
ISSN: 0975 -8542 

            Journal of Global Pharma Technology 
       

 www.jgpt.co.in :Available Online at          
    

            RESEARCH ARTICLE 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           199 

The Effects of Local Alendronate with Biphasic Calcium 

Phosphate on Augmented Rabbit Sinus 

Zainab M.Hameed1*, Mazin J. Mousa2  

1. Department of Periodontics, Faculty of Dentistry, University of Babylon, Iraq. 

2. Department of Clinical Laboratory Sciences, Faculty of Pharmacy, University of Babylon, Iraq. 

*Corresponding Author: Zainab M. Hameed 

Abstract 

Background: Biphasic calcium phosphate   considered a good synthetic bone graft substitutes, 

and its effective role in sinus floor lifting. Alendronate (ALN) is a common formula of 

bisphosphonates that have potential effects to decrease the osteoclast differentiation. Aim of  

study is -to evaluate histologic and histomorphometric effect of  local alendronate with  BCP  

with  ratio( 30: 70)when used with  a  rabbit sinus. Materials and Methods:--8 male adult (New 

Zeeland) rabbits were selected. Sixsteen sinus floor, elevation procedures, were prepared, 2 on 

each animal and were distributed into two groups (n=4): the BCP group, where the sinus was 

grafted with, B CP with HA ׃β ̵ TCP (30 70׃).And BCP/ALN group, where the sinus grafted with 

(OSTEON II), mixed with Alendronate solution, the solution was prepared by dissolving of 20 

mg of ALN with 1 ml of distal water. The rabbits killed at 7, 14, 30 and 60 days after surgery 

and the histological   analysis were achieved. The histologic evaluation was performed using a 

light microscope. The new bone area represents the proportion of dark red area to the total 

augmented area, while the (FCT) represents the proportion of light red area to the total 

augmented area. Results: Although there  were significant differences  of  new  bone formation 

between two study groups after 7,14 and 30 days  periods ,but there's  non-significant 

differences occurred after 60 days . In addition, the FCT area was decreased in these two 

groups with the progressing healing periods, at the same time the FCT area was less in 

BCP/AL group; and there were   statistically nonsignificant differences between two groups 

after 60 days periods. Conclusions: - Local application of ALN with BCP with the (HA: β ̵ TCP 

(30:70)) ratio, did not have beneficial effects when augmented sinus rabbit model to increase 

bone formation.   
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Introduction 

Reduce amount of bone and density that 

presents in maxillary posterior region. 

Therefore; dental implant construction in 

this region; is considered one of most 

interesting procedure. Sinus floor lifting 

procedures with bone graft are common 

surgical technique, to reconstruct the highly 

atrophied maxillary posterior region [1,3]. 

For many years autologous bone grafts 

considered as the best standard; because of 

both osteo-inductive and osteo-conductive 

properties. At the same time harvested of 

this material from the donor region is 

limited, and required for second surgical 

traumatic and morbidity of this donor area. 

For these reasons; those have improved the 

demand for natural graft, and synthetic 

biomaterials. 

However, allograft and xenografts may 

provoke an immunological response [4]. 

Therefore, synthetic biomaterials being 

established .These synthetic biomaterials are 

osteo-conductive, and donot prompt immune-

genicity [5]. Biphasic calcium phosphate 

(BCP) considered a good synthetic bone graft 

substitutes, and its active role in sinus floor 

http://www.jgpt.co.in/
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lifting has been proved [6, 10] .Bi-CP 

contains a slow-resorbing-hydroxyllapatite 

(HA) and rapid resorbed of βTricalcium 

phosphate.  

Mixing bone graft substitute with other 

materials in order to accelerate recovery and 

inhibit resorption of graft material has been 

confirmed in some applications. 

Bisphosphonates (BPs) are chemically 

unchanging, and are commonly used for 

treating illnesses that caused of increasing of 

resorption of bone; as an inhibitor of bone 

resorption, such as, osteoporosis, 

hypercalcemia [11, 14].  

Lowering of resorption of bone occurred by 

inducing apoptosis of osteoclastscells, 

through the formation of intracellular 

metabolic action in the osteoclast cells [15, 

16]. In addition, in vitro studies had 

demonstrated that some Bisphosphonates 

that improved osteoblast cells differentiation 

[17, 20]. 

At the same time, the effect of BP on bone 

would depend to its capability; to reduce- 

resorption of bone and   its possible capability 

to stimulate bone  formation [21]. Alendronat 

(ALN) is one of common BP, with a great 

antiresorptive action, by decreasing 

osteoclast cell differentiation during the 

maturation procedure [22].  

It is known that ALN reduced the action of 

inflammation; by, inhibiting   of some of 

proteinasis [23]. System administration of BP 

treatment, may be helpful in the inhibition  

of  bone damage that  accompanying period 

onto disease in beigle dogs[24],in addition to 

reduction of  bone  resorption after  flap 

procedure in rat model [25,26].De Almeida et 

al found that the topical use of ALN as a 

companied  to mechanical debridement, is 

effective for  the treatment of induced  

periodontitis in rat [27]. 

A yrancii et al, shown that adding of 

Alendronate, improved new bone 

construction, and reduced   fibrous connective 

tissue production, with rabbits; when treated 

by two different materials (either xenograft, 

or auto- iliac crest bone graft) for maxillary 

sinus base augmenting [28].  

Recent study by Özer et al reported that 

there's enhancement in osteo-conductive 

properties of the autogenous bone graft in 

conjunction with local sodium alendronate in 

mandibular bone defects created in rabbits 

[29]. In addition, Sung .Kim et al, found in 

their vitro study that alendronate and BCP 

scaffolds have the latent to enhance calcium 

deposition by osteoblast cells and markedly 

stimulate osteoblast differentiation [30].  

However, synergic effect of the adding of local 

alendronate in maxillary sinus floor 

augmentation is unknown.BCP   with local 

alendronate when used with a rabbitsinus is 

UN available. Therefore, our study was 

conducted in order to estimate the results 

through a histologicall and histomrphometric 

evaluation. 

Materials and Methods 

Scientific committee in periodontal 

department /Faculty of Dentistry / University 

of Babylon approved this study, and the 

“guidance for care of animals,” as written   by 

the Animal House at the College of Medicine 

at Babylon University.  

Eight male adult rabbits; were selected. 

Sixteen  sinus floor elevation operations were 

accomplished, two  on each animal and  were 

distributed into two groups(n=4) : the BCP 

group, where the sinus was grafted with  

(OSTEON  II  Korea),that the ratio of  HA׃β ̵ 

TCP was 3070׃. And  BCP/ALN group, where 

the sinus augmented with[OSTEON  II ] 

mixed with  Alendronate solution ,the 

solution was prepared by dissolving  of 20 mg 

of ALN with 1 ml of distal water  [31].There 

have been many studies of sinus 

augmentation in rabbit models [32, 35, 28, 

10]. 

Surgical Procedure 

Each animal underwent a surgical procedure, 

for the bilateral sinus lift technique. General 

anesthesia   was given to   animal using a 

mixed of intra -muscle ketamine (50 mg/kg) 

and xylazine hydrochloride. Lido cane was 

also injected subcutaneous of the nasol bone 

region to decrease flow of blood in the 

surgical area.  

An incision was made along the sagittal 

midline on the nasal bone, to elevate a flap 

[32].  A trephine bur 5mm in diameter was   

used for creation a bone opening for the 

sinus. The bur was used with irrigation with 

saline solution. The nasal bone disk was 

detached from both the nasal bone and the 

sinus membrane; then, the grafting materials  
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were implanted into the space that was 

produced after a careful elevation of the sinus 

membrane (Figure 1). After that, the 

operation areas were sutured. 

 

Figure 1: Photo-graphs for .surgical procedure area 

Tissue Perpetrated 

Rabbits were killed, at  7,14 ,30, and 60 days 

subsequently after  surgery ( 4 for each ).The   

operation area  was  cutting     into  small 

blocks .which  included both the nasal, and. 

maxillary sinus, and   then  fixed with 4% 

formaldehyde solution for(48)hours at 

(4°C),and decalcified . Then samples fixed in 

paraffin wax and sliced into sections 

5µmtthick for histological analysis, after 

having been stained with Hematoxylin Eosin. 

Histological, and Histomorphometrical 

Analysis 

The histologicel, and histomorphometrical 

analysis were achieved according with the 

previously described method [28].Histological 

evaluation was performed by a light-

microscope. The measurements were taken 

using an image processing software program 

(Image J.exe). The new bone area [36] 

represents the proportions of dark red area to 

the total augmented area, while the fibro 

connective tissue (FCT) represents the 

proportion of pale red area to the total 

augmented area. 

Statistical Analysis 

All analyses of study data were done by 

[Statistical Package for Socials Sciences] Ver. 

22. Mean values of the measurements, were 

occurred in (95% CI), all data were written as 

(means ± SD), by using an (ANOVA) test; in 

order to determine the differences. A 

Turkey’s test was also used and the (P < 0.05) 

values were regarded as statistical 

significant.   

Results, 

Histologically Analysis1 

After 7 days, most of the implant areas of the 

sinuses in both groups were filled by well-

maintained by graft materials with all the 

animals. The grafted materials surround by 

highly fibrous tissues, and some newly 

formed bone appeared during this period in  

groups, the newly bone were seen around 

graft particles; and more pronounced in the 

TCP 70 group, than in the TCP 30group.The 

osteoclast cells were pronounced in both 

groups  (Fig. 2 A & B).  

 

 
Figures 2: Photo micro graph showed  the   bone formation : after 7 days of the BCP group (A) and BCP/AL group 

(B),and after 14days of the BCP group (C) and BCP/AL group(D).B= bone, F =  fibrous connective tissue, the empty 

arrows indicate osteocyte  cells, and black arrows indicated osteoclastcell   H&E stain. X 400 
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After 14 days, the graft materials were well 

maintained beneath the elevated sinus 

membrane in both groups and surrounded by 

dense, vascularized tissue and thin 

trabecular    bone .The presences of 

osteoblasts and osteocytes were also observed 

in both groups. The osteoclast cells were 

more pronounced in BCP group more than in 

BCPs / ALN group, and these cells appeared 

with ruffled borders, while in BCP/ALN 

group appeared with clear contact with 

adjacent bone.  

The new bone was shown to be in partial 

connection with graft elements and   closed to 

the Schneiderian membrane in both groups, 

at the same time this bone appeared to be 

more  dense in BCP/ALN group than in BCP 

group. The amount of fibrous connective 

tissue was less in BCP/ALN group 

(Figure.2.A and B). After 30 days, the 

amount of the new bone in augmented sinus 

area had increased more compared to the 

new bone after 14 days in both groups.  

The new bone was a more pronounced; many 

osteocyte cells were observed inside the new 

bone in both groups. Large number of 

osteoclastcells seemed during this period of 

time in BCP group when compared with the 

BCP/AL group, and the amount of fibrous 

connective tissue was more pronounced in 

BCP group (Fig.3.Aand B).  After 60 days, 

the amount of the newly bone in the 

augmented area had increased more 

compared to the new bone after 30days in 

both groups.  

New bone was thicker and more matured   

bone; numerous osteocytes were observed in 

the new bone in both groups. Large number 

of  osteoclastcells appeared  during this  time 

in BCP group when, compared with the 

BCP/AL group, and resemble what found 

after 30 days of healing period; these cells 

appeared with ruffled bordered in BCP group 

and clear borders with adjacent bone in 

BCP/ALN group. The amount of fibrous 

connective tissue was more pronounced in 

BCP group (Figure .3 C and D).  

 

 
Figure  3: Photo-showing the bone formation: after 30 days of the BCP group (A) and BCP/AL group(B) ,and after 60 

days of  the BCP group (C) and BCP/AL group (D).B= bone, F =  fibrous connective tissue, the empty arrows indicate 

osteocyte  cells, and black arrows indicate osteoclast cells. H-E stain X 400 

 

Histo-morphometric Analysis 

The histomorphometrical outcomes of the 

augmented area are shown in Tables1and 2. 

The NBA was increased in all groups with 

the progressing healing periods. There were 

statistically significant differences between 

two groups after 7, 14 &30 days periods.  

While there was non-significant difference 

occurred between them after the last period 

of healing. In general, there's an increased 

bone formation in BCP/AL group more than 

in BCP group. In addition, the FCT was 

decreased in these two groups with the 

progressing healing periods ; and there were  
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same results of differences had been occurred 

between these two groups that were found 

with new bone formation  ,and also the same 

findings at last period of healing (60 days) 

that  there   was nonsignificant difference 

occurred between them these two  groups.  

 

Table1: The results of histomorphometric evaluation of New Bone Area (Mean % ±SD) for BCP and BCP/AL groups 

after 7, 14, 30 and 60 days 

 BCP BCP/AL 

7 days. 

 

10.05±0.21 14.75±0.92* 

14 days. 13.8±0.4 16.4±0.5* 

30 days. 

 

47.35±1.62 59.5±1.6* 

60 days. 55±1.2 58.5±1.9 

* Statistically significant differences (p <0.05) 

Table2: The results   of  histomorphometric evaluation  of  Fibrous Connective Tissue (Mean % ±SD) for BCP  and 

BCP/AL groups after 7,14,30  and 60 days .   

 BCP BCP/AL 

7 days. 

 

89.95±0.21 85.25±0.9* 

14 days. 86.2±0.4 83.6±0.2* 

30 days. 

 

52.65±1.6 40.5±1.6* 

60 days. 40±1.13 41.5±1.8 

* Statistically significant difference (p <0.05) 

 

Discussion 

Sinus lifting procedure with bone graft 

material was the commonest procedure to 

increase the bone in maxillary posterior 

region, in order to overcome the 

complications that accompanied placement of 

dental implant in this area. Different graft 

materials were used to augment the sinus; 

and   auto-bone graft is stay the best graft, 

due to its osteoinductive e, osteoconductive, 

and osteogenic effects [37].  

However, the disadvantages of autogenous 

bone graft material including, limited 

amount of bone that harvested from intra-

oral donor area, and discomfort of this donor 

area post operatively. All these limitations 

had tended towered searching for an 

alternative bone substitute materials. Bi-

phasic calcium phosphete BCP is considered 

to be one of many different bone materials, 

which has bio-compatible, osteo conductive, 

and cost-effective properties by providing 

framework that facilitate cells and vascular 

infiltration and subsequently bone formation 

[6, 10, 38, 39].  

BCP [OSTEON II] ,which contain ratio of  

HA׃β ̵ TCP(3070׃) The proper ratio of  slow 

resorb (HA) and quick-  resorbing of β-Tri-

calcium phosphate (β-TCP) could improve 

new bone formation by (β-TCP) and provide 

augmented space by (HA) in a grafted sinus. 

β TCP  was showed  similar actions to 

autogenous bone in a canine model [40]. 

Thus, our hypothesis based on that the 

adding of ALN to the grafted area would 

increase new bone formation that formed by 

β-TCP by inhibiting the osteoclast cells 

activity in order to decreased bone resorption 

and simultaneously increased bone 

formation. β- TCP occurred in high ratio in  

BCP(OSTEON II) with ratio of (30 : 70). The  

present  study was showed in order to 

estimate the outcomes of augmented  sinus 

with  BCP [OSTEON II ] with local ALN 

when used with a rabbit sinus model .A 

rabbit sinus is usually good model to evaluate 

bone formation because to its anatomic 

similarity to a human sinus [3].   

Systemic and topical administrations of 

alendronate to   bone graft   have been 

demonstrated in many previous studies, and 

that were aimed to control bone resorption by 

inhibiting of action of osteoclast cells [22, 24, 

27, 28, 41]. Reddy et.al,  have showed   that  

systemically administration of ALN  

treatment may be helpful in the management 

of  bone loss that related with moderate and 

severely  period disease in sixteen beagli dogs 

were studied for a 6-month period [24].  

In addition to Juliano De Almeida et al found 

that the effective treatment of experimental 

periodontitis in rat by scaling and root 

planning  followed by topical irrigation with 1 

ml of  sodium alendronate solution [27].  

Ayrance eal, have found that, bisphosphonate  

improved new bone formation accompanied 

with reducing  fibrous connective tissue 

formation for more than six weeks follow  up 

in sinus floor augmentation of rabbits, that  

were treated with two types of bone graft 

[28].  
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In our study, BCP   were mixed with the 

Alendronat solution, the solution was 

prepared by, dissolving of 20 mg of ALN, 

with 1 ml of distal water, and then planted 

for the surgical areas.  

The histological and histo- morphometric 

analysis, revealed that the formation of 

newly bone, increased throughout the  

healing  time in both study groups (BCP/ALN 

group and BCP group), and as  expecting of 

using alendronate with BCP is that the new 

bone formation will be more, but these 

results were incorporated with previous 

studies, because although the new bone 

formation were increased in BCP/ALN group 

more than in BCP group, but there were non-

significant differences occurred between 

them at the last period of healing. The 

results of current study were corporate with 

Chacon et al study that used systemic 

therapy of Alendronate for 20 rabbits treated 

with dental implant in femur and tibia, and 

torque removal data, showed that there’s 

non-statistical   differences occurred among 

the alendronate and control groups [22]. 

BCP materials provide advantageous 

properties due to close similarity to natural 

bone mineral, with respect to Alendronate 

treatment. Many studies focusing on adverse 

effects of systemic used of Alendronate, such 

as esophagitis, gastric ulcers, and 

osteonecrosis the jaw, and these all adverse 

effects increased with increased doses with 

long periods of using of this drug [42].  

On the other hand, low dose of local 

application of this drug, did not report 

adverse effects in many studies [24, 43]. And 

results of present study also confirmed these 

findings.  Thus local application of low dose 

of Alendronate mixed with BCP may have no 

beneficial effects for bone formation since this   

application showed nonsignificant differences 

when compared with BCP alone.  
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