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Effect of three nanobiomaterials on the surface roughness of bleached enamel
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Abstract
Background: The ever‑increasing demand for enhanced esthetic appearance has resulted in significant developments in 
bleaching products. However, the enamel surface roughness (SR) might be negatively affected by bleaching agents. This 
in vitro study was undertaken to compare the effects of three nanobiomaterials on the enamel SR subsequent to bleaching. 
Materials and Methods: The crowns of six extracted intact nonerupted human third molars were sectioned. Five dental blocks 
measuring 2 mm × 3 mm × 4 mm were prepared from each tooth and placed in colorless translucent acrylic resin. The enamel 
areas from all the specimens were divided into five groups (n = 6): Group 1 did not undergo any bleaching procedures; Group 2 
was bleached with a 40% hydrogen peroxide (HP) gel; Groups 3, 4, and 5 were bleached with a 40% HP gel modified by bioactive 
glass (BAG), amorphous calcium phosphate, and hydroxyapatite, respectively. The enamel SR was evaluated before and 
after treatment by atomic force microscopy. The data were analyzed by Kruskal–Wallis and Mann–Whitney tests. Results: SR 
increased significantly in the HP group. SR decreased significantly in the HP gel modified by BAG group as compared to other 
groups. Conclusions: Within the limitations of this study, incorporation of each one of the three test biomaterials proved effective 
in decreasing enamel SR subsequent to in‑office bleaching technique.
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Introduction

There is growing demand for esthetic appearance all over the 
world. Of all the various features of human beings, a beautiful 
smile is of great significance. Tooth bleaching procedures 
as conservative, effective, and cost‑effective techniques 
have become very popular choices. However, like all other 
treatment modalities, they are associated with some side 
effects. In recent years, in‑office bleaching has become an 
easy choice after the introduction of bleaching gels containing 
hydrogen peroxide (HP) in concentrations up to 35−45%. As 
a result of these high concentrations, in‑office bleaching can 
be completed in a short time, making it a suitable choice for 
patients who desire immediate whitening.[1]

Nevertheless, a large number of studies have shown that 
bleaching agents can give rise to chemical, structural, and 
mechanical alterations in surface, as well as subsurface enamel 
structures.[2,3] Scanning electron microscope observations have 
shown microscopic changes in tooth structures consisting of 
an increase in porosity, depression and surface irregularities,[4] 
an increase in surface roughness (SR),[5] and a decrease in 
hardness,[6] as well as fracture resistance.[7] Bleaching exerts a 
direct effect on the organic (protein) content of the tooth, but 
this changes the mineral phase and leads to morphological 
changes on the tooth surface.[8]

Tooth bleaching has also been shown to increase SR.[9] SR 
underwent alterations during or after treatment, which was 
a function of HP concentration.[10]

Researchers believe that SR leads to an increase in 
susceptibility to bacterial adhesion and staining.[6,11,12] 
Subsequent to bleaching, pigments adhere to the rough 
surfaces, especially to those of enamel, more easily than to the 
original tooth surfaces, resulting in more discoloration.[13,14]

A wide array of remineralizing agents has been introduced 
to prevent these adverse outcomes. During remineralization, 
calcium and phosphate ions from an external source reach 
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the tooth, resulting in an increase in deposition of ions in 
the crystal voids in demineralized enamel, increasing net 
mineral gain.[15]

Fluoride use has been considered in bleaching techniques[16] 
or added to bleaching gels;[17] however, its influence on 
bleached enamel is a matter of controversy. In addition, its 
low solubility results in rapid deposition of fluorapatite on 
enamel; therefore, it cannot penetrate into deeper layers[18] 
resulting in remineralization being confined to superficial 
layers.[19]

A study showed no significant differences in SR between 
samples exposed to fluoride gels or HP with or without 
calcium, or in the initial, and final roughness characteristics 
of specimens.[20]

C a s e i n  p h o s p h o p e p t i d e  a m o r p h o u s  c a l c i u m 
phosphate (CPP‑ACP) is another option. The calcium and 
phosphate ions are released from the CPP complex and 
penetrate into the enamel rods, resulting in an increase in 
the density of hydroxyapatite (HA) crystals,[15,21] and at least 
preventing demineralization by subsequent acid attacks.[22]

There is insufficient data available on the effects of 
in‑office bleaching agents, which have been modified by 
remineralizing agents, on the enamel SR. Therefore, this 
in vitro study was undertaken to investigate the efficacy and 
influence on enamel SR of in‑office bleaching technique 
in association with the use of three nanobiomaterials as 
hardening/remineralizing agents: ACP, HA, and bioactive 
glass (BAG).

The null hypothesis tested was that incorporation of each one 
of ACP, HA, and BAG into HP gel would not affect enamel SR.

Materials and Methods

Preparation of the specimens
Six nonerupted human third molars, extracted for orthodontic 
reasons, were selected. The buccal surfaces had no stains, 
enamel cracks or fractures, caries, or other defects. The teeth 
were cleaned thoroughly and stored in 0.5% thymol until used 
for the purpose of the study.

Five dental blocks measuring 2 mm × 3 mm × 4 mm were 
prepared from each tooth using a low‑speed saw under 
water cooling. The dental blocks were separately placed 
in colorless translucent acrylic resin, with enamel surfaces 
exposed for application of bleaching agents. The enamel 
samples were flattened with the use of a polishing machine 
with 400‑, 600‑, and 1200‑grit abrasive paper under water 
cooling followed by polishing with diamond pastes, as well 
sequentially decreasing granulations (6 μm, 3 μm, 1 μm, and 
1/2 μm), using felt discs under mineral oil cooling and gentle 
manual pressure. The enamel thickness was not measured, 

but all the specimens underwent visual examinations for the 
existence of a very thin enamel layer or dentin exposure. 
Samples not suitable for the evaluation of roughness were 
excluded from the study.

Bleaching procedure
The 40% (Opalescence® Xtra® Boost, Ultardent Products 
Inc., USA) in‑office bleaching protocols were performed 
for 2 weeks, with one session each week. Each session 
consisted of three 15‑min periods with a 5‑min interval 
between them. Wet cotton pellets were placed on the 
specimen surfaces to prevent dehydration between 
treatment procedures. Five groups were evaluated with 
the following protocols:
• Group 1 (n = 6): No treatment (control)
• Group 2 (n = 6): Bleaching gel
• Group 3 (n = 6): Bleaching gel + BAG Nova Bone Products 

LLC, Alachua, Florida, USA)
• Group 4 (n = 6): Bleaching gel + ACP (Sigma, Aldrich, 

Spain)
• Group 5 (n = 6): Bleaching gel + HA (Sigma, Aldrich, 

Spain).

Surface roughness test
Atomic force microscopy (AFM) testing machine (Brukernano 
scale 1.1) was used for roughness test before and after the 
bleaching procedures, using 1 μm × 1 μm images. AFM 
software, Image Plus 2.9 by Gwyddion were used to calculate 
Ra for each specimen.

Statistical analysis
The differences in enamel SR data before and after bleaching 
procedures in each group were statistically analyzed 
using Kruskal–Wallis and Mann–Whitney tests. Statistical 
significance was set at P < 0.05.

Results

Average SR values before and after treatments in each group 
are presented in Table 1 and Figure 1.

Table 1: Mean values (standard deviations) of baseline and 
final surface roughness measurements for each group and 
the surface roughness change
Groups numbers 
and definitions SR (B) SR (F) SRC

(1) Control 23.51 (10.49) 23.51 (10.49) 0.00 (0.00)a

(2) Bleached 22.43 (7.86) 31.47 (14.04) 9.04 (6.94)b

(3) Bleached + BAG 23.64 (7.26) 9.05 (1.55) −14.59 (6.28)c

(4) Bleached + ACP 22.62 (8.72) 19.98 (10.14) −2.64 (9.51)a

(5) Bleached + HA 24.55 (8.77) 21.68 (6.29) −2.87 (8.62)a

SR (B) is the average of the baseline surface roughness measurements, 
SR  (F)  the  average  of  final  surface  roughness  values  and SRC  surface 
roughness change. Different superscripts (a, b and c) indicate mean 
values that are significantly different. ACP: Amorphous calcium phosphate; 
HA: Hydroxyapatite; BAG: Bioactive glass
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There were significant differences in SR alterations between 
the five study groups (P = 0.003). There were significant 
differences between the control group and HP (P = 0.004) 
and BAG + HP (P = 0.002) groups. SR increased significantly 
in the HP group when compared with other groups. There 
were no significant differences between the control group 
and HA + HP (P = 0.99) and ACP + HP (P = 0.394) groups. SR 
decreased significantly in the BAG + HP group as compared 
to other groups.

Discussion

The first hypothesis evaluated in this investigation was 
validated since combinations of HP with ACP, HA, and BAG 
did not affect enamel SR.

A large number of previous studies have shown that bleaching 
agents exert negative effects on enamel hardness, roughness, 
and surface morphology.[6,9,23] In this study, AFM was used to 

determine enamel SR before and after treatment with HP 
and HP modified by incorporation of ACP, HA, and BAG.[24]

AFM was applied to investigate tooth surfaces to compare 
particle distribution patterns in the superficial layer of tooth 
surfaces.[25] It was found that AFM yields high‑contrast and 
high‑resolution images and is an important tool to provide 
new structural information: Tapping mode AFM (TM‑AFM) 
images can demonstrate net differences between exposed 
and unexposed enamel areas.[26]

In a number of studies, 20%, 25%, and 35% H2O2 bleaching 
systems resulted in significant reductions in enamel SR 
as compared to the control group.[27,28] However, two 
clinical studies with the use of noncontact profilometric 
measurements of surface replicas did not reveal any 
significant differences in enamel SR between the test and 
control groups subsequent to bleaching with 35% carbamide 
peroxide (CP) or 38% H2O2.

[29,30]

Another study showed that both the in‑office bleaching 
technique with 38% HP for 45 min and the at‑home 
technique using 10% CP for 7 days resulted in no decrease 
in micro hardness and SR of the enamel.[28] Bleaching with 
10% HP and 10% CP did not result in changes in the enamel 
SR, but bleaching treatment combined with the use of 
abrasive dentifrices significantly increased roughness 
values.[31] Other investigations showed that tooth bleaching 
can increase SR.[9,32] The discrepancies in the results might 
be attributed to differences in study conditions, including 
tooth substrates (human or bovine), bleaching agents, pH 
values, treatment times, procedures, and different methods 
used for measurements.

There are still concerns regarding the negative effect of HP on 
enamel.[19] In some recent studies remineralizing agents have 
been incorporated to prevent or at least minimize potential 
damages to enamel by bleaching agents. [16,33,34]

Ideally, a remineralization system is expected to furnish 
calcium, phosphate, and fluoride ions that can affect 
subsurfaces rather than deposition only in the superficial 
layer.[21]

Based on the results of the present study, use of the 
remineralizing agents ACP, BAG, and HA, during bleaching 
procedures with 40% HP resulted in a decrease in mean 
enamel SR values, when compared to the positive control 
group (Group 2), in which no remineralizing agent was used. 
This result was significant in Group 3, in which BAG was 
added to the bleaching gel, resulting in a decrease in SR in 
comparison with the control group.

It has been reported that there is an increase in the 
remineralization effect when nano‑sized HA is used. In fact, 
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Figure 1: Atomic force microscopy images: Left column 
(A1-D1): Intact enamel. Right column: A2 (bleached enamel 
with a 40% hydrogen peroxide), B2 (bleached enamel with 
a 40% hydrogen peroxide gel modified by bioactive glass), 
C2 (bleached enamel with a 40% hydrogen peroxide gel 
modified by amorphous calcium phosphate), and D2 
(bleached enamel with a 40% hydrogen peroxide gel 
modified by hydroxyapatite)
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the interaction of nanoparticles with dentin and enamel 
is more effective, which is attributed to an increase in 
surface‑to‑volume ratio;[35] therefore, we used nano‑sized 
remineralizing agents to promote the penetration of the 
agents as reinforcing agents into porosities resulting from 
the probable mineral loss due to bleaching.

In relation to the bleaching agent pH, it must be pointed out 
that the more alkaline the agent, the shorter the exposure time 
needed, resulting in better bleaching efficacy.[36] However, the 
alkalinity of the material reduces the expiry date, explaining 
why these materials are marketed with an acidic pH.[32] ACP, 
BAG, and HA, as alkaline salts, might buffer the acidity of HP 
and reduce demineralization when mixed with HP.[19]

Since the main mineral complex of the tooth is HA, it is 
rational to use it as a remineralizing agent.[37] The HA particles 
adhere homogeneously to the enamel surface, forming a 
protective layer for the underlying enamel, decreasing the 
direct contact of HP with enamel surface. The solution around 
the enamel surface might soon become supersaturated with 
enamel apatite.[38] In a recent clinical trial use of 6% HP with 
2% nano‑HA resulted in the lower sensitivity as compared to 
the bleaching product without nano‑HA.[39]

Another study revealed that ACP renders the tooth less 
sensitive to heat, cold, air pressure, and tactile stimulation 
when it is applied topically by dental practitioners or by 
patients themselves.[40] This might be attributed to the fact 
that ACP has the capacity to obliterate the dentinal tubules 
by rapidly depositing calcium phosphate ions on the surface 
and within the dentinal tubules.[41,42]

ACP might be a promising biomimetic adjunct for bleaching 
procedures to prevent/restore the enamel damage induced by 
bleaching agents.[19] In the present study, BAG + HP decreased 
enamel surface roughness, with significant differences from 
the control group.

BAGs consist of oxides of calcium, sodium, phosphorus, 
and silica.[8] It has been reported that in aqueous media 
glasses have the capacity to form a layer of HA on their 
surface[43] that occludes the dentinal tubules, inhibits dentin 
demineralization, and increases dentin remineralization.[44]

In the aqueous environment of the tooth, sodium ions are 
rapidly exchanged with hydrogen cations (in the form of 
H3O

+), resulting in the release of calcium and phosphate ions 
from the glass.[45] In addition, the release of sodium results 
in a transient increase in pH, which promotes precipitation 
of extra calcium and phosphate ions from BAGs. Then, this 
layer crystallizes into carbonate‑enriched HA, preventing 
further demineralization.[46]

It should be noted that the present study was carried out 
in vitro, and further studies are necessary to substantiate the 

hypothesis that remineralizing agents can decrease SR when 
combined with high concentrations of bleaching agents.

Conclusion

Within the limitations of this in vitro study, it can be concluded 
that bleaching procedures have a detrimental effect on 
enamel SR, which can be minimized by the subsequent use 
of BAG, ACP, and HA powders as remineralizing agents.

Financial support and sponsorship
Isfahan University of Medical Sciences, Grant number: 293153.

Conflicts of interest
There are no conflicts of interest.

References

1.  Sulieman MA. An  overview  of  tooth‑bleaching  techniques: 
Chemistry, safety and efficacy. Periodontol 2000 2008;48:148‑69.

2. Wandera A, Feigal RJ, Douglas WH, Pintado MR. Home-use 
tooth bleaching agents: An in vitro study on quantitative effects on 
enamel, dentin, and cementum. Quintessence Int 1994;25:541‑6.

3. Dahl JE, Pallesen U. Tooth bleaching – A critical review of the 
biological aspects. Crit Rev Oral Biol Med 2003;14:292‑304.

4. Ferreira Sda S, Araújo JL, Morhy ON, Tapety CM, Youssef MN, 
Sobral MA. The effect of fluoride therapies on the morphology of 
bleached human dental enamel. Microsc Res Tech 2011;74:512‑6.

5. Martin JM, de Almeida JB, Rosa EA, Soares P, Torno V, 
Rached RN, et al.  Effect  of  fluoride  therapies  on  the  surface 
roughness of human enamel exposed to bleaching agents. 
Quintessence Int 2010;41:71‑8.

6.  Singh RD, Ram SM, Shetty O, Chand P, Yadav R. Efficacy of 
casein phosphopeptide-amorphous calcium phosphate to prevent 
stain absorption on freshly bleached enamel: An in vitro study. 
J Conserv Dent 2010;13:76‑9.

7. Attin T, Hannig C, Wiegand A, Attin R. Effect of bleaching on 
restorative materials and restorations – A systematic review. Dent 
Mater 2004;20:852‑61.

8. Gjorgievska E, Nicholson JW. Prevention of enamel 
demineralization after tooth bleaching by bioactive glass 
incorporated into toothpaste. Aust Dent J 2011;56:193‑200.

9. Pinto CF, Oliveira RD, Cavalli V, Giannini M. Peroxide bleaching 
agent effects on enamel surface microhardness, roughness and 
morphology. Braz Oral Res 2004;18:306‑11.

10. DE Abreu DR, Sasaki RT, Amaral FL, Flório FM, Basting RT. Effect 
of home‑use and in‑office bleaching agents containing hydrogen 
peroxide associated with amorphous calcium phosphate on 
enamel microhardness and surface roughness. J Esthet Restor 
Dent 2011;23:158‑68.

11. Mathias J, Kavitha S, Mahalaxmi S. A comparison of surface 
roughness after micro abrasion of enamel with and without using 
CPP‑ACP: An in vitro study. J Conserv Dent 2009;12:22‑5.

12.  Mei L, Busscher HJ, van der Mei HC, Ren Y. Influence of surface 
roughness on streptococcal adhesion forces to composite resins. 
Dent Mater 2011;27:770‑8.

13. Kim YS, Kwon HK, Kim BI. Effect of nano-carbonate apatite 
to prevent re-stain after dental bleaching in vitro. J Dent 
2011;39:636‑42.

14.  Watts A, Addy M. Tooth discolouration and staining: A review of 
the literature. Br Dent J 2001;190:309‑16.

15. Cochrane NJ, Cai F, Huq NL, Burrow MF, Reynolds EC. New 
approaches to enhanced remineralization of tooth enamel. J Dent 
Res 2010;89:1187‑97.

16.  Chen HP, Chang CH, Liu JK, Chuang SF, Yang JY. Effect of fluoride 



Khoroushi, et al.: Effect of nanobiomaterials on surface roughness

Contemporary Clinical Dentistry | Oct-Dec 2015 | Vol 6 | Issue 4 470

containing bleaching agents on enamel surface properties. J Dent 
2008;36:718‑25.

17. Tschoppe P, Neumann K, Mueller J, Kielbassa AM. Effect 
of fluoridated bleaching gels on the remineralization of 
predemineralized bovine enamel in vitro. J Dent 2009;37:156‑62.

18. Cross KJ, Huq NL, Reynolds EC. Casein phosphopeptides in 
oral health – Chemistry and clinical applications. Curr Pharm Des 
2007;13:793‑800.

19. Deng M, Wen HL, Dong XL, Li F, Xu X, Li H, et al. Effects of 45S5 
bioglass on surface properties of dental enamel subjected to 35% 
hydrogen peroxide. Int J Oral Sci 2013;5:103‑10.

20. China AL, Souza NM, Gomes Ydo S, Alexandrino LD, Silva CM. 
Effect of fluoride gels on microhardness and surface roughness 
of bleached enamel. Open Dent J 2014;8:188‑93.

21. Vashisht R, Kumar A, Indira R, Srinivasan MR, Ramachandran S. 
Remineralization of early enamel lesions using casein 
phosphopeptide  amorphous  calcium Phosphate: An ex‑vivo 
study. Contemp Clin Dent 2010;1:210‑3.

22. Oshiro M, Kurokawa H, Ando S, Irokawa A, Miyazaki M, Platt JA. 
The effect of bleaching on the elastic modulus of bovine enamel. 
Dent Mater J 2007;26:409‑13.

23. Worschech CC, Rodrigues JA, Martins LR, Ambrosano GM. In vitro 
evaluation of human dental enamel surface roughness bleached 
with 35% carbamide peroxide and submitted to abrasive dentifrice 
brushing. Pesqui Odontol Bras 2003;17:342‑8.

24. Heshmat H, Ganjkar MH, Jaberi S, Fard MJ. The effect of remin 
pro and MI paste plus on bleached enamel surface roughness. 
J Dent (Tehran) 2014;11:131‑6.

25. Farina M, Schemmel A, Weissmüller G, Cruz R, Kachar B, 
Bisch PM. Atomic force microscopy study of tooth surfaces. 
J Struct Biol 1999;125:39‑49.

26. Finke M, Jandt KD, Parker DM. The early stages of native enamel 
dissolution studied with atomic force microscopy. J Colloid 
Interface Sci 2000;232:156‑164.

27. Ittatirut S, Matangkasombut O, Thanyasrisung P. In-office 
bleaching  gel with  35% hydrogen  peroxide  enhanced  biofilm 
formation of early colonizing streptococci on human enamel. 
J Dent 2014;42:1480‑6.

28. Mielczarek A, Klukowska M, Ganowicz M, Kwiatkowska A, 
Kwasny M. The effect of strip, tray and office peroxide 
bleaching systems on enamel surfaces in vitro. Dent Mater 
2008;24:1495‑500.

29. Cadenaro M, Breschi L, Nucci C, Antoniolli F, Visintini E, 
Prati C, et al. Effect of two in‑office whitening agents on the enamel 
surface in vivo: A morphological  and non‑contact  profilometric 
study. Oper Dent 2008;33:127‑34.

30. Cadenaro M, Navarra CO, Mazzoni A, Nucci C, Matis BA, 
Di Lenarda R, et al. An in vivo study of the effect of a 38 percent 
hydrogen peroxide in‑office whitening agent on enamel. J Am Dent 
Assoc 2010;141:449‑54.

31. Özkan P, Kansu G, Özak ST, Kurtulmus-Yilmaz S, Kansu P. 
Effect of bleaching agents and whitening dentifrices on the 
surface roughness of human teeth enamel. Acta Odontol Scand 
2013;71:488‑97.

32. Price RB, Sedarous M, Hiltz GS. The pH of tooth-whitening 
products. J Can Dent Assoc 2000;66:421‑6.

33. da Costa JB, Mazur RF. Effects of new formulas of bleaching gel 
and  fluoride  application  on enamel microhardness: An in vitro 
study. Oper Dent 2007;32:589‑94.

34.  Jiang T, Ma X, Wang Z, Tong H, Hu J, Wang Y. Beneficial effects 
of hydroxyapatite on enamel subjected to 30% hydrogen peroxide. 
J Dent 2008;36:907‑14.

35. Generosi A, Rau JV, Rossi Albertini V, Paci B. Crystallization 
process of carbonate substituted hydroxyapatite nanoparticles in 
toothpastes upon physiological conditions: An in situ time-resolved 
X‑ray diffraction study. J Mater Sci Mater Med 2010;21:445‑50.

36. Goldstein GR, Garber DA. Complete Dental Bleaching. 1st ed. 
Chicago, (IL): Quintessence Books; 1995. p. 25‑32.

37. VOCO. Instructions for use of Remin Pro. 2010 Aug 1. Available 
from: http://www.voco.com/asia/products/_products/Remin_Pro/
GI_Remin_Pro_16 spr_0210.pdf. [Last accessed on 2012 Jan 06].

38. Onuma K, Yamagishi K, Oyane A. Nucleation and growth of 
hydroxyapatite nanocrystals for nondestructive repair of early 
caries lesions. J Cryst Growth 2005;282:199‑207.

39. Vano M, Derchi G, Barone A, Genovesi A, Covani U. Tooth 
bleaching with  hydrogen  peroxide  and  nano‑hydroxyapatite: 
A 9-month follow-up randomized clinical trial. Int J Dent Hyg 2015.

40. Tung MS, Eichmiller FC. Dental applications of amorphous calcium 
phosphates. J Clin Dent 1999;10:1‑6.

41. Giniger M, Macdonald J, Ziemba S, Felix H. The clinical 
performance of professionally dispensed bleaching gel with 
added amorphous calcium phosphate. J Am Dent Assoc 
2005;136:383‑92.

42. Matis BA, Cochran MA, Eckert GJ, Matis JI. In vivo study of two 
carbamide peroxide gels with different desensitizing agents. Oper 
Dent 2007;32:549‑55.

43. Yli-Urpo H, Närhi M, Närhi T. Compound changes and tooth 
mineralization effects of glass ionomer cements containing 
bioactive glass (S53P4), an in vivo study. Biomaterials 
2005;26:5934‑41.

44. Curtis AR, West NX, Su B. Synthesis of nanobioglass and 
formation of apatite rods to occlude exposed dentine tubules and 
eliminate hypersensitivity. Acta Biomater 2010;6:3740‑6.

45. Andersson OH, Kangasniemi I. Calcium phosphate formation 
at the surface of bioactive glass in vitro. J Biomed Mater Res 
1991;25:1019‑30.

46. Gjorgievska ES, Nicholson JW. A preliminary study of enamel 
remineralization by dentifrices based on recalden (CPP-ACP) 
and Novamin (calcium-sodium-phosphosilicate). Acta Odontol 
Latinoam 2010;23:234‑9.


