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ABSTRACT

Aim: This study aimed to determine the effects of toothbrushing force on the surface roughness, gloss, and color change of dental enamel.
Material and Methods: This study was carried out on the sound vestibular enamel surfaces of 16 human permanent incisors extracted
for periodontal or orthodontic reasons. Teeth were randomly divided into 2 subgroups (n=8, per group) and embedded in acrylic blocks.
The vestibular enamel's initial surface roughness, gloss, and color were measured. Three measurements per sample were performed and
averaged. Six months of toothbrush simulation with 5,000 circular cycles (with a load of 1.5 and 2.5 N for groups 1 and 2, respectively)
(MOD Dental, Turkey) was performed. The same measurements were repeated and the data were analyzed with independent samples and
paired sample t-tests (p<0.05).

Results: A significant difference was observed between the surface roughness values after the toothbrushing simulation with 1.5 and 2.5
N (p=0.022). Surface gloss values decreased significantly when 1.5 and 2.5 N forces were applied (p=0.001, p=0.002, respectively). Color
change (AE) for brushing force of 2.5 N (3.48+0.83) was statistically significantly higher than 1.5 N (2.42+0.86), (p=0.025).

Conclusion: Results of this study revealed that the surface roughness and color change values increased depending on the applied brus-
hing force whereas gloss values decreased.
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Amag: Bu ¢alismanin amacy, dis fircalama kuvvetinin dis minesinin yiizey piiriizliiliigi, parlakligl ve renk degisimi iizerindeki etkilerini
incelemektir.

Gere¢ ve Yontem: Bu ¢alisma, periodontal veya ortodontik nedenlerle ¢ekilmis 16 insan daimi kesici disinin saglam vestibiiler mine
ylzeyleri lizerinde gerceklestirildi. Disler rastgele 2 alt gruba ayrild1 (grup basina n=8) ve akrilik bloklara gémiildii. Vestibiiler minenin
baslangic¢taki ylizey plriizliliigl, parlakligl ve rengi dl¢lildii. Numune basina ti¢ 6l¢iim yapildi ve ortalamasi alindi. 5.000 dairesel dongii
(grup 1 ve 2 icin sirasiyla 1.5 ve 2.5 N kuvvet ile) (MOD Dental, Tiirkiye) ile alt1 aylik dis fircalama simiilasyonu yapildi. Ardindan ayni
Olctimler tekrarlandi ve veriler bagimsiz 6rneklem ve eslestirilmis 6rneklem t-testleri ile analiz edildi (p<0.05).

Bulgular: 1.5 ve 2.5 N ile dis fircalama simiilasyonu sonrasi 6lciilen yiizey piirtzliilik degerleri arasinda anlaml derecede fark gozlendi
(p=0,022). 1.5 ve 2.5 N kuvvet uygulandiginda yiizey parlaklik degerleri anlaml derecede azald1 (sirasiyla p=0,001, p=0,002). 2,5 N
(3,48+0,83) fircalama kuvveti ile meydana gelen renk degisimi (AE), 1,5 N'dan (2,42+0,86) istatistiksel olarak anlaml derecede ytiksekti
(p=0,025).

Sonug: Bu calismanin sonuglar1 uygulanan firgalama kuvvetine bagh olarak ytizey piirtizliiliigii ve renk degisimi degerlerinin arttigini,
parlaklik degerlerinin ise azaldigini1 gdstermistir.
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The Effect of Brushing Force on The Surface Properties and Color Stability of Dental Enamel

INTRODUCTION

Recently, maintenance of the surface properties of
dental hard tissues and restorative materials against
intra-oral abrasive factors has become an important
factor in terms of clinical success, aesthetics, and du-
rability. Intra-oral tribology of dental hard tissues and
restorative materials is a very complex phenomenon
influenced by various extrinsic and intrinsic factors.!
Many components contribute to the intra-oral wear of
enamel and dentin.2 Occlusal contacts of the teeth
with their antagonists during mastication (attrition),
contact of teeth with foreign bodies (abrasion) such
as toothbrushing with toothpaste, exogenous acid at-
tacks due to consumption of acidic fruits and bevera-
ges or endogenous acid attacks with gastric fluids ca-
used by gastroesophageal reflux disease and vomiting
(erosion).3#In addition, abnormal occlusal forces (pa-
rafunctional habits and bruxism) can also cause wear
of dental hard tissues.>

Toothbrushing is the most effective and common
self-performed mechanical plaque control method
and daily practice is required.6 However, dental hard
tissues and restorative materials can be abraded du-
ring brushing.” In studies investigating the harmful ef-
fects of toothbrushing on the surface properties of
dental hard tissues and various restorative materials,
it has been stated that brushing force, technique,
frequency, duration, and condition of the toothbrush
and the abrasiveness of the toothpaste used are im-
portant determinants of effective plaque control and
wear.8? The surface deterioration caused by to-
othbrushing can increase plaque retention and pati-
ents are hypersensitive to roughness in the mouth.
Quirynen et al.1% revealed that the threshold value for
bacterial accumulation on titanium surfaces is 0.2 pm.
Jones et al.l, on the other hand, revealed that patients
could detect even 0.3 pm changes with their tongues.
Brushing wear on the dental enamel can increase the
surface roughness and cause plaque accumulation
and thus caries formation, as well as dentin sensitivity
due to wear in the long term.12 It is known that indivi-

duals apply different amounts of force while brushing.

According to ISO/TR 14569-1:2007, the recommen-
ded brushing force during toothbrushing simulations
should be between 0.5 - 2.5 N.13 In the previous stu-
dies, a wide range of brushing force values were app-
lied, and there is no standard brushing force value
applied in all studies in the literature.114-16 Therefore,
this study aims to investigate the effects of various

brushing forces on the surface roughness, gloss, and
color change of dental enamel.

The hypotheses tested were (1) that the surface
gloss and roughness of dental enamel will not be af-
fected by increasing toothbrushing forces and (2)
there will be no effect on color stability.

MATERIAL AND METHODS

This study was carried out after the necessary per-
missions were obtained from the Trakya University
Scientific Research Ethics Committee (TUTF-GO-
BAEK2022/226) and an informed consent form was
obtained from all patients before the extraction of the
teeth to be used in the current study. The sample size
for this study was conducted according to a previo-
usly published study!4 and a total of 16 teeth were de-
cided to be included in the study with an alpha level
of 0.05, 95% power, and 2.10 effect size (GxPower
software version: 3.1.9.7). Subsequently, human per-
manent incisors extracted for periodontal or ortho-
dontic reasons were gathered and disinfected with
0.1% chloramine solution after the removal of calcu-
lus and tissue residues. Vestibular enamel surfaces
were examined under magnification (X20) with a ste-
reomicroscope and worn, fractured, cracked, and de-
cayed teeth were excluded from the study. The teeth
were ultrasonically cleaned for 1 min and the resi-
dues that would affect the measurement were detac-
hed from the surface. Afterward, the extracted teeth
were randomly divided into 2 subgroups (n=8, per
group) and embedded in acrylic blocks in such a way
that their vestibule faces were exposed.

Before the toothbrushing simulation, the surface
roughness was determined with a contact profilome-
ter (Taylor Hobson-Surtronic S128, Leicester, Eng-
land) with a standard cutoff value of 0.8 mm, tracing
length of 5.6 mm, and stylus speed of 0.5 mm/s. Three
measurements were made from different locations
and the mean surface roughness values (Ra) were re-
corded (in pm). The surface gloss was then measured
at a specular angle of 60° using a precision gloss me-
ter (Nuvo-Curve, Rhopoint, East Sussex, UK) calibra-
ted to the black glass calibration tile with a reference
value of 93.3 gloss units. (GU). Three measurements
were completed per sample (at 60° light incidence,
with the sample rotated 90° each time) and averaged.

All specimens were measured three times with a
spectrophotometer for their optical properties as
transmission (VITA Easyshade V; VITA Zahnfabrik)
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and discoloration rates on a standard white backgro-
und and all devices were calibrated before each use.

After the initial surface measurements were con-
ducted, a toothbrushing simulation (MOD Dental,
Turkey) was applied to a group of samples with a
force of 1.5 N at 5,000 circular cycles (r:10 mm),
which was corresponding to approximately 6 months
of tooth brushing. The rotation frequency was 1 Hz.
For this simulation, medium-bristle toothbrushes
were divided from the neck and located in the to-
othbrushing simulator. Colgate Total containing hyd-
rated silica as an abrasive and a relative dentin abra-
sivity (RDA) of 70 was the toothpaste of choice (Col-
gate Palmolive, Hamburg, Germany). A ratio of 2 g dis-
tilled water to 1 g paste was used according to ISO/TR
14569-1:2007 during this process. To the other group,
a toothbrushing simulation with 5,000 circular cycles
(r:10 mm), equivalent to 6 months of tooth brushing
with 2.5 N force, was applied. Finally, the same rough-
ness, gloss, and color measurements were repeated
from the samples, and the obtained values were re-
corded.

The color change value was calculated as follows
(AE*ab):

AE*ab =[(AL*)? + (Aa*)2 + (Ab*)2]1/2

(L: lightness, a: green-red (-a=green; +a=red) and
b: blue-yellow (-b=blue; +b=yellow).

Statistical Analysis

After the distribution was checked by Shapiro-
Wilk tests, data was analyzed with IBM SPSS Statistics
for Windows (Version 23, SPSS Inc., Chicago, IL, USA).
Since the data was normally distributed, an indepen-
dent sample t-test for inter-group and paired t-test
for within-group comparisons were performed. Desc-
riptive statistics (arithmetic mean and standard devi-
ation) were given and the limit for significance was
p<0.05.

RESULTS

According to the outcomes of the current study (Table
1), it was determined that the surface roughness va-
lues increased as the applied force increased (Figure
1). Even though the surface roughness values of the
dental enamel were increased more after the 2.5 N
application (Ra: 0.32+0.4), no significant difference
was detected between the 1.5 N application (Ra:
0.09+0.1), (p=0.139). After 6 months of tooth

brushing simulation, the surface roughness values of
the 2.5 N force applied group (Ra: 0.84+0.3) were sig-
nificantly higher. Besides, a significant difference was
observed between the roughness values measured af-
ter the toothbrushing simulation with 1.5 and 2.5 N
(p=0.022), (Figure 2).

Figure 1. SEM images (x4000) of dental enamel after
application of (A) 1.5 N and (B) 2.5 N during the to-
othbrushing simulation.

A B .

Figure 2. AFM images of dental enamel after app-
lication of (A) 1.5 N during the toothbrushing simu-
lation and (B) 2.5 N. Note the roughened surface af-

ter 2.5N brushing force is applied.

Table 1. The surface roughness (Ra) values of the
study groups (pum)

0.48 "
+0.16 0.52+0.15 0.416 0.09 £0.11
0.52 "
25N 0.84+0.30 0.051 0.32 +0.38
+0.12
P 0.603’ 0.022* 0.139’
"independent samples t-test, ":paired sample t-

test.*<0.05

Gloss measurements and color changes before and
after the toothbrushing simulation were shown in
Table 2. Surface gloss values decreased significantly
when 1.5 and 2.5 N forces were applied (p=0.001,
p=0.002, respectively). Nevertheless, no significant
difference was detected among the number of chan-
ges in the surface gloss values of both groups
(p=0.951).
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Table 2. The mean surface gloss (GU) and color

change (AE) of study groups

12.28 6.47 -5.80

*1
crce  ingy 0001 irgg  242%086
1078 5.1 wn 570

2.5N e201  +3gg 0002 a5 3481083

P 0212 0420’ 0951’  0.025*

":independent samples t-test, ":paired sample t-

test.*<0.05

Color change (AE) when 2.5 N was applied
(3.48+0.83) was statistically significantly higher than
when 1.5 N was applied (2.42+0.86), (p=0.025).

DISCUSSION

In the current study, 5000 cycles of toothbrushing
simulation, equivalent to 6 months of brushing, were
applied to the enamel surface of the extracted human
incisors with 1.5 and 2.5 N force. Considering the out-
comes of the current study, it was observed that the
surface deterioration increased as the brushing force
increased. However, when the changes in surface ro-
ughness and gloss values were taken into considera-
tion, no statistically significant difference was obser-
ved between the groups. Therefore, the first hypothe-
sis was partially rejected.

Toothbrushing with toothpaste causes a three-
body wear process in which the toothpaste acts as a
third body between the dental hard tissues and the
toothbrush, causing both wear on the toothbrush and
tooth surfaces.!” Studies have shown that brushing
without toothpaste has no or minor effect on dental
enamel and dentin, which is considered clinically in-
significant.18 Nevertheless, toothbrushing with to-
othpaste causes wear with a correlation to to-
othpaste’s RDA values.!® Moreover, the characteris-
tics of the toothbrush, particularly the filament arran-
gement, texture, and density can alter the abrasivity
of the toothpaste.2? Since it was aimed to determine
the effects of the brushing force in the current study,
the same type of medium hardness toothbrush (all
bristles were straight and rounded) was used in all
groups (38 bundles and each bundle contains 40
bristles) and Colgate Total with a RDA value of 70 was
the toothpaste of choice.

Toothbrushing wear is time-dependent, further-
more, brushes have a recommended lifespan. The

NEU[PIS\}N
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American Dental Association advises renewal of the
toothbrush every 3-4 months or even earlier if the
bristles become frayed since worn and thinned fila-
ments are less effective at removing microbial
plaque.2! However, not all patients comply with this
recommendation, and surveys among patients revea-
led that the average toothbrush replacement period is
2.5 to 6 months.22 Previous studies have agreed that
10,000 cycles are corresponding to a year of tooth
brushing.23 Since the maximum lifespan of a to-
othbrush was 6 months, 5000 cycles corresponding to
6 months of tooth brushing were applied in the cur-
rent study.

Toothbrushing wear is affected by many factors
such as brushing frequency, duration, and force. The
brushing forces differed from 1.6 to 3.23 N in previ-
ous studies for manual toothbrushes and 0.9 to 4 N for
power toothbrushes.182¢ However, according to
ISO/TS 14569-1, the brushing force should be
between 0.5 N and 2.5 N.13 Therefore, the average (1.5
N) and the maximum (2.5 N) values recommended by
ISO/TS 14569-1 were compared in the current study.
Addy and Hunter!2 stated that normal toothbrushing
habits with toothpaste conforming to the ISO stan-
dard will, in lifetime use, cause virtually no wear or
clinically insignificant wear to tooth enamel (about
0.5 mm per 50 years). On the other hand, abusive use
of toothbrushes with excessive force can result in pat-
hological levels of abrasion.!” Even though there was
no statistically significant difference between the ro-
ughness change values, the increase in surface rough-
ness after tooth brushing simulation with 2.5 N was
higher than the 1.5 N group. This situation, consistent
with the literature, indicates that as the brushing
force increases, surface deterioration may occur.

The alterations in the surface gloss caused by to-
othbrushing have been investigated in previous stu-
dies and a decrease has been determined in correla-
tion with brushing frequency, cycles, and the applied
force.2526 In the current study, surface gloss values
were decreased significantly after tooth brushing si-
mulation application in both groups, however, no sig-
nificant difference was detected between the amount
of gloss reduction between groups. A study conducted
by O’Neill et al. investigated the gloss retention of
dental enamel after toothbrushing simulation with
different dentifrices and revealed no significant gloss
change after 5000 cycles with Sensodyne Repair and
Protect, consistent with the present study.2s On the
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other hand, other dentifrices used in this study cau-
sed significant gloss reduction proving the role of
dentifrice type on surface alterations. In the same
study, it was stated that the surface gloss decreased
as the toothbrushing cycles increased. Accordingly,
the reason why there was no significant reduction in
gloss values in the present study may be due to the
number of cycles.

It is known that dental hard tissues are prone to
discoloration depending on the toothpaste’s RDA va-
lue and the characteristic features of brushing.2? Simi-
larly, the color change value of the 2.5 N applied group
was statistically significantly higher than 1.5 N. More-
over, the AE of the 2.5 N applied group (AE: 3.48+0.83)
was above the threshold AE:3.3 which is considered
clinically acceptable.28 Consequently, the second hy-
pothesis was rejected.

Within the limitations in the current study, the al-
terations in the surface properties of dental enamel
caused by the brushing force were investigated.
However, in vivo wear was much more sophisticated
due to additional factors such as erosion and abfrac-
tion. The in vitro nature of this study is not suitable
for determining the cumulative effect of nutrients, be-
verages, and parafunctional habits such as bruxism.
Another limitation of the study is that the amount of
wear can differ depending on the type or brand of to-
othbrushes and pastes. Therefore, further investigati-
ons with various toothbrushes and toothpastes need
to be performed.

CONCLUSION

The results of the current study disclosed that the
habit of toothbrushing with increasing forces may
have a harmful effect on the surface roughness, gloss,
and color stability of dental enamel. Therefore, den-
tists have an important role in guiding their patients
about the adequate toothbrushing force for plaque re-
moval as well as the technique and selection of inst-
ruments that can be protected from toothbrush abra-
sion and its’ side effects on dental hard tissues.

ETHICAL COMMITTEE APPROVAL

The necessary ethical approval for this study was
received from Trakya University Non-Interventional
Scientific Research Ethics Committee.(TUTF-GO-
BAEK2022/226).

FINANCIAL SUPPORT

The authors declare that this study received no
financial support.

CONFLICT OF INTEREST

The authors deny any conflicts of interest related
to this study.

AUTHOR CONTRIBUTIONS

Design: MBD, MTA, Data collection and processing:
MBD, MTA, Analysis and interpretation: MBD, MTA, Li-
terature review: MBD, Writing: MBD, MTA.

REFERENCES

1. Kon M, Kakuta K, Ogura H. Effects of occlusal and
brushing forces on wear of composite resins. Dent
Mater J. 2006;25:183-94.

2. Sperber GH. Dental wear: attrition, erosion, and ab-
rasion-a palaeo-odontological approach. Dent | (Ba-
sel). 2017;5:19.

3. Yu H, Wegehaupt FJ], Wiegand A, Roos M, Attin T,
Buchalla W. Erosion and abrasion of tooth-colored
restorative materials and human enamel. | Dent.
2009;37:913-22.

4.  Shellis RP, Addy M. The interactions between attri-
tion, abrasion and erosion in tooth wear. Monogr
Oral Sci. 2014;25:32-45.

5. Ahmed KE, Whitters ], Ju X, Pierce SG, MacLeod CN,
Murray CA. Clinical monitoring of tooth wear prog-
ression in patients over a period of one year using
CAD/CAM. Int ] Prosthodont. 2017;30:153-5.

6. Figuero E, N6brega DF, Garcia-Gargallo M, Tenuta
LM, Herrera D, Carvalho ]JC. Mechanical and chemical
plaque control in the simultaneous management of
gingivitis and caries: a systematic review. ] Clin Pe-
riodontol. 2017;44:116-34.

7. Heintze SD, Forjanic M. Surface roughness of diffe-
rent dental materials before and after simulated to-
othbrushing in vitro. Oper Dent. 2005;30:617-26.

8. Wiegand A, Burkhard JP, Eggmann F, Attin T. Brus-
hing force of manual and sonic toothbrushes affects
dental hard tissue abrasion. Clin Oral Investig.
2013;17:815-22.

9. Kumar S, Kumar Singh S, Gupta A, Roy S, Sareen M,
Khajuria S. A profilometric study to assess the role
of toothbrush and toothpaste in abrasion process. ]
Dent (Shiraz). 2015;16:267-73.

10. Quirynen M, Bollen CM, Papaioannou W, Van Eldere
], van Steenberghe D. The influence of titanium abut-
ment surface roughness on plaque accumulation
and gingivitis: short-term observations. Int ] Oral
Macxillofac Implants. 1996;11:169-78.

WISDENT. Dis HEKIMLIGI DERGISI 171



The Effect of Brushing Force on The Surface Properties and Color Stability of Dental Enamel

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

NEU[PIS\}N

Jones CS, Billington RW, Pearson GJ. The in vivo per-
ception of roughness of restorations. Br Dent ].
2004;196:42-5.

Addy M, Hunter ML. Can tooth brushing damage
your health? Effects on oral and dental tissues. Int
Dent]. 2003;53:177-86.

ISO TR. Dental materials guidance on testing of wear:

Part 1:Wear by tooth brushing. Technical Report.
ISO TR.2007;14569:1.

Hamza B, Tanner M, Kérner P, Attin T, Wegehaupt F].
Effect of toothbrush bristle stiffness and toothbrus-
hing force on the abrasive dentine wear. Int | Dent
Hyg. 2021;19:355-9.

AlShehab AH, AlHazoom AA, Alowa MH, AlAli HA,
Abdulmohsen AA, Farooq I. Effect of bristle stiffness
of manual toothbrushes on normal and deminerali-
zed human enamel-An in vitro profilometric study.
Int ] Dent Hyg. 2018;16:128-32.

Kon M, Kakuta K, Ogura H. Effects of occlusal and
brushing forces on wear of composite resins. Dent
Mater J. 2006;25:183-94.

Addy M, Shellis RP. Interaction between attrition,
abrasion and erosion in tooth wear. Monogr Oral Sci.
2006;20:17-31.

Addy M. Tooth brushing, tooth wear and dentine hy-
persensitivity--are they associated? Int Dent ]J.
2005;55:261-7.

Addy M, Hughes ], Pickles M], Joiner A, Huntington E.
Development of a method in situ to study toothpaste
abrasion of dentine. Comparison of 2 products. ] Clin
Periodontol. 2002;29:896-900.

Dyer D, Addy M, Newcombe RG. Studies in vitro of
abrasion by different manual toothbrush heads and
a standard toothpaste. ] Clin Periodontol.
2000;27:99-103.

Rosema NA, Hennequin-Hoenderdos NL, Versteeg
PA, van Palenstein Helderman WH, van der Velden U,
van der Weijden GA. Plaque-removing efficacy of
new and used manual toothbrushes--a professional
brushing study. Int ] Dent Hyg. 2013;11:237-43.

Tangade PS, Shah AF, Ravishankar TL, Tirth A, Pal S.
Is plaque removal efficacy of toothbrush related to
bristle flaring? A 3-month prospective parallel expe-
rimental study. Ethiop ] Health Sci. 2013;23:255-64.

Monteiro B, Spohr AM. Surface roughness of compo-
site resins after simulated toothbrushing with diffe-
rent dentifrices. ] Int Oral Health. 2015;7:1-5.

Bizhang M, Schmidt [, Chun YP, Arnold WH, Zimmer
S. Toothbrush abrasivity in a long-term simulation
on human dentin depends on brushing mode and
bristle arrangement. PLoS One. 2017;12:e0172060.

O'Neill C, Price RB, Boyd D. Gloss retention on ena-
mel and resin composite surfaces after brushing te-
eth with commercial and modified dentifrices. ] Can
Dent Assoc. 2021;87:16.

DiS HEKIMLIGi DERGISI

26.

27.

28.

Heintze SD, Forjanic M, Ohmiti K, Rousson V. Surface
deterioration of dental materials after simulated to-
othbrushing in relation to brushing time and load.
Dent Mater. 2010;4:306-19.

Dutra H, Barbosa [, Camara JV, Pereira G. Influence
of brushing with natural dentifrices on color change:
In vitro study. ] Clin Exp Dent. 2021;13:809-16.

Hickl V, Strasser T, Schmid A, Rosentritt M. Effects of
storage and toothbrush simulation on color, gloss,
and roughness of CAD/CAM, hand-cast, thermofor-
ming, and 3D-printed splint materials. Clin Oral In-
vestig. 2022;26:4183-94.




