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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to evaluate the effects of photobiomodulation (PBM) with multiple sessions of low-
Bisphosphonates level laser on the alveolar repair process of rats with major risk factors for medication-related osteonecrosis of
Jaw the jaws (MRONJ). Senile rats received 0.45 mL of vehicle (VEH and VEH-PBM) or 0.45 mL of 100 pg/kg zo-
Photobiomodulation ledronate (ZOL and ZOL-PBM) administrated intraperitoneally every two days during seven weeks. After three
](“;‘t/g:;lrgzis:r therapy weeks of initiation of drug treatment the first lower left molar was extracted. No local treatment was performed

in VEH and ZOL. VEH-PBM and ZOL-PBM were submitted to laser irradiation (660 * 10 nm; 0.035W; 2.1J;
60s) on the extraction site at 0, 2 and 4 days postoperatively. Euthanasia was performed 28 days after tooth
extraction. Histological sections of the hemimandible were submitted to histopathological and histomorpho-
metric analysis, as well as to histochemistry for collagen fiber maturation and immunohistochemistry for pro-
inflammatory cytokines. In ZOL, general impairment of tissue repair, areas with osteonecrosis, lower newly
formed bone tissue (NFBT), smaller amount of mature collagen fibers and increased immunoreactivity for TNFa,
IL-1P and IL-6 were observed when compared to VEH and VEH-PBM. ZOL-PBM showed significant improvement
in some parameters compared to ZOL, such as positive repair tissue, higher NFBT, greater amount of mature
collagen fibers, besides TNFa and IL-1 immunoreactivity decrease. Zoledronate treatment severely compro-
mised the tissue repair process of the tooth extraction site in rats with major risk factors for MRONJ. Based on
parameters employed in the present study, PBM in multiple sessions can improve the alveolar repair process,
constituting a promising preventive therapy to avoid the onset of post-extraction MRONJ.

1. Introduction

Bisphosphonates (BPs) are mainly used for the treatment of diseases
with osteolytic activity and for inhibiting the progression of metastasis
of malignant osteotropic tumors [1]. Such drugs exert an inhibitory
action on bone resorption. BPs have a similar chemical structure to
endogenous pyrophosphate, with two phosphate groups linked to a
carbon atom and two side-chains, R1 and R2, responsible for the affi-
nity to hydroxyapatite crystals and for the pharmacological properties
of BPs, respectively. There are two classes of BPs, whose structures

differ for nitrogen presence in R2. Zoledronate is the most powerful
nitrogen-containing BPs. This BPs alters bone metabolism acting by
inhibiting the mevalonate pathway that prevents the occurrence of
numerous changes in the cytoskeletal dynamics of osteoclasts, which
are essential for resorptive activity [2].

The progressive aging of the population causes an increase of os-
teolytic diseases. Thus, the use of antiresorptive drugs, namely BPs and
RANKL inhibitor has risen in aged patients. Medication-related osteo-
necrosis of the jaws (MRONJ) is an adverse reaction caused by these
types of drugs and still a challenge for dentistry. The American
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Association of Oral and Maxillofacial Surgery (AAOMS) defines MRONJ
as the presence of exposed bone in the maxillofacial region for a period
longer than eight weeks in patients under or submitted to prior treat-
ment with antiresorptive drugs, without previous jaw radiotherapy
[3,4]. MRONJ affects 1 to 12% patients under intravenous therapy with
BPs and is less frequent in those under oral treatment. In addition, BPs
have a cumulative effect, which may affect 21% patients after the third
year of use [5].

Epidemiological studies show that MRONJ affects more often the
female gender at an advanced age, who are or have made chronic use of
intravenously administered BPs, specifically zoledronate. There is a
tendency for occurrence in the premolar and molar region of the jaw,
and tooth extraction has been identified as one of the main triggering
factors [6,7]. Recently, clinical and experimental studies have at-
tempted to the fact that teeth extraction with periodontal and/or
periapical impairment is a great local risk factor; that is, prior presence
of inflammation and local infection plays a crucial role in triggering
post-extraction MRONJ [8-10].

Although the first reports of MRONJ have been published in 2003
[11], the etiopathogenesis of the disease is poorly understood, which
greatly impairs its prevention and treatment. The supposed etiopatho-
logical factors identified as triggers of MRONJ include potent sup-
pression of the osteoclasts resorptive activity, cytotoxic and anti-
angiogenic effects, as well as infection susceptibility and dysfunction of
local immune response induced by such drugs [3,4,12-14]. The in-
vestigation of the etiopathological factors of MRONJ in humans pre-
sents limitations. Therefore, experimental animal models are of great
importance for directing clinical research, as well as for the assessment
of curative and preventive therapies for this condition.

MRONUJ significantly impairs patient quality of life and the treat-
ment can be long, leave sequelae and sometimes be unsuccessful. There
is no standard protocol for the treatment of MRONJ, which may be
carried out with drug therapy and/or surgery. Drug therapy mainly
consists of the prolonged use of antimicrobial agents. Surgical therapy
ranges from conservative to aggressive, as well as from curettage and/
or sequestrectomy to jaw resection. The use of pentoxifylline, toco-
pherol, teriparatide, in addition to ozone hyperbaric oxygen and low-
level laser treatments have been suggested as adjuvant therapies [15].
However, the ideal clinical approach would be to employ therapies
capable of preventing the onset of MRONJ.

Laser therapy has been widely used in healthcare, especially in oral
disease conditions. Photobiomodulation (PBM) using low-level laser
may constitute a preventive therapy for post-extraction MRONJ.
Although the PBM action mechanism has not yet been fully elucidated,
its effects are explained by primary reactions that occur especially at
the mitochondrial level, where irradiation promotes the activation of
photoreceptors involved in the electron-transport chain, increasing cell
energy potential. In addition, secondary effects involving signal trans-
duction to the cytoplasmic level occur, stimulating cell proliferation
and/or differentiation [16].

Studies in animal models show that post-extraction PBM improves
the repair process [17-19]. Similarly, clinical studies in humans also
show that post-extraction PBM has positive effects on the main signs
and symptoms that follow the repair process [20,21]. PBM in associa-
tion with drug and/or surgical therapy has shown to be a promising
strategy for osteonecrotic injury treatment [22-24]. However, few
studies have investigated PBM as a MRONJ preventive treatment. In
view of the benefits of laser therapy and given the need for safe and
effective therapies to prevent the onset of post-extraction MRONJ, this
study evaluated the effects of PBM multiple sessions on the alveolar
repair process in an experimental model using rats with the main risk
factors for MRONJ.

2. Material and Methods

The present study used twenty-eight female Wistar rats (Rattus
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Fig. 1. Experimental procedures performed during the study. A: Installation of
the ligature to induce experimental periodontitis. B: Ligature in position and
experimental periodontitis installed. C: Surgical procedure for dental extrac-
tion. D: Dental alveolus after extraction. E: First PBM session.

norvegicus), aged twenty months and 350-450 g body weight. All mea-
sures to minimize the number of animals used and to prevent their
suffering were taken. Procedures for experimental manipulation were
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carried out according to the guidelines established by the “Guide for the
Care and Use of Laboratory Animals” and the experimental protocol was
approved by the Ethics Committee on Animal Use at FOA-UNESP (#
00581-2013).

2.1. Experimental Design

2.1.1. Anesthesia

Animals were anesthetized with ketamine (80 mg/kg, Francotar®,
Virbac, SP, Brazil) and xylazine (10mg/kg, Rompum® Bayer, RS,
Brazil) for all surgical procedures (ligature placement, tooth extraction,
PBM and euthanasia).

2.1.2. Experimental Periodontitis

One day before the beginning of the drug treatment plan, a cotton
ligature (cotton thread #24, Coats Corrente®, SP, Brazil) was placed
around the first lower left molar and kept for three weeks in order to
induce experimental periodontitis (Fig. 1A and B).

2.1.3. Drug Treatment

The drug treatment plan lasted seven weeks and the administration
of vehicle or zoledronate (Chemical® Sigma, St. Louis, MO, USA) was
performed intraperitoneally, following an interval of two days between
injections. The vehicle consisted of 0.45mL of 0.9% sodium chloride
solution. Zoledronate dose was 100 mg/kg, diluted in vehicle [25,26].
This dose and drug treatment plan consisted of the protocol currently
used for complementation of oncologic therapy in humans, adapted to
rats [25,26].

2.1.4. Tooth Extraction

After three weeks, animals were positioned on an operating table;
the cotton ligature was removed, followed by antisepsis of the oral
cavity, syndesmotomy, dislocation and extraction of the lower left first
molar using adapted dental surgery tools (Fig. 1C and D).

2.1.5. Experimental Groups

Rats were randomly distributed in four experimental groups: VEH
(n = 7), treated with vehicle and no local treatment post-extraction;
VEH-PBM (n = 7), treated with vehicle and PBM on the extraction site;
ZOL (n = 7), treated with zoledronate and no local treatment post-ex-
traction; ZOL-PBM (n = 7), treated with zoledronate and PBM on the
extraction site (Fig. 2).

2.1.6. PBM

Three PBM sessions were performed on the extraction site at 0, 2
and 4 days after extraction in groups VEH-PBM and ZOL-PBM. For PBM,
an InGaAlP laser device (660 * 10nm; Thera Lase®, D.M.C.
Equipamentos Ltda®, SP, Brazil) with spot size of 0.0283cm? was used,
following the irradiation parameters: 35mW power; continuous op-
eration mode; energy point of 2.1 J/point, for 60s; density energy of
74.2J/cm? power intensity of 1.23W/cm? [27]. Irradiation was
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carried out at a single point in the center of the dental alveolus with the
laser tip positioned parallel to the long axis and in contact with the
treated area (Fig. 1E).

2.1.7. Euthanasia and Sample Collection

In all groups, euthanasia was performed 28 days post-extraction. For
this, animals were deeply anesthetized and transcardially perfused with
physiological saline added with 0.1% heparin (100 mL), followed by
fixative solution (800 mL) consisting of 4% formaldehyde (Chemical®
Sigma, St. Louis, MO, USA) in phosphate buffered saline (PBS,
Chemical® Sigma), 0.1M, 4°C, pH7.4. Subsequently, the hemi-
mandibles were carefully dissected.

2.1.8. Histological Processing of Samples

The samples were post-fixed in the same fixative solution for 72h
and demineralized in 10% ethylenediaminetetraacetic acid (EDTA)
(Sigma Chemical®) diluted in PBS, 0.1 M, 4 °C, pH 7.4, during 60 days.
The samples were submitted to conventional histological processing,
embedded in paraffin, and sectioned in microtome at 4 um thick. Bucco-
lingual histological sections of the alveolar portion previously occupied
by the lower left first molar and overlying mucosa were collected in
histological slides.

For histopathological and histomophometric analysis of the tooth
extraction sites and adjacencies, the histological sections were sub-
mitted to hematoxylin-eosin (HE) staining.

For histochemical analysis of the maturation level of collagen fibers,
the histological sections were submitted to picrosirius red staining.

For immunohistochemical analysis, the histological sections were
submitted to indirect immunoperoxidase technique employing the fol-
lowing primary antibodies: anti-TNFa (SC-1348, Santa Cruz
Biotechnology®), anti-IL-13 (SC-1252, Santa Cruz Biotechnology®) and
anti-IL-6  (SC-1265, Santa Cruz Biotechnology®). The im-
munohistochemical processing followed the protocol described by
Garcia et al. [28]. As negative control, the specimens were submitted to
the same procedures, eliminating the use of primary antibody.

2.2. Analysis of the Results

2.2.1. Analysis of the General Health Condition and Intraoral Clinical
Examination

The general health condition of the animals was observed
throughout the experimental period and body weight was monitored
weekly. Intraoral clinical examination was performed by a blinded
examiner, consisting of a detailed visual inspection of the oral cavity,
mainly of the tooth extraction site. The clinical aspect of the tooth
extraction site and adjacencies was categorized according to the para-
meters contained in Table 1.

2.2.2. Microscopic Analyzes
Three histological sections located on the vestibular, middle and
lingual portion of the dental alveolus were used in the histopathological
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Fig. 2. Scheme illustrating experimental study delineation.
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Table 1
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Scores and distribution of specimens according to clinical analysis of tooth extraction site and adjacent sites in VEH, VEH-PBM, ZOL and ZOL-PBM groups at 28

postoperative days.

Clinical analysis

Parameter and respective scores

Number of specimens

Experimental groups

VEH (n=7) VEH-PBM ZOL (n=7) ZOL-PBM (n = 7)
(n=7)

Clinical aspect of tooth extraction site and adjacencies
(1) absence of exposed bone and totally repaired mucous membrane 7 7 - 5
(2) absence of exposed bone and partially repaired mucous membrane - - - 2
(3) MRONJ - large extraction site with small area of exposed bone (less than half of the alveolar space) and - - 3 -

impairment of mucous membrane repair
(4) MRONUJ - large extraction site with great area of exposed bone (more than half of the alveolar space) and - - 4 -

impairment of mucous membrane repair
Median 1 1 4P 1°

@ statistically significant difference in relation to VEH.

statistically significant difference in relation to VEH-PBM.
statistically significant difference in relation to ZOL.

b

c

and histomorphometric analysis. One histological section of the central
portion of the alveolus was used for histochemical evaluation of the
collagen fibers and three other sections for immunohistochemical
analyzes. Images were captured using a digital camera (AxioCam® Carl
Zeiss, Gottingen, Germany) coupled to an optical microscope (AxioLab®
Carl Zeiss, Gottingen, Germany) and connected to a microcomputer. All
analyzes were performed by a certified histologist (EE), calibrated and
blinded to treatments.

2.2.3. Histopathological Analysis of the Tooth Extraction Site and Adjacent
Areas

Histopathological analysis of the tooth extraction site and adjacent
areas was performed in light microscopy evaluating the following
parameters: 1) intensity of local inflammatory response; 2) extension of
inflammatory process; 3) cellular pattern and epithelium tissue struc-
ture; 4) cellular pattern and connective tissue structure; 5) cellular
pattern and bone tissue structure; 6) contamination pattern of tooth
extraction site. Each of these parameters was categorized according to
the histological aspects contained in Table 2.

2.2.4. Histometric Analysis of Newly Formed Bone Tissue

Images of the tooth alveolus adjacent areas were captured with the
aid of an image analysis software (Axiovision 4.8.2® Carl Zeiss,
Gottingen, Germany). The area occupied by newly formed bone tissue
(NFBT) was measured and expressed in pm? as mean + standard de-
viation in each experimental group.

2.2.5. Histochemical Analysis of the Maturation Level of Collagen Fibers

The histochemical analysis of the maturation level of collagen fibers
in the lamina propria of the mucosa overlying the tooth extraction site
was performed in polarized light microscopy with the aid of an image
analysis software (Axiovision 4.8.2® Carl Zeiss, Gottingen, Germany).
Two images (250 ym x 250 pm) located in the center of lamina propria
at the level of site previously occupied by the mesial and distal roots of
the first molar were analyzed. The area occupied by the different colors
was measured, considering yellow-green staining as immature collagen
fibers and orange-red staining as mature collagen fibers [29]. These
values were expressed in percentages as mean * standard deviation in
each experimental group.

2.2.6. Immunohistochemical Analysis
Images of the mucosal connective tissue overlying the tooth ex-
traction site in histological sections immunolabeled with TNFa, IL-1(3

10

and IL-6 were obtained, as previously described. With the aid of an
image analysis software (Axiovision 4.8.2® Carl Zeiss, Gottingen,
Germany) the area corresponding to immunolabeling was delineated
using the color threshold tool to obtain the immunolabeling optical
density [30], expressed as random unit percentage of optical density
(mean =+ standard deviation).

2.2.7. Statistical Analysis

For the statistical analysis of data, Bioestat 5.3 software program
(Mamiraua Institute, Manaus, AM, Brazil) was used. The sample size
(n=7) was calculated to ensure statistical test power of 95%
(p < 0.05). For clinical and histopathological analysis, Kruskal-Wallis
analysis of variance test and Student-Newman-Keuls post-test were
used. For histometric, histochemical and immunohistochemical ana-
lyses, Shapiro-Wilk test, analysis of variance (ANOVA) and Tukey's
post-test were used. The significance level was set at 5% (p < 0.05).

3. Results
3.1. General Health Condition and Intraoral Clinical Examination

The general health condition of the animals used in this study re-
mained constant throughout the experimental period. These animals
tolerated the drug treatment and the surgical procedure of first molar
extraction performed in all experimental groups, as well as the three
PBM sessions in groups VEH-PBM and ZOL-PBM. There was no sig-
nificant difference in the mean body weight of animals between groups
during the experimental period (data not shown).

The clinical exam showed no macroscopic changes in the oral cavity
or in the tooth extraction site in VEH, VEH-PBM and ZOL-PBM. In ZOL,
the size of the surgical sites was higher compared to the other experi-
mental groups, and in some rats, oral bone exposure was observed in
the extraction site and surrounding areas (Table 1).

3.2. Histological Analysis of the Tissue Repair Process after Extraction

Groups VEH, VEH-PBM and ZOL-PBM showed a similar tissue repair
process for the tooth extraction site and overlying mucosa. However,
group ZOL had the tissue repair process severely compromised and
consistent with an MRONJ. The parameters, scores and specimen dis-
tribution according to histological analysis in all experimental groups at
28 days postoperatively are presented in Table 2 and Fig. 3.
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Table 2
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Parameters, scores and distribution of specimens according to histopathological analysis during repair tissue after tooth extraction in VEH, VEH-PBM, ZOL and ZOL-

PBM at 28 postoperative days.

Histopathological analysis

Parameters and respective scores

Number of specimens

Experimental groups

VEH (n =7) VEH-PBM

m=7)

ZOL (n=7) ZOL-PBM (n=7)

Intensity of local inflammatory response

(1) absence of inflammation

(2) mild quantity of inflammatory cells

(3) moderate quantity of inflammatory cells
(4) severe quantity of inflammatory cells
median

Inflammatory extensions

(1) absence of inflammation

(2) partial extension of connective tissue

(3) entire extension of connective tissue, without reaching bone tissue
(4) entire extension of connective tissue and bone tissue

median

Cellular pattern and epithelial tissue structure

(1) epithelial tissue with moderate thickness completely recovering extraction site
(2) epithelial tissue with thin thickness completely recovering extraction site

(3) thin layer of epithelial tissue only in edges of open surgical wound

(4) absence of epithelial tissue on open surgical wound

median

Cellular pattern and connective tissue structure

(1) moderate quantity of fibroblasts and large quantity of collagen fibers
(2) moderate quantity of both fibroblasts and collagen fibers

(3) small quantity of both fibroblasts and collagen fibers

(4) severe tissue disorganization with necrosis areas

median

Cellular pattern and bone tissue structure

[T

w

—

|
S =

(1) absence of non-vital bone in adjacencies of extraction site and trabecular bone filling more than half of 4 6 - 1

dental alveolus

(2) absence of non-vital bone in adjacencies of extraction site and trabecular bone filling less than half of 3 1 - 5

dental alveolus

(3) presence of few areas with non-vital bone in adjacencies of extraction site and trabecular bone filling less — - 2 1

than a third of dental alveolus

(4) presence of many areas with non-vital bone in adjacencies of extraction site and trabecular bone filling - - 5 -

less than a third of dental alveolus
median

Contamination pattern of tooth extraction site

(1) presence of bacteria diffusely distributed in extraction site, typical of a normal condition 7 7 -

(2) presence of large colonies of bacteria in soft tissues over dental alveolus

(3) presence of large colonies of bacteria in surface of alveolar bone and in the interior of the dental alveolus - - -
(4) presence of large colonies of bacteria involving necrosed bone and/or in medullar spaces and in - - 7 -

adjacencies of dental alveolus
median

40b 2¢

@ statistically significant difference in relation to VEH.

statistically significant difference in relation to VEH-PBM.
statistically significant difference in relation to ZOL.

b

c

3.3. Newly Formed Bone Tissue in Tooth Extraction Site

NFBT was lower in ZOL and ZOL-PBM than in VEH and VEH-PBM.
ZOL-PBM showed higher NFBT than ZOL. There was no statistically
significant difference between VEH and VEH-PBM (Fig. 4).

3.4. Maturation Level of Collagen Fibers in the Mucosa Overlying the Tooth
Extraction Site

The percentage of mature collagen fibers was lower in ZOL than in
VEH, VEH-PBM and ZOL-PBM. ZOL-PBM showed lower percentage of
mature collagen fibers than in VEH and VEH-PBM. There was no sta-
tistically significant difference between VEH and VEH-PBM (Fig. 5).

11

3.5. Immunolabeling Pattern for TNFa, IL-1f and IL-6 in the Connective
Tissue Overlying the Tooth Extraction Site

The immunohistochemical technique used for the detection of
TNFa, IL-1P and IL-6 showed high specificity in the detection of such
proteins, which was confirmed by the total absence of labeling in the
negative control reactions. Immunoreactive cells showed dark brown
staining confined to the cytoplasm of inflammatory cells and, to a lesser
extent, to the extracellular matrix of connective tissue.

The immunolabeling optical density for TNFa, IL-13 and IL-6 did
not differ between VEH and VEH-PBM. In ZOL, the immunolabeling
pattern for pro-inflammatory cytokines was greater than in VEH and
VEH-PBM. In ZOL-PBM, immunolabeling optical density for TNFa and
IL-13 was lower than in ZOL; however, there was no significant dif-
ference in IL-6 labeling between these two experimental groups (Fig. 6).
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Fig. 3. Histopathological aspects of dental extraction site and adjacent area. A-L: photomicrographs showing histological characteristics of connective and bone
tissues in extraction site and adjacent area in VEH (A-C), VEH-PBM (D-F), ZOL (G-I) and ZOL-PBM (J-L) groups at 28 postoperative days. Observe in ZOL: persistence
of inflammation in connective tissue overlying tooth extraction site (G); frequent presence of area occupied by non-vital bone (H, I); large sequestrated bone in
adjacencies of extraction site (I). In VEH and ZOL-PBM, histological characteristics were similar: absence of inflammation in connective tissue overlying tooth
extraction site (A, J); absence of large areas of non-vital bone (B, C, K, L); presence of small quantity of empty lacunae (K) and; no sequestrated bone in adjacencies of
extraction site. Abbreviations and symbols: bt, bone tissue; ct, connective tissue; nb, necrotic bone; white arrows, osteocytes; black arrows, empty lacunae. Staining:

HE. Original magnification: 400 X . Scale bars: 100 pm.

4. Discussion

Zoledronate is used in the treatment of osteolytic diseases [1]. Since
this drug is a potent bisphosphonate, its use has been associated with
most cases of MRONJ [5]. The MRONJ pathogenesis is still poorly
understood, complicating its prevention or treatment [3,4,12-14]. This
study evaluated the effectiveness and safety of PBM multiple sessions in

12

an experimental model of rats with major risk factors for MRONJ. It was
found that PBM minimized great part of the zoledronate negative ef-
fects on both soft and hard tissues of the tooth extraction site, parti-
cularly stimulating tissue repair capacity, placing it as a potentially able
strategy to avoid the outbreak of post-extraction MRONJ.

The first reports of MRONJ were published in 2003 [11]. Over this
period, studies built up and the epidemiological profile of the disease
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NFBT (pm?)

NFBT

600

VEH VEH-PBM ZOL ZOL-PBM
Experimental groups
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Fig. 4. Newly formed bone in the tooth extraction site. A: Newly formed bone
tissue (NFBT) in tooth extraction site in the different experimental groups at 28
postoperative days. B-E: Photomicrographs showing NFBT between apical and
middle third of dental alveolus previously occupied by root mesial of lower first
molar in groups VEH (B), VEH- PBM (C), ZOL (D) and ZOL-PBM (E).
Abbreviations and symbols: bt, bone tissue; ii, inflammatory infiltrate; , sta-
tistically significant difference in relation to VEH; %, statistically significant
difference in relation to VEH-PBM; 9, statistically significant difference in re-
lation to ZOL. Staining: HE. Original magnification: 400 X . Scale bars: 150 um.

and its major risk factors were defined. The present experimental model
was established based on such epidemiological studies [6,7]. We used
senile female rats, since the disease mainly affects women with old age.
The rats were treated with an oncologic dose of zoledronate given that
this dose and this bisphosphonate were related to the majority of cases
of MRONJ. Tooth extraction and the presence of periodontal disease are
important local risk factors for MRONJ [6,7]. Therefore, in the present
study periodontitis was induced experimentally, the tooth was ex-
tracted and the repair process or triggering of MRONJ was analyzed.

The histopathological analysis performed in this study showed that
zoledronate impaired the regenerative capacity of the epithelial tissue,
since no tissue recovery was observed at 28 days postoperatively. These
results are in agreement with previous studies that demonstrated that
BPs exert an adverse effect on keratinocytes of the oral mucosa. These
studies showed that BPs are able to decrease proliferation [31-35],
migration ability [31,36], intercellular adhesion [32] and maturation of
keratinocytes [32], which are essential events for the regeneration
process of the epithelial tissue. Furthermore, the viability of mature
keratinocytes is considerably impaired by BPs since these drugs are able
to induce apoptosis [36,37] and premature senescence [38] in such
cells, which would affect the integrity of the epithelial tissue structure.

In this study, the histopathological and immunohistochemical ana-
lysis showed that zoledronate prevented total connective tissue repair,
since a persistent inflammation remained. Intense inflammatory in-
filtrate, increased and prolonged expression of pro-inflammatory cyto-
kines and the negative effect on collagen fiber maturation contributed
to severe impairment of the tissue repair. Morita et al. [39] demon-
strated that high local levels of pro-inflammatory cytokines play an
important role in the pathogenesis of MRONJ, since TNFa-, IL-13- and
IL-6-deficient mice were significantly resistant to osteonecrosis devel-
opment. These authors demonstrated that most of these cytokines are
derived from osteoclast precursors whose maturation was inhibited by
use of BPs. Furthermore, studies show that zoledronate exerts a sti-
mulatory effect on apoptosis in connective tissue cells [40-44], besides
inhibiting their proliferation [40,41,45,46] and impairing extracellular
matrix synthesis [40,44,46], particularly collagen, corroborating with
the findings at the tissue level observed in this study.

The use of PBM in rats with major risk factors for MRONJ was able
to exert positive effects on the repair process of the epithelial and
connective tissues of the mucosa overlying the tooth extraction site,
thus avoiding the onset of MRONJ. PBM exerted an anti-inflammatory
and stimulatory effect on cells that structure the oral mucosa. These
findings are consistent with studies showing increased cell viability
when keratinocytes and fibroblasts treated with BPs are submitted to
PBM [47,48]. PBM also attenuated the inflammatory response that
persisted in the tooth extraction site, demonstrated by lower intensity
and extension of the inflammatory process as well as by reduction of
levels of the main pro-inflammatory cytokines. In addition, PBM sti-
mulated maturation of collagen fibers, which favored the repair process
of the mucosa overlying the tooth extraction site.

The post-extraction alveolar bone response was severely compro-
mised, inhibiting the bone regeneration process, presumably by a ne-
gative action of zoledronate on osteoblasts. In agreement with the
findings of the present study, Huang et al. [49] reported that zole-
dronate impairs osteoblast differentiation and reduces type I collagen
gene expression, the main component of the organic bone matrix,
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Fig. 5. Maturation level of collagen fibers. A: Mature collagen fibers in con-
nective tissue of mucous membrane overlying tooth extraction site in the dif-
ferent experimental groups at 28 postoperative days. B-E: Photomicrographs
showing maturation pattern of collagen fibers in VEH (B), VEH-PBM (C), ZOL
(D) and ZOL-PBM (E). Symbols: T, statistically significant difference in relation
to VEH; %, statistically significant difference in relation to VEH-PBM; 9, statis-
tically significant difference in relation to ZOL. Staining: picrosirius red in
polarized light microscopy. Original magnification: 250 X . Scale bars: 100 pm.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

besides decreasing alkaline phosphatase and osteocalcin, which are
essential for the matrix biomineralization process in mature osteoblasts.
The negative effects of zoledronate on osteoblasts have also been re-
ported by several other authors [50-54].

The negative effects of zoledronate on the bone tissue repair process
in the tooth extraction site were partially reversed by PBM. The histo-
logical aspect of newly formed bone tissue and the pre-existing bone
tissue adjacent to the alveolus and higher NFBT were parameters that
improved compared with those presented by ZOL. Studies have shown
that PBM exerted a potent biostimulatory effect on osteoblast lineages
treated with zoledronate [48,55]. However, another study found that
PBM showed a limited effect on osteoblasts treated with zoledronate,
exerting a positive effect only on type I collagen gene expression, but no
effect on cell viability and proliferation, total protein, activity and al-
kaline phosphatase gene expression and mineralization [56].

One aspect of great importance in PBM is in the laser parameters. In
the present study, an InGaAlP laser device, 660 nm, 0.035W power,
energy point of 2.1 J/point, density energy of 74.2 J/cm? was used for
60 s. The irradiation was carried out at a single point in the center of the
dental alveolus with the laser tip positioned parallel to the long axis and
in contact with the treated area. The use of these parameters was based
on previous studies from our research group with some modifications,
showing PBM effectivity (InGaAlP; 660nm; 0.035W; 4.2J; 120s;
74.2 J/cm?) as an adjuvant therapy in rats with experimentally induced
periodontitis submitted to 5-fluorouracil chemotherapy treatment [27].
A previous study showed positive effects of PBM using diode laser
(AlGaAs; 685nm; 0.030 W; 4J; 134s; 67 J/cm?) in rat MRONJ pre-
vention [57], corroborating the results of the present study. The ex-
perimental protocols using red range laser and their effectivity in
MRONJ preventive therapy are similar. There are no human clinical
studies adopting PBM with low-level laser for MRONJ prevention.
However, association of antibiotics (pre- and postoperatively) with
multiple PBM sessions using Nd:YAG laser in defocus mode (2 mm of
distance, 1.25W, 60, 320 um), after tooth extraction in patients who
had previously developed MRONJ in another site, showed to be an
efficient therapy [58].

A few systematic reviews have currently shown that the combina-
tion of antibiotics and/or surgical therapy with PBM may represent a
promising strategy for the treatment of osteonecrotics injury [22-24].
However, the adoption of preventive measures is ideal in the case of
MRONJ, since this disease affects patient quality of life, resulting in
serious sequelae, and often hinders the treatment of the underlying
disease, such as certain malignancies. Similar to all experimental an-
imal studies, our findings can be used for guiding further clinical stu-
dies. Clinical studies for the establishment of a standard preventive
protocol to be followed by dentists in patients with chronic use of BPs
and undergoing invasive dental interventions is something necessary in
view of the increasing use of anti-resorptive drugs. The incorporation of
PBM to conventional preventive treatments should be considered for
enhancing the effectiveness of therapeutics.

5. Conclusion

Within the limits of this study, it can be concluded that zoledronate
significantly impairs the post-extraction repair process by decreasing
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Fig. 6. Immunolabeling pattern for TNFa, IL-1f and IL-6. A-C: Immunolabeling optical density for TNFa (A), IL-1f (B) and IL-6 (C) in connective tissue of mucous
membrane overlying tooth extraction site in different experimental groups at 28 postoperative days. D-O: Photomicrographs showing immunolabeling pattern for
TNFa (D, G, J, M), IL-1B (E, H, K, N) and IL-6 (F, I, L, O) in VEH (D-F), VEH-PBM (G-I), ZOL (J-L), ZOL-PBM (M-O). Symbols: 1, statistically significant difference in
relation to VEH; i, statistically significant difference in relation to VEH-PBM; 9, statistically significant difference in relation to ZOL. Original magnification: 1000 X .
Scale bars: 25 pm.

the repair capacity of both soft and hard tissues, which would be among
the etiopathogenic factors of MRONJ. According to the parameters used
in this study, PBM is able to stimulate the post-extraction tissue repair
process by minimizing the negative consequences of zoledronate. Thus,
PBM is a promising preventive therapy strategy to avoid the onset of
MRONUJ.
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