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Abstract
Objectives We evaluated the effects of low-level laser therapy (LLLT) using an infrared laser (IRL) and a red laser (RL)
on the pulp of molar teeth in rats after dental bleaching to assess inflammation, collagen fiber maturation, and tertiary
dentin formation.
Materials and methods Eighty Wistar rats (Rattus norvegicus, albinus) were randomly divided into eight groups with 10
hemimaxillae in each of the following: control; bleached (Ble, 35% hydrogen peroxide [H2O2]); Ble-1IRL and Ble-1RL
(one IRL [808 nm, 30 s, 3 J] or RL [660 nm, 15 s, 1.5 J] application immediately after H2O2); Ble-3IRL and Ble-3RL
(three [immediately, 24 h, and 48 h] IRL or RL applications after H2O2); and 3IRL and 3RL (three IRL or RL
applications without bleaching). The rats were euthanized after 2 and 30 days for histological evaluation of inflammation
(hematoxylin-eosin) and maturation of collagen fibers (picrosirius red). Additionally, the dentin deposition in the spec-
imens obtained at 30 days was quantified via microtomography of the pulp chamber volume. Statistical analyses were
performed (P < 0.05).
Results Initially, severe damages to the pulp were observed in the Ble and Ble-1RL groups. Ble-1IRL and Ble-3RL groups
showed lower inflammation. The bleached groups had a greater amount of mature collagen fibers than the control group. The
Ble-3IRL group had a greater number of immature fibers than the Ble group. At 30 days, there was an absence of inflammation
and equal proportion of mature and immature collagen fibers. All bleached groups showed a reduction in the volume of the pulp
chamber.
Conclusion Three consecutive applications of RL and one IRL application can minimize damage to the pulp of bleached
teeth, whereas three IRL applications can minimize pulp fibrosis. However, LLLT did not prevent deposition of tertiary
dentin.
Clinical relevance This study describes LLLT protocols capable of minimizing inflammation and maturation of collagen fibers in
pulp tissue after dental bleaching. However, the protocols proved insufficient for reducing the formation of tertiary dentin in
bleached teeth.
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Introduction

Hydrogen peroxide (H2O2), a constituent of dental bleaching
gel, can diffuse through enamel and dentin due to its dissoci-
ation into reactive oxygen species and other powerful oxidiz-
ing agents [1–4]. Dental bleaching is capable of causing in-
tense damage to pulp tissue, especially in human mandibular
incisor teeth [5, 6]. Pulp tissue damage is related to the number
of bleaching sessions [7] and concentration of H2O2 present in
the gel [8, 9].
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Studies on teeth of dogs and rats have demonstrated that
damages occurring in the pulp tissue are reversible [8, 10–13].
However, studies have also reported accelerated pulp tissue
aging because of intense deposition of tertiary dentin [9], ex-
pression of mineralization markers [14], and differentiation of
new odontoblast-like cells [15]. Maturation of collagen fibers
of the pulp, which is another sign of tissue aging, has also been
reported after dental bleaching [12].

Furthermore, clinically, intense postoperative dentin hyper-
sensitivity has been reported after bleaching, which decreases
over time [16, 17]. Thus, there is a constant search for
bleaching agents that do not compromise pulpal tissue and
are safe for clinical use. Attempts have been made to reduce
tooth sensitivity by concomitant use of anti-inflammatory
drugs; however, the results have been inconclusive [16, 18].
Similarly, antioxidants have also been tested, but complete
neutralization of the deleterious effects of bleaching has not
been achieved [19–21].

Low-level laser therapy (LLLT) is being used increasingly
in medicine and dentistry owing to its analgesic, anti-inflam-
matory, and biostimulation effects [22–24]. LLLT has been
shown to promote regeneration of damaged tissues [25].
Previous studies have reported the use of LLLT to reduce
the damage to pulp tissue after bleaching; however, the results
are controversial [25–29]. Few clinical studies demonstrated a
reduction in post-bleaching sensitivity following LLLT [27,
29], and some LLLT parameters were not effective [28]. A
systematic review of the literature revealed that three studies
investigated the effects of LLLT on pulp tissue damaged by
the bleaching gel with only one being an in vivo study [30,
31]. The authors of the study therefore opined that further
studies should be conducted, especially in vivo to clearly an-
alyze the influence of LLLTon the pulp of bleached teeth [31].
Reduction in pulpal sensitivity is important to ensure patient
comfort; nonetheless, in vivo studies should evaluate the ef-
fect of laser on different parameters such as maturation of
collagen fibers or tertiary dentin deposition, which may be
altered in response to different aggressors/bleaching agents.

Rat molar teeth were considered for pulp tissue analysis
after dental bleaching owing to ease of obtaining and stan-
dardization of the specimens and similarity in tissue responses
with humans [5, 7]. Thus, the validation of results in humans
occurs later according to the ethical principles. Moreover, pulp
tissue is surrounded by rigid dentine walls and vital teeth have
components such as dentinal fluid, odontoblastic extensions,
and antioxidant enzymes that can hinder the penetration of
H2O2 [11]. These features highlight the importance of
in vivo analysis [11].

This study analyzed the effects of different LLLT applica-
tion protocols on pulp tissue of rat teeth after dental bleaching
using a red laser (RL) and an infrared laser (IRL). The influ-
ence of LLLTon pulp tissue inflammation, collagen fiber mat-
uration, and tertiary dentin deposition in bleached teeth was

evaluated. The null hypothesis was that LLLT does not influ-
ence (a) inflammation generated in the pulp tissue after
bleaching, (b) maturation of collagen fibers in the dental pulp
of bleached teeth, and (c) tertiary dentin deposition in these
teeth.

Materials and methods

Animals

Eighty healthy male Wistar rats (Rattus norvegicus, albinus
variation; weighing between 250 and 300 g) aged 2 months
were used. The sample size was defined based on the data of
maturation of collagen fibers at 30 days from a previous study
[12]. Considering a power sample of 80% and an alpha error
of 0.05 to identify a significant difference, a minimum of 10
rats/group was deemed necessary, which was in accordance
with previous studies [4, 8, 9]. The animals were housed in a
temperature-controlled environment (22 ± 1 °C, 70% relative
humidity) with a 12-h light–dark cycle and received water and
food (Mogiana Alimentos SA, Campinas, Brazil) ad libitum
throughout the experiment period. The rats weremaintained in
collective polypropylene cages (four per cage). Cage bedding
was changed at least three times a week. The animals were
kept under observation throughout the experiment. The Ethics
Committee of the local university approved the experimental
protocol (CEUA 00938) and the entire study was conducted
according to ARRIVE guidelines.

Dental bleaching and LLLT treatment

Four operators performed all procedures in an appropriate
room in the animal research area. Two operators were respon-
sible for anesthesia and random allocation of rats to groups
(J.M.A.L. and J.G.B.). A single calibrated operator (F.B.) was
responsible for bleaching and LLLT treatments and was
assisted by a fourth operator (A.M.T.). The operator F.B.
was calibrated to perform the bleaching procedure based on
protocols from previous studies [4, 7–9, 11–15]. For LLLT,
F.B. underwent training with G.S.A., who has extensive ex-
perience in treatment with laser. The rats were anesthetized
with intramuscular injection of ketamine (87 mg/kg;
Francotar, Virbac do Brasil Ind. e Com. Ltda, Roseira, SP,
Brazil) and xylazine (13 mg/kg; Rompum, Bayer SA, São
Paulo, SP, Brazil). After application and photoactivation of a
resinous gingival barrier (Top Dam; FGM Dental Products,
Joinville, SC, Brazil), the right and left maxillary molars were
treated randomly, according to the groups described in
Table 1. The rats were randomly allocated to groups using a
lottery method and the side of upper molars to be treated in
each rat was also decided in the same manner.
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For the bleaching procedure, a single application of
0.01 mL 35% H2O2 bleaching gel (Whiteness HP Maxx;
FGM Dental Products, Joinville, SC, Brazil) was performed
on the designated side in each rat. The gel was left on the teeth
for 30 min [11]. Subsequently, the tooth surface was wiped
with cotton and absorbent paper and rinsed thoroughly with
water. To standardize the applied volume of the bleaching gel,
1.0-mL syringes were used [9].

For RL and IRL treatments, a laser duo semiconductor
(GaA1As and InGaAlP) was used (MM Optics Ltda, São
Carlos, SP, Brazil) after bleaching, at a wavelength of
808 nm for IRL and 660 nm for RL. The device had a fixed
power of 100 mW. The beam exit area at the tip of the laser
pen was 3 mm2. The tip of the laser pen was kept in contact
[24, 25] with the first molars during the procedure. The Ble
(bleached)-1RL and Ble-1IRL groups received the LLLT ses-
sion immediately, while the groups Ble-3RL and Ble-3IRL
received an immediate LLLT session, a session at 24 h and
another at 48 h after bleaching. The rats were re-anesthetized
and resinous gingival barrier was re-applied before the LLLT
session at 24 and 48 h. After each session, the rats were
housed in the same conditions described earlier and were ob-
served until the effect of the anesthesia wore off.

Histological analyses

Forty animals each were euthanized 2 days and 30 days after
the treatment with an overdose of sodium thiopental
(240 mg/kg; Thipentax, Cristália, Produtos Químicos
Farmacêuticos Ltda, Itapira, Brazil). The hemimaxillae were
separated, dissected, and fixed in a solution of 4% buffered
formaldehyde (24 h). The specimens were decalcified in 10%
ethylenediaminetetraacetic acid (EDTA) (3 months) and sub-
sequently dehydrated, clarified, and embedded in paraffin.
Serial histological sections of each specimen were obtained
from the site of full longitudinal extension of the mesial root of
the first molar. Subsequently, 5-μm sections were created in
the vestibular-lingual plane. The blades with histological

sections were then stained with hematoxylin-eosin (HE) and
picrosirius red (PSR).

A calibrated operator of previous studies and pilot studies
analyzed the sections in a blind manner using light microsco-
py (× 400, DM 4000 B, Leica, Wetzlar, Germany). For the HE
analysis, the pulp chamber was divided into occlusal, middle,
and cervical thirds [7] and the degree of inflammation was
scored in each third as follows: 0, inflammatory cells absent
or negligible; 1, mild inflammatory infiltrate (< 25 cells per
field); 2, moderate inflammatory infiltrate (25–125 cells per
field); 3, severe inflammatory infiltrate (> 125 cells per field);
and 4, tissue necrosis [7, 8]. The operator evaluated two his-
tological sections of each blade to identify any differences.

The maturation of collagen fibers was analyzed by PSR
staining under a polarized light microscope. Images of the
cervical region of the coronal pulp were captured and the
LAS program (× 400, Leica LAS 4.12, Leica Microsystems)
was used, which allowed selection of corresponding colors for
each type of collagen fiber. Greenish-yellow fibers were con-
sidered immature and thin, while reddish-yellow fibers were
consideredmature and thick [12, 32]. After color selection, the
program automatically calculated the marked area of each
type of collagen fiber. This analysis was also performed by a
calibrated operator who evaluated two consecutive histologi-
cal sections of the same blade and obtained the average value
for each type of fiber.

Microtomographic analyses

Microtomographic analysis was performed by a calibrated
operator only on the specimens obtained at 30 days, when
formation of tertiary dentin could be observed [12, 15].
After fixation in neutral formalin and before the decalcifica-
tion procedure in EDTA for histological analysis, these spec-
imens were reduced and placed in distilled water for at least
12 h for scanning [33]. The samples were scanned by the
SkyScan 1272 imaging system (Kontich, Belgium). This sys-
tem allowed scanning at 70 kVand 142 μAwith the use of an

Table 1 Distribution of
experimental groups according to
the treatment performed

Groups Dental bleaching LLLT

Nm Time J Session

Control – – – – –

Ble 1 application of 30 min of the bleaching gel – – – –

Ble-1IRL 1 application of 30 min of the bleaching gel 808 30 s 3 Immediate

Ble-3IRL 1 application of 30 min of the bleaching gel 808 30 s 3 Immediate, 24 h, and 48 h

Ble-1RL 1 application of 30 min of the bleaching gel 660 15 s 1.5 Immediate

Ble-3RL 1 application of 30 min of the bleaching gel 660 15 s 1.5 Immediate, 24 h, and 48 h

3IRL – 808 30 s 3 Immediate, 24 h, and 48 h

3RL – 660 15 s 1.5 Immediate, 24 h, and 48 h

Ble, bleached; IRL, infrared laser; RL, red laser; J, joules; s, second
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X-ray detector (11 Mp [2016 × 1344 pixels], 16-bit, with a
nominal resolution of 0.45 to 27 mm, scanning space of
75 mm diameter and 70 mm length, and aluminum filter of
0.5 mm). The entire system was connected to a Dell Precision
T7610 (Dell Inc. São Paulo, SP, Brazil) computer with Intel
(R) XEON (R) CPU E5-2687w v2 3.40 GHz processor.

The volume of interest included space of the pulp chamber.
Volumetric data were used to generate three-dimensional re-
constructed images [34, 35]. The image volume was oriented
such that the long axis of the distal root of the first molar was
parallel to the coronal and sagittal planes, in order to quantify
the decrease in the pulp chamber volume because of tertiary
dentin formation. The volume corresponding to the space
filled by pulp tissue was measured in cubic millimeters [36,
37].

Statistical analyses

The data for analysis of inflammatory infiltration (non-
parametric data) were subjected to Kruskal–Wallis and
Dunn’s tests. The data obtained from PSR staining and
microtomographic analyses were subjected to a normality test.
The PSR analysis data at 2 days showed normality and were
subjected to one-way analysis of variance followed by the
Tukey test. The 30-day PSR and microtomographic data dis-
tribution were not normal; therefore, the data were subjected
to the Kruskal–Wallis test, followed by Dunn’s test. Statistical
significance was set at P < 0.05 for all analyses.

Results

Analysis of the inflammatory infiltrate

There was no loss of animals during the course of the exper-
iment. Rats were healthy when the hemimaxillae were re-
moved for further processing and histological analysis. The
results of HE analysis are presented in Table 2, and the repre-
sentative images can be seen in Figs. 1 and 2. At 2 days, the
greatest damage was observed in the occlusal third of the
coronal pulp in the Ble and Ble-1RL groups, with necrosis
observed in a majority of the specimens (P > 0.05).
However, despite lesser area of necrosis and the majority of
specimens showing moderate to severe inflammation, the re-
sults of the Ble-3IRL group were statistically similar to those
of the Ble and Ble-1RL groups (P > 0.05) and significantly
different from those of the control group (P < 0.05). The
Ble-1IRL and Ble-3RL groups showed results similar to the
control group (P > 0.05). The Ble and Ble-1RL groups
showed the highest amount of tissue alterations with severe
inflammation in the middle third (P > 0.05) and moderate in-
flammation in the cervical third of the pulp (P > 0.05). These
findings were significantly different from those of the control

group (P < 0.05). Pulp tissue in the other bleached groups
showed reduced inflammation, with moderate severity in the
middle third (P > 0.05) and mild in the cervical third regions
(P > 0.05). The results were statistically similar to those of the
control group (P > 0.05).

At 30 days, no inflammatory infiltrate was observed. The
pulp tissue showed cellular organization with an intact and
continuous odontoblastic layer surrounding the entire coronal
pulp and the other layers also appeared normal. Pulp tissue in
the bleached groups showed intense tertiary dentin formation.

No alterations were observed in the groups that received
only LLLT (RL or IRL) at 2 days or 30 days (Fig. 4), and the
results were not significant when compared with those of the
control group (Table 4).

Analysis of maturation of collagen fibers

The results of PSR analysis are presented in Table 3, and
representative images can be seen in Fig. 3. At 2 days, the
control group demonstrated higher amount of immature col-
lagen fibers. Pulp tissue in the bleached groups showed higher
amount of mature fibers in this period than that in the control
group (P < 0.05). However, the group that received three ap-
plications of IRL after bleaching (Ble-3IRL) showed more
immature fibers than the Ble group and the bleached groups
that received RL (P < 0.05). At 30 days, all groups showed
similar findings, with equivalent proportions of mature and
immature collagen fibers (P > 0.05). Comparison between
mature and immature collagen fibers in the same group during
each analysis revealed significant differences in the control,
Ble-1IRL, and Ble-3IRL groups at 2 days, with the amount of
immature fibers being significantly higher (P < 0.05).

No significant alterations in the maturation of collagen fi-
bers were observed in the groups that received only LLLT (RL
or IRL) at 2 days or 30 days, compared with that in the control
group (Fig. 4, Table 4).

Microtomographic analysis

The results of the microtomographic analysis are presented in
Table 3. All bleached groups, regardless of the application of
LLLT, showed a significant reduction in the volume of pulp
chamber at 30 days (P < 0.05), indicating formation of tertiary
dentin. The data of the 3IRL and 3RL groups are shown in
Table 4.

Discussion

The present in vivo study evaluated the influence of LLLT,
using IRL and RL, on the inflammatory process, maturation of
collagen fibers, and change in volume of the pulp chamber in
bleached teeth. It was observed that a single application of
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IRL or three applications of RL minimized the inflammatory
process in the pulp tissue of bleached teeth, rejecting the null
hypothesis (a) that LLLT does not influence the inflammation
caused by H2O2 in the dental pulp. In addition, three IRL
applications minimized the rate of maturation of collagen fi-
bers in the early stage. Thus, the null hypothesis (b) that LLLT
does not influence the maturation of collagen fibers in pulp
tissue was also rejected. However, LLLT did not prevent the
reduction in the volume of the pulp chamber caused by dental
bleaching. Therefore, the null hypothesis (c) that LLLT does
not influence tertiary dentin deposition in bleached teeth was
accepted.

Studies have reported the deleterious effects of bleaching
gels with high concentrations of H2O2 on pulp tissue and cells
[4, 8, 9, 38, 39]. Previous studies have reported areas of ne-
crosis in the coronal pulp of rat molar teeth and severe inflam-
matory infiltrate after one bleaching session with 35% H2O2

for 30 min [7–9, 11, 12, 14]. These results are consistent with
those observed in the present study. Studies performed on
human mandibular incisors have also revealed a similar pulp
response, justified by the reduction in thickness of hard tissue
in these teeth [5, 6]. Moreover, clinical studies have reported
an absolute risk of tooth sensitivity in patients following
bleaching, which is barely controlled by anti-inflammatory
agents [16–18].

Many studies evaluating the effects of LLLT on tissues
have shown excellent outcomes such as increased protein

synthesis and DNA duplication [40], increased concentration
of intracellular calcium [41], and greater control of oxidative
stress by enzymatic action [23, 42]. LLLT has also been
shown to be effective in inducing cell proliferation by modu-
lating growth factors [40, 42–44]. These results indicate that
LLLT could minimize the damage to the pulp tissue of
bleached teeth and reduce postoperative tooth sensitivity.

A systematic review presented a controversial opinion on
the influence of light, including LLLT, on pulp tissue and
cellular response [31]. However, two recent studies suggested
protocols for clinical use of LLLT. Alencar et al. [27] and De
Paula et al. [29] observed that the IRL—with a wavelength of
808 nm—operated at an energy of 1.7 J for 16 s in two con-
secutive applications (cervical and medial region of teeth) was
beneficial in reducing post-bleaching tooth sensitivity. This
study used IRL at the same wavelength but at an energy level
permitted by the laser device used. Despite the positive clini-
cal results observed in the above studies, there was no com-
parison between the number of laser applications and the ef-
fectiveness of RL.

The laser beam is an electromagnetic wave that differs from
ordinary light in its monochromaticity, coherence, and colli-
mation [24]. Laser emits radiation within a small spectral
wavelength range in the same direction; therefore, the photons
do not diverge significantly [45]. The wavelength of the laser
determines its capacity to penetrate tissues, and its consequent
performance [45]. It is known that IRL has higher ability to

Table 2 Scores and median
observed for inflammatory
response according to the groups
at 2 days

Thirds Scores Groups

Control Ble Ble-
1IRL

Ble-
3IRL

Ble-
1RL

Ble-
3RL

P

Occlusal 1 10/10 0/10 0/10 0/10 0/10 0/10 <0.001
2 0/10 0/10 0/10 0/10 0/10 0/10

3 0/10 0/10 6/10 5/10 0/10 6/10

4 0/10 4/10 3/10 4/10 4/10 3/10

5 0/10 6/10 1/10 1/10 6/10 1/10

Median* 1a 5b 3ab 3b 5b 3ab

Middle 1 10/10 0/10 0/10 0/10 0/10 0/10 <0.001
2 0/10 0/10 3/10 3/10 0/10 2/10

3 0/10 2/10 6/10 6/10 3/10 8/10

4 0/10 8/10 1/10 1/10 7/10 0/10

5 0/10 0/10 0/10 0/10 0/10 0/10

Median* 1a 4b 3ab 3ab 4b 3ab

Cervical 1 10/10 0/10 2/10 1/10 0/10 1/10 <0.001
2 0/10 2/10 7/10 8/10 3/10 8/10

3 0/10 8/10 1/10 1/10 7/10 1/10

4 0/10 0/10 0/10 0/10 0/10 0/10

5 0/10 0/10 0/10 0/10 0/10 0/10

Median* 1a 3b 2ab 2ab 3b 2ab

Ble, bleached; IRL, infrared laser; RL, red laser

*Different letters on the lines indicate significant difference between the groups (P < 0.05)
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Fig. 1 Representative images of
the analysis of the inflammatory
infiltrate of the groups at 2 days.
(A–F) Panoramic microscopic
aspect of dental pulp. Cont: (A1,
A2) Pulp tissue with no alteration,
organized odontoblastic layer,
and absence of inflammation. Ble:
(B1, B2) Pulp tissue with evident
necrosis area and severe
inflammatory infiltrate. Ble-
1IRL: (C1, C2) Presence of
moderate inflammatory infiltrate
in pulp tissue and partially
disorganized odontoblastic layer.
Ble-3IRL: (D1, D2) Presence of
moderate inflammatory infiltrate
and higher disorganization of
pulp tissue. Ble-1RL: (E1, E2)
Intense disorganization of pulp
tissue and severe inflammatory
infiltrate. Ble-3RL: (F1, F2)
Disorganized pulp tissue and
presence of moderate
inflammatory infiltrate (× 50, ×
100, × 400; H.E)

Fig. 2 Representative images of the pulp tissue at 30 days. (A, A1)
Control group with absence of tertiary dentin and normality of dental
pulp, and (B, B1) Ble, (C, C1) Ble-1IRL, (D, D1) Ble-3IRL, (E, E1)

Ble-1RL, and (F) Ble-3RL groups with no inflammatory infiltrate, pres-
ence of organized pulp tissue and formation of tertiary dentin (× 50, ×100;
H.E)
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penetrate into tissues than RL [45]. As the laser beam must
penetrate through enamel and dentin to act on pulp tissue,
better results can be expected with IRL. The presence of
enamel and dentin justifies the importance of in vivo studies.

Thus, through novel protocols, we proposed to evaluate the
influence of LLLT using one or three applications each of IRL
and RL on pulp tissue of bleached teeth. Multiple applications
were considered for comparison, as a single session would
have limited influence on pulpal response [31]. However,
we restricted our experiment to three sessions of LLLT over
2 days for analysis due to intense pulpal inflammation and
necrosis in this period [7–9].

We observed a reduction in the inflammatory process after
dental bleaching following three sessions of RL (each session
at 1.5 J for 15 s) similar to that seen after a single session of
IRL at energy of 3 J for 30 s. A study performed by Dantas
et al. [25] showed that LLLT was able to increase cellular
metabolism when IRL or RL was applied at energy of 10 J
for 10 s. In contrast, Lima et al. [26] reported that the applica-
tion of laser near the infrared wavelength (780 nm) at 4, 10,
and 15 J for 300, 800, and 1200 s, respectively, did not dem-
onstrate any beneficial effects. Moreover, 15 J of energy re-
sulted in more significant damage [26]. These results corrob-
orate the present study because low intensity of LLLT was
found to be most beneficial for the pulp tissue. The beneficial
response was associated with lower penetration of the laser
and a greater number of sessions, or higher penetration and
fewer sessions. In addition, our results corroborate recent clin-
ical studies that reported reduced sensitivity after dental
bleaching following one session of IRL therapy [27, 29].

Yamakawa et al. [46] reported that LLLT modulates cell
proliferation, apoptosis, and gene expression in dental pulp
cells. These effects may minimize the inflammatory tissue
response, which is consistent with the present study.
However, to the best of our knowledge, the effects of LLLT
on collagen fibers of pulp tissue of bleached teeth have not yet
been studied. The connective tissue of dental pulp is com-
posed of approximately 34% collagen fibers [47]. Therefore,

the analysis of these fibers after bleaching is justified, consid-
ering that reactive oxygen species from the bleaching gel can
cause significant damage to pulp tissue [3, 12, 48].

In the present study, the control group showed higher
amount of immature fibers at 2 days, while the bleached
groups had a significant amount of mature fibers during this
period. This observation may indicate accelerated maturation
of pulp tissue after dental bleaching. Similar findings were
observed in a previous study, even in diabetic rats [12].
Another study revealed increased expression of proteins asso-
ciated with mineralization, such as osteocalcin and osteopon-
tin, in the pulp tissue of bleached teeth [14]. According to
Dong and Ma [49], the expression of these proteins is related
to the process of tissue fibrosis. Findings reported in these
studies corroborate with the present study.

However, LLLTwas unable to prevent the advancement of
tissue fibrosis after bleaching. A previous study revealed that
LLLT resulted in increased synthesis of fibronectin in pulp
cells and maturation of the extracellular matrix [50], which
may explain the reduction in inflammation of the pulp tissue,
but it does not prevent long-term fibrosis. In contrast, 2 days
after treatment, the Ble-3IRL group showed a significantly
lower amount of mature collagen fibers than the Ble and RL
groups. These findings may indicate that IRL has the potential
to reduce tissue fibrosis caused by bleaching, while such an
effect is not observed with RL. At 30 days, as organization of
the pulp tissue was complete, no significant difference in fi-
brosis was observed among the groups. It may be speculated
that the damage caused by the bleaching gel was very intense
and thus irreversible by three applications of IRL in later
stages. Therefore, in addition to LLLT, a reduction in H2O2

concentration in the bleaching gel may be required to achieve
optimum results in relation to pulp tissue. Further studies must
be conducted to assess such changes. Fibrosis is related to
tissue aging; therefore, therapies that reduce the same should
be chosen [12].

In the present study, an equilibrium between the amount of
mature and immature collagen fibers was observed in all the

Table 3 Percentage of mature and immature collagen fibers from each group at 2 and 30 days, and pulp chamber volume at 30 days

PSR Groups

ContAa BleBb Ble-1IRLBCb Ble-3IRLCb Ble-1RLBb Ble-3RLBb P

2 days Mature Mean (± SD) 13.71# ±8.68 47.21 ± 12.42 45.27# ± 6.33 30.85# ± 12.20 55.18 ± 13.58 56.56 ± 15.86 <0.001*
Immature Mean ( ± SD) 86.30# ±8.70 52.80 ± 12.42 54.75# ± 6.30 69.15# ± 12.22 44.8 ± 13.60 43.44 ± 15.85

30 days Mature Mean (±SD) 51.12 ±11.70 58.38 ± 12.6 44.92 ± 14.31 57.89 ± 11.62 48.99 ± 17.76 55.32 ± 18.60 = 0.089**
Immature Mean (±SD) 48.88 ± 11.70 41.62 ± 12.60 55.07 ± 14.30 42.10 ± 11.67 51.00 ± 17.76 44.68 ± 18.60

Pulp chamber area
(mm3)

Mean (±SD) 0.74 ± 0.07 0.32 ± 0.06 0.25 ± 0.14 0.25 ± 0.08 0.34 ± 0.09 0.30 ± 0.05 < 0.001***

*Different capital letters in the lines indicate significant difference between the groups regarding the maturation of collagen fibers at 2 days (P < 0.05)

**There was no significant difference between groups regarding maturation of collagen fibers at 30 days (P < 0.05)
# The symbol indicates significant difference between mature and immature collagen fibers of the same group in each analysis period
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groups, including the control group, at 30 days. Thus, it may
be suggested that tissue fibrosis in rat teeth occurs throughout
this period, as reported previously [12]. This finding can be

explained by the accelerated metabolism in rats [11]. Thus, the
present study underlines the importance of IRL application to
minimize accelerated aging in bleached teeth. Other analysis
periods prior to 30 days could have provided more informa-
tion regarding the maturation of collagen fibers.

This study analyzed the data at only 2 and 30 days after
bleaching. The second day following treatment was chosen
for analysis as previous studies have evaluated changes during
this period and have reported significant inflammation and
necrosis in the bleached groups [7–9]. Other studies reported
ongoing repair at 7 and 15 days after bleaching and complete
organization of pulp tissue by 30 days [14, 15]. Nevertheless,
despite apparent repair of the pulp tissue, significant changes
in collagen fibers were observed at 30 days [12]. Moreover,
tertiary dentin formation was more significant at 30 days; thus,
the effects of LLLT on reducing dentin formation could be
studied during this period.

Previous studies have reported significant deposition of
tertiary dentin after dental bleaching. The amount of deposi-
tion was directly proportional to inflammation generated by
the bleaching gel [9, 11, 12]. Therefore, the volume of the pulp
chamber was measured using computed microtomography in
this study, which allowed three-dimensional reconstruction of
the area to be analyzed. This analysis can be considered ideal
for evaluating reduction in the volume of the pulp chamber,
unlike histological analysis, which may be inconclusive be-
cause of variations in each section owing to pulp chamber
irregularities [8].

Microtomographic analyses were performed 30 days after
the bleaching, when it was possible to observe deposition of
tertiary dentin [11, 14]. The pulp chamber volume of the first
molar was measured. Significant reduction in the volume of
the pulp chamber was observed in all bleached groups, regard-
less of application of LLLT. Studies have indicated that LLLT
stimulates protein synthesis of the mineralization process [51,
52]. Yamakawa et al. [46] revealed that LLLT induces miner-
alization in dental pulp cells and tissues. Another study report-
ed that LLLT helps in osteogenic differentiation of stem cells
in pulps of deciduous teeth [53]. These findings might explain
the negative effect of LLLT on the reduction of tertiary dentin
deposition, while minimizing inflammation.

A limitation of this study is the use of rats. Each species of
animals shows variations in repair capacity of pulp tissue and

Fig. 3 Representative images of the maturation of the collagen fiber. (A,
A1) Example images of the Ble group at (A) 2 and (A1) 30 days identi-
fying the captured region for PSR analysis. At 2 days, (B) Cont and (E)
Ble-3IRL groupswith higher amount of immature fibers, and (C) Ble, (D)
Ble-1IRL, (F) Ble-1RL, and (G) Ble-3RL groups with immature and
mature collagen fibers. At 30 days, (B1) Cont, (C1) Ble, (D1) Ble-
1IRL, (E1) Ble-3IRL, (F1) Ble-1RL, and (G1) Ble-3RL groups, with a
balance of mature and immature fibers. The white arrows indicate the
areas of tertiary dentin that were excluded from the analysis (× 100,
H.E.; × 400, PSR)

R
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detailed biocompatibility studies are needed to elucidate this
aspect [54, 55]. However, the biological response and healing
process of rat pulp tissue are comparable with those of other
mammals [56]. In addition, histological and biological char-
acteristics of rat molar teeth are similar to those of humans [56,
57]. The present study as well as previous literature on molar
teeth in rats demonstrated changes in pulp tissue following
application of H2O2 [11, 12]. The results of the present study
should not be directly extrapolated to human teeth because rat
molars also have small areas of exposed dentin on the occlusal
surface [58]. This exposed dentin can intensify the penetration
of H2O2, as well as the action of LLLT. Thus, future studies
should evaluate these protocols on human teeth.

This study showed that a single application of IRL has the
potential to reduce inflammation. However, three applications
were needed to minimize fibrosis of pulp tissue caused by
bleaching. Nevertheless, specific studies are required to eval-
uate inflammation and other cellular mechanisms in the dental
pulp at a molecular level after LLLT in bleached teeth.

Moreover, other therapeutic protocols may be needed to pre-
vent the formation of tertiary dentin.

Clinically, the need for three IRL therapy sessions may
hinder patient involvement. However, patient participation
may be ensured if the treatment reduces post-bleaching hyper-
sensitivity. To the best of our knowledge, this is the first study
to histologically evaluate the effect of these LLLT protocols
on pulp tissue of bleached teeth. Further studies should be
performed to better adapt this protocol to clinical practice.
IRL therapy combined with a bleaching gel with lower con-
centration of H2O2 can also provide cost-effective results and
maybe need few sessions of LLLT.

Conclusion

LLLT has the potential to minimize the damage caused by the
bleaching agent, H2O2. Consecutive applications of RL after
bleaching produce similar effects as that of one application of

Table 4 Data observed for
inflammatory response, fiber
collagen maturation, and pulp
chamber area of the 3IRL and
3RL groups

Analysis Groups P*

H.E. Thirds Scores 3IRL 3RL

Occlusal Median 1 1 < 0.001

Middle Median 1 1 < 0.001

Cervical Median 1 1 < 0.001

PSR

2 days Mature Mean (± SD) 25.48 (± 9.91) 14.34 (± 5.94) = 0.084

Immature Mean (± SD) 74.52 (± 9.91) 85.66 (± 5.94) = 0.084

30 days Mature Mean (± SD) 58.70 (± 8.73) 48.32 (± 10.47) = 0.058

Immature Mean (± SD) 41.30 (± 8.73) 51.68 (± 10.47) = 0.058

Pulp chamber area (mm3) Mean (± SD) 0.72 (± 0.07) 0.80 (± 0.15) = 0.458

H.E., hematoxylin-eosin; PSR, picrosirius red; IRL, infrared laser; RL, red laser

*The P value of each analysis indicates absence of significant difference between 3IRL, 3RL, and control groups
(P > 0.05)

Fig. 4 Representative images of groups 3IRL and 3RL. Pulp tissue with
normality aspect of groups (A–A3) 3IRL and (B–B3) 3RL at (A, B–A2,
B2) 2 and at (A3, B3) 30 days. At 2 days, higher amount of immature
fibers in groups (A4) 3IRL and (B4) 3RL, and mature and immature

fibers present at 30 days in groups (A5) 3IRL and (B5) 3RL. The white
arrows indicate the areas of tertiary dentin that were excluded from the
analysis (× 100, × 400 H.E.; × 400 PSR)
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IRL. Three applications of IRL have the potential to minimize
accelerated fibrosis of pulp tissue caused by dental bleaching.
However, the LLLT protocols used in the present study were
unable to prevent marked deposition of tertiary dentin.
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