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Abstract

Background/aim: The aim is to determine the histological findings of recombinant human bone
morphogenetic protein-2 (rhBMP-2) on bone healing after zoledronic acid (ZOL) treatment in
ovariectomized rats.
Materials and methods: The study was performed on 42 female Sprague-Dawley rats untreated for 4 w
after ovariectomy. Fourteen rats were injected with 7.5 µg/kg ZOL once a week, and 1 mg/kg
dexamethasone per day served as control. Two groups of 14 rats were injected with the same dosage as a
control group for once a week for two weeks (group A) and three weeks (group B). The molar teeth in
both jaws were extracted two weeks after the first injection for the control group and group A and three
weeks for group B. Collagen carriers with rhBMP-2 were implanted into the extraction sockets in
groups A and B. The histological findings of new bone formation, and necrotic bone were recorded.
Results: The new bone formation was observed in 71.4% of group A and 28.6% of group B (P=0.017).
Necrotic bone was observed in 14.3% of both the control group and group A and 71.4% of group B
(P=0.032).
Conclusion: An increased rhBMP-2 dosage on bone healing after ZOL treatment in ovariectomized rats
could lead to new bone formation.
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Introduction
The effect of bisphosphonates on bone metabolism is led by
the inhibition of osteoclastic activity, which is directly
responsible for bone resorption. Moreover, it also has
antitumor effects, including tumor cell uptake in the
extracellular matrix, the inhibition of tumoral invasion and
apoptosis of tumor cells [1,2]. In oncology patients receiving
high-dose intravenous bisphosphonate, bisphosphonate-related
osteonecrosis of the jaw (BRONJ) dependent on the dose and
duration of therapy, with an estimated incidence of 1%-12% at
36 months of exposure [3].

Today, bisphosphonates have a broad range of use across many
diseases due to their effects on bone metabolism and increase
the life quality of patients. However, they are also reported to
have side effects, including gastrointestinal intolerance,
oesophagal ulcer, renal toxicity, acute renal failure, electrolyte
imbalances, atrial fibrillation, fever, myalgia, influenza, and
BRONJ [4-8].

The potency of ZOL is 100 and ten times higher than that of
pamidronate and ibandronate, respectively [9]. It is claimed
that ZOL inhibits the formation of osteoclasts and osteoclastic
resorption activity, and therefore may deteriorate bone

turnover. It prevents the resorption of hydroxyapatite, the
migration of osteoclasts to the resorption site, and the
dissemination of tumor cells to the bone matrix [10-12]. It is
reported that the higher vascularization and turnover of
jawbones than other bones of the body cause higher
bisphosphonate concentrations. The relationship between
remodelling suppression and damage accumulation in bone has
repeatedly been shown in pre-clinical animal models at
different doses and over different periods of time [13]. The
amount of microdamage that accumulates at different skeletal
sites varies and is greater in cancellous bone [14]. Micro
damages occur in the acellular and avascular bone caused by
bisphosphonates due to the generation of high bone turnover
rate around periodontium caused by mastication and
periodontal ligaments surrounding the teeth. The thin oral
mucosa is traumatized or may be damaged during surgery and
bacteria found in the oral flora may reach the necrotic bone
[15].

BRONJ is defined as necrotic bone development persisting
over eight weeks in the jawbones of patients receiving
bisphosphonate but not undergoing neck-head radiotherapy [4].
The lesions associated with BRONJ are characterized as
yellowish-white bone areas but may also appear as extraoral or
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intraoral fistulas and ulcerations around the lesion. Orofacial
pain, toothache, trismus, and chronic sinusitis or cutaneous
fistulas caused by oroantral fistulas are typical for these
patients [16,17].

The ovariectomized rat model was studied mostly for
osteoporosis. Following ovariectomy, this model shows a
biphasic loss of bone, with an initial rapid phase of bone loss
followed by an intermediate period of relative stabilization of
cancellous bone volume at an osteopenia level. The mechanism
of bone loss currently accepted for the estrogen-deficient rat
skeleton is an imbalance in bone turnover. The ovariectomized
rat model mimics postmenopausal cancellous bone loss [18].
Therefore, studies are conducted on animal models that have
undergone the same conditions as patients receiving
bisphosphonate [19-22].

It was demonstrated that BMP’s are found in trace amounts in
the body. Osteoblasts and osteocytes synthesize them and are
in the bone and dentin [23,24]. In the study conducted by
Boyne, where segmental defects created in the mandibles of
monkeys were treated using rhBMP-2/collagen, it is reported
that regeneration was observed in critical-sized defects of all
animals [25].

In the treatment of osteonecrosis found in the patients
receiving bisphosphonate, the efficiency of mechanisms
facilitating bone recovery and preventing the development of
complications is not known. In this study considering the age
and gender of patients with systemic disorders potentially
requiring the use of bisphosphonates, the aim was to
investigate experimentally the effect of rhBMP-2 on wound
recovery in the tooth extraction region in ovariectomized rats
that were administered ZOL after ovariectomy.

Materials and Methods
The Yeditepe University Institutional Animal Care and Use
Ethical Committee approved all experimental procedures
(Registration number: 19012009). Forty-two Sprague-Dawley
rats (female, 12 w old, and 225 ± 21.34 g) were used in this
study. They were individually numbered using an ear punch,
and three were housed per labelled cage in cages with filtered
air at 21°C and 50 ± 20% relative humidity. They were fed a
standard diet of rat chow and watered ad libitum.

All rats were divided into three groups. Before each operation,
the rats were anaesthetized with a single intraperitoneal
injection of 50 mg/kg ketamine HCl (Ketalar, 50 mg/ml,
Eczacıbası, Istanbul, Turkey) and 10 mg/kg xylazine (Rompun,
23.32 mg/ml, Bayer, Istanbul, Turkey). The rats were untreated
for the first four weeks following ovariectomy to allow the
development of osteopenia. After four weeks, fourteen rats
were injected with 7.5 µg/kg ZOL a week and 1mg/kg
dexamethasone (DX) every day for two weeks; these served as
a control group. Twenty-eight rats were divided into two
groups, and the same control dosages were given for two
weeks (group A) and three weeks (group B). Right maxillary
and mandibular molar teeth extracted on 15th d after first
injection in control group and group A, and on 21st d in group

B. The teeth were removed using a dental explorer to loosen
the cervical portion of each tooth by running the tip of the
explorer around the tooth and then extracting the tooth by
luxation. Before the wounds were sutured with 5-0 Vicryl
(Ethicon US, LLC), collagen carrier with 2 µg rhBMP-2 was
implanted in the extraction sockets in groups A and B (Figure
1).

Figure 1. The timeline of the study.

RhBMP-2 (R&D Systems, Inc., Minneapolis, MN, USA)
obtained from Escherichia coli for placement into tooth
extraction sockets was used according to the recommendations
of the manufacturer. One ml phosphate buffer saline solution
containing 0.1% bovine albumin was added to bottles
containing lyophilized ten µg rhBMP-2 to obtain a
concentration of 0.01 µg rhBMP-2 per microliter. Using a
specific pipette with a sterile tip, 200 µl of the solution was
added to a 5 × 5 × 5 mm collagen sponge prepared as a sterile
transporter.

Two weeks after the first injection for the control group and
group A, and three weeks for group B, collagen carrier with 2
µg rhBMP-2 was implanted in the extraction sockets in groups
A and B. All the animals were sacrificed after four weeks
following teeth extractions. The upper and lower jaws of the
rats were resected, excess soft tissue was trimmed, and the
remaining bones were fixed in 10% formalin for at least 24 h.
They were then decalcified in an HCL/EDTA decalcifying
solution for 72 h before being dissected, embedded in paraffin,
cut into 5 µm sections, and stained with hematoxylin and eosin
(Table 1).

In all groups, the weights of the rats were measured during
ovariectomy, tooth extraction, first injection, and sacrifice. One
pathologist, blinded to the clinical data and groups, examined
all histological findings. Histological findings on
inflammation, new bone formation, and necrotic bone presence
were recorded according to the appearance levels. The levels of
the histological findings were classified as presence (+),
advanced (++) and more advanced (+++).

Statistical analyses
Statistical analyses were performed using NCSS (Number
Cruncher Statistical System) 2007 PASS 2008 Statistical
Software (NCSS Statistical Software, Kaysville, Utah, USA).
One-way ANOVA test was used for the relationship between
the variables, and Tukey’s HSD test was employed for group
comparisons. Analysis of variance was used for evaluation of
weight changes within groups. The post-hoc Bonferroni test
was used for the determination of the significant period.
Qualitative data were compared using the chi-squared and
Fisher's exact tests. A statistically significant difference was
considered at P<0.05.
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Results
A statistically significant difference was found in all procedure
time intervals in the body weights of the rats in the three
groups (P<0.01). The decrease in body weight in all groups
between the first injection to the tooth extraction was
statistically significant (P<0.001), while no significant
difference was found between the first injection and the
sacrifice period in the control group and group A (P=0.589;
P>0.05). The increase in the body weight of the rats from the
tooth extraction to the sacrifice time was found to be highly
significant in all groups (P=0.001; P<0.01).

Figure 2. New bone formation of extraction socket in maxilla, Control
(HE X100).

Figure 3. New bone formation of extraction socket (E) in mandible,
control (HE X100).

A statistically significant difference was found among all
groups regarding the increase in body weight within the period
from the ovariectomy procedure to the sacrifice (P<0.05).
While there was no significant difference in the level of
increase observed during the post-ovariectomy to the sacrifice
period in the control group and group A (P=0.847; P>0.05), the
increase in the body weight of the rats in group B was found to
be significantly lower than the body weight values of the rats
in the control group (P=0.013; P<0.05) and group A (P=0.049;
P<0.05). The mean body weight between the ovariectomy and
the sacrifice period in all groups was 63.64 ± 28.97, 59.12 ±
19.07, and 39.03 ± 14.69, respectively (P=0.011) (Tables 2 and
3).

The distribution of histologic findings in all specimens from
each group is shown in Table 4. While severe inflammation

was observed in all rats (100%) in group B, inflammation with
the same severity was observed in 10 rats (71.4%) in the
control group and 8 (57.1%) in group A (P=0.025). No
statistically significant difference was observed in
inflammation levels between all groups (P<0.05). The severity
of inflammation in group B was significantly higher than in
group A (P=0.016; P<0.05). A statistically significant
difference was observed in new bone formation levels of the
rats in all groups in the tooth extraction region (P<0.01). The
new bone formation level of group A was found to be
significantly higher (P<0.05; P<0.01) than in the control group
and group B (P=0.001 and P=0.018, respectively). While an
advanced level of new bone formation was observed in 12
(85.7%) rats in group A and 5 (35.7%) in group B, the new
bone formation level of group B was found to be significantly
higher than that of the control group (P=0.041; P<0.05). While
sequester was observed in 8 (57.1%) rats in group B, it was
observed in 1 (7.1%) in the control group and 2 (14.3%) in
group A (P=0.005). The sequester presence in group B
(P<0.05) was found to be significantly higher than the control
and group A (P=0.013 and P=0.046, respectively).

Figure 4. Osteoblastic activity in new bone formation of extraction
socket in maxilla, Group A (HE X200).

Figure 5. New bone formation of extraction socket (arrow) in
mandible, group A (HE X100).

The distribution of severe inflammation in the maxilla and
mandibles in all groups were as follows. All 7 (100%)
mandibles in the control group and group B demonstrated
inflammation, while it was observed equally in both jaws in 4
rats (57%) in group B. Advanced new bone formation in the
maxilla and mandibles of the control group was observed in all
specimens (Figures 2 and 3), while it was 7 (100%) and 5
(71%) in group A (Figures 4 and 5) and 3 (43%) and 2 (29%)
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in group B (Figures 6 and 7). The distribution of the presence
of sequester in the maxilla and mandibles of all groups was 1
(14%) mandible in the control group, 1 (14%) maxilla and 1
(14%) mandible in group A, and 3 (43%) maxilla and 5 (71%)
mandibles in group B (Figure 8).

Figure 6. New bone formation of extraction socket (arrow, K) in
maxilla, group B (HE X200).

Figure 7. Neutrophil polymorphs (arrow) and new bone formation
(K) of extraction socket in mandible group B (HE X100).

The distribution of new bone formation and sequester
according to the inflammation in the maxilla and mandibles of
all groups is shown in Table 5. No statistically significant
difference was found between new bone formation levels of
the groups about the bone inflammation in both jaw extraction
sockets (P>0.05). Sequester presence was found to be higher in
specimens with severe inflammation, but no statistically
significant difference was found in both jaws (P>0.05).

Figure 8. Neutrophil polymorphs (arrow) with sequester of extraction
socket in mandible, group B (HE X200).

Discussion
Although there are many studies investigating osteoporosis in
the jaw that occurred due to a bisphosphonate, the reason for
the inability to explain the role of bisphosphonates in the
pathophysiology of the osteonecrosis is defined as a lack of an
established animal model [26]. The primary aim of an animal
model is to simulate the clinical conditions of osteonecrosis of
the jaw due to bisphosphonates [27]. It has been reported that
the ideal animal model involves osteonecrosis developing in
the oral cavity in conjunction with bisphosphonate treatment
without radiotherapy [26]. It is thought that there are common
co-factors relevant to the development of BRONJ in humans in
addition to bisphosphonate treatment. Those factors include
dental trauma, periodontal disease, and immune insufficiency.
Moreover, it is also necessary to couple those co-factors with
bisphosphonate stimulating osteonecrosis observed in humans.
BRONJ is known to vary in the animal model. In our study,
considering that the groups were assigned four weeks after the
ovariectomy, one dose of subcutaneous 7.5 µg/kg ZOL was
administered weekly to the control group, two weeks for group
A, and three weeks for group B. The aim was to observe
changes caused by ZOL on the bone by prolonging the
duration of a regular dose.

Because of a higher turnover rate and remodelling in the
posterior mandible about the anterior mandible, BRONJ
development and inflammation is often observed in the
posterior mandible [28,29]. In our study, while severe
inflammation was observed in all rats (100%) in group B,
inflammation with the same severity was observed in 10 rats
(71.4%) in the control group and eight rats (57.1%) in group A
(P=0.025). The severity of inflammation in group B was
significantly higher than in group A (P=0.016; P<0.05). A
statistically significant difference was observed in the new
bone formation levels of the rats in all groups in the tooth
extraction region (P<0.01). The new bone formation level of
group A was found to be significantly higher (P<0.05; P<0.01)
than in the control group and group B (P=0.001 and P=0.018,
respectively). The presence of sequester in group B (P<0.05)
was found to be significantly higher than in the control group
and group A (P=0.013 and P=0.046, respectively). The
distribution of severe inflammation in the maxilla and
mandibles in all groups was in all 7 (100%) mandibles of the
control group and group B, while it was observed equally in
both jaws in 4 rats (57%) in group B. The advanced new bone
formation in the maxilla and mandibles of the control group
were observed in all specimens: 7 (100%) and 5 (71%) in
group A and 3 (43%) and 2 (29%) in group B. The distribution
of the presence of sequesters in the maxilla and mandible of all
groups was 1 (14%) mandible in control, 1 (14%) maxilla and
1 (14%) mandible in group A, and 3 (43%) maxilla and 5
(71%) mandibles in group B. No statistically significant
difference was found in new bone formation levels and
sequesters presence between the groups about the bone
inflammation in the maxillary and mandibular extraction
sockets (P>0.05). In our study, consistent with the literature,
we believe that the reason for severe inflammation in the
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mandible is poor nutrition and late resultant recovery due to its
cortical structure.

In the study conducted by Sonis et al. BRONJ development
was simulated in rats by administration of ZOL and DX before
tooth extraction, the authors reported that they employed the
same treatment method with oncology patients undergoing
bisphosphonate therapy. It was reported that mucosa in the
extraction region was intact on d 14 in the control group, and
large or focal ulceration was observed in many rats. Among
animals treated with ZOL and DX, mucosal ulcerations were
observed on d 28 in 80% of rats with a maxillary molar tooth
extracted and 33.3% of rats with a mandibular molar tooth
extracted. Moreover, in rats that were administered ZOL and
DX twice, ulceration was observed in the maxilla in 50% and
the mandible in 60%, whereas ulceration was observed in the
maxilla in 80% and the mandible in 60% of rats that were
administered ZOL and DX 3 times. While sequester was found
in all rats with mucosal ulceration, it was not observed in rats
with intact mucosa [19]. In our study, the intraoral mucosa of
all 42 rats was intact, and a statistically significant difference
was found between groups regarding sequester rate (P<0.01).
The rate of sequester presence in the rats of group B that were
administered 1 dose of subcutaneous 7.5 µg/kg ZOL per week
and 1 mg/kg DX daily for 3 w was found to be significantly
higher (P<0.05) than that of the group A rats that were
administered the same dose for 2 w (P=0.046), as well as the
control group (P=0.013). No statistically significant difference
was found between the control group and group A regarding
sequester presence (P>0.05). However, a statistically
significant difference was observed in the presence of
sequester in rats with mandibular extraction sockets from all
groups (P<0.05). We believe that the reason for the higher
sequester rate in group B compared to the other study groups
was caused by the higher doses of ZOL and DX received than
the other groups.

Growth and differentiation factors have been recently produced
at desired amounts using recombinant technology, but
production costs are high. Therefore, it is recommended to

obtain optimal effects using the factor at a minimal dose. The
desired amount of bone should be formed using minimal doses
to obtain the optimal effect in the ectopic application of
BMP-2. It is known that BMP is also effective in solution
form, but an adequate bone induction can be ensured using less
BMP when it is used with the carrier. Different carrying
materials are used for BMP. However, a collagen carrier is
often used due to ease of access to the studies, the ability of
resorption, and a lack of cytotoxicity. In the treatment of
osteonecrosis found in patients receiving bisphosphonate, the
efficiency of mechanisms facilitating bone recovery and
preventing the development of complications is not known.
This is the first study to evaluate the efficiency of BMPs on
BRONJ.

It is reported that among BMPs, BMP-2 has the highest
osteoinductive effect, and the amount of bone formed in the
implantation site is directly proportional to the dose of protein
applied [30]. Studies have suggested that BMP-2 has effects on
mandibular bone recovery and that the ideal dose of BMP-2 for
new bone formation ranges between 1 µg and ten µg [31]. In
our study, a statistically significant difference was found
between groups with mandibular tooth extraction regarding
new bone formation levels (P<0.05). While the advanced level
of new bone formation was observed in 12 (85.7%) rats in
group A and 5 (35.7%) in group B, the new bone formation
level of group B was found to be significantly higher than the
control group. The new bone formation level of group A was
found to be significantly higher than in the control group, and
group B.

Inflammation was observed in the extraction sockets following
ZOL and DX administration, but also new bone formation was
observed from administering rh-BMP-2 for increasing wound
healing. A 2µg dose of rhBMP-2 was sufficient for new bone
formation in group A but was not adequate for group B (with
higher ZOL doses administered). An increased rhBMP-2
dosage on bone healing after ZOL treatment in ovariectomized
rats could lead to new bone formation.

Table 1. Flow chart of the study.

 Control group (14 rats) Group A (14 rats) Group B (14 rats)

Zoledronic acid injections Once a week for 2 w Once a week for 2 w Once a week for 3 w

Dexamethasone injections Every day for 15 d Every day for 15 d Every day for 21 d

Extractions (15th d) + + -

Extractions (21st d) - - +

Right maxillary molar tooth extraction 7 rats 7 rats 7 rats

Right mandibular molar tooth extraction 7 rats 7 rats 7 rats

RhBMP-2 placement - Immediately after extraction Immediately after extraction
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Weights of rats before procedures (g) Control (14 rats) Avg ± SD Group A (14 rats) Avg ± SD Group B (14 rats) Avg ± SD

Ovariectomy 222.58 ± 13.86 215.30 ± 21.10 184.01 ± 17.99

First injection 273.76 ± 12.40 267.23 ± 24.21 236.19 ± 18.72

Tooth Extraction 233.25 ± 30.23 235.11 ± 24.78 174.86 ± 19.69

Sacrification 286.22 ± 24.35 274.43 ± 28.97 223.04 ± 27.43

+p 0.001** 0.001** 0.001**

++Post-hoc evaluation 1<2.4** 1<2.3.4** 1<2.4**

3<2.4** 3<2.4** 3<1.2.4**

+Variance analyse; ++post-hoc Bonferroni test, **p<0.01

Table 3. The average weight differences of rats in all groups before procedures.

 Control (14 rats) Avg ±
SD

Group A (14 rats) Avg
± SD

Group B (14 rats) Avg
± SD

p

Between ovariectomy and first injection period 51.18 ± 9.08 51.93 ± 12.81 52.18 ± 10.93 0.970

Between first injection and tooth extraction period 40.51 ± 25.03 32.12 ± 12.63 61.33 ± 5.41 0.001**

Between tooth extraction and sacrification period 52.97 ± 22.95 39.32 ± 17.50 48.18 ± 14.01 0.155

Between ovariectomy and sacrification period 63.64 ± 28.97 59.12 ± 19.07 39.03 ± 14.69 0.011*

One-way ANOVA; *p<0.05; **p<0.01

Table 4. The distribution of histologic findings in all specimens from
each group.

 Control n (%) Group A n (%) Group B n (%) P

Inflammation     

+ 4 (28.6%) 6 (42.9%) 0 (0%) 0.025*

++ 10 (71.4%) 8 (57.1%) 14 (100%)  

New bone
formation

    

++ 14 (100%) 2 (14.3%) 9 (64.3%) 0.001**

+++ 0 (0%) 12 (85.7%) 5 (35.7%)  

Sequester     

Present 1 (7.1%) 2 (14.3%) 8 (57.1%) 0.005**

Absent 13 (92.9%) 12 (85.7%) 6 (42.9%)  

Chi-square test; *P<0.05; **P<0.01

Table 5. The distribution of new bone formation and sequester
according to the inflammation in maxilla and mandible of all groups.

Maxilla Inflammation P

+ ++

n (%) n (%)

New bone formation

++ 4 (57.1%) 7 (50.0%) 1.000

 

+++ 3 (42.9%) 7 (50.0%)

Sequester  

Present 0 (0%) 4 (28.6%) 0.255

Absent 7 (100%) 10 (71.4%)

Mandible    

New bone formation    

++ 1 (33.3%) 13 (72.2%) 0.247

+++ 2 (66.7%) 5 (27.8%)

Sequester    

Present 0 (0%) 7 (38.9%) 0.521

Absent 3 (100%) 11 (61.1%)

Fisher’s exact chi-square test

Ethical Consideration
The research approved by Yeditepe University Institutional
Animal Care and Use Committee. Approval number 19012009
(http://yudetam.yeditepe.edu.tr/etik.php).
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