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Abstract

Background: Increasing sinus pneumatization and the accompanying alveolar bone resorption complicate dental implant placement.
This problem can be overcome today by raising the maxillary sinus floor with graft materials. Bisphosphonates are commonly used to
accelerate the recovery of the graft materials and to prevent resorption.

Objectives: The purpose of this study is to investigate whether systemic administration of a bisphosphonate (alendronate) would
improve new bone formation and reduce fibrous tissue formation over a 6-week follow-up in rabbits treated with two different grafting
materials for maxillary sinus floor augmentation.

Materials and Methods: This experimental animal study was conducted at the Experimental Medical Application and Research Center at
Erzurum/ Turkey. Twelve New Zealand rabbits, each weighing between 2.7 and 3.3 kg, were used. Twenty-four maxillary sinus floor elevation
operations were performed, two on each animal (n=24). Each elevation was repaired with either deproteinized bovine bone (xenograft) or
autogenous bone graft obtained from the iliac crest. Both groups were divided into 2 subgroups: saline-treated and alendronate-treated.
All groups underwent the same surgical procedures and evaluation, and were sacrificed at the 6th postoperative week. Sinuses augmented
with deproteinized bovine bone (xenograft) and autogenous bone graft were examined histopathologically and histomorphometrically.
Results: At 6 weeks, the bone area was significantly larger in the Xenograft-Alendronate group (33.0% + 5.0%) than in the Xenograft-Saline
group (20.8%+4.9%)and the bone area was significantly larger in the Autogenous-Alendronate group (43.3%+3.8%) than in the Autogenous-
Saline group (37.5% £ 6.6%) (P = 0.001). The histomorphometric and histopathological results consistently showed that alendronate
stimulated bone formation and reduced fibrous tissue formation in maxillary sinus augmentation grafts, especially in the deproteinized
bovine bone group (xenograft).

Conclusions: Alendronate may be considered a therapeutic option for improving the bone formation process and reducing resorption in
different bone grafting procedures. Further detailed studies should focus on dosage and time-dependent effects of alendronate on bone
remodeling.
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1. Background

Osteointegrated implants are regarded as an ideal al-
ternative for replacing missing teeth. However, the bone
height from the alveolar crest to the sinus floor at the
posterior maxillary region is usually insufficient due to
sinus pneumatization, as well as to the lack of stability
caused by maxillary bone loss at the edentulous sites re-
quired for osteointegrated implantation (1). Among the
various techniques used to restore the height of the re-
sorbed maxilla, maxillary sinus elevation is regarded as
an effective method for restoring the upper jaw (2). Since
the technique was first described by Tatum (3), the use
of autogenous bone grafts in sinus augmentation has
come the ‘gold standard’ because of the excellent sur-
vival of these grafts with loaded implants and the degree
of functionality these grafts afford (4-6). However, donor
site morbidity, infection, pain, blood loss, and increased

hospital costs have led to a search for alternative graft
materials for augmentation of the maxillary sinus floor.
These materials have included allografts, alloplasts, and
xenografts, which all provide adequate viable bone to sta-
bilize dental implants and promote osteointegration (7).

The recovery of the graft materials is accelerated and re-
sorption is prevented by mixing together graft materials
with different features, as well as by employing other materi-
als that can hasten bone processing in some applications (8-
11). Bisphosphonates are commonly used for these purposes
(12-15), with alendronate now recognized as one of the most
potent bisphosphonates in terms of inhibiting bone resorp-
tion both in vitro and in vivo. Alendronate has been used as
a bone resorption inhibitor for preventing systemic bone
resorption in a number of bone disorders, including osteo-
porosis, Paget’s disease, and neoplastic bone diseases (16,17).
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2. Objectives

The aim of this study was to evaluate whether systemic ad-
ministration of alendronate would improve new bone forma-
tion and reduce fibrous tissue formation during the 6-week
follow-up after maxillary sinus floor augmentation (MSFA) in
rabbits treated with two different grafting materials.

3. Materials and Methods

3.1. Experimental Model

A power analysis (PASS 2008 software, NCSS, Kaysville, UT)
was performed to estimate the sample size, based on a sig-
nificance level of 0.05 and power of 80 %. This study was de-
signed as a prospective, randomized, controlled experiment.
Twelve mature New Zealand white rabbits (aged 3 months,
and weighing 2.7 to 3.3 kg) were obtained from the experi-
mental research center (Erzurum, Turkey). The animals were
housed individually at a temperature of 20 +1°C under a 12-
hourlight-dark cycle and a constant humidity of 50 £ 5%. The
animals were given a soft diet and water ad libitum.

Twenty-four maxillary sinus floor elevation operations
were performed, two on each animal. These were then re-
paired using two grafting materials: deproteinized bovine
bone (Dexabone Otrokovice, Czech Republic) or an autoge-
nous bone graft obtained from the animal’s iliac crest. Both
the deproteinized bovine bone and autogenous graft-treat-
ed groups were divided into two subgroups: a saline-treated
group and an alendronate-treated group. All groups were
selected by a randomized schedule using a simple random
allocation strategy. The groups underwent the same surgi-
cal procedures and evaluations, and the animals were sacri-
ficed at the 6th postoperative week. The study was approved
by the institutional ethics review committee for animal
research at Ataturk University (10.10.2011; AU-2011.4.1/12) and
was supported by the Scientific Research Projects of Ataturk
University. The “guide for the care and use of laboratory ani-
mals,” as prepared by the Ethics Committee for Animal Re-
search at Ataturk University, was followed carefully.

General anesthesia was induced in each animal using a
combination of intramuscular ketamine (50 mg/kg) (Keta-
lar; Eczacibasi, Istanbul, Turkey) and xylazine hydrochloride
(Rompun 2%; Bayer, Istanbul, Turkey). Next, a 5 mg/kg intra-
muscular induction and 0.5 ml of 1% lidocaine with epineph-
rine (1:100,000) were injected subcutaneously at the midline
of the nasal dorsum. A midline incision, extending approxi-
mately 50 mm, was then made, and the skin and periosteum
were elevated sufficiently to expose the nasal bone and the
nasoincisal suture line. Two windows were outlined in the
nasal bone using a round bur, and a fenestra was made with
an osteotome under continuous cooling with sterile saline
solution. Upon completion of the outline, a freer elevator
was used to gently push the antral mucosa inward. The mu-
cosa was elevated from the floor, lateral walls, and medial
wall of the antrum, to provide a large compartment for graft
placement. One sinus was filled with deproteinized bovine
bone (xenograft) and the other sinus filled with autogenous

bone particles (Figure 1A). The autogenous bone graft was
harvested from the iliac crest, following local anesthesia, by
making a 15-mm incision over the iliac crest to expose the
ilium. The corticocancellous bone graft harvested from the
iliac crest was cut into small parts before these were grafted
to the maxillary sinus. Sutures were then placed to close the
periosteum and skin. Following surgery, the grafted maxil-
lary sinus areas were evaluated by cone beam tomography
(NewTom FP, Quantitative Radiology, Verona, Italy) (Figure
1B). All animals were administered intramuscular ceftri-
axone (25 mg/kg) (Rocephin; Pfizer, New York, IL, USA) and
intracutaneous carprofen (4 mg/kg) (Rimadyl; Pfizer, New
York, IL, USA) postoperatively, twice a day for 3 days. Healing
progressed uneventfully in all animals, and no postopera-
tive complications were observed during the 6-week obser-
vation period. The alendronate-treated groups received 0.15
mg/kg alendronate (Sigma-Aldrich Co. LLC St. Louis, MO,
USA), administered subcutaneously daily for 6 weeks. The
saline-treated groups were given a daily saline solution in-
jection for 6 weeks.

3.2. Preparation of Tissue

Rabbits were anesthetized intravenously with a high
dose of ketamine and sacrificed 6 weeks after the op-
eration. The maxilla was dissected and cut into smaller
blocks, which included the nasal and maxillary sinus,
and then fixed 4% formaldehyde solution for 48 hours at
4°C, and decalcified with nitric acid. The specimens were
then embedded in paraffin, sliced into sections 5 pm
thick, and stained with hematoxylin-eosin.

3.3. Histomorphometric Analysis

Measurements were performed on decalcified specimens
using a personal computer-based image analysis system
(Stereo-Investigator 7.0, Microbrightfield, Colchester, VT).
The system was calibrated using a slide calibrated in mi-
crometers, and the setting remained unchanged during
the analysis of all samples. Four randomly selected sections
were analyzed manually from the serial sections collected
from each sample. The margins of the sinus augmentation
area were drawn to remain beneath the sinus membrane
and to exclude the basal bone structure of the maxilla. The
area within this line was recorded as the total area calculat-
ed by the software (Stereo-Investigator 7.0, Microbrightfield,
Colchester, VT). Lines were subsequently drawn around the
dark red areas on sections stained with hematoxylin-eosin
dye and assessed as areas of new bone formation. Areas
stained a paler pink than the new bone formation area were
evaluated as fibrous tissue, and the entire area was deter-
mined by drawing around the entire augmentation field.
All analysis was performed by the same examiner, who was
blinded to the treatment rendered. The newly formed bone
areas (the proportion of the area of newly formed bone to
the total measured area), fibrous connective tissue area (the
proportion of the area of fibrous connective tissue to the to-
tal measured area) were recorded and compared.
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3.4. Statistical Analysis

All the data analyses were performed using the Statis-
tical Package for Social Sciences (SPSS) Version 15.0. The
Shapiro-Wilk test was used to evaluate whether data
variables were normally distributed (P > 0.05) and then
normally distributed continuous data were expressed
as sample size, means with standard deviation, and ana-
lyzed by two-way ANOVA. Values of P < 0.05 were consid-
ered statistically significant.

4. Results

4.1. Histopathological Evaluation

Examination of histological sections from the control
group of rabbits with maxillary sinuses augmented using
deproteinized bovine bone (xenograft) in this 6-week study
revealed comparatively less bone formation and closure of
the augmentation area with a layer of fibrous tissue mim-
icking bone. The presence of bone was observed in very
narrow areas in the region. Dense fibroblastic cells were
observed in fibrous tissue (Figure 2A and B). In the alendro-
nate-treated group, a woven bone formation that exhibited
a skeletally mature structure covered a large area in the
augmentation field, and low amounts of fibrous tissue for-
mation were observed between new bone formation areas.
Vessels and osteocytes with dense nuclei were noted in the
regions of new bone formation (Figure 2C and D).

Histological examination of sections from subjects
with maxillary sinuses augmented using autogenous
bone grafts revealed intensive new bone formation in
the control group, with small amounts of fibrous tissue
formation observed between the new bone formation
areas (Figure 3A and B). In the autogenous bone groups
receiving alendronate, the formed bone had a more ma-
ture structure, bone marrow began developing, and the
bone haversian system had begun to form. The osteo-
cyte cell activity was quite low in the autogenous graft
group administered alendronate (Figure 3C and D).

4.2. Histomorphometric Analysis

4.2.1. Bone Area

At 6 weeks postoperatively, the bone area was signifi-
cantly larger in the Xenograft-Alendronate group (33.0%
+5.0%) than in the Xenograft-Saline group (20.8% + 4.9%)
and the bone area was significantly larger in the Autoge-
nous-Alendronate group (43.3% + 3.8%) than in the Autog-
enous-Saline group (37.5% £ 6.6%) (P=0.001) (Table 1).

4.2.2. Fibrous Tissue Area

Fibrous tissue area in the Autogenous-Alendronate
group (7.2% * 1.7%) was not significantly different from
that in the Autogenous-Saline group (7.7% + 8.3%), but the
fibrous tissue area in the Xenograft-Saline group (20.0% +
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4.7%) was significantly larger than that in the Xenograft-
Alendronate group (8.5% +3.4%) (P < 0.05) (Table 2).

Newly formed bone in the augmented spaces was sig-
nificantly greater in both alendronate-treated groups
when compared to the saline-treated groups. Addition-
ally, fibrous tissue formation was significantly less in
the Xenograft-Alendronate group than in the Xenograft-
Saline group. This indicated that bisphosphonates may
act as bone formation stimulators and may have a poten-
tially beneficial effect on the bone formation process.

Analysis revealed a comparatively greater new bone
formation in maxillary sinus augmentations performed
using autogenous bone grafts than in those using xeno-
grafts (Table 1), and this difference was statistically sig-
nificant (P=0.001) (Table 1).

Comparatively more new bone formation was also ob-
served in groups administered alendronate than in those
without alendronate and this difference was statistically
significant (P =0.001) (Table 1).

No statistically significant difference was determined
between the Xenograft-Alendronate and Autogenous-
Alendronate groups (P =0.203) (Table 1).

Figure 1. The Defect Sites Were Filled With Grafting Materials

A, Autogenous bone graft; B, Cone-beam tomographic image immediately
after surgery; D, Deproteinized bovine bone (xenograft); M, Maxillary Sinus;
N, Nose.
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Experiment 10X Experiment 20X

Figure 2. A, Control 10x; B, Control 20x; C, Alendronate 10x; D, Alendronate 20x; A - B, Illustration of new bone ossification areas for xenograft material in
the control group; C - D, New bone ossification areas for xenograft material in the alendronate-treated group; (b, bone trabecular; f, fibrous tissue; bm,
bone marrow cavity; d, vessel; open arrow, osteoclast cell; arrow head, osteocyte).

Table 1. The Results of New Bone Formation (%) for the Xenografts and Autogenous Grafts With Alendronate Application or Without
(Saline Only)®P

Alendronate (A) Grafts (G) PValue
Xenograft Autogenous

With Saline (n=6) 20.8+4.9 37.5+6.6 <0.001

With Alendronate (n=6) 33.0£5.0 433+3.8 <0.001

9The interaction effect of GA was not statistically significant (P = 0.203).
Data are presented as (Mean + SD).

Table 2. The Results of Fibrous Tissue Formation (%) for the Xenografts and Autogenous Grafts With Alendronate Application or
Without (Saline Only)®P

Alendronate (A) Grafts (G) P Value
Xenograft Autogenous

With Saline (n = 6) 20.0+4.7 7.7+£83 0.004

With Alendronate (n=6) 8.5 £3.4 7.2+17 0.010

9The interaction effect of GA was not statistically significant (P = 0.171).
Data are presented as (Mean * SD).
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Experiment 10X

Experiment 20X

Figure 3. A, Control 10x; B, Control 20x; C, Alendronate 10x; D, Alendronate 20x; A- B, Illustration of new bone ossification areas for autogenous bone grafts
in the control group; C- D, New bone ossification areas for autogenous bone grafts in the alendronate-treated group; (b, bone trabecular; f, fibrous tissue;
bm, bone marrow cavity; open arrow, osteoclast cell; d, vessel; arrow head, osteocyte).

5. Discussion

Dental implant placement in patients who are edentu-
lous in the posterior part of the upper jaw can be prob-
lematic for various reasons. Increasing sinus pneumati-
zation and the accompanying alveolar bone resorption
complicate dental implant placement. Today, this prob-
lem can be overcome by raising the maxillary sinus floor
with graft materials.

Tatum (3), in the early 1970s, first described the raising
of the maxillary sinus floor using graft materials and
this procedure came into wide use following a clinical
study in 1980 by Boyne and James (18), who showed that
the maxillary sinus is a suitable area for bone formation.
Various single or double-stage techniques have been de-
scribed to date for dental implant placement with the
MSFA procedure (19, 20). The success of MSFA with graft
materials for implant placement has increased in the last
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10 years, so that this procedure now occupies an impor-
tant place in the prosthetic treatment of individuals with
atrophic maxillas.

The literature shows a variety of graft materials now
being used for MSFA, including autogenous bone, al-
lografts, xenografts, alloplastic grafts, and combinations
of various materials (21-23). Autogenous bone is regarded
as the gold standard graft material because of its osteo-
inductive, osteoconductive, and osteogenic effects (24).
However, the sole use of autogenous bone as a graft mate-
rial in sinus augmentation results in intense remodeling
properties that lead to greater resorption (25). Additional
disadvantages include discomfort in the graft donor
region, bone resorption, increased costs due to the sec-
ond donor region surgical procedure, and the limited
amounts of autogenous material available. These limita-
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tions have encouraged a search for alternative graft ma-
terials (26).

Xenografts can be safely used as a graft material be-
cause of their osteoconductive properties and biocom-
patibilities (24, 26). This graft material is also used in
maxillary sinus augmentation because it has its own
morphological structure and has lost its antigenic prop-
erties due to complete extraction of proteins deriving
from its inorganic structure (27). However, no consensus
has been reached regarding the ideal graft material for
use in MSFA.

The present study investigated the efficacy of different
graft types in cases of insufficient bone elevation be-
tween the maxillary sinus floor and alveolar bone and
explored the histomorphometric effect of alendronate
sodium trihydrate on grafts after MSFA. Various studies
have reported that the rabbit sinus is a suitable model for
maxillary sinus augmentation, since both the ostia open-
ing onto the nasal cavity and the air changes inside the
nasal cavity are similar to those in humans (28, 29).

Asai at al. (28) reported that air pressure inside the max-
illary sinus applied constant pressure on the sinus mem-
brane and the graft material inside the sinus, and that
the effect of this pressure was to induce changes in the
healing and structure of the augmented bone. Karabuda
et al. (30) used several different graft materials and per-
formed a histological assessment of graft healing after 6
months. They reported high levels of resorption, which
left only 5% - 10% of the graft materials, and an ossifica-
tion level of 70% - 75% in the remaining part. Jensen et al.
(31) reported that corticocancellous autogenous bone
grafts failed to withstand the air pressure inside the si-
nuses and lost their density and elevation in the first few
weeks after augmentation. In a similar study, Johansson
et al. (32) reported a graft resorption level as high as 47%
after 6 - 7 months in sinus augmentation procedures us-
ing autogenous grafts. Serra et al. (26) reported a 14% vol-
ume loss after 6 months in xenografts, while 49.5% of the
autogenous bone graft was resorbed. They described this
as an obstacle to the long-term success of maxillary sinus
augmentation.

The combined use of graft materials with different
properties and the addition of materials that acceler-
ate bone formation have been explored as methods to
hasten healing and prevent graft resorption in bone
grafting procedures in the face and jaw regions (29, 33).
Bisphosphonates are widely used in this context (34-38).
The mechanism involved with bisphosphonates is un-
clear, but they are used in the treatment of various bone
and calcium metabolism disorders that result in bone
destruction, particularly osteoporosis (39). The effects
of bisphosphonates on bone healing have been investi-
gated previously, and one reported effect is that bisphos-
phonates increase callus resistance (15, 40, 41). A study of
distraction osteogenesis (DO) in a rabbit model by Little
etal.(42), who investigated the effect of 3 ml/kg pamidro-
nate on bone formation, documented a significant in-

crease in bone production in both histological and radio-
logical terms. Kucuk et al. (43) investigated the effects of
bisphosphonates in DO and reported significantly better
bone formation in experimental subjects administered
bisphosphonates. Tekin et al. (44) reported a significant
acceleration of bone healing during DO in rabbits admin-
istered systematic alendronate for 3 days postoperatively.

Yaffe et al. (13) investigated the effect of alendronate on
bone formation in rats following bone marrow place-
ment into the ectopic region, and reported that daily in-
jection of alendronate at 500 pg/kg increased bone mass
by 70%. Aspenberg and Astrand (35), who investigated
the effect of alendronate on the resorption of allogenic
graft material, reported that the graft remained healthy
in a high-dose alendronate group (205 pg/kg per day) and
that greater bone formation was detected around the
graft trabeculae.

Altundal and Gursoy (34) harvested autogenous grafts
3 mm in diameter and 2 mm high from rat femurs and
placed these into defects of the same dimensions estab-
lished 5 mm away from the recipient area. The formation
of new lamellae and woven bone was significantly higher
in the group injected with 250 ugr/kg alendronate than in
the other groups.

In agreement with the findings from these previous
studies, we concluded that alendronate administered
subcutaneously at a daily dose of 150 pg/kg significantly
increased new bone formation in our subjects with bone
autogenous grafts and xenografts when compared to
the control groups treated with saline only. This effect of
alendronate may be associated with inhibition of osteo-
clastic activity during the healing of the graft material.
The data from the present study indicated a greater level
of bone healing and lower fibrous tissue formation in
both the autogenous graft and xenograft groups when
alendronate was administered, compared to the control
groups (P <0.05).

No consensus has been reached in the literature con-
cerning the mode of use, dosage, and duration of appli-
cation of alendronate. The alendronate dose used in this
study was therefore determined as a mean value, and one
close to that used in the treatment of osteoporosis in hu-
mans (39, 45).

Some other studies have reported findings that are in-
compatible with the positive effects observed in alen-
dronate on bone formation. In one in vitro study, Garcia-
Moreno et al. (46) reported that alendronate had no effect
on the lifespan, growth, or mineral deposition capacities
of osteoblasts. Kaynak et al. (47) found no difference in
terms of osteoblastic activity between alendronate and
control groups following mucoperiostal flap surgery.
They suggested that the increase in osteoblastic activity
was an indirect result of an inhibition of the bone resorp-
tion mechanism. Altundal and Guvener (12) investigated
the effect of alendronate on osteoblastic activity and bone
resorption following tooth extraction and reported that
alendronate reduced osteoblastic activity but did not sig-
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nificantly prevent alveolar bone loss.

The present study was limited by its small sample size
and by the relatively short postoperative time before
animal sacrifice, which was established based upon con-
sideration of the risks related to systemic alendronate
treatment. However, the results provide evidence that
alendronate therapy, given systemically, increased new
bone formation in both xenograft and autogenous graft
groups in a maxillary sinus augmentation model. We sug-
gest that further studies focusing on local applications of
alendronate at different dosages might be more successful
in improving bone graft healing.

5.1. Conclusion

The histomorphometric and histopathological results of
this study consistently showed that alendronate stimulat-
ed bone formation and reduced fibrous tissue formation,
especially in the xenograft group, following maxillary si-
nus augmentation grafts. Alendronate may therefore be
considered as a potential therapeutic option for improv-
ing bone formation processes and for reducing resorption
following different bone grafting procedures. Further de-
tailed studies should now focus on the dosage- and time-
dependent effects of alendronate on bone remodeling.
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