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Resumo

Introdugdo: Durante o reparo de enxertos 6sseos, diferentes taxas de reabsor¢do sio mediadas pelos osteoclastos e
podem ser afetadas pelos bisfosfonatos, que sdo drogas que agem como inibidores da reabsor¢ao dssea. Objetivo: Avaliar
a taxa de reabsor¢do dos enxertos dsseos de calota craniana de coelhos, com e sem o uso alendronato de sodio.
Material e método: Trinta e dois coelhos Nova Zelandia foram divididos igualmente em 2 grupos (grupo controle
e grupo alendronato de sédio) e subdivididos em 4 periodos (7, 14, 30 e 60 dias). O grupo controle ndo recebeu
alendronato, enquanto os animais do grupo experimental receberam 4 mg de alendronato de s6dio por semana, em
dose unica, apos a cirurgia. Um bloco de osso de didmetro de 8 mm foi retirado o osso parietal e fixado com parafuso
no osso parietal contralateral. Apds cirurgia, nos periodos de 7, 14, 30 e 60 dias, os animais foram eutanasiados e as
pecas removidas para andalise. Andlises morfoldgica e histomorfométrica foram utilizados para comparar a espessura
do enxerto e para avaliar a interface de osso recém formado entre o enxerto dsseo e o sitio receptor. Os testes de
Wilcoxon e Mann-Whitney foram utilizados para as analises estatisticas. Resultado: Todos os enxertos repararam e
integraram sem intercorréncias; nao foram detectadas diferengas estatisticamente significativas nas taxas de reabsor¢ao
ou deposi¢do 6ssea, apds a incorporacdo final do enxerto em ambos os grupos. Conclusdo: Alendronato de sédio
parece nao diminuir a taxa de reabsor¢do, porém houve uma tendéncia de resultados melhores no grupo controle
tanto na reabsor¢do quanto na neoformagao dssea em enxertos dsseos autdogenos de calota craniana de coelhos.

Descritores: Transplante 6sseo; alendronato de sddio; reabsor¢do dssea.

Abstract

Introduction: Different rates of resorption are mediated by osteoclasts that may be affected by bisphosphonates
during bone graft repair. Bisphosphonates are drugs that act as inhibitors of bone resorption. Objective: The aim
of the present study was to evaluate the rate of resorption of skullcap grafts in rabbits with and without the use of
alendronate sodium. Material and method: Thirty two New Zealand rabbits were divided into two groups (control
group and alendronate group) and divided again into four periods (7, 14, 30 and 60 days). The control group did not
receive alendronate, while animals of the experimental group received 4 mg of alendronate sodium weekly after the
surgery. An 8 mm diameter bone block was removed from the parietal bone and fixed by screws to the contralateral
parietal bone. During the periods of 7, 14, 30 and 60 days, the animals had undergone euthanasia and samples were
removed for further analysis. Morphological and histomorphometric tests were used to compare graft thicknesses
and to evaluate the newly formed bone at the interface between the graft and receptor site. The Wilcoxon and
Mann-Whitney tests were used for statistical analyses. Result: All grafts healed and integrated uneventfully and no
statistically significant differences in resorption rates or bone deposition were detected after the final incorporation
of the graft in both groups. Conclusion: Alendronate Sodium did not decrease the bone graft resorption rates, but
there was a tendency for better results in the control group regarding the resorption and neoformation in autogenous
calvarial bone grafts in rabbits.

Descriptors: Bone transplantation; alendronate sodium; bone resorption.
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INTRODUCTION

The success of rehabilitation using endosseous implants is
dependent on bone quality and quantity'. When there is no adequate
bone volume in the alveolar ridge, autogenous bone grafts are needed
to correct this deficiency®’. Bone graft healing and the final amount
of bone formation depends on its remodeling capacity and factors
like the amount of bone marrow in the bone graft, the vascularity
of the receptor site and the stability of the graft.

Remodeling is associated with resorption initiated by inflammation,
which first acts upon the grafts and progresses to form granulation
tissue (revascularization). It also promote osteoclastic activity on the
recipient bed, removing areas of bone necrosis. At the same time,
osteoprogenitor cells of the graft and the recipient area differentiate
into osteoblasts and promote the incorporation of the graft to the
recipient bed. The resorption rate depends on the properties of the
recipient bed and the graft>. However, some drugs can interfere
with this process, such as bisphosphonates (BPs)°.

BPs are inhibitors of osteoclastic bone resorption and have
been used to control bone resorption in medical conditions such as
bone metastases and osteoporosis’ with proven efficacy®®. However,
the use of BPs are related to osteonecrosis of the jaws (BRONJ),
being complications associated with the use of intravenous BPs"
(zolendronic acid), but may also occur with oral BPs"* (alendronic
acid). Further more, other adverse effects such as high permanence
of drug in bone tissue, bone fractures, risk of gastrointestinal lesions,
high permanence of drugs in the bone tissue'>'> may occur.

Alendronic acid is a bisphosphonate that has been used to
prevent and treat osteoporosis by oral administration® and it may
influence the healing of bone grafts'*'5, because its action involves
osteoclastic cells and decreases the reabsorption process'. Similarly,
the bone graft process depends on resorption and bone formation*.
With the use of alendronic acid and the necessity of bone grafts
for posterior rehabilitation, the aim of the present study was to
evaluate the resorption rate of autogenous bone graft blocks during
calvarial repair in rabbits treated with oral alendronate sodium.

MATERIAL AND METHOD

The present was approved by CEP/USC 147/09. Thirty-two
New Zealand rabbits aged 6 to 10 months and weighing 3 to 5 kg
were divided into four groups (alendronate group and control
group) which received drinking water and solid chow on demand
throughout the study, adapting to the time of surgery.

During the surgical process, the animals were anesthetized by
intra muscular injection with xylazine hydrochloride (0.25 ml/
kg) and ketamine (0.25 ml/kg), followed by a prophylactic dose of
antibiotics (0.2 mg/kg of 10% eurofloxacin). A dose of metamizole
(0.33 ml/kg) was used for the postoperative analgesia. With the
animals anesthetized, the hairs were shaven on the frontoparietal
region, disinfected by the use of iodine solution and received local
infiltration anesthesia of mephivacaine hydrochloride and epinephrine
1:100.000. After incision and periosteal dissection, the bone was
exposed and an osteotomy was performed using an 8 mm trephine
bur (Alpha Instrumentos Cirtirgicos, Ribeirao Preto, SP, Brazil)

mounted in a reduction handpiece 20:1 (Kavo, Joinville, SC, Brazil)
and thrown by the dental implant motor (Driller, Capapicuiba,
SP, Brazil) at the speed of 20,000 rpm under constant irrigation
with 0.9% saline. The blocks were removed from the right parietal
bone and adapted and fixed to the contralateral bone using 1.5 mm
diameter and 4 mm long screws (Neoortho, Curitiba, PR, Brazil).
The periosteum was repositioned using 4-0 polyglactin (Johnson
& Johnson, Sao Paulo, SP, Brazil) and 5-0 nylon sutures (Johnson
& Johnson, Sdo Paulo, SP, Brazil).

During the post-operative period, the animals in the test
group received 1 mg/kg alendronate sodium per week, once a day.
To obtain the dose of the alendronic acid, the average weight of the
animals was 4 kg and we ordered 4 mg capsules of the drug diluted
in 4 ml of 0.9% saline were used to form a homogeneous mixture.
The euthanasia of the animals occurred in the periods of 7, 14, 30
and 60 after the surgery by intravenous injection of 200 mg/kg
of 3% sodium pentobarbital. The samples collected were labeled
and stored in 10% formalin for 48 hours and then demineralized
in 10% EDTA at pH 7.0 which was changed twice a week for 30 to
60 days. Next, they were rinsed under running water, dehydrated
in alcohol, cleared in xylol and embedded in paraffin.

The sample slides in the alendronate and control groups were
described according to the morphology and histomorphometry
by measuring the thickness of the graft at 30 and 60 days in both
groups. Three regions, defined according to Masson’s trichrome
staining, including almost all of the bone block fixed in the skullcap
of the animals, were examined under 10x magnification with a
Nikon microscope (Eclipse 80i, Melville, NY, USA) to estimate the
bone density of the area using a score defined by a testing system.
The points in bone under formation and the points out of the bone
under formation were counted at 7 and 14 days. The histological
image sections were analyzed using the Microsoft Office Picture
Manager®, and the testing system was placed over the image to start
counting. The testing system had 216 points distributed as lines
measuring 100 pm in length each and printed on a clear A4 sheet.
After counting points per field, the results were added to determine
the total number of lines in and out of the bone formation interface.
The percentage of the bone area under formation in the interface
was estimated following Melo**.

RESULT

In the morphological evaluation, the control group on the 7*
day showed low cellularity in the bone graft, richly vascularized
interface, presence of primary bone from the recipient bed without
supporting capacity and discrete resorption areas. (Figure la).
The alendronate sodium group was similar to the group control,
but was associated with discrete resorption areas (Figure 2a).
On the 14™ day, the bone interface between the recipient bed and
the graft of the control group was filled with remodeling bone
and there was predominance of primary bone and trabecular
organization (Figure 1b), while in the alendronate group, there
was primary bone deposition on the recipient bed and graft

** Melo A. Estudo da reparagao do alvéolo dental de ratos Wistar preenchido
com osso autogeno particulado apds exodontia [tese]. Sao Paulo: Instituto
de Ciéncias Biomédicas da Universidade de Sao Paulo; 2007.
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Figure 1. Control group. (a) 7 days - (I): interface area; (G) graft and (R) recipient bed. (b) 14 days - (I) interface area; (G) graft and (R) recipient
bed. (c) 30 days) — (I) interface area; (G) graft and (R) recipient bed. (d) 60 days - (I): interface area; (G) graft and (R) recipient bed. 240 x 180 mm
(300 x 300 DPI).

Figure 2. Alendronate group (a) 7 days — (I) interface area; (G) graft and (R) recipient bed. (b) 14 days) - (I): interface area; (G) graft and (R)
recipient bed. (c) 30 days - (I) interface area; (G) graft and (R) recipient bed. (d) 60 days - (I) interface area; (G) graft and (R) recipient bed.
240 x 180 mm (300 x 300 DPI).
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surfaces (Figure 2b). On the 30th day, the graft was incorporated
to the recipient bed and the interface between the recipient bed
and the graft was remodeled for both the control (Figure 1c) and
alendronate (Figure 2c) groups, but there was predominance of
mature and vascularized bone in the control group. On the 60th
day, the control group showed the incorporation of the bone graft
and intense remodeling (Figure 1d), while the alendronate group
preserved the original architecture of the graft bone block and
showed discrete remodeling and osteoclastic activity (Figure 2d).

The histomorphometric analysis was 30 and 60 days after
the surgery. On the 30" day, the resorption was 10% greater in
the control group than in the alendronate group, while in the
60 day period, there was 36% resorption in the control group and
16.50% resorption in the alendronate group. However, there was
no statistical difference between the groups in two the periods
when the resorption rate (Wilcoxon test) and bone graft thickness
(Mann-Whitney test) (Table 1) were analyzed.

In evaluation of bone formation, the analyses were made in the
initial periods of the study (7" and 14" day). The average percentage
of newly formed bone between the recipient site and the graft was
0f 4% and 6% on the 7" day for the control and alendronate groups,
respectively. On the 14" day the average was of 24% in the control
group and 11% in the alendronate group. The Mann-Whitney test
was applied to compare the percentage of new bone formation
between the alendronate and the control groups, and there was
no statistical difference between those groups at 7* day. However,

on the 14™ day there was greater bone formation in the control
group (Figure 3).

DISCUSSION

The neo bone formation process is controlled by osteoblasts
that can activate osteoclasts, which are resorptive bone cells that act

through the release of cytokines. Osteoclasts secret substances and
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Figure 3. Average (%) of newly formed bone between the recipient
site and the graft. 361 x 270 mm (72 x 72 DPI).

Table 1. Histomorphometric analysis of graft block thickness before and after surgery (P>0.05)

Graft thickness
Thickness at Mean at surge Postoperative AL [ Resorption
[Lnseoint surger (4 rabbitsg) - thicIl)(ness lits (e e indzx
gery (4 rabbits)

A: 1.9 mm A: 1.7 mm

30 days B: 1.8 mm 1.92 mm B: 1.3 mm 1.6 mm 16.66%
Alendronate C: 1.9 mm C: 1.7 mm
D: 2.1 mm D: 1.7 mm
E: 1.8 mm E: 1.0 mm
30 days F: 2.0 mm F: 1.7 mm

G: 1.8 mm 1.92 mm G: 1.7 mm 1.42 mm 26.04%

Control
H:2.1 mm H: 1.3 mm
A: 1.9 mm A: 1.7 mm
60 days B: 2.1 mm 2.0 mm B: 1.7 mm 1.67 mm
C: 2.0 mm C: 2.0 mm 16.50%
Alendronate

D: 2.0 mm D: 1.0 mm
E: 1.9 mm E: 1.0 mm
60 days F: 2.0 mm F: 1.7 mm

Control G: 2.0 mm 1.95 mm G: 1.3 mm 1.25 mm 35.89%
D: 1.9 mm H: 1.0 mm
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this process stimulates differentiation***. Therefore some drugs,
such as bisphosphonates, could act in osteoclastics cells, changing
the remodeling process®.

Bisphosphonates act by inhibiting bone resorption. They influence
osteoclastic activity and prevent cell recruiting and differentiation,
in addition to reducing their longevity. Since they are incorporated
into the bone matrix under mineralization, together with mineral
ions such as calcium, bisphosphonate molecules become part
of the bone structure that will be resorbed during natural bone
remodeling. Osteoclasts die by structural fragmentation, with no
enzyme or molecular spilling. Therefore, bisphosphonates contribute
to control accelerated bone turnover? %,

Studies for the treatment of osteoporosis with alendronate showed
that it is able to increase bone mass by reducing bone turnover and
promoting greater bone formation through resorption®. Therefore,
the use of bisphosphonates in individuals that require bone grafts
could be indicated.

The animal model used in the present study has been clearly
established in the literature and it is well documented that rabbit
metabolism is 3 or 4 times faster than human metabolism, thus
30 and 60 days could correspond to 3 and 6 months in humans?,
after which the biological and mechanical conditions are adequate
for the placement of osseointegrated implants'. The calvarium
was chosen for the anatomic size of the region and the possibility
of removing a bone block and fixing it to another site without
complicated surgeries. Alendronate concentrates in areas of intense
osteoclastic activity?! and it is not uniformly distributed to bones,
which explains why our results, that are due to the reduction of
graft resorption and the consequent reduction of replacement
with new bone. These results were not statistically significant in
the present study, because its administration, less than 4 years at
a dose of 35 mg/week or two years at 70 mg/week, results in little
or no effect on angiogenesis®.

Many indexes are used to estimate bone resorption after bone
graft procedures” and the present study investigated whether the
administration of alendronate sodium might lead to lower indexes
since it could decrease osteoclastic activity of bone resorption in
patients with osteopenia and osteoporosis and perhaps stop those
processes'®. The present results did not show any statistically

*** Gongales ES, SantAna E, Cury M, Ferreira O Jr, Carvalho PSP. A terapia com
bisfosfonatos e a osseointegragao. In: Carvalho PSP. Osseointegragao: visao
contemporanea da implantodontia. Sdo Paulo: Quintessence; 2009. p. 21- 30.
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