
This study evaluated the effects of tooth bleaching with high-concentration of hydrogen 
peroxide on alterations of translucency parameter (TP) and color of dentin and enamel. 
The crown of five human molars was sectioned into four slices parallel to buccal surface. 
The dentin of external slices containing buccal/ lingual enamel was fully removed with 
diamond bur; while these slices were used to assess alterations on enamel. Alterations 
on dentin were assessed into the center of internal slices. The color of specimens was 
measured over white and black backgrounds using a spectrophotometer (CieL*a*b) at 
baseline, allowing to calculate the TP by difference between the color measured over 
each background. Specimens were submitted to three 15-min applications of 35% 
hydrogen peroxide followed by their storage in water for one-week. Afterwards, the 
color measurements were repeated at both backgrounds. Color (∆L, ∆a, ∆b and ∆E) and 
translucency (∆TP) changes were calculated and data individually analyzed by T-test 
(α = 0.05). Influence of hard tissue and assessment time on each color parameter was 
also analyzed by 2-way repeated measure ANOVA (α = 0.05). Tooth bleaching resulted 
in increased lightness for the enamel, whereas no alteration on this parameter occurred 
for dentin. No difference between the tooth hard tissues was observed regards the other 
color parameters and ∆E. A slightly reduction on TP was observed only for the enamel. 
In conclusion, 35% hydrogen peroxide caused similar color and translucency changes 
on dentin and enamel. 
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Introduction
The color of tooth structures results from the 

interaction among different phenomena of light through 
hard tissues including dispersion, refraction, transmission 
and absorption.1 Therefore, the ultimate color observed 
is determined by combination among optical properties 
of enamel and dentin tissue, including translucency and 
chromaticity.1,2 Due to high mineral content, the enamel is 
the more translucent structure of tooth allowing that the 
color of underlying dentin significantly affects the ultimate 
tooth color.2 However, changes on enamel translucency 
or chromaticity modifies the perception of underlying 
dentin and also affected the tooth color.3 The increase on 
chromaticity of teeth from elderly patients due the presence 
of more translucent enamel following the reduction on its 
thickness by physiological wear is a case in point.1 Thus, the 
knowledge about the optical properties of tooth tissues is 
essential to achieve excellence on esthetic procedures in 
dentistry, including tooth bleaching procedures.

In clinical cases of tooth discoloration, the tooth 
bleaching procedures using hydrogen peroxides are 
usually performed seeking out to increase the lightness 
and to reduce the yellowness/ redness of teeth.4,5 Tooth 
bleaching procedures are performed either in-office or 

at-home using high- and low-concentration peroxides 
(hydrogen or carbamide peroxide).6 Regardless the protocol 
or bleaching used, the peroxides and their sub-products 
oxide the organic structure of tooth substrates resulting 
in lighter aspect.7,8 Considering the higher organic content 
and chromaticity of dentin, it is reasonable to relate the 
bleaching effect mainly to optical modifications on this 
tissue. However, the role of each hard tooth tissue on 
bleaching effect remains controversial.9-13 Some studies 
reported that the enamel played a more important role 
than dentin in tooth bleaching. 11,12 On the other hand, 
bleaching of dentin has been associated to tooth color 
changes instead modifications on enamel. 9,10

 Thus, the aim of this study was to assess the color 
and translucency changes caused by tooth bleaching on 
dentinal and enamel tissues. The null hypothesis was that 
the tooth bleaching using high-concentration hydrogen 
peroxide results in similar color and translucency changes 
on enamel and dentin.

Material and Methods
Five sound human third molars (without any crack, 

caries lesion, restoration, or severe wear) were sectioned 
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parallel to buccal/lingual faces to obtain four slices using 
a diamond disc in a cutting machine (Isomet low speed, 
Buehler, Lake Forest, IL, USA). The dentin of two more 
external slices containing the buccal/ lingual enamel 
were removed using a diamond bur, maintaining only 
the enamel tissue. These slices were used to assess the 
optical modifications on enamel. The other internal slices 
presenting dentin covered by occlusal enamel was used to 
measure color and translucency changes in dentin. For this 
purpose, the readings were carried out only in the center of 
these last slices. Impressions of the specimens were taken 
with dense polydimethylsiloxane impression material (Perfil, 
Coltene-Whaledent, Altstätten, Switzerland) to standardize 
the local of measurements during the entire experiment. A 
perforation with 6 mm of diameter was created in the mold 
to allow the placement of the spectrophotometer tip (Easy 
Shade Compact, Vita-Zahnfabrik, Bad Säckinge, Germany). 

The color (CieL*a*b) of all specimens at baseline 
was measured over white and black backgrounds to 
allow the translucency parameter (TP) calculation using 
the followed formula14: TP = ((Lwhite – Lblack)2 + (awhite – 
ablack)2 + (bwhite – bblack)2)1/2. Afterwards, the specimens 
were submitted to tooth bleaching with 35% hydrogen 
peroxide (Whiteness HP Maxx, FGM, Joinvile, SC, Brazil) 
with three consecutive applications of 15 minutes each. 
After bleaching procedures, the specimens were stored in 
water for 7 days prior to measurement of bleaching effect. 
The color was measured again under both backgrounds 
and TP of specimens calculated again. The color changes 
were calculated for each parameter (∆L, ∆a and ∆b) using 
only the data from white background. The pooled color 
change (∆E) was calculated using the followed formula: ∆E 
= ((Lbaseline – Lfinal)2 + (abaseline – afinal)2 + (bbaseline – bfinal)2)1/2. 
Changes on translucency (∆TP) caused by the bleaching 
procedure was calculated subtracting the final 
values from those observed on baseline. Data of 
∆L, ∆a, ∆b, ∆E and ∆TP were individually analyzed 
by T-test comparing the hard tissues for each color 
parameter (α = 0.05). Normal distribution of data 
was assessed by Shapiro-Wilk test and data of color 
parameters (L, a and b) were individually submitted 
to Two Way Repeated Measures ANOVA, while 
“assessment time” was defined as repetition factor. 
All analyses were performed using the SigmaStat 
v.3.5 statistical software package (Systat Software 
Inc., Chicago, IL, USA).

Results
Table 1 presents the results for color and 

translucency changes observed in both hard 
tissues. Tooth bleaching increased the lightness (∆L) 
measured on enamel and did not affected this color 

parameter on dentin. Irrespective the tooth tissue evaluated, 
no modification on red-green axis (∆a) was observed. Dentin 
and enamel became less yellow (reduction on ∆b) after the 
tooth bleaching without significant difference between 
these tissues. No difference between the tooth hard tissues 
was also observed for pooled color change (∆E). The enamel 
become slightly less translucent after the tooth bleaching 
procedure, and the translucency change observed for this 
tissue differed from that measured in the dentin. 

Table 2 shows the color measured at baseline and 
after the tooth bleaching. Two Way Repeated Measures 
ANOVA showed that both “hard tissue” (p = 0.002) and 
“assessment time” (p = 0.002) significantly affected the 
“L” values, but there was a significant interaction between 
these factors (p=0.001). At both assessment times, enamel 
showed higher “L” value than dentin. The tooth bleaching 
significantly increased the “L” value for enamel, and did not 
modify the values for dentin. Regarding the parameter “a”, 
neither factors (“hard tissue” – p=0.062; “assessment time” – 
p=0.721) or interaction (p=0.165) significantly affected this 

Table 1. Means (95% confidence interval) of color and translucency 
changes caused by tooth bleaching with 35% hydrogen peroxide on 
dentin and enamel hard tissues (n = 10)

Outcomes
Hard tissue

p value*
Dentin Enamel

∆L -0.2 (-2.7 to 2.4) 5.7 (4.2 to 7.2) 0.001

∆a 0.4 (-0.8 to 1.7) - 0.7 (-1.6 to 0.2) 0.165

∆b -8.4 (-10.0 to -6.8) -7.6 (-9.8 to 5.5) 0.575

∆E 9.6 (8.4 to 10.8) 9.9 (7.7 to 12.1) 0.832

∆TP 0.3 (-0.4 to 1.1) -0.9 (-1.7 to - 0.1) 0.044

* T-test.

Table 2. Means (95% confidence interval) of each color parameter measured 
at baseline and after the tooth bleaching on dentin and enamel hard tissues 
(n = 10).

Color 
parameter

Assessment 
time

Hard tissue

Dentin Enamel

L
Baseline 69.9 (65.5 to 74.4) Ab 76.5 (73.9 to 79.2) Ba

Final 69.8 (65.1 to 74.4) Ab 82.2 (79.7 to 84.7) Aa

a
Baseline -1.7 (-2.8 to -0.6) Aa -2.4 (-3.4 to -1.5) Aa

Final -1.3 (-2.7 to 0.2) Aa -3.1 (-3.6 to -2.7) Aa

b
Baseline 30.5 (25.3 to 35.7) Aa 32.0 (28.5 to 35.5) Aa

Final 22.2 (17.4 to 26.7) Ba 24.4 (21.4 to 27.3) Ba

For each color parameter, distinct letters (uppercase for column comparing 
assessment times; lowercase for line comparing hard tissues) indicate 
statistically significant difference (p<0.05).
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outcome. For the parameter “b”, only the “assessment time” 
(p<0.001) affected the results, while “hard tissue” (p=0.517) 
and the interaction were not significant (p=0.575). Figure 
1 presents the changes on parameters L, a and b caused by 
tooth bleaching with 35% hydrogen peroxide. 

Discussion
In the present study, the bleaching effectiveness on 

tooth tissues was evaluated using enamel and dentin 
tissues separately, whereas these tissues are bonded under 
clinical conditions. This approach was performed in the 
present study once that the methodology used does not 
allow to evaluate the bleaching effect on each tissue 
using specimens containing both dentin and enamel. The 
outcomes demonstrated changes on translucency only 
for the enamel. Regarding the tooth color, despite similar 
pooled color changes caused by hydrogen peroxide for both 
tissues, the lightness of color was increased only for the 
enamel, with significant difference for the ∆L achieved in 
the dentin. Thus, null hypothesis of the study was rejected. 

The bleaching agent used in the present study is 
recommended for be applied over the enamel during in-
office tooth bleaching procedures. In opposite, bleaching 
agents are applied directly over the dentinal tissue only 
when internal bleaching procedures are performed in 
non-vital teeth, while the agent is placed into the pulpal 
chamber.15-18 Usually, internal tooth bleaching procedures 
are carried out with sodium perborate or carbamide peroxide 
based bleaching agents in a so-called walking bleaching 
(mediate technique).15,17,18 However, high-concentration 
hydrogen peroxide is also used for immediate internal 
tooth bleaching.19-21 This last approach was simulated in 
the present study seeking out to evaluate the effects of 
the same bleaching agent over the different tooth hard 
tissues. It is important to emphasize that the findings of 
present study for dentin can`t be extrapolated to external 
bleaching procedures. During the external tooth bleaching 
procedures, the bleaching agent is applied over the enamel 
and reach the underlay dentin after to diffuse through the 
former tissue. Thus, it is expected that a lower concentration 
of peroxide will reach the dentin than that applied over the 
enamel.22 Considering that the bleaching effect is related 
to peroxide concentration,23,24 it is reasonable to believe 
that a reduced color alteration could be observed for the 
dentin in this situation than that found the present study.   

It has been reported that the bleaching effect of tooth 
tissue is related to oxidation of organic components.8 
Thus, it could be expected higher bleaching effect on 
dentin, which present higher organic content than enamel. 
However, other studies have reported that the enamel 
contributes more than dentin to tooth bleaching effect 
observed.11,12 In fact, the results of the present study found 

increased lightness (more white) and slight reduction on 
translucency (increased opacity) of enamel after hydrogen 
peroxide application; whereas no change on dentin was 
observed for these parameters. Once that the enamel acts as 
filter to dentin color, the presence of more opaque enamel 
reduced the yellowness of dentin resulting in bleaching 
effect. When other color parameters were evaluated, no 

Figure 1. Changes on color parameters caused by application of 35% 
hydrogen peroxide. (A) L, (B) a, and (C) b. 
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modification on red-green axis (∆a) was observed for both 
tissues, whereas the tooth bleaching procedure cause 
significant reduction on yellowness (reduction on ∆b) 
without difference between dentin and enamel. Therefore, 
the color change (∆E) observed in dentin was strongly 
affected by yellowness reduction, while both lightness 
increasing and yellowness reduction affected the ultimate 
color of bleached enamel. Similar findings were observed 
when each color parameter was assessed at baseline and 
after tooth bleaching, and differences between the hard 
tissues were found only for lightness. 

Further to color changes, alteration on translucency 
parameter caused by tooth bleaching also was evaluated 
in the present study. Translucency is defined as the ability 
of structures to allow the light-transmission through of it 
and strongly depends on reflectance of internal pigments 
from substrate, while thick structures results in reduced 
light-transmission.2,3 In the present study, TP was assessed 
by difference between color parameters recorded over black 
and white backgrounds. The rationale is that changing the 
background color does not affect the measurements for an 
opaque object, whereas significant difference on color is 
expected for more translucent objects. One limitation of the 
methodology used in the present study was the impossibility 
to standardization of specimens` thickness. Considering 
that the thickness significantly affects the translucency, 
we chosen to use the changes on the TP observed in each 
specimen in the data analyses.25,26 

Changes on TP were observed only for the enamel, 
which became more opaque. The explanation for 
differences on TP changes between the hard tooth tissues 
evaluated is related to mineral content. Enamel is made 
up of more inorganic components by volume (higher 
than 97%) than dentin (approximately 50%).27 The use 
of hydrogen peroxides over the tooth substrates reduces 
the mineral content due to demineralization of enamel 
prism and possible non-prismatic layer removal.28 The 
modification on enamel surface that became more rough 
rises the light-diffusion and consequently decrease the 
light-transmission.29 On the other hand, no significant 
modification could be expected to the dentin tissue due 
to its lower mineral content when compared to enamel. 
Possible modifications on surface roughness also help 
to explain the occurrence of lightness changes only for 
enamel. Rougher surface tends to reflect more light and 
ultimately increase the lightness of structure.

In conclusion, the outcomes of the present study 
demonstrated that 35% hydrogen peroxide results in similar 
pooled color changes in enamel and dentinal tissues, despite 
increase on lightness was observed only for the enamel. 
Moreover, translucency change was observed only for the 
enamel that became slightly more opaque. 

Resumo
Este estudo avaliou os efeitos do clareamento dental com peróxido 
de hidrogênio em alta concentração nas alterações do parâmetro de 
translucidez (PT) e cor da dentina e esmalte. A coroa de cinco molares 
humanos foi seccionada em quatro fatias paralelas à superfície vestibular. 
A dentina das fatias externas contendo esmalte vestibular/ lingual foi 
totalmente removida com ponta diamantada, sendo estas fatias usadas 
para verificar as alterações no esmalte. Alterações na dentina foram 
verificadas no centro das fatias internas. A cor das amostras foi mensurada 
sobre fundos preto e branco usando um espectrofotômetro (CieL*a*b) no 
início, permitindo calcular o PT pela diferença de cor medida sobre cada 
fundo. As amostras foram submetidas a três aplicações de 15 minutos 
de peróxido de hidrogênio a 35% seguido pelo seu armazenamento em 
água por uma semana. Após isto, as mensurações de cor foram repetidas 
em ambos os fundos. Mudanças de cor (∆L, ∆a, ∆b e ∆E) e translucidez 
(∆PT) foram calculadas e os dados analisados pelo Teste T (α = 0,05). A 
influência do tecido duro e do momento de avaliação em cada parâmetro 
de cor foi também analisado através de ANOVA de duas vias para 
medidas repetidas (α = 0,05). O clareamento dental resultou em maior 
luminosidade (∆L) para o esmalte, enquanto que nenhuma alteração neste 
parâmetro ocorreu para a dentina. Nenhuma diferença entre os tecidos 
duros dentais foi observada em relação aos outros parâmetros de cor e 
∆E. Uma leve redução na PT foi observada apenas para o esmalte. Como 
conclusão, peróxido de hidrogênio a 35% causou similar alteração de cor 
e translucidez no esmalte e na dentina.
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