim
eksperimentalnim skupinama. Nije utvrdena stati-
sticki znatna razlika izmedju dviju spomenutih is-
pitivanih skupina.

Elektricne cetkice i trosenje dentina

little spray is applied, just enough to cover the flat
surfaces. This is the reason for the dark spots that can
be seen in steep areas on the 3D data. However, this
does not affect the result because they are excluded
automatically from the evaluation.

The surface of the samples were cleaned in an
ultrasound bath before coating with the spray im-
mediately before the test and also after the test. The
two 3D data sets are superimposed based on regions
which were not worn by the toothbrush. Then a dif-
ference image was calculated and statistically ana-
lyzed. To visualize the 3D data, a diffuse illumina-
tion approach was used. It is assumed that a light
source is illuminating the surface with an amount of
light intensity, and that the surface reflects the light.
The amount of reflected light is a function of the
surface inclination. The mean height loss was used
to compare the different test groups.

Statistical differences were calculated with a
one-factorial analysis of variance (Oneway ANO-
VA). The Tukey-test was used as the post-hoc test.

Results

Table 1 summarizes the results of the experi-
ment. Sonicare Elite power toothbrush with a stan-
dard head size at 90 g vertical load had the low-
est dentine wear. No difference could be determined
between: the Sonicare Elite with standard size brush
head at 90 g vertical load, the Sonicare Elite stan-
dard brush head size at 150 g load, and the Sonicare
Elite with mini head at 90 g load. The two groups:
Sonicare Elite mini size brush head at 150 g vertical
load and the manual Oral-B tooth brush were signif-
icantly different (higher wear) then the aforemen-
tioned group. No difference could be determined
within the second subset.

Tablica 1. Prosjec¢no trosenje dentina [pm] nakon zavrsenog testiranja

Table1 Mean dentine wear [um] after testing

Prosjecno trosenje
Skupina ¢ Group dentina [pm] * Mean | SD [pm]
dentine wear [pm]
Philips Sonicare-Elite standardna glava, 90g  Philips Sonicare Elite normal 90g 47.7 38.72
Philips Sonicare-Elite standardna glava, 150g ¢ Philips Sonicare Elite normal 150g 58.82 49.05
Philips Sonicare-Elite mini glava, 90g ¢ Philips Sonicare Elite small 90g 63.43 44.08
Philips Sonicare-Elite mini glava, 150g ¢ Philips Sonicare Elite small 150g 97.71 72.04
Oral B-P35 kontrolna skupina, 150g ¢ Oral B P35 (Control) 150g 107.26 50.44
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Rasprava

Nakon Sto su se pocele proizvoditi elektricne
¢etkice odmah su se pojavile mnogobrojne labora-
torijske i klinicke studije u kojima se usporediva-
la njihova sigurnost i u¢inkovitost u odnosu prema
klasi¢nim manualnim ¢etkicama za zube. Opcenito
je uvrijeZeno misljenje da su elektricne Cetkice si-
gurne kao i manualne (14). No, u nekim klini¢kim
studijama rezultati se razlikuju. Misljenja o manual-
noj i elektri¢noj Cetkici te usporedbe nisu dali jasne
rezultate. Neke prijasnje studije nisu dokazale pred-
nosti elektri¢nih u odnosu prema manualnim cet-
kicama, a u nekima se isti¢u prednost i veca ucin-
kovitost u uklanjanju plaka te poboljSanje zdravlja
gingive ako se primjenjuju elektricne Cetkice (15).
Te proturje¢nosti u istraZivanjima mogu se objasni-
ti razlic¢itim pokusima i eksperimentalnim uvjetima
(drugacijim brojem i oblikom uzoraka, nac¢inom pri-
preme uzoraka, brojem okretaja Cetkice, viemenom
Cetkanja, oblikom i vrstama glava Cetkice, primije-
njenom silom, itd) pa je zato tesko usporedivati re-
zultate jedne studije s rezultatima druge (14,15).

Abraziju zbog Cetkanja uvjetuje niz ¢imbenika,
kao Sto su Cestoca Cetkanja, sile primijenjene tije-
kom cetkanja, karakteristike glave Cetkice te vrsta
i sastav paste (16). Eksperimenti in situ pokazuju
zbog Cetkanja vecu podloZnost dentina deminera-
lizaciji i abraziji u odnosu prema caklini (17-20).
Sorensen i Nguyen (21) zakljucili su da se manual-
na i elektri¢na Cetkica razlikuju u nacinu prijenosa
(raspodjele) paste koja na taj nacin rezultira razlici-
tom abrazijom tvrdoga zubnog tkiva. Istaknuli su i
znatno vece troSenje dentina kod uporabe manualne
Cetkice u usporedbi s elektricnom. Suprotno tome,
Efraimsen i njegovi kolege (22) u svojem istraZiva-
nju nisu pronasli vecu razliku u troSenju dentina iz-
medju uporabe manualne i elektri¢ne Cetkice.

Ta studija teZiSte stavlja na razliito opterece-
nje dentinskog uzorka u primjeni elektricne det-
kice s razli¢itim veli¢inama glave, u usporedbi s
manualnom. Manualna cetkica Oral-B P35 najvi-
Se trosi dentin (107 gm), a najmanje Sonicare-Eli-
te, elektri¢ne Cetkice sa standardnom veli¢inom gla-
ve za oba primijenjena vertikalna opterecenja - od
90 i 150 grama. Zanimljivo je da standardna veli-
¢ina glave kod 150 grama vertikalnog opterecenja
uzrokuje manje troSenje dentina (58.82 ym), nego
ista Cetkica s “mini” glavom i 90 grama vertikal-
nog opteréenja (63.43 ym). U slucaju “mini” gla-
ve sile su fokusirane na manju povrSinu, pa uporaba
Cetkice s takvom glavom zahtijeva manje sile, od-
nosno pritiska tijekom ¢etkanja. Iz Tablice 1. moZe
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Discussion

The introduction of the powered toothbrush has
lead to a large number of studies comparing the
safety and efficacy of powered toothbrushes to man-
ual toothbrushes. There is a general agreement that
powered toothbrushes are as safe as manual tooth-
brushes (14). However, clinical studies designed to
compare the efficacy of electric toothbrushing with
that of manual toothbrushing have led to conflicting
results. Opinions and comparisons between manual
and power brushing have not led to unequivocal re-
sults. In the past, several studies have failed to show
any benefit of an electric toothbrush over the use
of a conventional manual toothbrush, whilst others
have clearly demonstrated the electric toothbrush to
be superior in terms of both plaque removal and im-
provement in gingival health (15). This conflict in
study outcome can largely be explained by varia-
tions in study design. Most found no difference, but
none found hand brushing to be superior to power
brushing. A number of factors have a significant ef-
fect on results which vary between studies and are
a probable reason for the variation in findings re-
ported in the literature. Therefore, it is very diffi-
cult to compare the results of many studies, because
they all use different brushing parameters. Differ-
ences can be seen in: sample preparing procedures,
number of strokes, brushing time and forces, bristle
shapes, composition of dentifrice, and experimental
conditions (14,15).

The toothbrushing abrasion is influenced by
brushing variables such as: frequency of toothbrush-
ing, applied brushing forces, bristles characteristics,
filament stiffness and end-rounding, composition of
dentifrice (16). In situ studies found an increased
susceptibility to demineralization and toothbrush-
ing abrasion for dentine as compared to enamel
(17,18). Currently, it is suggested that toothbrush-
ing with manual and power toothbrushes produces
limited dentine wear in lifetime of use (19,20). So-
rensen and Nguyen (21) concluded that manual and
powered toothbrushes differ in the transportation of
dentrifice which leads to different abrasion of hard
tooth tissue. They found significantly higher dentine
loss produced by manual toothbrushes compared to
powered toothbrushes. In the contrary, Efraimsen et
al. (22) did not find any significant difference be-
tween powered and manual toothbrushing.

This study is focused on the different load ap-
plied to dentin substrate by powered toothbrushes
with different brush head size compared to manu-
al toothbrushes. Oral-B P 35, a manual toothbrush,
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se vidjeti da nema statisticki znatne razlike izmedju
Cetkice Sonicare-Elite s “mini” glavom i 150 gra-
ma vertikalnim optere¢enjem, u usporedbi s manu-
alnom cetkicom Oral-B.

U ovom ispitivanju rabila se standardna pasta.
Vertikalno opterecenje od 150 grama i “mini” glava
cetkice s nekom drugom vrstom paste s viSe abra-
zivnih Cestica, vjerojatno bi vise troSilo dentin. U
klini¢kim uvjetima pokreti ¢etkanja, vrijeme Cetka-
nja te Cetkanje nakon kiselih jela i pica, dodatni su
¢imbenici koji imaju velik udinak na trosenje den-
tina.

Manly i Foster (23) u svoju su studiju o troSenju
dentina ukljucili i poziciju, odnosno poloZaj zuba.
To je vaZan parametar u klinickim uvjetima, ali na-
Zalost malo je istraZzivanja u kojima se ispitivalo tro-
Senje dentina s obzirom na poloZaj zuba u Celjusti.
Spomenuti autori zakljucili su da je troSenje ravno-
mjerno rasporedeno uz cerviks zuba. Razlicito pri-
mijenjeno opterecenje na zub u razli¢itom poloZaju
u zubnom luku, u slucaju elektri¢nih cetkica za zu-
be s povratnim sustavom nakon prekoracenja kriti¢-
ne sile, vjerojatno nece imati znatan utjecaj na uku-
pan gubitak dentina (16). No, to ée tek biti predmet
istraZivanja.

McConnell i Conroy (12) ispitivali su manualne
Cetkice kod 167 i 250 grama opterecenja te pronasli
gubitak dentina od 57 do 118 mg. Noordmans i su-
radnici (24) u svojoj su studiji zakljucili da se tro-
Senje dentina krece od 4 do 35 ym na tjedan uz 100
okretaja kod ¢etkanja sa zubnom pastom. O gubitku
dentina od 0,02 do 0,06 ym govori se, pak, u studi-
jima Zimmera i njegovih kolega. (3). Van der Weij-
den i suradnici (25) zakljucili su da se kod uporabe
elektri¢nih Cetkica primjenjuju manje sile tijekom
¢etkanja nego kod manualnih. U novijim studijama
takoder se istice da se kod elektri¢nih ¢etkica primi-
jenjene sile krecu uglavnom od 80 do 190 grama, a
kod manualnih 250 grama (16).

No, ocito je da pacijent mora dobiti odgovaraju-
¢e informacije o cetkanju i nacinu primjene novih
elektri¢nih Cetkica za zube, kako bi se osigurala nji-
hova pravilna uporaba te postigao maksimalni uci-
nak oralnog zdravlja s manje karijesa, zadrZavanja
plaka, dentinske preosjetljivosti i cervikalnih lezija.

Elektricne cetkice i trosenje dentina

causes the highest dentin loss (107 ym), while the
lowest loss was recorded with the Sonicare Elite
power toothbrush with a standard head size for both
90 g and 150 g vertical loads. It is interesting that
standard head size head at 150 g vertical load causes
less dentin loss (58.82 um) than a mini head size
with 90 g applied vertical load (63.43 pm). In the
case of the mini head size, the forces are focused
on lower surfaces, and therefore the use of the mini
head size requires less force to be applied. From Ta-
ble 1 it is also seen that there is no significant dif-
ference between the Sonicare Elite with mini bris-
tle head size at 150 g vertical load, and the Oral-B
manual toothbrush.

In this study standard slurry was used. Load at
150 g, and mini bristle size with some other dentri-
fice with more abrasive characteristics will proba-
bly lead to even higher dentine loss. Furthermore,
in clinical conditions: brushing motions, brushing
time and brushing after exposure of acidic food
and drinks will also be of great influence to den-
tine loss.

In their dentine wear study, Manly and Fos-
ter (23) also investigated the position of the tooth.
Tooth position is a very important parameter in clin-
ical situations, but unfortunately there are very lit-
tle or no recent findings on how tooth position influ-
ences the amount of dentine loss. They found that
wear is uniformly distributed around the cervix of
the tooth. The different loads applied on different
teeth at different positions in the dental arch, will
probably not influence significantly the final dentine
loss values when considering powered toothbrush-
es with feedback systems after critical forces have
been applied (16). The aforementioned will be the
subject of further studies.

In their study, McConnell and Conroy tested (12)
manual brushes with 167 and 250 g loads and found
dentine loss from 57 to 118 mg. Noordmans et al.
(24) found in their in situ study wear rates of den-
tine between 4 and 35 ym weekly with 100 strokes
of brushing with toothpaste. Despite these findings,
wear loss of 0.06 and 0.02 ym was established in a
study conducted by Zimmer et al. (3). Van der Wei-
jden et al. (25) have found that less brushing force
is used with electric than with manual toothbrushes.
The forces for powered toothbrushes are usually in
the 80-190 g range, and in the 250 g range for man-
ual toothbrushes (16).

However, it is evident that subjects should re-
ceive specific toothbrushing and operative instruc-
tions with new powered tooth brush devices. This
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Zakljuc¢ak

Rezultati ovog ispitivanja pokazali su da manu-
alna Cetkica vise troSi dentin u odnosu prema elek-
tricnima. U skupini elektri¢nih Cetkica najvece tro-
Senje dentina zabiljeZeno je kod uporabe cetkice s
“mini” glavom, bez obzira na veli¢inu vertikalnog
opterecenja.
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is to ensure correct use which will result in better
oral health with: less plaque retention, caries, den-
tine hypersensitivity and cervical lesions.

Conclusion

This study confirmed that manual toothbrush-
es cause more dentine wear than powered tooth-
brushes. Also, a greater load and smaller brush head
size of powered toothbrushes leads to higher den-
tine substrate loss and greater wear regardless of the
load applied.
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Purpose: The aim of this study was to evaluate the dentine wear after brushing with
powered toothbrushes with different brush head size and different load applied in
comparison with manual toothbrush. Material and Methods: Powered toothbrush
Sonicare Elite with mini and standard size brush heads at 90g and 150g vertical
load, and the manual toothbrush Oral-B-P35 with a vertical load of 150g, were used
as a control group. Toothbrushing machine with different number of strokes was
used for dentine abrasion assessment. For Sonicare-Elite with standard size head
12000 strokes was used, for Sonicare Elite with mini head 18000 and for manual
toothbrush 12500 strokes. 3D-Laser scan was used for evaluation of dentine wear.
The highest dentine wear was recorded using manual toothbrush (107.26um),
while the lowest using Sonicare-Elite with standard size head at 90g vertical load
(47.7um). Results: No statistical significance was found between powered tooth-
brushes with: mini head (90g load), standard head (90 and 150g load) and between
mini head of powered toothbrushes at 150g vertical load and manual toothbrush.
Conclusion: Powered toothbrushes with different brush head size and different load
applied caused different tooth wear: the smaller the brush head and the higher the
load is, the higher the dentine wear is.
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