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Abstract

Background The effect of bisphosphonates on the resorp-
tion process of normal bone tissue has been clearly men-
tioned in the literature, while their effect on the grafting
material is a new research area. Limited former study is not
sufficient to determine the strength, reliability and dosage of
bisphosphonates. In this study, our aim is to examine the
effects of local and systemic use of bisphosphonates in bone
graft applications on bone healing, histopathologically.
Methods Therefore, 32 Sprague-Dawley rats are separated
into four groups. In the first group, only an empty bone
defect is made on tibia and the tissue is sutured primarily
without any other application. In the second group, bone
defect is filled with allograft material and closed without
any other application. In the third group (LA), alendronate
solution is locally added to the graft material before its
application to the site of bone defect. In the fourth group,
alendronate is applied systemically after the site of bone
defect is grafted and primarily closed. After 6 weeks, all
rats are killed and the obtained samples are examined
histopathologically.

Results Local and systemic application of alendronate
increases new bone formation in a statistically significant
degree. In LA group, newly formed bone was observed
more mature and well developed. Alendronate application
does not cause an increase in inflammation, fibrosis and
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necrosis. There is no increased necrosis with alendronate
application.

Conclusion Local and systemic application of alendronate
in bone grafting increases bone formation without any
other complication. But we believe that further research
should be made on dosage, usage and possible side effects.

Keywords Bisphosphonates - Alendronate - Bone graft -
Bone healing

Introduction

Bone grafting operations are commonly used to repair hard
tissue defects. Treatments of big defects are challenging
problems for oral surgeons. To compensate bone defi-
ciencies, a lot of grafts materials have been proposed in the
literature [1]. Although a lot of graft material reported good
results, autologous bone accepted the golden standard. But
autologous grafts have limitations due to donor site and
complications like donor site morbidity, pain, infections or
hematoma [2, 3].

Bisphosphonates (BPs) have been used in treatment of
osteoporosis for approximately four decades. Intravenous
BP treatments have been used to treat and inhibit bone
lesions of cancer and hyperkalemia especially for last
20 years [4]. Bisphosphonates inhibit the mineralization of
the bone as well as the resorption by suppressing the
osteoclast activity. The main effect at the tissue level is a
decrease in bone turnover, secondarily the inhibition of
bone resorption [5-7].

The literature had shown that a single dose of locally
applied bisphosphonate could give an adequate distribution
of bisphosphonate to the bone, because of the high affinity
of bisphosphonates to bone mineral [8—10]. Also, reduced
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alveolar bone and periprosthetic bone resorption following
mucoperiosteal surgery in rats after topical application of
alendronate had been shown in the literature [11-13]. In
addition, although the effect of the bisphosphonates on
reducing bone resorption is well documented, their effect
on bone formation is still uncertain.

Despite BPs’ wide usage in clinic, the effects on bone
grafting procedures were not well defined. In the present
study, our aim is to examine the effects of local and sys-
temic use of bisphosphonates in bone graft applications on
bone healing histopathologically. Our hypothesis behind
this study is that anti-osteoclastic effects of alendronate
will lead better graft integration.

Materials and Methods

This study was approved by the Local Ethics Committee of
Animal Experiments of Istanbul University (2008/23).
Thirty-two male Sprague-Dawley rats (mean weight
350 g &= 50 g) were used. The rats were housed, and all
procedures were performed at the Istanbul University
Experimental Medicine and Research Institute. The ani-
mals had unlimited access to water and soft chow.

Preparation of the Alendronate Solution

Alendronate sodium (Fosamax; MSD, Malmo, Sweden)
was stored in a dark environment at — 20 °C. On the day
of surgical procedure, alendronate solution was prepared at
a concentration of 1 mg/mL of alendronate sodium in
saline.

Surgical Procedure

All surgical procedure was performed under ketamine
hydrochloride 35 mg/kg (Alfamine; Alfasan Int.) and
xylazine hydrochloride 2.5 mg/kg (Alfazyne; Alfasan Int.)
anesthesia. Procedure was performed on a heating pad used
for maintenance of body temperature (36 °C to 37 °C).
After shaving, a 2-cm skin incision was made to expose the
tibia. A dental drill (3.5 mm, SU 100, BEGO, Germany)
was used to create bone defect under saline irrigation. Rats
are separated into four groups:

Control 1 Only an empty bone defect is made on tibia,
and the tissue is sutured primarily without any other
application.

Control 2 Bone defect is filled with allograft material
(MinerOss®, USA) and closed without any other
application.

Local Alendronate (LA) group: Graft material was
soaked in the alendronate solution for 10 min and then
rinsed three times in saline for 3 min each time; in the end,

graft material was placed in the bone defect. The volume of
saline was 2 ml, and volume of alendronate was 10 ml.

Systemic Alendronate (SA) group: Alendronate was
applied (3 mg/kg) systemically 1 hour before the opera-
tion, and bone defect is filled with allograft material. The
wounds were closed with absorbable sutures (Marlin,
Germany).

After 6 weeks, all rats are killed and the obtained
samples are examined histopathologically.

Histomorphometric Analysis

Tibia explants were fixed in 10% phosphate-buffered for-
malin for 1 day and then decalcified in 15% EDTA (pH 7.2
to 7.4) for 14 days. Then, specimens were embedded in
paraffin. 2—4 um sections were obtained from the median
parts of the paraffin blocks. For standard histological
evaluation, specimens were stained with hematoxylin—
eosin (HE) and for evaluation of the osteoclasts tarte-re-
sistant acid phosphatase (TRAP) and EDI, staining has
been used. Histomorphometric evaluation was performed
using planimetric analysis (AxioVision LE, Zeiss,
Germany).

Statistical Analysis

Specimens were evaluated for new bone formation, infec-
tion, necrosis and fibrosis. Data were evaluated with
GraphPad Prisma V3 statycal analyse programme. Chi-
square test was used for quantitative data, and Mc Nemar’s
test was used for repeated data. p < 0.05 was considered to
indicate statistical significance.

Results

Inflammation scores for groups showed statistical signifi-
cance. Control 1 group showed increased inflammation
rates, and this is statistically significant compared to SA
(p =0.029) and Control 2 (p = 0.009) groups. Neither
local nor systemic alendronate application did not cause

Table 1 New bone formation in both LA and SA statistically sig-
nificantly higher than control groups

New bone p scores between groups

LA/SA 0.324
LA/Control 2 0.001
LA/Control 1 0.0002

SA/Control 2 0.03
SA/Control 1 0.004
Control 2/Control 1 0.318

@ Springer



146

J. Maxillofac. Oral Surg. (Jan-Mar 2021) 20(1):144-148

Fig. 1 In LA group, newly formed bone was observed more mature
and well developed (H and E x 40)

increased inflammation (Table 1). Likewise, necrosis
scores for Control 1 group were more statistically signifi-
cant than other groups. There is no increased necrosis with
alendronate application.

Statistically  significantly increased fibrosis was
observed in Control 1 group, and there are no statistically
significant differences between other groups.

New bone formation in both LA and SA was more
statistically significant than control groups. In Table 2,
statistical scores can be seen between groups. In LA group,
newly formed bone was observed more mature and well
developed (Fig. 1). Bone bridges between graft and defect
walls could be easily seen in both LA and SA groups
(Fig. 2).

Discussion

Our aim was to examine the effects of local and systemic
use of bisphosphonates in bone graft applications on bone
healing histopathologically. Previous studies focused on
alendronate effects on rat extraction socket healing repor-
ted no necrosis but decreased bone formation and vascu-
larity within the root socket and resorption of interdental
alveolar bone after tooth extraction in rats [11, 14]. Cha-
yary et al. [15] reported that alendronate increases bone
volume and collagen accumulation in a rabbit dental
extraction study. Tanoue et al. [16] evaluated short-term
alendronate treatment effects in mice extraction sockets
and reported that bone formation was not impeded by
short-term ALN treatment. Rather, short-term ALN treat-
ment enhanced bone formation [16]. In present study, we
also observed increased new bone formation in both local
and systemic alendronate usage. We think this difference
was caused by anti-osteoclastic affects of alendronate.

Also, increased inflammation scores in bone healing
with bisphosphonate usage were reported in the literature
[17]. Nakamuro et al. reported that these increased
inflammation scores have been seen with nitrogen-con-
taining bisphosphonate compounds and researchers sug-
gested that this was because of the suppressor effect of
bisphosphonates on histamine synthesis. In the present
study, we did not observe any increased inflammation score
with bisphosphonates. But local alendronate applied group
sho wed increased inflammation scores according to sys-
temic alendronate group.

Table 2 Control 1 group

. . . LA SA Control 2 Control 1
showed increased inflammation
rates, and this is statistically Inflammation
significant compared to SA and . 2
Control 2 groups Positive 10 62.5% 13 81.2% 14 87.5% 6 37.5% 77 109
Negative 6 37.5% 3 18.8% 2 12.5% 10 62.5% p =0.012

Fig. 2 Bone bridge between graft and defect can be easily seen in both SA and LA groups (H and E x 40)
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Aspenberg et al. and Altundal et al. [12, 13] reported
that systemic alendronate application decreased otogen
grafts resorption and increased new bone formation in
experimental defects. Srisubut et al. [18] evaluated the
local alendronate effects on bone graft healing in rats and
reported statistically increased new bone formation. Lui
et al. [19] reported that local administration of low-dose
alendronate reduced peritunnel bone loss and increased
bone tunnel mineralization, tunnel graft integrity, graft
osteointegration and mechanical strength of the recon-
structed complex at early healing period. Also, there is the
literature about local and systemic bisphosphonate usage in
dental implant operations [20, 21]. These studies also
reported increased bone healing around implants both
systemic and local bisphosphonate applications. In spite of
these positive results, there are a lot of publications that
reported bone necrosis due to bisphosphonate usage
[22, 23]. That is why further research should be made on
possible side effects.

Conclusion

Our study indicates that the local and systemic application
of alendronate increases new bone formation in a statisti-
cally significant degree. Alendronate application does not
cause an increase in inflammation, fibrosis and necrosis.
Under these circumstances, we can say that local and
systemic application of alendronate in bone grafting
increases bone formation without any other complication.
But we believe that further research should be made on
dosage, usage and possible side effects.
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