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ABSTRACT 

 

Influence of the resorbability of the osteoconductive bone 

substitutes on the healing of extraction sockets in beagle dogs 
 

Ji-Youn Hong, D.D.S., M.S.D. 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Professor Chong-Kwan Kim, D.D.S., M.S.D., PhD.) 

 

 

The aim of the study was to evaluate the influence of resorption in graft materials 

on the healing of extraction sockets in beagle dogs. 

Third premolars in all four quadrants of 8 beagle dogs were extracted. 8 extraction 

sites per an animal resulting from the biradicular teeth were randomly treated with 

either one of hydroxyapatite (HA), biphasic calcium phosphate (BCP), β-tricalcium 

phosphate (β-TCP) or control (no graft) group. Animals were sacrificed at 2, 4 and 8 

weeks. Histologic sections in mesio-distal plane were evaluated and the proportions 

(%) of new bone, remaining graft materials and soft tissue comprised of provisional 

matrix or bone marrow were histomorphometrically analyzed.   

New bone formation was significantly higher in control group (74.48%) followed 

by β-TCP (51.12%), BCP (41.42%) and HA (31.12%) at healing periods. Resorption 
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of the graft materials was significantly higher in β-TCP followed by BCP and HA 

group. β-TCP showed active resorption of the particle and replacement with newly 

formed bone. HA rarely resorbed and stably incorporated with new bone in spite of 

multinucleated cells on the surface. BCP appeared to have superficial resorption of 

the graft material with new bone replacement at β-TCP content, when HA content 

showed rare resorption with stable incorporation into new bone.  

Within the limit of this study, it was concluded that the proportion of newly 

formed bone was largest in the control group with higher proportion in bone marrow 

at 8 weeks. Resorption of the material and replacement with new bone was 

significantly higher in β-TCP than other grafted groups at healing intervals. HA stably 

incorporated into new bone with rare resorption. BCP simultaneously showed stable 

incorporation of the particle to maintain space and resorption with bone substitution.  

 

 

 

 

 

 

 

 

Key words: Bone regeneration, Bone substitutes, Tooth socket  
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I. INTRODUCTION 

 

Finding ideal bone substitutes for autogenous bone has been an important issue in 

dentistry. Natural or synthetic bone substitutes categorized as allografts, xenografts or 

alloplasts have been developed to encourage new bone formation in the defect and the 

major biologic process of bone healing was considered to be osteoconduction.  

Among the materials, alloplastic calcium phohphates are representative 

osteoconductive bone substitutes which resemble the inorganic phase of biologic 

bone tissue (Bohner 2000). They provide scaffolds for the capillaries and precursor 

osteoblasts to grow into the grafted defect. Ideal bone substitutes should maintain the 

space as long as the gradual replacement with new bone in accordance with complete 

resorption in material took place. In practice, however, every material shows different 
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resorption rate with various aspects in bone substitution. It would be important to 

understand the healing process of osteoconductive materials for effective use in 

clinical applications.   

Grafting of the bone substitutes into several kinds of defects and fresh extraction 

sockets in animal studies have been introduced to evaluate the healing patterns related 

to the materials (Artzi et al. 1998, 2004; Berglundh et al. 1997; Hall et al. 1999; 

Cardaropoli et al. 2005; Indovina et al. 2002; Santos et al. 2008; Araújo et al. 2008, 

2009). Among the models used, extraction socket in dog provides a similar shape of 

self-contained defect to human and demonstrates the natural biologic behaviors in 

oral cavity. It is also useful in determining the differences in histologic features of 

apical to coronal portion between grafted and non-grafted defects (Cardaropoli et al. 

2003; Santos et al. 2008). There have been studies to explain the natural healing 

events of extraction sockets in animal and human biopsies for many years (Amler 

1969; Cardaropoli et al. 2003, 2005; Araújo & Lindhe 2005). It was reported that the 

blood clots and granulation tissue formed within few days have been gradually 

replace by the provisional connective tissue and the woven bone filled the entire 

socket in a month. Remodeling process for bone maturation started at 2 months after 

the extraction and prolonged for several months to change the full socket in dog 

model (Cardaropoli et al. 2003).  

  Bone substitutes grafted in extraction sockets are expected for their roles in 

stabilizing coagulum with material, facilitating bone formation and maintaining the 

volume of the defect. Hydroxyapatite (HA) and tricalcium phosphate (TCP) are 
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widely used alloplastic products with osteoconductivity, biocompatibility and no 

inflammatory response (Cancian et al. 1999). However, the resorptions of the 

materials show different rates due to their physical and chemical properties (Bouler et 

al. 1996; Jensen et al. 1996; Ong et al. 1998; Doi et al. 1999). HA was reported to be 

a slow or non-resorbing material that tended to incorporate or bond to the bone as 

inert foreign body and resist the ridge collapse when applied to the socket (Cancian et 

al. 1999; Artzi et al. 2004; Jensen et al. 2006). Whether the graft material undergoes 

true resorption or not is still in controversy (Hurzeler et al. 1997; Piatelli et al. 1999; 

Araújo et al. 2008). TCP is a highly resorbable synthetic porous calcium phosphate 

which shows favorable substitution rate in standardized bone defect (Artzi et al. 2004; 

Suba et al. 2004), but has limited osteoconductivity in space demanding defect 

(Jensen et al. 2006). Biphasic calcium phosphate (BCP) is another kind of bioactive 

alloplast that consists of HA and TCP mixed in a certain ratio and manufacturing 

method (Nery et al. 1992; LeGeros et al. 2003). It was developed to compensate for 

the limitations of each component when applied alone and some reports have 

demonstrated the effective bone substitution with adequate space maintenance in 

human and animals studies (Dalcusi et al. 1989, 1990; Jensen et al. 2007).  

 Although HA, TCP and BCP are widely studied, further investigations and 

comparisons in the biologic behaviors when grafted in the extraction sockets are still 

needed. The aim of the study was to evaluate the influence of the osteoconductive 

material resorbability on the natural healing process in fresh extraction sockets of 

beagle dogs at the healing periods of 2, 4 and 8 weeks.  
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II. MATERIALS AND METHODS 
 

 

1. Animals 

 

Eight male Beagle dogs weighing about 15 kg and mean age of 18 months were 

used. All the animals had intact dentition and healthy periodontium. Animal selection, 

management, preparation and surgical procedures followed the routine protocol 

approved by the Institutional Animal Care and Use Committee, Yonsei Medical 

Center, Seoul, Korea.   

 

2. Materials 

 

Nonresorbable dense HA (Calcitite® 2040, Calcitek Inc. Zimmer Dental, Carlsbad 

CA, USA) with mean particle of 20~40 mesh size, absorbable pure phase β-TCP 

(Cerasorb®, Curasan, Kleinostheim, Germany) with mean particle size of 500~1000 

μm and silicon contained coralline HA with β-TCP mixed by ratio of 60:40 (BCP) 

(BoneMedik-DM®, Meta Biomed Co. Ltd., Oksan, Korea) with mean particle size of 

500~1000 μm were used for the bone graft materials in the extraction sockets.  
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3. Experimental design 

 

  The right and left third mandibular and maxillary premolars were extracted. As the 

third premolars are biradicular teeth, resulting 8 extraction sites per an animal were 

randomly divided into four different treatment groups of HA graft, BCP graft, β-TCP 

graft and control (no graft). Animals were also grouped according to the healing 

periods of 2, 4 and 8 weeks.  

 

4. Surgical procedure 

 

The animals were induced to general anesthesia by intravenous administration of 

0.04 mg/kg atropine (Kwangmyung Pharm., Seoul, Korea) and intramuscular 

injection of xylazine (Rompun™, Bayer Korea Co., Seoul, Korea) combined with 

ketamin (Ketara™, Yuhan Co., Seoul, Korea) followed by inhalation anesthesia 

(Gerolan™, Choongwae Pharm., Seoul, Korea). Dental infiltration anesthesia by 2% 

lidocaine HCl with epinephrine 1:100,000 (Kwangmyung Pharm., Seoul, Korea) was 

used at the surgical sites.  

  Crevicular incisions and mucoperiosteal flap reflections were made at the third 

premolar regions in all four quadrants of the dogs. The third premolar was sectioned 

to mesial and distal root for careful tooth extraction. 8 extraction sites in each dog 

were randomly treated with one of the three bone substitutes, HA, BCP and β-TCP or 
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no graft material (control). In case of the bone grafting, the socket was packed and 

overfilled with each material to fully cover the marginal portion of the crest. All of the 

extraction sites were primarily closed with resorbable suture material (Vicryl® 5.0, 

Ethicon Inc., Somerville, USA). Postsurgical care included intramuscular 

administration of Cefazoline Sodium (Yuhan Co., Seoul, Korea) for 3 days and daily 

topical dressing with 0.2% chlorhexidine solution (Hexamedin®, Bukwang Pharm., 

Seoul, Korea). The sutures were removed after 10 days. 

 

5. Histological preparation 

 

The animals were sacrificed at 2, 4, and 8 weeks after the surgery using 90 to 120 

mg/kg intravenous injection of pentobarbital (Yuhan Co., Seoul, Korea). Block 

sections of surgical sites including the socket of mesial and distal root, adjacent 

alveolar bone and mucosa were prepared. The blocks were fixed in 10% neutral 

buffered formalin for 10 days, decalcified with 5% formic acid for 14 days, 

dehydrated in ethanol series and embedded in paraffin. Serial sections of 5 μm 

thickness at 80 μm intervals were cut in mesio-distal plane from the central portion of 

the sockets. Four sections from the central part were selected for the histological and 

histomorphometric analysis and stained in hematoxylin-eosin.  
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6. Histologic and histomorphometric analysis 

 

  The histologic evaluations were performed using light microscope (Olympus 

BH2™ multi-view microscope, Olympus Optical Co., Tokyo, Japan) mounted with 

image system. Using PC-based image analysis system (Image-Pro Plus®, Media 

Cybernetic, Silver Spring, USA), histomorphometric measurements were performed 

(magnification 20) at the foⅹ ur most central sections of each socket. Coronal border 

was determined by projecting a line between two adjacent alveolar crests at mesial 

and distal wall of the socket. Proportions (%) of the following parameters in each 

socket were measured.  

 Newly formed bone: woven bone (finger-like projections of immature bone 

embedded in a primary spongiosa), lamellar bone 

 Residual graft material: graft materials remained in the socket  

 Provisional matrix and bone marrow: soft tissue space occupied by 

provisional matrix (densely packed connective tissue fibers, mesenchymal 

cells and vessels but no or only scattered inflammatory cells) or marrow 

space (primitive or mature bone marrow) 

 

7. Statistical analysis 

 

 Mean values and standard deviations in four central sections of each conical 
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extraction socket of mesial and distal root at the healing period of 2, 4, and 8 weeks 

were calculated. One-way ANOVA with post hoc test (p<0.05) was used to compare 

the differences between four groups at the same healing period. Using repeated 

measures ANOVA with post hoc test (p<0.05), the differences with healing periods in 

each treatment group and between groups were analyzed. 
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III. RESULTS 

 

1. Clinical evaluation 

 

 Healing was uneventful at all sites with no clinical signs of infection. 

 

2. Histologic evaluation 

 

2 weeks 

  Extraction sockets grafted with HA, BCP and β-TCP showed limited woven bone 

formation at the apical and lateral walls. Most of the parts in the sockets were filled 

with graft materials embedded in the connective tissues (Fig. 1A, 1B, 1C). Woven 

bone appeared as trabeculae of finger-like projection from the wall and some graft 

particles nearby were directly connected with the bone. Connective tissue had the 

feature of provisional matrix composed of densely packed fibers, blood vessels and 

mensenchymal cells (Fig. 2A, 3A, 4A).    

  In HA, limited numbers of multinucleated cells were found at the surface of the 

particle with smooth border and no obvious signs of resorption (Fig. 2B). Newly 

formed woven bone lined with densely packed osteoblasts was sometimes in direct 

contact with the particles near the wall (Fig. 2C). Particles of BCP showed two 

different features in resorption according to their contents, HA and TCP. HA content 
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was in contact with limited numbers of multinucleated cells on the relatively smooth 

surface without signs of resorption (Fig. 3B). In contrast, TCP content showed 

superficial resorption on its surface with large amount of multinucleated cells lined on 

this area (Fig. 3D). Shallow invaginations of multinucleated cells on the surface were 

found in few sites, but they were hard to be considered as resorption lacunae. Direct 

contacts with the woven bone were also shown for both contents (Fig. 3C, 3E). 

Particle of β-TCP underwent active resorption both inside and outside the material, 

which made multiple tracks of provisional matrix penetrating the material. Infiltration 

of matrix sometimes included mesenchymal cells and multinucleated cells. Large 

amounts of multinucleated cells were slightly invaginated on the surface, yet no 

obvious signs of resorption lacunae (Fig. 4B). Particles far from the wall were usually 

surrounded by connective tissue and underwent ongoing degradation to leave small 

fragments in the matrix (Fig. 4C). Particles near the wall were in direct contact with 

the newly formed woven bone lined with osteoblasts similar to other groups (Fig. 4D).   

In control, the socket was occupied with trabeculae of woven bone in the provisional 

matrix at the apical and lateral wall which extended to some middle portion (Fig. 1D). 

Woven bone projected from the wall encircled the blood vessel to initiate the 

formation of primary osteon (Fig. 5A, 5B). Large numbers of osteoblasts were 

densely lined on the surface of the woven bone and osteoclasts in resorption lacunae 

were seen occasionally (Fig. 5C).  
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4 weeks 

Woven bone projection was extended along the apical, lateral wall and into the 

central portion of the grafted socket with bridging the graft materials. Connective 

tissue space between the particles was also engaged in this new bone area. Coronal 

site was still composed of particles enclosed by the connective tissue (Fig. 6A, 6B, 

6C).  

Newly formed woven bone stably surrounded and bridged the particles of HA 

which showed no further signs of resorption (Fig. 7A). New bone started to show 

concentric arrangement around vascular structure to form parallel-fibered bone and 

primary osteon (Fig. 7B). At the same time, woven bone formation extending into the 

matrix space between the particles was also found (Fig. 7C). In BCP, stable 

incorporation of the particles in the newly formed bone with no further degradation 

was found as well (Fig. 8A). At the same time, particles of TCP content in the 

connective tissue still underwent superficial resorption (Fig. 8B) and woven bone 

extended into the provisional matrix space. In β-TCP, particles were also surrounded 

by the newly formed woven bone (Fig. 9A). However, they were not stably 

incorporated with the new bone but resorbed to leave small remnants. Particles and 

small fragments dispersed in the connective tissue space showed active ongoing 

resorption (Fig. 9B). Islands of woven bone around blood vessel were occasionally 

found in the provisional matrix followed by the resorption of the particles that used to 

occupy the space.  

In control, the entire socket was filled with woven bone which extended to the 
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coronal site. Primitive bone marrow characterized by loose connective tissue, 

inflammatory cells and large vessels was limitedly found at the apical and lateral wall 

(Fig. 6D, 10A). Woven bone maturated to primary osteon with parallel-fibered bone 

(Fig. 10B) and remodeling process with osteoclasts resided in the resorption lacuna at 

the bone surface facing the primitive bone marrow were observed (Fig. 10C).  

 

8 weeks 

Newly formed bone extended to coronal portion in the grafted group, but the 

particles surrounded by the connective tissue prevented hard tissue closure of the 

entrance. Connective tissue space was engaged between the particles or new bone 

(Fig. 11A, 11B, 11C).   

HA showed newly formed bone with particles stably incorporated inside. 

Connective tissue engaged between the particles had mixed features of provisional 

matrix and primitive bone marrow (Fig. 12A). Bone maturation with osteon structures 

was found (Fig. 12B). BCP particles showed both features of superficial resorption at 

the areas faced with provisional matrix space (Fig. 13A, 13B) and stable 

incorporation with mature bone (Fig. 13A, 13C). Some parts of the connective tissue 

space started to have features of primitive bone marrow. Newly formed bone in β-

TCP had no graft incorporation and the remnants inside the bone disappeared (Fig. 

14A). Osteon structures were found in new bone area and woven bone with dense 

linings of osteoblasts headed toward the provisional matrix at the same time (Fig. 

14B). Remaining particles were mostly resided in the matrix and underwent active 
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resorption (Fig. 14C).  

In control, the socket was filled with mature lamellar bone and bone marrow (Fig. 

15A). Entrance of the socket was sealed with hard tissue bridge composed of woven 

bone (Fig. 15B).  

 

3. Histomorphometric evaluation 

 

Mean proportions (%) and standard deviations of new bone, residual graft material, 

provisional matrix and bone marrow occupying the grafted or non-grafted extraction 

sockets were listed (Table 1~3, Fig. 16).  

  One-way ANOVA and post hoc test were used to test the differences in parameters 

measured between 4 groups at each healing period. Residual graft material showed 

significant differences between all of the groups (p<0.05) with highest % remained in 

HA followed by BCP and β-TCP group at all healing intervals. New bone appeared to 

be significantly higher in % for control than grafted groups at 2, 4 and 8 weeks. In the 

grafted socket, HA, BCP and β-TCP group showed insignificant differences in the % 

of new bone at 2 and 4 weeks. However, all of the groups showed significant 

differences with highest % in the control followed by β-TCP, BCP and HA group at 8 

weeks of healing. Provisional matrix and bone marrow occupying the defect of 

control group at 2 weeks was significantly larger than other groups, when β-TCP and 

BCP group had similar % and the difference between HA and β-TCP group had 
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border line significance (p=0.047). At later healing intervals, there were statistically 

significant differences between groups except for the difference of β-TCP at 4 weeks 

and BCP at 8 weeks compared to the control group. 

  Repeated measures ANOVA and post hoc test were used to test the differences with 

the time intervals. Tests within groups effects with the healing periods showed 

significant differences in all of the groups (p<0.05), except for the remaining graft 

material in HA which showed no significant changes with time (p=0.54). In the inter-

group differences with time, % residual graft material showed the significance 

(p<0.05). In new bone formation, the groups showed significant differences with time 

intervals, but it was insignificant between HA and BCP (p=0.053) or β-TCP and BCP 

(p=0.394). Differences between groups in % provisional matrix and bone marrow 

with healing periods also showed significance (p<0.05), except for β-TCP and BCP 

group (p=0.696).  
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Table 1. Proportions (%) of newly formed bone occupying the sockets at 2, 4  

and 8 weeks.  

Treatment 

2 weeks (n=4) 4 weeks (n=4) 8 weeks (n=5) 

Mean (SD) Mean (SD) Mean (SD) 

HA 5.54 (1.20)* 21.0 (3.61)† 31.12 (2.20)‡ 

BCP 10.38 (0.30)* 22.02 (3.30)† 41.42 (7.20)‡ 

β-TCP 11.89 (2.60)* 20.19 (2.50)† 51.12 (4.50)‡ 

Control 26.01 (2.59) 54.61 (4.27) 74.48 (4.32)‡ 

 
n : numbers of specimen selected for measurements  
* statistically significant from control group at 2 weeks (p<0.05)  
† statistically significant from control group at 4 weeks (p<0.05) 
‡ statistically significant from other treatment groups at 8 weeks (p<0.05) 

 

 

Table 2. Proportions (%) of residual graft material occupying the sockets at 2, 4 

and 8 week 

Treatment 

2 weeks (n=4) 4 weeks (n=4) 8 weeks (n=5) 

Mean (SD) Mean (SD) Mean (SD) 

HA 64.52 (3.61)* 62.10 (4.79)† 60.69 (1.92)‡ 

BCP 45.17 (2.16)* 42.12 (2.98)† 30.49 (2.14)‡ 

β-TCP 33.70 (5.75)* 28.28 (4.81)† 10.81 (2.41)‡ 

Control 0* 0† 0‡ 

 
n : numbers of specimen selected for measurements  
* statistically significant from other treatment groups at 2 weeks (p<0.05)  
† statistically significant from other treatment groups at 4 weeks (p<0.05)  
‡ statistically significant from other treatment groups at 8 weeks (p<0.05)  
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Table 3. Proportions (%) of provisional matrix and bone marrow occupying the 

sockets at 2, 4 and 8 weeks 

 

Treatment 

2 weeks (n=4) 4 weeks (n=4) 8 weeks (n=5) 

Mean (SD) Mean (SD) Mean (SD) 

HA 29.94 (5.90)* 16.90 (2.33)Ⅱ 8.19 (4.17)¶ 

BCP 44.45 (2.00)*† 35.86 (1.81)‡ 28.09 (5.57)§¶ 

β-TCP 54.41 (8.33)*† 51.53 (3.68)‡Ⅱ 38.07 (3.28)§ 

Control 73.99 (2.59) 45.39 (3.08)‡Ⅱ 25.52 (4.32)§¶ 

 

n : numbers of specimen selected for measurements  
* statistically significant from control group at 2 weeks (p<0.05) 
† statistically significant from HA group at 2 weeks (p<0.05) 
‡ statistically significant from HA group at 4 weeks (p<0.05) 
Ⅱstatistically significant from BCP group at 4 weeks (p<0.05) 
§ statistically significant from HA group at 8 weeks (p<0.05) 
¶ statistically significant from β-TCP group at 8 weeks (p<0.05) 
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IV. DISCUSSION 

 

The aim of the present study was to compare healing of extraction sockets grafted 

with HA, BCP and β-TCP which are osteoconductive bone substitutes having 

different levels of material resorption and evaluate the influence of the resorbability 

on the healing patterns in time periods of 2, 4 and 8 weeks.  

Study model of dental extraction socket is a defect of five bony walls to protect 

blood clots and grafts from mobility. Osteoblasts, the sources of bone healing, are 

provided from the PDL cells which are migrated into the provisional matrix and 

undergo differentiation or from the bone marrow at the socket wall (Cardaropoli et al. 

2003). In order not to disrupt these biologic sources and to mimic the natural process 

in bone healing, extraction socket was chosen instead of surgically created defect 

which had less mature lamellar bone and marrow within 3 months of healing 

(Cardaropoli et al. 2005). In addition, use of histologic section prepared in mesio-

distal plane allowed the evaluation of histologic features in whole defect as the 

dimension of mesial and distal crest changed little compared to the buccal plate 

during healing (Araújo & Lindhe 2005). 

Study periods from 2 to 8 weeks allowed showing immature woven bone 

formation and initiation of remodeling in extraction socket of the dog (Cardaropoli et 

al. 2003). It was hard to evaluate the PDL involvement in healing since the major 

activity of PDL was pronounced in the first week and disappeared later on. The role 
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of bone forming cells from the socket wall was more emphasized in this study by the 

histologic findings of woven bone projected from the wall and toward the center of 

the defect in control and grafted groups.  

Mean proportions of new bone appeared to be highest in control group within 8 

weeks of healing with increased maturity compared to the grafted groups. The socket 

was sealed with hard tissue bridge and the defect was filled with lamellar bone and 

marrow at 8 weeks. The proportion in new bone was consistently higher compared to 

other previous animal studies which reported that woven bone apical to the bridge had 

been replaced with bone marrow after 60 days (Cardaropoli et al. 2003, 2005; Araújo 

& Lindhe 2005). However, increased findings in bone marrow space at 8 weeks 

suggested that long-term evaluation might show similar tissue composition with that 

of previous studies.   

  Sockets grafted with HA, BCP and β-TCP showed delayed healing patterns of 

modeling and remodeling. When the control group already showed woven bone 

occupied the center portion at 2 weeks, grafted groups only had very limited amount 

formed at the surface of the peripheral wall. Most of the defects were filled with 

particles surrounded by the connective tissue including apical site. Histologic findings 

of apical portion were rather different from the studies using bovine bone mineral 

(natural HA) in extraction socket at 2 weeks (Araújo et al. 2009, 2010). They reported 

that the similar amount of new bone was formed at apical segment compared to 

control group and the reason was assumed to be the formation of void after 

displacement of the material into coronal portion with outflow of the blood. The void 
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held the coagulum and allowed normal patterns in healing. This space was very 

limited in our study which might have been due to the use of tight compaction force 

applied to the materials. The graft occupying the defect seemed to delay the extension 

of new bone toward the defect site away from the wall in early periods of 2 weeks.   

Proportions in remaining graft materials of β-TCP and BCP consistently have 

reduced in significant amount with healing intervals. Resorption in β-TCP particle 

was much more active to show total disintegration with small fragments, when the 

TCP content of BCP was involved mostly at the superficial surfaces. Resorption 

processes in both materials have allowed room in the provisional matrix for woven 

bone to grow in. When these particles were placed near the wall where the woven 

bone has projected from with abundant sources of osteoblasts, they would be directly 

connected or surrounded by the new bone. However, most of the resorbing particle 

were frequently lined with large amounts of multinucleated cells on their surfaces and 

were not involved with the mineralized sites. Especially in β-TCP group, woven bone 

islands or projections were more prone to be found in the matrix where the particles 

and fragments were removed by the resorption. It was suggested that the delayed 

wound healing and modeling might be influenced by the multinucleated cells at the 

tissues harboring the grafts (Araújo et al. 2009).  

HA and HA content of BCP rarely have resorbed and were likely to be 

incorporated stably with new bone as it extended from the socket wall and surrounded 

the particles. Although multinucleated cells have been found on the surfaces, there 

were no obvious signs of graft resorption. This feature was quite different from β-
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TCP which the particles or remnants enclosed by the new bone eventually 

disappeared at 8 weeks. HA is known to be a biocompatible scaffold that bonds to the 

bone (Pettis et al. 1990), however, there are controversial findings of dense HA that it 

was mostly involved with connective tissue encapsulation (Cancian et al. 1999). It 

might be due to the difference in defect model whether it was advantageous in graft 

stability or not. Extraction socket would prevent the graft particles to be displaced and 

hence reduced the chance of connective tissue invasion. 

Bioreactivity of calcium phosphates is dependent on the crystallinity, 

microporosity and macroporosity that the resorption is inversely proportional to 

HA/β-TCP ratio (Daculsi et al. 1989). Mechanism of resorption in graft material is 

either by the physico-chemical dissolution or by the cell-mediated resorption which 

osteoclasts, macrophages and polykaryon inflammatory giant cells are involved 

resulting in phagocytosis and intracellular degradation (Yamada et al. 1997b; Le 

Geros et al. 2003). In this study, multinucleated cells were observed at the surface of 

graft materials. However, it was hard to confirm that these cells have been resided in 

the resorption lacuna known as the specific feature of osteoclastic resorption (Dodds 

et al. 1995; Yamada et al. 1997a). They were considered to be macrophage or foreign 

body giant cells, which cleaned the surface of the particle by phagocytizing dissolved 

fragments and prepared the site for deposition of new bone. These findings were in 

agreement with previous studies (Eggli et al. 1988; Taylor et al. 2002; Artzi et al. 

2004; Jensen et al. 2006, 2007).   

At 8 weeks, coronal portions in grafted sockets were still engaged with particles 
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surrounded by the connective tissue which disrupted the continuity in new bone. 

Healing and osseous maturity were decelerated especially with sites occupied by 

ongoing resorption of the particles in provisional matrix space in β-TCP group. Active 

woven bone formation toward this space was still observed. HA group showed new 

bone enclosing the particle and osteon structure. Connective tissue having mixed 

appearance of provisional matrix and bone marrow was engaged between the particle 

and bone incorporation. BCP group at 8 weeks showed both features of material being 

stably incorporated in new bone and resorbing surface at the particle faced with 

connective tissue space.   

Evaluation in balance between resorbability of graft material and active bone 

substitution is important for appropriate clinical application. Further studies in long-

term investigations in healing, comparisons in materials applied to space demanding 

defects or periodontal defects and histologic features related to the osseointegration of 

implants installed at the grafted sites are needed.  
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V. CONCLUSION 

 

 Within the limit of this study, it was concluded as follows. 

1. The proportion of newly formed bone was largest in the control group. 

2. Resorption of the material and replacement with new bone was significantly higher 

in β-TCP compared to other grafted groups at healing intervals.  

3. HA stably incorporated into new bone with rare resorption of the graft particle. 

4. BCP showed incorporation of the particle to maintain space at the HA content and 

resorption with bone substitution at the β-TCP content. 

5. The proportion of bone marrow was higher in the control group at 8 weeks of 

healing.  
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FIGURE LEGENDS 

 

Figure 1. Overall image (upper row; H&E stain, 10) and magnified view (down ⅹ

row; H&E stain, 40) of the apical portion (boxed area) of the extraction socket at 2 ⅹ

weeks in mesio-distal section. (A) Hydroxyapatite (B) Biphasic calcium phosphate (C) 

β-tricalcium phosphate (D) Control group. Dotted line represents the outline of 

extraction socket and arrows show crests of mesial and distal socket wall.  

 

Figure 2. Healing of the hyroxyapatite group at 2 weeks. (A) Overall view showed 

limited formation of woven bone (WB) projected from the socket wall. Most of the 

particles (HA) were embedded in the connective tissue. (B) Multinucleated cell 

(arrow) on the particle surface with no signs of resorption. (C) Particle near the socket 

wall in contact with the woven bone lined with osteoblasts. (H&E stain, (A) 100, ⅹ

(B) 400, (C) 400) ⅹ ⅹ  

 

Figure 3. Healing of biphasic calcium phosphate group at 2 weeks. (A) Overall view 

showed the particles near the socket wall in direct contact with newly formed woven 

bone or embedded in the connective tissue. BCP1 represents the hydroxyapatite 

content and BCP2 represents tricalcium phosphate content. Multinucleated cells 

(arrows) with no signs of resorption (B) and woven bone lined with osteoblast (C) 

were shown on the surface of hydroxyapatite content. Multinucleated cells (arrows) 

(D) and newly formed woven bone (E) were found on the resorbing surface of 

tricalcium phosphate content. (H&E stain, (A) 100, (B) 400, (C) 400, (D) 400, ⅹ ⅹ ⅹ ⅹ

(E) 400) ⅹ  
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Figure 4. Healing of β-tricalcium phosphate group at 2 weeks. (A) Overall view 

showed the woven bone (WB) projected from the wall in contact with the particles (β-

TCP) nearby. Particles in distant portion from the wall were mostly embedded in the 

connective tissue. (B) Particles under resorption and multinucleated cells (arrows) on 

the surface. (C) Resorption of particles with multinucleated cells on the surface and 

small fragments in the connective tissue. (D) Woven bone in contact with the particle. 

(H&E stain, (A) 100, (B) 400, (C) 400, (D) 400) ⅹ ⅹ ⅹ ⅹ  

 

Figure 5. Healing of control group at 2 weeks. (A) Overall view showed abundant 

woven bone (WB) formation in the provisional matrix (PM). (B) Woven bone lined 

with densely packed osteoblasts on the surface and encircled the vessel (BV). (C) 

Newly formed woven bone with osteoclasts (arrows) resided in the resorption lacunae. 

(H&E stain, (A) 100, (B) 400, (C) 400) ⅹ ⅹ ⅹ  

 

Figure 6. Overall image (upper row; H&E stain, 10) and magnified view (down ⅹ

row; H&E stain, 40) of the apical portion (boxed area) of the extraction socket at 4 ⅹ

weeks in mesio-distal section. (A) Hydroxyapatite (B) Biphasic calcium phosphate (C) 

β-tricalcium phosphate (D) Control group. Dotted line represents the outline of 

extraction socket and arrows show crests of mesial and distal socket wall.  

 

Figure 7. Healing of hydroxyapatite group at 4 weeks. (A) Overall view showed that 

the particles (HA) were surrounded and bridged by newly formed bone. Provisional 

matrix (PM) were engaged between the particles. (B) Newly formed woven bone with 

concentric arrangements (arrows) for primary osteon formation. (C) Woven bone 

formation (WB) into the provisional matrix space between the particles. (H&E stain, 

(A) 100, (B) 400, (C) 400) ⅹ ⅹ ⅹ  
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Figure 8. Healing of biphasic calcium phosphate group at 4 weeks. (A) Overall view 

showed that some particles (BCP1) in contact with the newly formed bone on their 

surfaces and others (BCP2) under resorption in the provisional matrix space. (B) 

Particles with superficial resorption with multinucleated cells (arrows) on their 

surfaces. (H&E stain, (A) 100, (B) 400) ⅹ ⅹ  

 

Figure 9. Healing of β-tricalcium phosphate group at 4 weeks. (A) Overall view 

showed that the newly formed woven bone projected from the wall surrounded the 

resorbing particles or remnants (β-TCP). Woven bone formation was also found in the 

provisional matrix space. (B) Resorbing particles with multinucleated cells (arrows) 

on their surfaces. (H&E stain, (A) 100, (B) 400) ⅹ ⅹ  

 

Figure 10. Healing of control group at 4 weeks. (A) Overall view showed extended 

formation of woven bone in provisional matrix. (B) Primary osteon (arrows) and 

parallel-fibered bone structure in woven bone (C) Osteoclasts (arrows) on the bone 

surface faced with bone marrow space. (H&E stain, (A) 100, (B) 400, (C) 400)ⅹ ⅹ ⅹ  

 

Figure 11. Overall image (upper row; H&E stain, 10) and magnified view (down ⅹ

row; H&E stain, 40) of the apical portion (boxed area) of the extraction socket at 8 ⅹ

weeks in mesio-distal section. (A) Hydroxyapatite (B) Biphasic calcium phosphate (C) 

β-tricalcium phosphate (D) Control group. Dotted line represents the outline of 

extraction socket and arrows show crests of mesial and distal socket wall.  

 

Figure 12. Healing of hydroxyapatite group at 8 weeks. (A) Overall view showed that 

the particles were stably surrounded by new bone. Connective tissue was engaged 

between the particles. (B) New bone with osteon structure. (H&E stain, (A) 100, ⅹ

(B) 400)ⅹ  
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Figure 13. Healing of biphasic calcium phosphate group at 8 weeks. (A) Overall view 

showed that some particles were stably engaged into new bone and others with 

resorption on the surface. (B) Multinucleated cells (arrows) on the resorbing surface 

faced with provisional matrix. (C) Osteon formation in new bone. (H&E stain, 

(A) 100, (B) 400, (C) 400) ⅹ ⅹ ⅹ  

 

Figure 14. Healing of β-tricalcium phosphate group at 8 weeks. (A) Overall view 

showed that woven bone formation extended into provisional matrix space in which 

the resorbing particles and remnants were placed. (B) Woven bone formation (WB) 

with osteoblasts lined on the surface. (C) Multinucleated cells (arrows) on the surface 

and inside the resorbing particles in the provisional matrix space. (H&E stain, 

(A) 100, (B) 400, (C) 400) ⅹ ⅹ ⅹ  

 

Figure 15. Healing of control group at 8 weeks. (A) Overall view showed that the 

socket was filled with new bone and bone marrow space (BM). New bone had 

osteons and lamellated bone structures. Hard tissue bridge was formed to seal the 

socket entrance. (B) Hard tissue bridge composed of woven bone. (H&E stain, 

(A) 100, (B) 400) ⅹ ⅹ  

 

Figure 16. Proportions (%) of new bone (NB), residual graft material (GM), 

provisional matrix (PM) and bone marrow (BM) occupying the defects at 2, 4 and 8 

weeks of healing.   
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국문요약  

 

골 대체제의 흡수가 성견 발치와 치유에 미치는 영향 

 

<지도 교수 김종관> 

연세대학교 대학원 치의학과 

홍   지   연 

 

골 대체제의 흡수와 골 형성 사이에 나타나는 생물학적 과정은 임상 

적용에 중요한 고려사항이 된다. 본 연구에서는 서로 다른 흡수율을 

나타내는 골 대체제 - hydroxyapatite (HA), biphasic calcium phosphate 

(BCP), beta-tricalcium phosphate (β-TCP) - 를 성견 발치와에 적용 

하여, 각 대체제의 흡수가 발치와의 치유에 미치는 영향을 관찰해 보았다.  

8 마리의 성견에서 상, 하악의 좌, 우측 제 3 소구치를 발거하여 생성된 

각각의 근, 원심 치근 발치와에 세 가지 골 대체제군 (HA, BCP, β-TCP) 

혹은 대조군의 네 가지 처치를 임의로 시행하였다. 2 주, 4 주, 8 주의 치유 

기간 후 희생하여, 근, 원심 방향의 조직 시편을 제작하였으며, 조직학적 

관찰 및 신생골 형성, 잔존 이식재, provisional matrix 및 골수의 비율을 (%) 
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계측하였다. 

신생골의 형성은 전체 치유 기간에서 대조군이 가장 유의하게 높았으며 

(74.48%), 이어 β-TCP (51.12%), BCP (41.42%), HA (31.12%) 

순으로 나타났다. 이식재의 흡수는 전 기간에 걸쳐 β-TCP 에서 가장 

유의하게 높았으며, 이어 BCP, HA 순으로 나타났다. β-TCP 는 입자의 

내, 외부 모두에서 활발한 흡수와 함께 신생골의 대체가 일어나는 반면, 

HA 에서는 multinucleated cell 이 관찰되기는 하나 입자의 흡수는 거의 

이뤄지지 않고, 입자 사이 공간으로 생성된 신생골에 안정적으로 결합되어 

있었다. BCP 는 HA 와 β-TCP 에서 나타나는 소견을 모두 보여, HA 

content 부위는 흡수가 되지 못하고 신생골에 둘러싸이게 되며, β-TCP 

content 는 표면에서부터 흡수되어 신생골로 대체되었다.  

 본 연구를 통해, 대조군에서 신생골 형성이 가장 높게 나타났으며, 8 

주에서 골수의 비율이 가장 크게 관찰되었다. β-TCP 는 다른 이식재에 

비해 높은 흡수율과 신생골의 대체가 나타났으며, HA 는 거의 흡수 되지 

않은 상태로 공간 유지 역할을 하였다. BCP 는 HA content 에서의 공간 

유지 및 β-TCP content 에서의 흡수와 골 대체 양상을 모두 나타내었다.  

 

핵심되는 말: 골 재생, 골 대체제, 발치와  




