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ABSTRACT

Statement of the Problem: One of the rare adverse effects in patients who take bisphos-
phonates is the osteonecrosis of the jaw in the oral cavity following any trauma such as tooth
extraction.

Purpose: The aim of this study is the histopathological evaluation of the jaw following
intra-ligament anesthesia injection in Zoledronate-treated rats.

Materials and Method: In this descriptive-experimental study, rats weighing 200-250 g
were divided into 2 groups. The first group received a 0.6 mg/kg dose of zoledronate and the
second group received normal saline. Five injections with a 28-day interval were performed.
At the end of the injection, the animals were sacrificed. Then, five-micrometer histological
slides were prepared from the first maxillary molars and the surrounding tissues. Hematoxy-
lin and eosin staining was performed to evaluate osteonecrosis, infiltration of inflammatory
cells, fibrosis, and root and bone resorption.

Results: There was no difference between the macroscopic and clinical features in both
groups and no evidence of osteonecrosis of the jaw was observed in the samples. From the
histological point of view, all the samples had normal tissues and none of them showed any
evidence of inflammation, tissue fibrosis, disorder, or pathological root resorption.
Conclusion: According to the histological findings, the periodontal ligament space, the bone
adjacent to the roots, and the dental pulp conditions were similar in both groups. Osteone-
crosis of the jaw did not develop in the rats that took bisphosphonates after intraligamental
injection.
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Introduction

mulate in active bone remodeling sites [3]. They remain

As a group of antiresorptive agents, bisphosphonates are
used in bone diseases with high bone resorption such as
bone malignancy (to prevent metastasis), osteoporosis,
multiple myeloma, Paget’s disease, and hypercalcemia
[1]. These drugs induce apoptosis in osteoclasts and
inhibit their activity. Moreover, they decrease bone re-
sorption and increase bone mineralization [2]. Bisphos-
phonates have a high affinity for the skeleton and accu-

in the bone for a long time and have detrimental effects
on it. Zoledronate is a highly potent drug and belongs to
the third generation of bisphosphonates [4]. The oste-
onecrosis of the jaw is one of the rare adverse effects of
these drugs and can happen after traumatic procedures
such as dental extraction and maxillofacial surgery [5].
One of the important advancements in dental therapeu-
tics is the development of safe and effective local anes-
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thetic techniques. However, anesthetic effectiveness is
sometimes poor especially after a mandibular or maxil-
lary nerve block in patients with severe inflammation in
the dental pulp [6]. For these patients, some supple-
mental anesthetic techniques are available. In intra-
ligament anesthesia, a high injection pressure is used to
force the local anesthetic solution through the periodon-
tal ligament into the cancellous medullary bone sur-
rounding the tooth [7].

Intra-ligament anesthesia may cause injury and trau-
ma to the periodontal ligament and the surrounding tis-
sues. Hence, the aim of this study was a histological ev-
aluation of intra-ligament injection in zoledronate-treat-
ed rats to assess the osteonecrosis of the jaw in them.

Materials and Method

The protocol of this study was reviewed and approved
by the Ethics Committee of Mashhad University of
Medical Sciences (Number: 911155). The institutional
and national standards for the care and use of laboratory
animals were followed. The current experiment com-
plied with the ARRIVE guidelines. A total of 20 male
Wistar rats (mean age: 140 days; weight: 200-250 g)
were obtained from the animal house of the university
and acclimatized for 10 days prior to the experiment.
The animals were housed in a temperature- and humidi-
ty-controlled environment with food and water supplies.
The rats were randomly allocated to two groups (10 rats
per group). Group 1 received intraperitoneal (IP) infu-
sion of zoledronate (Zometa, Novartis Pharma, Basel,
Switzerland) at the dose of 0.6 mg/kg every 28 days for
5 months [8].

Group 2 (control) received the same volume of nor-
mal saline every 28 days for 5 months. All injections
were performed by one of the researchers (N P). Forty-
five days after saline/zoledronate infusion, all the rats in
both groups underwent the infiltration injection of lido-
caine with 1/100000 epinephrine in the first molar in the
right side of the upper jaw with a 20-gauge needle and
intra-ligament injection with a special syringe (with a
20-gauge needle) in the first molar in the left side in the
mesiopalatal angle. Intra-ligament injection was per-
formed with back pressure in the periodontal ligament
space so that the color of the surrounding tissues turned
white after injection. All anesthesia injections were per-
formed by one of the researchers (S M).
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One hundred fifty days after the start of the study,
the animals were subjected to vital perfusion and the
first molar teeth and the surrounding tissues were sepa-
rated from the maxilla. First, the samples were fixed in
formalin 10% for 24 hours. Afterwards, calcification
was performed with 85% formic acid for one week and
the samples were embedded in paraffin. Subsequently,
5-um-thick sections were prepared and used for hema-
toxylin and eosin staining. A histological examination
was performed to evaluate osteonecrosis, infiltration of
inflammatory cells, fibrosis, and root and bone resorp-
tion.

Results

The histological evaluation was performed for the two
groups (zoledronate and saline therapies). There was no
evidence of wound and defect in the maxilla of the rats
that received zoledronate and intra-ligament injection
(Figure 1). There were no inflammatory cells in the his-
tological views of the dental pulp, dentin, periodontal
ligament, and bone in the two groups as well as in the
intra-ligament and infiltration injection subgroups (Fig-
ure 2). The periodontal ligament and bone surrounding
the roots had normal conditions, no differences were
observed between the two groups, and subgroups (Fig-
ures 3 and 4) .The periodontal ligament space was iden-
tical and normal in the two groups (Figure 3). The odon-
toblasts and dental pulp were normal in the two groups
(Figure 5).

Figure 1: The macroscopic image of the maxilla of the rats
treated with zoledronate and intra-ligament injection
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Figure 2: The histological view of the zoledronate-treated group. Right: Intra-ligament injection subgroups (40x); Left: Infiltration injec-
tion subgroups (40x) (B: Bone; D: Dentin; G: Gingiva; L: Periodontal ligament; O: Odontoblastic layer; P: Pulp)

Discussion

Bisphosphonates are non-metabolic drugs and pyro-
phosphate analogues, which prevent the transition of
amorphous calcium to hydroxyapatite and the accumu-
lation of calcium phosphate crystals [9]. Their most
important clinical effect is the prevention of bone re-
sorption. In their non-metabolized form, bisphospho-
nates remain in the bone over a long period of time. The
activity of osteoclasts is reduced following the admin-
istration of these drugs [9]. One of the rare adverse ef-
fects of bisphosphonates is the osteonecrosis of the jaw,
which can occur following injuries in the jaw such as
tooth extraction [10]. Intraosseous injection may cause
osteonecrosis of the jaw in patients who take bisphos-
phonates [10, 13]. Incomplete anesthesia is one of the
complications in the process of anesthesia and requires
the use of supplemental anesthetic techniques. The in-
tra-ligament anesthetic technique is a common supple-
mental anesthetic method [10-13]. Therefore, this study
has been organized to investigate the relationship be-
tween bisphosphonate-related osteonecrosis of the jaw
and intra-ligament injection. Although intra-ligament
injection in the periodontal ligament space results in a

suitable numbness, it has some adverse effects including
decreased local blood flow, periodontal tissue destruc-
tion, and localized inflammation [11-13].

In the present study, no differences were observed in
the histological samples of the treated and control
groups. In addition, no sign of fibrosis was observed in
the histological samples. On the other hand, in vitro
studies have shown that zoledronate decreases the cell
viability of both periodontal ligament fibroblasts [14-
16] and tumor cells [17-18]. Allam et al. [19] reported
that zoledronate had toxic effects on dental pulp cells in
micro-molar concentrations, reducing their proliferation.
The onset of the bisphosphonate-related osteonecrosis
of the jaw may be due to dental pulp necrosis.

This study revealed no differences between the two
groups. The significant difference between the in vitro
and in vivo results is due to the different conditions.
Bisphosphonates reduce bone remodeling; prevent oste-
oclast activity, decrease bone loss, and increase bone
density [20-21].

Pourgonabadi et al. [22] showed that zoledronate
has anti-proliferative and pro-apoptotic effects in the
dental pulp stem cells (DPSCs), which may lead to zole-

Figure 3: The histological view of the periodontal ligament and bone surrounding the tooth. Right: The zoledronate-treated group (40x%);
Left: The control group (40x) (B: Bone; D: Dentin; L: Periodontal ligament; O: Odontoblastic layer; P: Pulp)
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Figure 4: The histological view of the periodontal ligament space. Right: The zoledronate-treated group (100x); Left: The control group

(100x) (B: Bone; D: Dentin; L: Periodontal ligament space)

dronate-induced  osteonecrosis.  Furthermore, Pour-
gonabadi et al. [23] demonstrated that the long-term
effects of alendronate decreased cell proliferation and
apoptosis in DPSCs, resulting in the initiation or poten-
tiation of alendronate-induced osteonecrosis. In phar-
macokinetic studies, the serum levels of zoledronate are
up to 1 umol/L which is less than the range inducing
toxic effects in the in vitro model [24].

In the current study, no accumulation of zoledronate
was observed in the dental tissues. A proportion of
zoledronate is released during the bone remodeling pro-
cess and the drug is likely to be exposed to the envi-
ronment [25]. Basso et al. [26] showed that zoledronate
had a significant effect on the reduction of the number
of viable cells as well as the viability of epithelial cells
(by 70%) and fibroblasts (by 40%). This revealed the
toxicity of zoledronate for these cells. Agis et al. [14]
evaluated the effects of zoledronate with a concentration
of 30 uM in fibroblast cultures. Their results demon-
strated the reduction of cell viability and proliferation in
the fibroblasts. The differences in the results of various
studies can be due to the different concentrations of
zoledronate used in them. This is consistent with some

studies that have reported the dose-dependent toxicity of
bisphosphonate medications [15].

In this study, the evaluation of the cellular morphol-
ogy of the dental and periodontal tissues did not show
any significant differences between the treated and con-
trol groups. The results of the histological evaluation of
the dental pulp and the surrounding tissues showed no
significant differences between the control and treated
groups. According to Basso et al. [26], the incidence of
cell death was evident for some epithelial cells and fi-
broblasts with the separation of the glass substrate in the
zoledronate-treated patients, although most of the cells
adhered to the substrate and showed significant morpho-
logical changes. They also indicated that zoledronate
(with a concentration of 5 uM) was toxic for epithelial
cells and fibroblasts [26]. These results cannot be gener-
alized to clinical conditions. In addition, the effects of
bisphosphonates in the oral cavity remain unknown. In
vitro and in vivo studies have demonstrated that bispho-
sphonates prevent the function of endothelial cells [27].
By reducing the blood flow, bisphosphonates play an
antiangiogenic role in the necrosis areas [28]. Another
cause of the osteonecrosis of the jaw is the function of

Figure 5: The histological view of the normal pulp and odontoblast cells. Right: The zoledronate-treated group (100x); Left: The control

group (100x) (C: Capillary; D: Dentin; O: Odontoblastic layer; P: Pulp)
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bacteria. Bisphosphonates induce the apoptosis of the
osteoclasts activated by tooth extraction or periodontal
surgical processes [28]. Osteoclasts have adverse effects
on the wound healing process by reducing cytokines in
the bone marrow and bone surfaces, increasing the risk
of osteomyelitis and necrosis [29]. Both jaw bones have
a high rate of remodeling due to their mechanical ability
in mastication. It is assumed that bisphosphonates ac-
cumulate in the bone and are simultaneously toxic for
the oral cavity. They prevent soft tissue healing by caus-
ing secondary infections under bone tissues [29].

Overall, intravenous bisphosphonates have harmful
effects on dental pulp cells and other tissues. The drugs
used in chemotherapy lead to the reduction of pulp cells
and fibrosis. Alternative managements play an im-
portant role in vital pulp therapy. In the present study,
there were no symptoms in the tissues around the teeth
of the animals receiving zoledronate. However, further
clinical studies are needed to clarify this result.

Conclusion

According to the histological findings, the periodontal
ligament space, the bone adjacent to the roots, and the
dental pulp conditions were similar in both groups. Os-
teonecrosis of the jaw did not develop in the rats that
took bisphosphonates after intraligamental injection.
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