
 

 

 
Effect of Alendronate on Healing of Extraction 

Sockets and Osseointegration of Implants in the 

Maxilla of Rats: Histologic Analysis 

 
 
 
 

Jee Hwan Kim 

 
 
 
 
 
 
 
 
 

The Graduate School 
Yonsei University 

Department of Dental Science 



 

 

 

Effect of Alendronate on Healing of Extraction 

Sockets and Osseointegration of Implants in the 

Maxilla of Rats: Histologic Analysis 

(Directed by Prof. Moon Kyu Chung, D.D.S.,M.S.D.,Ph.D.) 

 

 

A Dissertation Thesis 

Submitted to the Department of Dental Science  

And the Graduate School of Yonsei University 

in partial fulfillment of the  

requirements for the degree of  

Doctor of Philosophy in Dental Science 
 
 
 

Jee Hwan Kim 

 
 

December 2010  

 



 

 
This certifies that the dissertation thesis 

of Jee Hwan Kim is approved. 
 
 
 

 
                ___________________________ 
           Thesis supervisor: Moon Kyu Chung 

                
               ___________________________ 
              Thesis committee: Yi-Hyung Woo 

 
               ___________________________ 
               Thesis committee: Han Sung Jung 

 
               ___________________________ 

              Thesis committee: Hong Seok Moon 
 

         ___________________________ 
              Thesis committee: June Sung Shim 

 
      

 
 
 
 
 

The Graduate School 
Yonsei University 

    December 2010  



 

감사의 글 

본 논문이 완성되기까지 오랜 시간 지도와 격려로 저를 이끌어주신 

정문규 지도 교수님께 진심으로 감사드립니다. 논문 심사과정에서 세심한 

지도와 가르침을 주신 문홍석 교수님, 심준성 교수님, 정한성 교수님, 

우이형교수님께 깊은 감사를 드립니다. 박사학위과정 가운데 늘 관심과 

조언으로 격려해주신 한동후 교수님, 이근우 교수님, 이재훈 교수님, 김성태 

교수님께도 감사의 마음을 전해 드립니다. 또한, 많은 조언으로 진행에 

도움을 주신 박영범 교수님께도 감사드립니다. 아울러 이 연구를 진행함에 

있어 많은 정보와 조언을 얻을 수 있도록 수많은 연구업적을 쌓아놓으신 

치과계의 선학들에게도 감사의 마음을 전합니다. 방대한 양의 시편을 신속히 

처리하느라 애써주신 장리선생님과 자료 분석 및 계측에 많은 도움을 주신 

박상현 기사 및 이채은 연구원에게도 감사한 마음을 전하며 실험의 과정 중 

늘 함께 해주어서 고마웠던 보철과 수련의들 모두에게 진심으로 감사함을 

전해 드립니다.  

마지막으로 항상 저를 지켜봐 주시는 부모님과 장인어른, 장모님께 

감사드리며, 제가 하는 일에 언제나 전념할 수 있도록 세심하게 배려해주는 

아내 하연과 조금씩 성장해 나가면서 저에게 더 큰 기쁨을 주고 있는 민서, 

민채에게도 고마움과 사랑을 전하며 이 논문을 나누고자 합니다.  

2010년 12월 

 김지환 드림 



i 
 

Table of contents 
 
 

List of Figures ······································································· ii 

List of Tables ········································································ ii 

Abstract ················································································· 1 

I. Introduction ······································································ 3 

II. Materials and Methods ····················································· 8 

1. Experimental animals ··············································· 8 

2. Experimental procedures ·········································· 9 

3. Radiographic analyses ············································ 12 

4. Histologic analyses ················································ 12 

5. Statistical analyses ················································· 14 

III.  Results ········································································· 15 

1. MicroCT images ····················································· 15 

2. Histologic findings in extraction sockets ················ 17 

3. Histologic findings in implant sites ························ 24 

IV.  Discussion ···································································· 30 

V. Conclusion ····································································· 37 

References ··········································································· 38 

Abstract (In Korean) ···························································· 44 

 



i i 
 

List of Figures 

Figure 1. Experimental design protocol ································································· 10 
Figure 2. Customized mini implant ······································································· 11 
Figure 3. Surgical procedures of extraction of the maxillary first molar and 

implantation ···························································································· 11 
Figure 4. The selected areas for measurement in the extraction socket ················· 13 
Figure 5. The defined area in the implant site························································ 14  
Figure 6. 3D reconstructed images of extraction sockets and implant sites ·········· 15 
Figure 7. MicroCT images in extraction sockets ··················································· 16 
Figure 8. MicroCT images in implant sites ··························································· 16 
Figure 9. H&E stained images of mesial root of the maxillary first molar at 

various time points after tooth extraction ··············································· 17 
Figure 10. H&E and Trichrome stained images of bispho group at 3 days after 

extraction ······························································································ 17 
Figure 11. Histomorphometric results in extraction sockets ································· 19 
Figure 12. Histologic images of extraction sockets at 3 days after extraction ······· 20 
Figure 13. Histologic images of extraction sockets at 7 days after extraction ······· 21 
Figure 14. Histologic images of extraction sockets at 14 days after extraction ····· 22 
Figure 15. Histologic images of extraction sockets at 28 days after extraction ····· 23 
Figure 16. TRAP stained image of bispho group at 28 days after extraction ········ 24  
Figure 17. Histomorphometric results in implant sites ·········································· 24  
Figure 18. H&E stained images of implant sites at various time points after 

implantation ·························································································· 25 
Figure 19. Histologic images of implant sites at 3 days after implantation ··········· 26 
Figure 20. Histologic images of implant sites at 7 days after implantation ··········· 27 
Figure 21. Histologic images of implant sites at 14 days after implantation ········· 28 
Figure 22. Histologic images of implant sites at 28 days after implantation ········· 29 
 

List of Tables 

Table I. The experimental animals ··········································································· 8 



１ 
 

Abstract 

Effect of Alendronate on Healing of Extraction Sockets  

and Osseointegration of Implants in the Maxilla of Rats: 

Histologic Analysis 

 
Jee Hwan Kim D.D.S., M.S.D. 

 
(Directed by Prof. Moon Kyu Chung, D.D.S.,M.S.D.,Ph.D.) 

 
Purpose: Bisphosphonates related osteonecrosis of the jaw (BRONJ) has been observed 

following tooth extraction. The causes of BRONJ are not yet clearly revealed. There are 

many possible contributing factors to BRONJ. Because of BRONJ, there are rising 

concerns of the effects of bisphosphonates on the osseointegration of implants. The 

effect of bisphosphonates on the healing of extraction sockets has been studied by many 

other researchers. However, very little is known on its effect on osseointegration of 

implants, and this remains controversial. The purpose of this study was to evaluate the 

effects of bisphosphonates (alendronates) on healing of extraction sockets and 

osseointegration of implants in the maxilla of rats.  

 
Materials & Methods: 24 Male Sprague-Dawley rats (4weeks old) were divided into the 

bisphosphonate (bispho) and control groups. In the bispho group, rats were 

subcutaneously injected with alendronate (5.0 ㎎/ ㎏) 3 times a week for 4 weeks. 

Following the injections for 4 weeks, both sides of the maxillary first molars were 
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extracted, and customized titanium implants (Ø1.5 X 2.0 ㎜) were placed immediately 

into the right extraction sockets after osteotomy. Rats were sacrificed at 3, 7, 14, or 28 

days following surgery. The specimens were collected by perfusion fixation with 4% 

paraformaldehyde. The healing of the extraction sockets and osseointegration of the 

implants were evaluated by radiographic and histologic analyses. 

 
Results: New bone area in the extraction sockets did not differ between the bispho group 

and control group at any observation time points, however, the empty lacuna was 

observed significantly more in bispho group than in control group at 7 days after 

extraction. Bone implant contact did not differ between them, however, bone area around 

the implant was significantly larger in bispho group at 14 days after implantation, and the 

number of empty lacuna was observed significantly more in bispho group than in control 

group at 14 days and 28 days after implantation.  

 
Conclusion: Based on the limited outcomes, alendronates did not delay the healing of 

extraction sockets and osseointegration of the implants. Although the function of 

osteoclast seemed to be decreased in the bispho group, bone formation seemed not to be 

decreased in the bispho group. The significant differences of the amount of empty lacuna 

were occurred more later time of healing in implants compared to the healing of 

extraction sockets. Therefore, long term effects of alendronate on osseointegration of 

implants are needed for the further studies.  

 

Key words: Alendronate, BRONJ, Implant, Extraction, Empty lacuna, Bisphosphonate, 

Osteoporosis 
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I. Introduction 

 

Bisphosphonates have been used routinely as bone-resorption inhibitors to treat bone 

metabolic abnormalities such as osteoporosis and Paget’s disease.1 They are also used to 

manage cancer-associated bone disease.2-5 The clinical efficacy of oral bisphosphonates 

for the treatment of osteopenia/osteoporosis is well established and is reflected in the fact 
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that over 190 million oral bisphosphonate prescriptions have been dispensed worldwide.6 

Bisphosphonates have a high affinity for bone mineral and inhibit hydroxyapatite 

breakdown, thereby effectively suppressing bone resorptions.7 Several studies on the use 

of the bisphosphonate in dentistry, such as reduction of bone resorption after tooth 

extraction,8,9 or periodontal surgery10 have been reported. However, osteonecrosis of the 

jaw, atrial fibrillation, and hypocalcemia were reported as complications associated with 

bisphosphonate therapy.5 

In 2003, Marx et al.11 firstly reported that osteonecrosis had occurred in 36 patients, 

who received bisphosphonates intravenously following dental treatment. In 2004, 

Ruggiero et al.12 reported the occurrence of 63 cases of BRONJ (Bisphosphonate related 

Osteonecrosis of the Jaw). Among them, 56 patients had been received intravenous 

bisphosphonates and 7 patients had been received oral bisphosphonates. Ruggiero et al. 

concluded that oral bisphosphonate could also be a contributing factor for BRONJ.12 

Since then, there have been many reports on BRONJ, however, the mechanisms and risk 

of BRONJ has not yet been elucidated. Because the incidence of BRONJ was estimated 

to be about 1 in 100,000 patients receiving bisphosphonate for osteoporosis,13 and it was 

difficult to elucidate its mechanisms. According to Allen and Burr’s review14 on the 

various hypotheses underlying BRONJ, suppression of remodeling, impairment of 

angiogenesis, and infection have been proposed as causing factors for BRONJ, but the 

exact mechanism of BRONJ is not figured out.14  

Invasive dental treatment may be a risk factor for BRONJ. According to the position 

paper on BRONJ by America Association of Oromaxillofacial Surgery, the following 

dental treatments were suggested as local risk factors of the BRONJ: extraction, dental 



５ 
 

implant placement, and periodontal surgery involving osseous injury.15 Because 

extraction is one of the most frequently reported risk factors of BRONJ, many 

researchers have investigated the effect of bisphosphonates on the healing of extraction 

sites. Some researchers reported that bisphosphonates delayed the initial healing of 

extraction sockets, and this delay in initial healing may cause the onset of BRONJ.4,16 

Recently, some researchers reported that a mixture of intravenous bisphosphonate and 

immunosuppressive drugs may cause BRONJ-like-disease following tooth extraction in 

mice.17,18 Cancer patients treated with intravenous bisphosphonate therapy were at a 

considerably higher risk for BRONJ than patients treated with oral bisphosphonate 

therapy.5,6,13 

The risk for complication occurrence following implant therapy in patients who 

received bisphosphonates is unknown and controversial.19 The healing process in tooth 

extraction socket differs from that in the osseointegration of the implant.20-22 Kojima et 

al.22 reported that a set of gene transcripts is upregulated in implant healing over 

osteotomy healing. Therefore, the effect of bisphosphonate on the osseointegration of the 

implant may differ from their effect on healing of extraction sockets. However, it is not 

thoroughly clarified. Several case reports have reported patients with symptoms of 

BRONJ around implants in patients who had been taking oral bisphosphonates.23-25 Marx 

et al.23 reported that in 119 BRONJ cases, 37.8% had been occurred after tooth extraction, 

and 3.4% after dental implantation. Therefore, Marx et al.23 suggested that implant 

placement may also be precipitating factor for BRONJ although the incidence was low. 

Madrid and Sanz26 reported that implant therapy was contraindicated in patients who 

received bisphosphonates intravenously, however, it was not contraindicated in patients 
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who received bisphosphonates orally. They suggested that the intake of oral-

bisphosphonates did not influence short-term (1-4years) implant survival rates.26 

However, Lazarovici et al.27 reported that 11 out of 27 BRONJ cases that were associated 

with implants, occurred in patients who took oral bisphosphonates, and only 6 out of 27 

BRONJ cases developed BRONJ during the first 6 months after dental implant placement. 

On the other hand, Grant et al.28 reported that there was no evidence of BRONJ in the 

115 patients who had received oral bisphosphonate therapy, and implant survival rate 

was similar to the patients who had not received bisphosphonates.  

According to previous animal studies on the effect of bisphosphonates on dental 

implant,29-32 bisphosphonates did not affect dental implants negatively. Viera-Negron et 

al.29 reported that osseointegration of the implant was improved by bisphosphonates. In 

their study, alendronate was injected into rats, and mini implants were placed in the 

maxilla.29 In other animal studies on the effect of bisphosphonate on osseointegration of 

implants, implants were not placed in jaw bones.30-32 Ruggiero and Drew33 described the 

elective involvement of bisphosphonates in the jaw bones, compared to other bone sites. 

This may be due to the fact that the jaws normally involve healing of open bone wounds 

and that bisphosphonates are preferentially deposited in bones with high turnover rates 

such as the jaws.33 Chacon et al.30 used rabbit tibias for implantation, and Kurth et al.31 

used rat femurs for implantation. The effect of bisphosphonate on bone healing needs to 

be investigated in the jaw bones, because the development and physiology of the jaw 

bones differ from other bone such as tibia or femur.34-36 

In this study, we focused on the effect of oral bisphosphonates (alendronate which was 

used to treat osteoporosis), on healing of extraction sockets and peri-implant tissue. 
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Previous reports that presented BRONJ-like-disease, used usually intravenous 

bisphosphonates,17,18 however, the risk of oral bisphosphonate is much lower than that of 

intravenous bisphosphonate.13 Because over 190 million oral bisphosphonate 

prescriptions have been dispensed worldwide,15 and implant placements is not usually 

performed in patients undergoing intravenous bisphosphonates,27 the risk of BRONJ in 

patients taking oral bisphosphonates needed to be studied. 

 

The purpose of this study was to evaluate the effect of alendronates on the healing of 

extraction socket and osseointegration of implants in the maxilla of rats.  

Three Null hypotheses are as follows; 

Alendronate did not delay healing of extraction sockets. 

Alendronate did not delay the osseointegration of implants. 

The effect of alendronates on the healing of extraction sockets and osseointegration of 

implants did not differ.   
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II. Materials and Methods 

 

1. Experimental animals 

 

Twenty four male Sprague-Dawley rats (body weight 130-140g, 4 weeks old, male) 

were divided into the bispho (bisphosphonate) groups and control groups (Table 1).  

Alendronate was injected subcutaneously in the bispho groups and same amount of saline 

was injected subcutaneously in the control group. Experimental Rats were given free 

access to food pellets and tap water and were housed at the animal experimental 

laboratory at Yonsei University, College of Dentistry, Seoul, Korea. All experiments 

were performed in accordance with the guidelines for animal experiments of Yonsei 

University, College of Dentistry.  

 

Table I. The experimental animals  
 

 

 

 

 

Time  3d 7d 14d 28d 

Control group Rat 4w male 3 3 3 3 

Bispho group Rat 4w male 3 3 3 3 
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2. Experimental procedures   

 

The experimental protocol is presented in Figure 1. In the bispho groups, rats were 

subcutaneously injected with Alendronate, Sodium Salt (Merial Inc., Parramatta, AUS) at 

the dose of 5.0 ㎎/ ㎏, 3 times a week from 4 weeks before surgical intervention to 

sacrificing.29 In the control groups, rats were injected with saline by the same protocol as 

the bispho groups. Surgical interventions were conducted under general anesthesia by 

intramuscular injection of an anesthetic cocktail composed of Rompun (xylazine, 20 ㎎ ⁄ 

㎖, 0.5 ㎖ ⁄ ㎏ body mass; Bayer, Leverkusen, Germany) and Zoletil (tiletamine and 

zolazepam, 100 ㎎ ⁄ ㎖, 0.5 ㎖ ⁄ ㎏ body mass; Virbac Lab. Carros, France).37,38 Then, 

both sides of maxillary first molars were extracted. In the extraction sockets of mesial 

roots (the largest root) of the maxillary right first molars, osteotomy was performed with 

1.3㎜ diameter bur, and then the customized mini implants (Ø1.5 X 2.0 ㎜) made of 

grade IV titanium, were inserted into the osteotomed sites until the top of mini implants 

reached the peripheral bone by pressing (Fig. 2,3). Rats were sacrificed at 3, 7, 14, or 28 

days after surgical intervention. After they were deeply anesthetized as described above, 

they were perfused transcardially with 4% paraformaldehyde.34 
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Fig. 1. Experimental design protocol. 

 

 

Bispho Group 
Alendronate  5㎎/ ㎏ 
subcutaneous injection 3 times/ week  
4 weeks before surgery 

Surgery  

Control Group 
Saline  
 
 

Medication 

Right side : Extraction of first molar and Implantation  
Left  side : Extraction of first molar 

4weeks 

3d 7d 14d 28d 

Sacrifice 

Start 
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Fig. 2. Customized mini implant. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Surgical procedures of extraction of the maxillary first molar and implantation. 
A: Right maxillary first molar of the rat (white arrow). 
B: Luxation with forcep.  
C: Extraction sockets. 
D: Implant was placed in the socket. 
E: Extracted maxillary first molar. Mesial root is the longest one (white arrow). 

 

A B C 

D E 
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3. Radiographic analyses 

 

MicroCT was taken of one specimen per each group using microCT scanner (Skyscan 

1076, Aartselaar, Belgium), and saggital microCT slices were obtained at 50 ㎸ and 30

㎂, 36 ㎛ distance.  

 

4. Histologic analyses 

 

After microCT taking, all the specimens were decalcified with 10% EDTA at 4 degree 

of Celsius for two months. The decalcified samples were first embedded in paraffin wax 

using standard protocol, then a series of 7-㎛ sections were prepared. The specimens 

were stained with hematoxylin-Eosin (H&E) stain, Trichrome stain using Trichrome 

stain (Masson) kit (Sigma, St. Louis. MO, USA), and TRAP (tartrate-resistant acid 

phosphatase) stain using acid phosphatase leukocyte kit (Sigma, St. Louis. MO, USA). 

The samples were observed with a light microscope (Leica DM 2500, Leica 

Microsystems, Germany) after various staining. Healing procedures were observed in the 

H&E and Trichrome stained sections. TRAP is an osteoclast marker. The bone area was 

measured in the extraction socket of the mesial root (Fig. 4). The percent of the 

extraction socket filled with trabecular bone was quantified using Image Pro Plus 4.5 

(Media Cybermetics, Silver Spring, USA). Socket wall could be clearly identified by 

their regular contours where there was no new bone and by reversal lines.39 The new 

bone area was confirmed by Trichrome staining (Fig. 10). TRAP positive cells and empty 
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lacunas were counted in 4 region of interests: 3 boxes in the lateral areas of the mesial 

root (upper, middle, and lower) and one box in the septum area of the extraction socket. 

Hikita et al.4 selected one region of interest in the septum area (333 ㎛ x 333 ㎛), but we 

selected four region of interests and the size of each region of interest was 300 ㎛  x 300㎛. 

In the implant site, bone implant contact was measured at the distal surface of the 

implant (Fig. 5). TRAP positive cells and empty lacunas were counted at the blue box in 

the distal side of the implant space (Fig. 5). Bone area was measured in the same box 

(Fig. 5). According to Futami et al.,34 injured pre-existing bone during implantation is 

usually located within 100 ㎛ from cavity surface, however, Kenzora et al.40 suggested 

the possibility that the injured areas may be located 500 ㎛ beyond the cavity margin. In 

our study, the width of the region of interest in the implant site was 300 ㎛ from the 

surface of the implant.  

 

 

Fig. 4. The selected areas for measurement in the extraction socket. 
A: Extraction socket area of the mesial root of the maxillary first molar.  
B,C,D: 3 lateral areas surrounding the mesial root. E: Septum area 
Each blue square ( 300 ㎛ X 300 ㎛ ) 
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Fig. 5. The defined area in the implant site.  
BIC (bone implant contact) was measured at distal side of the implant surface and the 
bone area was measured in the blue square. The empty lacuna and TRAP positive cell 
count was also measured in the same square.  
 

 

5. Statistical analyses 

 

  Mean values and standard deviations were calculated. The mean differences were 

verified with repeated measures of analysis of variance and independent t test with a 

significant level of 5% (p<0.05). All calculations were performed using a specific 

statistical program (SPSS ver. 18.0, IBM, Somers, NY). 
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III. Results  

 
Among the total 24 implants, one implant was lost in the control group, while all the 

other implants were well fixed and healed. The healing of the extraction sockets 

appeared normal without any particular complication. 

 

1. MicroCT images 

 

A microCT image was taken of one rat in each group to obtain general information 

about the healing process. As shown in Figures 7 and 8, the bone volume increased in the 

extraction socket over time. The implants were well surrounded with bone, but scattering 

by titanium was found at the parts near the implant sites. Three dimensional 

reconstructed images are presented in Figure 6. 

 
 

 

 

 

 

 

Fig. 6. 3D reconstructed images of extraction sockets and implant sites.  
Upper left ; extraction socket image of the bispho group at 28 day after extraction. 
Upper right ; extraction socket image of the Control at 28 day after extraction. 
Lower left ; Implant site of the bispho group at 28 day after implantation. 
Lower right ; Implant site of the control group at 28 day after implantation. 
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Fig. 7. MicroCT images in extraction sockets. 
Buccolingual sections of mesial root area of maxillary first molar. 

 
 
 
 

 

 

 

 

 

 
 
 
 
 
Fig. 8. MicroCT images in implant sites.  

Buccolingual sections of implant site. 
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2. Histologic findings in the extraction sockets.  

 

 

 
Fig. 9. H&E stained images of mesial root of the maxillary first molar at various time 
points after tooth extraction. Scale bar = 200 ㎛ (H&E stained images x50). 
  
 
 

 
 
Fig. 10. H&E and Trichrome stained images of bispho group at 3 days after extraction. 
A: H&E stained image (50X). Scale bar = 200 ㎛. 
B: Trichrome stained image (200X). White arrows indicate the bone matrix. Scale bar = 
100 ㎛. 
  

To examine the healing of the extraction sockets, the changes in the patterns from the 

3rd day to the 28th day following the extraction were compared. The result showed that 
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all the extraction sockets were healed uneventfully. There was no significant difference 

in the new bone formation in the extraction socket between the two groups, which 

indicates that the bone formation proceeded well in the both groups (Fig. 9). According 

to Iizuka et al.,39 the knobby projections over the alveolar bone surface can be detected at 

4 days after extraction in rats. The knobby projection was the bone matrix. Similar to 

Iizuka et al. in our study the bone matrixes found from the inferior extraction socket in 

the both groups (Fig. 10). This means that the anabolic activity occurred normally in the 

bispho group at 3 days after extraction. The osteogenesis was distinctive from the 7th day 

and abundant bone formation was noted at 14 days and 28 days after extraction, 

indicating normal healing in both the bispho and the control groups (Fig. 12-15). The 

new bone area in the extraction socket was measured and compared, but there was no 

significant difference between the groups (Fig. 11A). 

 

 

 

 

 

 

 

 

 



１９ 
 

 
  
 
 

 
 
 

 
 
 
 
Fig. 11.  Histomorphometric results in extraction sockets. 

A. New bone area in extraction sockets (%). 
B. Empty lacuna count in extraction sockets. 
C. TRAP positive cell count in extraction sockets. 
* Red star means significant discrepancy between bispho group and control group 
(p<0.05). 

 

We obtained images of H&E stained images of the extraction sockets at various 

magnification (12.5x, 50x and 100x) at various time points after tooth extraction (Fig.12-

15). TRAP stained images were taken at 100x (Fig.12-15). In the septum adjacent to the 

extraction socket and the nearby region, a lacuna lacking osteocyte (an empty lacuna) 

formed at the early stage of extraction. It then gradually disappeared during the healing 

process. This indicates that damage and necrosis arose in the surrounding bones after 

extraction, and these events disappeared with through normal healing process.18 The 

number of empty lacuna was measured in the 4 region of interests that was mentioned 

previously, and the result showed that empty lacunae were observed significantly more in 

the bispho group at 7 days after extraction (Fig. 11B, 12-15). The number of TRAP-

A
 

B 

C 
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positive cells was measured in the same region, but there was no significant difference 

between the groups (Fig. 11C, 12-15). Figure 16 shows that a multinuclear, well-stained, 

TRAP-positive cell appeared in the bispho group. 

 

 

Fig. 12. Histologic images of extraction sockets at 3 days after extraction. 
A,B,C,D: Bispho group and E,F,G,H: Control group. 
A&E: H&E stained images at lower magnification (X12.5). Blue boxes indicate the 
extraction sockets of mesial roots. Scale bar = 500 ㎛. 
B&F: H&E stained images of mesial root (X50). Scale bar = 200 ㎛. 
C&G: H&E stained images of the red boxes in the B&F.(X100) Scale bar =200 ㎛. 

White arrows indicate the empty lacuna. 
D&H: TRAP stained images of the red boxes in the B&F.(X100) Scale bar = 200 ㎛. 

White arrows indicate the TRAP positive cell. 
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 Fig. 13. Histologic images of extraction sockets at 7 days after extraction. 
A,B,C,D: Bispho group and E,F,G,H: Control group. 
A&E: H&E stained images at lower magnification (X12.5). Blue boxes indicate the 
extraction sockets of mesial roots. Scale bar = 500 ㎛. 
B&F: H&E stained images of mesial roots (X50). Scale bar = 200 ㎛. 
C&G: H&E stained images of the red boxes in the B&F (X100) Scale bar =200 ㎛. 

White arrows indicate empty lacuna. 
D&H: TRAP stained images of the red boxes in the B&F (X100) Scale bar = 200 ㎛. 

White arrows indicate TRAP positive cell. 
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Fig. 14. Histologic images of extraction sockets at 14 days after extraction. 
A,B,C,D: Bispho group and E,F,G,H: Control group. 
A&E: H&E stained images at lower magnification (X12.5). Blue boxes indicate the 
extraction sockets of mesial roots. Scale bar = 500 ㎛. 
B&F: H&E stained images of mesial roots (X50). Scale bar = 200 ㎛. 
C&G: H&E stained images of the red boxes in the B&F (X100). Scale bar =200 ㎛. 

White arrows indicate empty lacuna. 
D&H: TRAP stained images of the red boxes in the B&F (X100). Scale bar = 200 ㎛. 

White arrows indicate TRAP positive cell. 
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Fig. 15. Histologic images of extraction sockets at 28 days after extraction. 
A,B,C,D: Bispho group and E,F,G,H: Control group. 
A&E: H&E stained images at lower magnification (X12.5). Blue boxes indicate the 
extraction sockets of mesial roots. Scale bar = 500 ㎛. 
B&F: H&E stained images of mesial root (X50). Scale bar = 200 ㎛. 
C&G: H&E stained images of the red boxes in the B&F (X100). Scale bar =200 ㎛. 

White arrows indicate empty lacuna. 
D&H: TRAP stained images of the red boxes in the B&F (X100). Scale bar = 200 ㎛. 

White arrows indicate TRAP positive cell. 
 
 



２４ 
 

 

Fig 16. TRAP stained image of bispho group at 28 days after extraction. White arrow 
indicates the TRAP positive cell which have several nuclei.( x400, scale bar = 50 ㎛) 
 
 

3. Histologic findings in implant sites. 

 

 
 

 

 

 

Fig. 17.  Histomorphometric results in implant sites. 
A. Bone implant contact (%). 
B. Bone area (%). 
C. The number of empty lacuna in extraction sockets. 
D. TRAP positive cell count in extraction sockets. 
* Red stars indicate that there was a significant discrepancy between the bispho 
group and control group (p<0.05). 
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To investigate the effect of bisphosphonates on osseointegration of implants, the 

changes in the pattern were observed from the 3rd day after implantation to the 28th day 

after implantation. We obtained images of H&E stained images of the implant sites at 

various magnification (12.5x and 100x), at various time points after implantation (Fig.19-

22), and TRAP stained images at 100x (Fig.19-22). Firstly, the bone implant contact was 

measured over the entire length of the distal surface of the implant. The result showed 

that it was the lowest at 7 day after implantation in both of the groups and it was higher 

in the bispho group than in the control group at 28 days after implantation, but not 

significantly (Fig. 17A). The bone area was measured and compared in the range from 

the distal surface of the implant to 300μm. The result showed that it increased gradually 

from the 3rd day to the 14th day in the bispho group and the difference was significant at 

14 days after implantation between the two groups (Fig. 17B). The result of the 

measurement of the number of empty lacuna showed that empty lacunae were observed 

significantly more in the bispho group at 14 days after implantation and 28 days after 

implantation (Fig. 17C). No significant difference was found in the TRAP-positive cell 

count between the groups (Fig. 17D, 18-22). 

 

Fig. 18. H&E stained images of the implant sites at various time points after implantation. 
Scale bar = 500 ㎛ (H&E stained image x12.5). 
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Fig. 19. Histologic images of implant sites at 3 days after Implantation. 
A,B,C: Bispho group and D,E,F: Control group. 
A&D: H&E stained images at lower magnification (X12.5). Scale bar = 500 ㎛.  
B&E: H&E stained images of the red boxes in the A&D (X100). Scale bar = 200 ㎛. 

White arrows indicate empty lacuna. 
C&F: TRAP stained images of the red boxes in the A&D (X100). Scale bar =200 ㎛. 

White arrows indicate TRAP positive cell. 
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Fig. 20. Histologic images of implant sites at 7 days after Implantation. 
A,B,C: Bispho group and D,E,F: Control group. 
A&D: H&E stained images at lower magnification (X12.5). Scale bar = 500 ㎛.  
B&E: H&E stained images of the red boxes in the A&D (X100). Scale bar = 200 ㎛. 

White arrows indicate empty lacuna. 
C&F: TRAP stained images of the red boxes in the A&D (X100). Scale bar =200 ㎛. 

White arrows indicate TRAP positive cell. 
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Fig. 21. Histologic images of implant sites at 14 days after Implantation. 
A,B,C: Bispho group and D,E,F: Control group. 
A&D: H&E stained images at lower magnification (X12.5). Scale bar = 500 ㎛.  
B&E: H&E stained images of the red boxes in the A&D (X100). Scale bar = 200 ㎛. 

White arrows indicate empty lacuna. 
C&F: TRAP stained images of the red boxes in the A&D (X100). Scale bar =200 ㎛. 

White arrows indicate TRAP positive cell. 
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Fig. 22. Histologic images of implant sites at 28 days after Implantation. 
A,B,C: Bispho group and D,E,F: Control group. 
A&D: H&E stained images at lower magnification (X12.5). Scale bar = 500 ㎛.  
B&E: H&E stained images of the red box areas in the A&D (X100). Scale bar = 200 ㎛. 

White arrows indicate empty lacuna. 
C&F: TRAP stained images of the red box area in the A&D (X100). Scale bar =200 ㎛. 

White arrows indicate TRAP positive cell. 
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IV. Discussion 

 

In this study, an animal experiment was performed with rats to investigate the effect 

of administration of oral bisphosphonates on healing of the extraction sockets and 

osseointegration of implants. Alendronate, one type of the bisphosphonates, was used in 

this experiment. Alendronate is a therapeutic agent for osteoporosis that is widely 

approved and frequently used.6 Alendronate, which is orally administered for the 

treatment of osteoporosis, has lower risk of jaw necrosis induction than that of other 

bisphosphonates; the incidence is less than one out of 100,000 persons.13 

Bisphosphonates containing nitrogen are associated with a better effect, and the degree of 

affinity to hydroxyapatite also varies depending on the materials bound to the structure.5 

Various kinds of bisphosphonates have been used in many animal experiments and the 

administration methods and concentrations of bisphosphonates have been also 

various.4,16-18,41 As their effect can vary according to the type and the method of 

administration and the concentration, the risk of BRONJ (bisphosphonate related 

osteonecrosis of the jaw) induction, which is a side effect, also varies.5 Many animal 

experiments have been conducted to study the effect of bisphosphonates on extraction 

which was the highest precipitating factor to BRONJ.4,16-18,41 The previous animal 

experiments reported that the early healing of extraction socket is delayed by 

bisphosphonates and BRONJ may be induced during the delay if another factor is 

added.4,16 In recent animal experiments, it was reported that the combined administration 

of zoledronate, which is used for the cancer patients by intravenous injection, and an 

immunosuppressive drug induced a BRONJ-like disease.17,18 Zoledronate has a stronger 
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effect than that of alendronate used in this study. In this study, we designed an animal 

experimental model to investigate the risk of alendronate which is used for the treatment 

of osteoporosis and prescribed more frequently than zoledronate.6 The animal 

experimental model was designed to investigate the risk of alendronate especially in 

relation to implantation. Alendronate, which is administered orally, is given to a person 

as a 70 ㎎ tablet once a week. The previous animal experiments using alendronate  

used various concentration and administration method. Viera Negron et al.29 used 

subcutaneous injection at the concentration of 5 ㎎/㎏, Hikita et al.4 used local 

administration at the concentration of 1mg/kg, and Aguirre et al.41 used subcutaneous 

injection at two concentrations which were 15 ㎍/㎏ and 150 ㎍/㎏. In our study, we 

applied the method of Viera Negron et al.29 who used subcutaneous injection with the 

highest concentration among all the previous studies. The concentration in the method of 

Viera Negron et al. is higher than the concentration that is applied to an actual person. A 

potential research topic may be the determination of the appropriate concentration for 

experimental models to investigate the BRONJ induction mechanism by alendronate and 

the risk.  

 There have been many case reports suggesting induction of BRONJ in relation to 

implantation.23,24 Recently, BRONJ induction was also reported in the patients who took 

oral administration of bisphosphonates, whose BRONJ inducing risk is relatively low.27,42 

However, according to the study by Grant et al.28 who studied the implantation success 

ratio in the patients who took oral administration of bisphosphonates, it was reported that 

the bisphosphonates for oral administration did not cause any harm to implantation. 
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Madrid et al.26 also reported that it did not cause any harm to implantation. These results 

indicate that the effect of bisphosphonates on implantation remain unclear. Although 

there are many recent case reports about the late failure of implantation in relation to 

bisphosphonates, the mechanism and risk have not been thoroughly investigated.27 As the 

aforementioned previous animal experiments were performed on a region that was not 

the jaws and the early stage of the healing process was not systematically studied,29-32  

we conducted this study with our animal experimental model. In this experiment, the first 

molar teeth at both sides of rat maxilla were extracted, implantation was carried out on 

the right side, and the healing was compared. This experiment can be considered as a 

model combining the conventional studies regarding extraction of teeth4 and the 

implantation healing.34 

To investigate the healing pattern at each time point, the degree of new bone formation 

in the extraction socket and the bone area around the implant were measured in this study. 

There was no significant difference in the degree of new bone formation in the extraction 

socket between the experimental and control groups. The bone area measured around the 

implants increased from the 3rd day to the 14th day and significant difference was 

observed at 14 days after implantation and this result was similar to the findings of 

Miettinen et al..43 Miettinen et al.43 placed implants in the rat femur and studied the effect 

of administration of zoledronic acid on the healing of the bone around the implant. They 

reported that the peri-implant bone stock increased as the bone remodeling was 

suppressed by bisphosphonates on the 4th week. This implies that survival rate of 

implants will increased. In other words, they reported that the injury-induced 

intramembranous bone regeneration is suppressed by bisphosphonates. In our study, the 
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amount of osteogenesis inside the extraction socket was similar in the two groups and the 

osteogeneses in the bone area around the implants were not different. It is assumed that 

there was a significant difference in the amount of bone around the implant on the 14th 

day, as the osteoclast function was reduced in the bispho group. In addition, the bone 

implant contact increased gradually over time but there was no significant difference 

between groups, while the value was higher to a certain extent in the bispho group on the 

28th day. This may indicate that bisphosphonates does not have a negative effect on bone 

formation. This result differs from the result of Hikita et al.4 and Kobayashi et al.16 who 

reported that the healing of the extraction socket was delayed by bisphosphonates. This 

difference may be related to the difference in the types of bisphosphonates and 

administration methods used. Kobayashi et al.16 used zoledronate, and Hikita et al.4 

applied alendronate locally. In our study, we used the medicine for oral administration 

whose BRONJ risk is lower than that of the medicines for intravenous injection and 

applied it through subcutaneous injection. Thus, it is assumed that the difference in the 

types of bisphosphonates and administration methods might have affected the results. 

According to the result of our study, it is presumed that bisphosphonate may have no 

effect on the osteoblast function. Among the previous studies regarding the effect on the 

osteoblast function, it is reported that bisphosphonate prevented the apoptosis of 

osteoblast44 and enhanced the osteoblast function.45 However, the specific mechanisms 

remain unclear. A direct effect of alendronates on bone formation in vivo is quite 

possible in view of the fact that alendronates have been shown to increase the 

proliferation and functional activity, including matrix protein synthesis and 

mineralization of cartilage and bone cells in vitro. 46-48 
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 In our study, bisphosphonate did not cause any difference in osteogenesis, but the 

bone resorption was reduced and the bone remodeling was poor, leading to remnant of 

dead bones caused by extraction or by injury during implantation. In these dead bones, 

the osteocyte appeared to be abiotic. For instance, the lacuna was lacking osteocyte or 

had degenerated osteocyte. According to the previous studies, such an empty lacuna by 

trauma appears in extraction socket or around implant. It is reduced as healing 

progresses.34,49,50 Burr et al.51 reported that it is not clear whether osteocyte death occurs 

because of direct toxic effects of bisphosphonates on osteocytes or because of suppressed 

remodeling fails to renew areas that naturally undergo cell death, but there is no direct 

evidence of the in vivo effects of bisphosphonates on osteocytes.14,51 In recent studies 

related to bisphosphonate, the change in the number of such empty lacunae was 

measured to evaluate bone remodeling.18,52 In our study, such an empty lacuna was found 

both in the experimental group and the control group and there was a significant 

difference between the two groups in some time points. At 7 days after extraction, the 

number of empty lacunae was observed significantly more in the experimental group than 

in the control group. In the case of implants, the number of empty lacunae was observed 

significantly more at 14 days and 28 days after implantation in the experimental group 

than in the control group. This may be understood as the result of the suppressed bone 

modeling and angiogenesis. It is similar to the results of other studies that showed that 

the dead bone formation was increased by the bisphosphonate administration.17,18 In a 

previous study, when zoledronate, which is for intravenous injection, and an immune 

suppressive drug were mixed and a BRONJ-like disease was induced as a result, which 

suggests that the soft tissue healing was reduced and necrotic bone was formed.17,18 
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However, BRONJ-like disease was not found in our study, which may have resulted due 

to the difference in the type of bisphosphonates. In a previous study, it was reported that 

the remodeling was reduced by bisphosphonate administration and microcrack was 

increased in bones by the accumulation of older bones.53 Since microcrack is formed in 

the regions where lacuna – canalicular network is attenuated, there is the risk of 

increased microcrack if the empty lacuna remains for a long period of time.53 

The number of empty lacunae in the extraction socket was observed significantly 

more in the bispho group at 7 days after extraction, which is in the early stage, while it 

was observed significantly more in bispho group at 14 days and 28 days after 

implantation. Thus, it is assumed that the effect of suppressed resorption is shown in the 

early stage in the extraction socket but the effect is found more later in the implants. This 

can be considered as one possible explanation of the late failure of implant related to 

bisphosphonates that was recently reported. The result may be because of the difference 

in the healing patterns between the two22, such the difference in the defect needed for 

bone formation, the existence of implant, etc. 

In our study, TRAP staining was performed to measure the number of osteoclast in 

order to investigate the bone resorption activity. It is known that bisphosphonate blocks 

bone resorption through the inhibition of geranyl pyrophosphate synthase or farnesyl 

pyrophosphate synthase in osteoclasts and subsequent interference with the osteoclast-

membrane specializations that are required for bone resorption.5,54,55 Hughes et al.56 

reported that bisphosphonates promoted apoptosis in Murine osteoclasts, and a previous 

study4 reported that bisphosphonate diminished the number of TRAP-positive cells. 

However, Weinstein et al.57 recently reported that the number of normally shaped 
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osteoclast was increased by the long-term administration of bisphosphonate. Bi et al.18 

also reported an increased number of TRAP-positive cells in mice by bisphosphonate 

administration. There studies reported that the function was reduced although the number 

was increased. It was also considered that bisphosphonate may have increased the 

lifespan of the osteoclasts.58 In our study, there was no significant difference in the 

number of TRAP-positive cells between the experimental group and control group, but 

the function of bone resorption may have differed. The mechanism of BRONJ-induction 

by bisphosphonate is not yet clear. It is assumed that bisphosphonate affects either the 

osteoclast or the osteoblast, or the interaction between them, thus altering the bone 

homeostasis. It was found from this study that the osteoclast function may be suppressed 

but the number of osteoclasts may not be reduced. A further study may be necessary 

regarding this mechanism. Additionally, it may be necessary to evaluate the risk of late 

failure of implants by studying the long-term effect on implants. 

In conclusion, although this study is limited by the small number of samples in each 

group, it was found from a comparison of the healing patterns in various time points that 

alendronate administration did not delay the early healing of the extraction sockets and 

the osseointegration of the implants. However, the effects of bisphosphonate on the 

extraction socket and implants were different in the time points when the effect caused 

by the suppression of the resorption appeared. 
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V. Conclusion 

 

The purpose of this study was to evaluate the effect of alendronate on healing of 

extraction sockets and osseointegration of implant. In this animal study, histologic 

analyses were conducted at several time points during healing process in the maxilla of 

rats. Within the limitation of this animal study, following statement can be concluded.  

 

1. Alendronate did not delay healing of the extraction sockets. 

New bone area in the extraction socket did not differ between the bispho group 

and control group, however, there was significantly more empty lacuna in the 

bispho group at 7 days after extraction. 

2. Alendronate did not delay the osseointegration of implant. 

Bone implant contact did not differ between the bispho group and control group at 

all time points, but bone area around the implant significantly larger in bispho 

group at 14 days after implantation, but there was significantly more empty lacuna 

in the bispho group at 14 days and 28 days after implantation. 

3. The effects of alendronate on the extraction sockets and osseointegration of 

implants differed in the aspect of the time of showing significantly more empty 

lacuna, compared to control group. The significant differences of the amount of 

empty lacuna were occurred more later time of healing in implants compared to 

the healing of extraction sockets. Therefore, the long term follow up was needed to 

evaluate the effect of alendronate on the osseointegration of implant for further 

studies. 
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국문요약 
 

 

알렌드로네이트가 실험용 쥐 상악에서 발치와의 

치유와 임플란트의 골유착에 미치는 영향에 대한 

조직학적 분석 

 

(지도: 정 문 규 교수) 

연세대학교 대학원 치의학과 

김 지 환 

 

목적: 비스포스포네이트는 골흡수 억제제로서 골다공증의 치료 및 기타 

골질환의 치료제로 널리 알려지고 사용되어온 약제이다. 2003 년 이 약제에 

대한 부작용으로 악골괴사가 보고되기 시작 하였고 이후 이와 관련된 

보고들이 계속 되고 있으나 그 기전과 위험도에 대해서는 아직 완전히 

밝혀져 있지 않은 상태이다. 발치와의 치유에 대한 연구는 많이 진행되어 

있는 상황이나 임플란트에 대한 연구는 체계적으로 진행된 것이 없다.  

본연구의 목적은 경구용 비스포스포네이트 제재인 알렌드로네이트가 

발치와의 치유와 임플란트 식립 후 치유과정에 미치는 영향을 알아보는 

것이다.  
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방법: 24 마리의 4 주령 실험용 쥐를 8 개의 군으로 나누어서 3 일, 7 일, 

14 일, 28 일 의 치유시기에 대해 실험군과 대조군으로 배정하였다. 

실험군에서는 외과적 수술이 가해지기 4 주 전부터 알렌드로네이트를 

5.0mg/kg 의 용량으로 피하로 주사하였고 대조군은 같은 양의 생리식염수를 

같은 방법으로 주사하였다. 전신마취 하에 상악 좌우측 제 1 대구치를 

발치하고 우측 발치와의 근심치근에는 주문 제작된 직경 1.5 ㎜, 길이 2.0 ㎜ 

의 타이타늄 임플란트를 식립하였다. 이후 치유시기에 맞춰서 희생시켜 

치유양상을 분석하였다. 군당 1 개체씩 MicroCT 를 촬영하여 치유과정에 관한 

대략적인 정보를 얻었고, 조직학적 분석을 위해 H&E stain, Trichrome stain, 

TRAP stain 을 시행하였다. 발치와에서는 발치와 내부의 신생골의 생성정도와 

발치와 주변 4 부위에서 골세포가 상실된 골소강의 수와 파골세포의 

표지인자인 TRAP stain 을 통해 TRAP 양성 세포수를 측정하였다. 임플란트 

부위에서는 임플란트의 원심면 전체에 대해 골과 임플란트의 접촉률과 

원심면에서부터 일정 영역 안에서 골의 양과  골세포가 상실된 골소강의 

수와 TRAP 양성 세포수를 측정하였다.  

 

결과: 발치와의 치유에서 신생골의 형성과 TRAP 양성 세포수에서는 유의한 

차이가 없었다. 다만, 골세포가 상실된 골소강의 수는 발치후 7 일 시점에서 

유의하게 실험군에서 많았다. 임플란트 부위에서는 골과 임플란트 접촉률과 

주변골에서의 TRAP 양성 세포수는 유의한 차이가 없었다. 임플란트 
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주변에서의 골의 양은 임플란트 식립 후 14 일 시점에서 실험군에서 유의하게 

많았다. 골세포가 상실된 골소강의 수는 임플란트 식립 후 14 일 28 일 후 

시점에서 실험군에서 유의하게 많았다.  

 

결론: 비스포스포네이트가 발치와의 치유와 임플란트 주위의 치유에서 초기 

치유의 지연을 유발시키지 않았다. 일부 시기의 실험군에서 골세포가 상실된 

골소강이 흡수되지 않고 더 많이 보이지만 신생골의 형성에서는 실험군과 

대조군과의 유의한 차이가 없었다. 임플란트 부위에서 골세포가 상실된 

골소강이 유의하게 많이 존재하는 시기가 발치와 부위에 비해 더 늦은 

시기에 나타났기에 임플란트의 골유착에 대한 비스포스포네이트의 영향을 

알기 위해서는 더 장기간의 연구가 필요하다.  
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