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ABSTRACT

PURPOSE: To evaluate a modified experimental model for medication-related osteonecrosis of the jaw (MRONJ) through the upper
right central incisor extraction followed by intravenous bisphosphonate administration.

METHODS: Forty five rats underwent the upper right central incisor tooth extraction were divided in 2 groups: Group I - experimental
group, 30 rats received an intravenous administration protocol of zoledronic acid 35pg/kg into the tail vein every two weeks, totalizing
four administrations, during eight weeks of administration, previously the extraction, and Group II - control group, 15 rats didn’t
received any medication before extraction. The groups were subdivided in postoperative periods: 14/28/42 days. Clinical analysis and
microtomography were performed to verify the presence of osteonecrosis. In addition, descritive histological analysis of hematoxylin-
eosin stained sections was performed to evaluate the presence of osteonecrosis or necrotic foci.

RESULTS: Twelve (40%) rats, from experimental group, showed clinical signs of MRONJ (p=0.005), however, all samples showed
imaginologic findings like osteolysis and loss of integrity of the cellular walls (p<0.001). Microscopic evaluation revealed osteonecrosis
areas with microbial colonies and inflammatory infiltrate (p<0.001). In the control group, all animals presented the chronology of a
normal wound healing.

CONCLUSIONS: The presence of medication-related osteonecrosis of the jaw after maxillary central incisor extraction in rats. This
new experimental model may be considered an option for the study of MRONJ.
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Introduction

The bisphosphonates (BP) belong to a group of drugs
commonly administered to treat benign bone disorders such as
osteoporosis, osteogenesis imperfecta and Paget’s disease as well
as solid malignant neoplasms involving bones, such as multiple
myeloma®. The main effect of the drug is inhibition of bone
resorption'. Despite the great benefits of BP in patients with
benign or malignant conditions, an oral complication was observed
arising from the use of this drug, especifically: Medication-related
osteonecrosis of the jaw (MRONJ), which aroused attention from
the medical and dental professionals.

The clinical features of MRONJ may vary according
to the patient clinical condition, their medical and dental
background, drug administration time and method, but it is usually
characterized by an exposure of jaw bone surrounded by oral
mucosa with inflammatory signs and pain symptoms®*. MRONJ
incidence has been estimated to be 1:143,000 patients/year who
underwent dental procedures*® with an estimate of 0.8-12% in
patients receiving intravenous administration for controlling
malignant neoplasms'® and 0.00038-0.06% in patients treated with
oral BP'"'. MRONJ etiopathogenesis has been widely investigated
and it is not yet fully defined. Currently, the interaction between
bone metabolism, infection, local trauma and theories of bone
remodeling suppression, antigenic effect and oral mucosa toxicity
have been studied to elucidate its etiopathogenesis>'*'.

In this way, in vivo study using animal models are of
great value due to possibility of a more accurate biological
investigation. In literature, several animals have been used to
define a methodology that can mimic MRONJ in humans'®, but rats
are the most used and molar teeth extraction is the predominant
procedure performed to induce MRONJ. However, this procedure
presents some difficulties, regarding the access and mainly because
of roots’ teeth anatomy, which are frequently fractured during the
procedure, increasing the number of animals'®. The purpose of this
study was to present a modified experimental model for MRONJ
using the maxillary central incisor extraction in rats under the
intravenous zoledronic acid administration. The authors have
formulated the hypothesis that this modified experimental model
may be useful in the study of MRONIJ taking into consideration
the easy accessibility of this technique and the favorable central

incisor tooth anatomy.

Methods

Institutional Committee for Animal Care and Use
approved the experimental protocol (Protocol CEUA/USC 12/14)

according to the Council for International Organization of Medical
Sciences (CIOMS) ethical code for animal experimentation.

Forty-five male rats (Rattus norvegicus, albinus, Wistar),
weighting about 250g were used in this study, and underwent
the upper right central incisor tooth extraction were divided in
two groups: Group I - experimental group, 30 rats received an
intravenous administration protocol of zoledronic acid 35ug/
kg (Zometa, Novartis, Basel, Switzerland, 35ug/kg) into the tail
vein every two weeks, according to Hokugo et al.'’. A total of
four administrations were carried out making up eight weeks of
administration, previously the extraction, and Group II - control
group, 15 rats didn’t received any medication before extraction.

The extraction procedure was performed in all
animals nine weeks subsequent to the beginning of the systemic
treatment'’, by the same operator, which was calibrated prior to the
procedure, followed by the methodology previously described'™'.
For surgical interventions, the animals were initially sedated with
an intramuscular injection, the base xylazine chloride at a dose
of 15mg/kg, and anesthetized with a combination of ketamine
chloride (25mg/kg) and xylazine (15mg/kg) intramuscularly. After
asepsis, the maxillary right central incisor was extracted'®"”. A
properly sharpened spatula was used to detach soft tissue and tooth
dislocation and previously worn out tweezers to get and extract
the tooth. Dipyrone 1mg/kg/day was administered intramuscularly
as a single dose in postoperative procedure for analgesia control.
The animals were euthanized by the use of thiopental injection of
150mg/kg with 10mg of lidocaine via peritoneal route, after 14,
28, 42 days of observation. The animals were clinically observed
and the following was recorded: the presence of exposed bone on
the area, the presence of suppuration and bone sequestrum.

A computed microtomography (MicroCT, Skyscan,
Belgium, 55Kvp; 72mA, high resolution) exam was carried out
to assess the integrity of the alveolar walls and the presence of
osteolysis. Samples were fixed in 10% buffered formalin for 7
days, decalcified in 4.7% EDTA pH 7.0 for 35 days, histologically
processed, and embedded in paraffin wax. All samples were
embedded to provide longitudinal cuts. Semi-serial longitudinal
sections of 5 pm each were obtained and stained by hematoxylin-
eosin for evaluation by light microscopy. Qualitative histological
evaluation was performed on a blinded fashion (light microscopy,
40 magnification) in all samples in order to evaluate the presence
of osteonecrosis o necrotic foci, as previously described by Barba-

Recreo's.
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Statistical analysis

Data from measurements were organized in Excel table
(Microsoft Office Excel, Redmond, WA, USA). The data were
submitted to the software SigmaPlot (SigmaPlot, San Jose, CA,
EUA), version 12.3 and analyzed for normal distribution (Shapiro-
Wilk test) and subsequently it was adopted Mann-Whitney Rank

Sum Test (Factors: Experimental and Control Group). The level of

significance adopted was 5%.

Results
In the experimental group (I), clinical features
observed after 14 days subsequent to the extraction

were: 12 out of 30 animals (40%) showed bone exposure
compatible with MRONJ, p=0.005 (Figures 1 and 2, Table 1).

FIGURE 1 - Clinical features of MRONJ. Non vital exposed bone (A)
and suppuration in the alveolar region (B).

Medication-related osteonecrosis of the jaw

Number of rats
[

Experimental Group

OMRON] detected clinically OMRON]J Not detected clinically

FIGURE 2 - Comparison of the presence of clinical bone exposure
between groups.
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TABLE 1 - Results of all analyses in each group.

GROUPS MRONJ Presence Imaginologic = Micros-
detected ofmucosal findings of copic
clinically  integrity MRONJ findings of

MRONJ
I-Expe-  40%° 60%* 100%* 100%*
rimental
(n=30)
- 0%?® 100%" 0%®° 0%®
Control
(n=15)

*Mann-Whitney test: a,b = p<0.05

Computed microtomography identified osteolysis and
loss of integrity of the alveolar walls in all samples (100%),
p<0.001 (Figure 3, Table 1).

FIGURE 3 - Figures from computed microtomography showing
osteolysis and loss of integrity of the alveolar walls in the cervical region
of tooth socket (right side, see yellow arrow) (A). Other sample showing
some imaginologic findings in the middle of socket (B).

Microscopic examination showed osteonecrosis areas
with microbial colonies and inflammatory infiltrate in all samples
(100%), p<0.001 (Figure 4, Table 1). In the control group (II),
all animals (n=15) presented the chronology of a normal wound

healing.

A

—
A

3

»
.
B T
RS
gh

3 10
o)

FIGURE 4 - Photomicrographs showing osteonecrosis. Inflammatory
infiltrate surrounding non vital bone (A. Hematoxylin-eosin stain, x40);
Detail of region (B. Hematoxylin-eosin stain, x100).
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Discussion

The American Association of Oral and Maxillofacial
Surgeons (AAOMS) revised edition statements on bisphosphonate-
related ONJ (BRONYJ), the diagnosis BRONJ was changed to
medication-related ONJ (MRONJ), which reflects a consideration
of the fact that ONJ also occurs for denosumab, a bone resorption
inhibitor of the receptor activator of nuclear factor-kappa B ligand
(RANKL) antibody family, and bevacizumab, an antiangiogenesis
inhibitor?®. MRONUJ has been exhaustively studied in order to reveal
new information on various aspects including its etiopathogenesis
and treatment. Animal models are still considered essential in
making these aspects clear, given the limitation of research in
humans. The only limitation described is with respect to the lack
of pain, a symptom which is not accurately measured in animals®.

The administration of bisphosphonates in rats required
for MRONJ induction are in less quantity when compared to
humans, allowing the reproduction of the experiment in the short
term". In this study, the administration of bisphosphonates was
based on the methodology previously described by Hokugo in
2010 which simulated MRONJ induction and established an
animal model which is able to be compared to humans'’. Here in,
it was found 40% of MRONI clinical finding, that is, lack of oral
mucosa recover and bone exposure. We consider a considerable
value comparing with humans. This study evaluated the effects
of intravenous bisphosphonate administration following the
maxillary central incisor extraction (instead of molars) in this new
modified experimental model in rats which has not been reported
in the literature. Although the anatomy of the upper central incisor
in Wistar rats can also be considered a challenge for a novice
researcher, when performed correctly, it allows the study of wound
healing and adjacent bone ridges involved in the MRONJ, without
the presence of root remnants, a fairly common condition after
upper molars extraction in rats. Besides the fact that this group of
teeth (maxillary central incisor) being an alveolar repairing study
model for over decades'®'®, we could observed two facts, an easy
accessibility for the tooth extraction procedure and a facility to
identify / diagnose clinical signs of MRONJ. In this context, it is
noteworthy that when the technique is not well carried out, tooth
fracture often occurs because their anatomy is quite curved and,
if the root apical portion with germinal tissue remains inside the
socket, the tooth grows continuously.

Recent literature review reported the incidence of
MRONIJ in oncologic patients prescribed intravenous BP ranges
of 0-12 per 100,000 patients/year and the prevalence is 0% to
0.186%?. This study found 40% of MRONJ clinical finding, that

is, lack of oral mucosa recover and bone exposure. Considering
the current discussion of MRONIJ clinical stage classification a
very interesting fact was observed in this study?'2.

Inaliterature review of experimental models on MRONJ',

authors considered 10 small animal models?*-3?

,and 5 large animal
models'>*7, In all studies, when used as the extraction inducing
factor, premolars and molars were used®*. From 10 studies with
rodents, which were used different induction protocols, only 5
revealed MRONY lesions clinically detected?*26:28232 however, in
9 studies, osteonecrosis was detected microscopically?*-%¥2, Only
one study did not reveal this information®'. When we compare the
other published models with the present study, we note that the
correlation between clinical and microscopic analysis are similar,
since 100% of cases found osteonecrosis microscopically and not
all cases are detected clinically.

After more than a decade of knowledge concerning
this clinical entity, there are several reports about MRONIJ,
however there is an unusual feature compared to the one
previously reported: the absence of exposed bone in the mouth.
This clinical variant, still rare, generally exhibits some signs or
prominent symptom on jaw bones, but they are only confirmed
by imaging studies. As consequence of some reports about this
clinical variant, the presence of exposed necrotic bone in the
mouth became just one more clinical manifestation of MRONJ,
changing its main diagnosis criterium?'#*¥4°  Although most
of the dental sockets (18 out of 30) were covered by mucosa in
the experimental group, MicroCT images revealed bone erosion
and pathological fractures in a 100% of the animals, compatible
with MRONJ, which can include diffuse osteolysis and bone
sequestrum, even with no bone exposure. This is the presence of
important imaging finds, such as osteolysis, and loss of alveolar
integrity in all specimens. This clinical variant generally exhibits
some signs or prominent symptom on jaw bones, but they are only
confirmed by imaging studies. These imaging aspects present
a wide range of manifestations, from increased density of the
hard core, diffuse osteolysis, increased radiopacity of the area
involved to sequestrum formation and even pathological fracture
of the affected region, but no association with bone exposure in
the mouth*. In view of this clinical situation, some authors have
reported MRONIJ experience without bone exposure to the oral
environment, and found difficult to classify such entity in relation
to the classification proposed by Ruggiero?*2. From these initial
reports, other authors have also reported new cases of MRONJ
without bone exposure, suggesting a review of the classification
previously established, since these cases would be erroneously

classified as stage “0”, but with imaging alterations and symptoms
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of MRONJ stages “17, “2” and “3”?2. Taking in consideration
in this context, the present study demonstrated important bone
alterations revealed by microtomography. Knowledge of the
imaging aspects of MRONJ is still little discussed in the literature,
and it is of valuable importance, as some cases of osteonecrosis
may be asymptomatic, even absent of clinical bone exposure,
being imaging the only diagnostic tool in these cases. As well as
other bone diseases, MRONJ must have well defined aspects to get
the final diagnosis and, also, in pointing out early alterations and

the possibility to establish a prevention plan*'#2.

Conclusions

The maxillary central incisor extraction of rats under IV
administration of zoledronic acid induced the onset of medication-
related osteonecrosis of the jaw in 40% of the animals. This
modified experimental model may be considered a new and
alternative model for the study of MRONJ.
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