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can interact not only with chromogenic molecules, 
but also with other organic and inorganic molecules 
of dental tissues, to achieve stability.[2,3] Acidic pH 
of bleaching gels can also cause changes in tooth 
structure.[4] Nevertheless, studies have shown that 
in addition to free radicals and pH, changes in tooth 

INTRODUCTION

The mechanism of action of bleaching gels relies on 
oxygen‑free radicals[1] released from the decomposition 
of hydrogen peroxide. The free radicals responsible 
for the whitening effect are also accountable for 
the changes in dental physical properties, such as 
reduction of enamel microhardness. Because of their 
highly unstable nature and nonspecific reactivity, they 
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structure may also be related to other constituents 
present in the bleaching product formulation, such 
as thickeners.[5]

Thickeners are chemical substances that have the 
function of increasing the viscosity of bleaching 
gels, thus allowing a greater retention on the 
dental surface and prolonging the exposure time 
to active compounds.[6] The most commonly used 
thickeners in the composition of at‑home bleaching 
gels are carbopol and glycerin. However, these 
thickeners are capable of interacting with the dental 
structure, leading to structural changes such as 
reduced microhardness and altered roughness.[2] In 
this context, the present study evaluates currently 
marketed thickeners in bleaching gels in comparison 
to natrosol. Natrosol has the advantages of being 
nonionic thickener and having a wide‑range 
pH stability  (2.0–12.0),[7] which means it can be 
combined to acidic substances such as bleaching 
formulations.

This in  situ study investigated the effects of an 
experimental natrosol‑containing bleaching gel on the 
properties and morphology of enamel, evaluating its 
color, microhardness, and surface roughness. Hypotheses 
tested were (1) that the experimental bleaching gel with 
natrosol would show the same efficacy of the commercial 
bleaching agents with carbopol and glycerin and (2) that 
the experimental bleaching gel would not change the 
microhardness and roughness of the enamel.

MATERIALS AND METHODS

This study was approved by the Institutional Ethics 
Committee (53165116.1.0000.5418).

Sample preparation
E n a m e l / d e n t i n  b l o c k s  m e a s u r i n g 
4  mm  ×  4  mm  ×  2.5  mm, with 1  mm of enamel 
and 1.5  mm of dentin, were obtained, using a 
metallographic cutter (IsoMet 1000, Buehler Ltd, 
Lake Bluff, IL, USA). For grinding, regularization, and 
polishing, decanting silicon carbide sanding discs were 
used (#1200/2500/p4000‑IsoMet, Buehler Ltd, Lake 
Bluff, IL, USA), and then, felts with metallographic 
diamond pastes and specific lubricant (6 µm, 3 µm, 1 
µm Arotec, Cotia, SP, Brazil) were used for polishing. 
Samples were stained for 6 days by immersion in black 
tea solution  (Lion Junior SA, Curitiba, PR, Brazil), 
which was changed every 24 h. The specimens were 
sterilized with ethylene oxide and stored in water at 
4°C until use.

In situ settings
Twelve volunteers  (6  males and 6  females), aged 
24–28 years, participated in the study after signing a 
free and informed consent form. All of these volunteers 
were selected by the inclusion criteria (normal salivary 
flow, measured through sialometry, and the absence 
of caries and/or periodontal disease), without 
violating the exclusion criterion (use of medicine that 
interferes with salivary flow, smoking habits, and the 
presence of orthodontic device, fixed or removable 
prosthesis). For each volunteer, a molding in 
alginate (Hydrogum‑Zhermack, Badia Polesine, Italy) 
of the upper arch was obtained, from which the palatal 
devices were made of acrylic resin containing seven 
reservoirs  (25 mm2 wide and 3‑mm deep). Seven 
specimens  (enamel/dentin blocks) were attached 
to each palatal device using sticky wax. Intraoral 
devices remained for 1 day in the volunteers’ mouths 
before the beginning of the bleaching sessions, for the 
formation of acquired film.

Treatment application
A total of 14 daily treatment sessions were carried out 
as follows: devices were removed from the volunteers’ 
mouths; six of the seven specimens contained in each 
of the 12 devices were submitted to gel application, 
according to the assigned experimental group, 
whereas the seventh, control specimens did not 
receive any treatment. Gels were applied according to 
the manufacturer’s recommendations on the enamel 
surface, remaining for 4 h at room temperature. After 
each session, the gel was removed with cotton‑tipped 
flexible rods, specimens were washed with water, 
and the devices were returned to the volunteers’ 
mouths.

Color analysis
The color reading of each specimen was performed 
in ambient light condition  (GTI MiniMatcher 
MM‑1, GTI Technology, New  York, USA) using 
a spectrophotometer  (CM 700D, Minolta, Osaka, 
Japan). The spectral distribution was measured 
based on the CIE system L*, a*, and b*, used in Color 
software  (Konica Minolta). The difference between 
initial  (baseline) and final  (24 h after treatment) L*, 
a*, and b* values was obtained (ΔL, Δa, and Δb), and 
total color change was calculated using the following 
equation: ΔE = ([ΔL*] 2+ [Δa*] 2+ [Δb*]2) 1/2.

Microhardness analysis
The enamel microhardness was analyzed using a 
Knoop penetrator with a 50 g load and a 5 s time 
in a microhardness tester  (HMV‑2000, Shimadzu, 
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Tokyo, Japan). Five penetrations were made in 
each specimen at 100 µm each, and the mean 
was calculated to determine the Knoop hardness 
number (KHN).

Roughness analysis
Roughness   (Ra)  was analyzed using a 
profilometer  (Surfcorder 1700, Kosaka, Japan) at 
two time‑points: initial  (baseline) and 24  h after 
completion of treatment. Three equidistant directions 
were measured on the surface of each sample, with a 
cutoff point of 0.25 mm, a reading length of 1.25 mm, 
and a velocity of 0.1 mm/s. Results were expressed 
as the difference between the two time‑points (ΔRa).

Atomic force microscopy
For quantitative analysis of the surface, two samples 
from each group were randomly chosen and analyzed 
by atomic force microscopy  (AFM)  (MultiMode 3; 
Digital Instruments Bruker, Santa Barbara, USA) after 
the treatment.

Statistical analyses
The data were submitted to exploratory analysis, 
including boxplots. Afterward, ΔE data were analyzed, 
using ANOVA (factorial plus control – 2 × 3 + 1) and 
Tukey’s test. The comparisons with the control were 
performed by the Dunnett’s test. Because all volunteers 
received all treatments, the “volunteer effect” was 
accounted for during these analyses (α = 0.05).

RESULTS

Color (ΔE, ΔL, Δa, and Δb)
Table 1 refers to the color change (ΔE) and Figure 1 
refers to all coordinates of the color change (ΔL, Δa, ΔE, 
and Δb). All groups presented higher ΔE than control, 
except for carbopol. Carbamide peroxide (CP) showed 
higher ΔE than the respective nonbleached groups, 
regardless of the thickener used. Natrosol presented 
higher ΔE values when compared to carbopol. 
Carbopol + glycerin gel yielded results which were 
intermediate, being statistically equivalent to both 
natrosol and carbopol groups.

Microhardness (KHN)
The results of microhardness measurements are 
shown in Table 2. Experimental treatments did not 
cause significant changes in microhardness compared 
to control, except for carbopol and carbopol + glycerin 
in the absence of bleaching, which presented lower 
microhardness values than the others.

Roughness (Ra)
The effects of experimental treatments on surface 
roughness are shown in Table 3. CP differed statistically 
in roughness from the control. When comparing 
bleached versus nonbleached, the firsts presented 
higher roughness, regardless of the thickener. Among 
the groups treated in the presence of CP, the use 
of natrosol yielded the lowest values of ΔRa when 
compared to the carbopol. CP + carbopol + glycerin 
did not differ from the natrosol and carbopol.

Atomic force microscopy
The three‑dimensional representative images of the 
enamel surface show morphological changes in all 
bleached groups compared to the control [Figure 2a‑d] 
measured by AFM.

DISCUSSION

Data showed that the group treated with PC + natrosol 
showed greater color variation, and presented greater 

Table 1: Mean (standard deviation) of the color 
change (ΔE)
Thickener 10% carbamide peroxide

With Without
Carbopol *5.87 (1.25) Ab 2.39 (0.79) Bb
Carbopol + glycerin *6.74 (1.71) Aab *2.95 (1.14) Bab
Natrosol *6.83 (1.24) Aa *3.28 (1.32) Ba
Control 1.68 (0.60)
*It differs from the control group (P≤0.05). Means followed by distinct letters 
(upper case in horizontal and lower case in vertical) differ from each other 
(P≤0.05)

Table 2: Mean (standard deviation) of microhardness
Thickener 10% carbamide peroxide

With Without
Carbopol 310.01 (20.92) Aa *249.69 (30.25) Bb
Carbopol + glycerin 309.34 (13.60) Aa *260.29 (37.81) Bb
Natrosol 318.72 (27.16) Aa 307.57 (15.26) Aa
Control 322.28 (16.58)
*It differs from the control group (P≤0.05). Means followed by distinct letters 
(upper case in horizontal and lower case in vertical) differ from each other 
(P≤0.05)

Table 3: Mean (standard deviation) of the roughness
Thickener 10% carbamide peroxide

With Without
Carbopol *0.043 (0.008) Aa 0.014 (0.005) Ba
Carbopol + glycerin *0.042 (0.008) Aab 0.011 (0.006) Ba
Natrosol *0.034 (0.009) Ab 0.011 (0.009) Ba
Control 0.012 (0.006)
*It differs from the control group (P≤0.05). Means followed by distinct letters 
(upper case in horizontal and lower case in vertical) differ from each other 
(P≤0.05)
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ΔE values when compared to PC  +  carbopol. In 
addition to the bleaching activity of CP in bleaching 
gels through the interaction of oxygen‑free radicals 
with chromogenic molecules in the tooth structure, 
the alteration of the enamel surface, such as increased 
roughness, can lead to change in the values of ΔE, 
presenting lower values of ΔE. As the gel with 

PC  +  natrosol presented lower roughness values, 
different from PC + carbopol gel, the increased color 
change effect of PC + natrosol gel can be justified when 
compared to PC + carbopol.

Natrosol (hidroxietilcelulose) is a cellulose‑based polymer 
and differs from carbopol mainly due to its nonionic 

Figure 2: Images obtained by atomic force microscopy. Morphological changes could be observed in all bleached groups compared to the 
control (a), regardless of the thickener used (b) (carbamide peroxide + carbopol), (c) (carbamide peroxide + carbopol + glycerin), and (d) (carbamide 
peroxide + natrosol)). However, carbamide peroxide + natrosol (d) presented a less pronounced surface alteration when compared with carbamide 
peroxide + carbopol (b), as demonstrated by the smaller difference in peak‑valley measurements on the enamel surface

a

b c d

Figure 1: Boxplot of: (a) ΔL; (b) Δa; and (c) Δb

a b

c
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nature.[7] In addition, natrosol can be associated to acidic 
substances in whitening gels, due to its remarkable 
stability to pH variation (2.0–12.0). Carbopol, in turn, a 
thickener commonly used in at‑home bleaching gels,[7] 
is a carboxypolymethylene polymer, ionic and acidic 
in nature, being a carboxylic acid derivative. Due to its 
strong calcium‑binding ability,[8] it has been reported 
that carbopol can reduce enamel microhardness and 
dentin since it causes inhibition of hydroxyapatite crystal 
incorporation. In addition to carbopol, other thickener 
also already used in whitening gels is glycerin, which 
because of its ability to act as a barrier for adsorption of 
saliva and consequent remineralization of enamel, can 
also affect the microhardness of enamel surfaces.[2]

Previous studies have reported a decrease in enamel 
microhardness after whitening treatment with CP,[9,10] 
often associated to demineralization effect of free 
radicals resulting from dissociation of CP[6] and.[11] 
In the present study, only the groups treated with 
carbopol and carbopol  +  glycerin in the absence 
of CP presented a decreased microhardness. This 
suggests that interaction of oxygen‑free radicals with 
enamel may not be the only cause for decreased 
microhardness in dental structures.[5,12] Interestingly, 
natrosol used either alone or in association with CP 
did not cause changes in microhardness of enamel, 
since no statistically significant differences were found 
in comparison to the control group.

Regarding roughness, changes in physical properties 
can occur due to effects of demineralization and 
remineralization. Demineralization can be caused 
by diffusion of hydrogen peroxide after dissociation 
of CP and by acidic pH of whitening products[13] 
and thickeners. Remineralization of treated surface 
takes place when bleached enamel is in contact with 
human saliva, because of deposition of minerals 
such as calcium and phosphate.[14] However, this 
process takes place in an irregular way, inducing 
reorganization of the enamel prisms that can 
cause an increase of roughness, as observed in the 
present study. Given the different pH values of the 
different thickeners, more acidic compounds may 
be responsible for greater demineralization effect. 
Consequently, during remineralization, there would 
be more extensive repositioning of enamel prisms 
due to mineral deposition on demineralized surface. 
This is in accordance to this study findings – groups 
treated with carbopol, a relatively acidic compound, 
presented higher roughness values when compared 
to natrosol.

CONCLUSION

The use of carbopol, glycerin, and natrosol did not 
cause a significant alteration on enamel microhardness 
during bleaching, yielding an effective whitening 
result. However, the replacement of carbopol by 
natrosol caused less change on roughness surface.
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