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ABSTRACT 

 

The efficacy of Porous Titanium Granules Graft  

In Peri-Implant Circumferential Defects 

: An Experimental Study In Dogs 

 

Purpose: To investigate the healing pattern and tissue response around the 

materials and to evaluate the efficacy of Porous titanium granules (PTG, Natix®, 

Tigran Technologies AB, Sweden) as a bioinert grafting material and to compare the 

potential of PTG with deproteinized bovine bone mineral (DBBM, Bio-Oss, 

Geistlich-Pharma, Wolhusen, Switzerland) in peri-implant circumferential defect in 

dogs.  

Materials and Methods: The premolars and molars of four mongrel dogs were 

extracted on both sides of the mandible. Eight weeks after extraction, circumferential 

defects (2 mm gap width, 5 mm depth) were created and three submerged type 

implants were placed. At the experimental sites, two circumferential defects were 

grafted with PTG or DBBM and the other defect was not grafted as a control site. 

After a period of 4 weeks, the same procedures were repeated on the opposite side of 

the mandible. The dogs were sacrificed after 4 weeks, and histological and 

histomorphometrical analyses were performed. 

Results: Some particles at the bottom and wall of the defect were surrounded by 
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woven bone in DBBM group specimens after 4 weeks of healing. Osteoclast-like 

multinucleated cells were observed beside some particles which were not surrounded 

by new bone but connective tissue. Bone growth had progressed onto the surface of 

the particles in the middle of the defect. Some particles were connected to the implant 

surface or to other particles with newly formed bone at 8 weeks. 

Irregular and porous granules were surrounded by blood vessels, and woven 

bone was formed between the granules and from at the lateral and apical margins of 

the defect in 4 week specimens. In specimens obtained after 8 weeks of healing, new 

bone filled within the pores of granules, connected each granule and reached out onto 

the implant surface. Moreover some granules were completely locked in the new bone. 

Numerous osteocytes were observed in the newly formed bone. There was no soft 

tissue embedded within the defect and no multinucleated cell around the granules in 

any specimens and several titanium granules were found to be in direct contact with 

the implant in most specimens. 

The remaining defect depth in control group (3.01 ± 0.84) was greater than in 

PTG group (2.05 ± 0.36) and DBBM group (1.89 ± 0.20) at 8 weeks, and showed a 

statistically significant difference compared with DBBM group. DBBM had the 

highest bone-to-Implant contact (BIC [49.17 ± 5.03]) followed by PTG (48.41 ± 8.10) 

and control group (30.24 ± 12.75) at 8 weeks. However, there were no statistical 

significances among the three groups at 4 weeks and 8 weeks.  

Conclusion: Within the limitations of this study, it couldn't be concluded clearly 
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whether PTG as a graft material in circumferential defect is superior to DBBM 

through histometric evaluation of this study. However, PTG, the bioinert and non-

resorbable material, could maintain the space without inflammatory response to allow 

new bone formation reaching at pore of granule, quite different from DBBM which 

elicit minimal inflammatory response around the grafted material. Therefore 

PTG could be favorably chosen as a graft material to resolve the contained large 

defect around the implant. 
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I. INTRODUCTION 

 

Peri-implant defect from natural bone defect or continuous marginal bone loss is 

one of the reasons that could jeopardize the potential success or survival of the 

implant therapy.(Berglundh et al., 2002; Goodacre et al., 2003) Factors that could 

potentially induce marginal bone loss include surgical trauma during implant 

placement, trauma during repeated abutment insertions and removal, functional load 

transfer and concentration, micromotion at the implant-abutment junction, and peri-

implant gingival inflammation.(Atieh et al., 2010)  
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 Botticelli et al (Botticelli et al., 2003a) studied the healing of marginal 

defects adjacent to submerged implants for healing period of 1 and 2 months. They 

suggested that a wide (1-1.25 mm) marginal defect may heal with new bone and a 

high degree of osseointegration to an implant designed with a SLA surface. 

According to several experimental studies, (Im et al., 2008; Jung et al., 2007) healing 

of circumferential defects around implants is influenced by the implant surface, defect, 

width, defect morphology. If using rough surface implants, defect within 2 mm does 

not need any kind of regenerative procedure, and tapered defect morphology showed 

faster healing than paralleled defect morphology.  

 However, augmentation procedures can be considered in order to resolve 

defects larger than 2 mm around an implant. A variety of bone graft substitutes from 

natural and synthetic materials for bone augmentation has been developed. Regardless 

of their source, synthetic bone substitutes should ideally provide both immediate 

physical support and a biocompatible environment that enhances vascularization, and 

support osteogenesis and biomineralization through cell penetration, cell ingrowth, 

and cell-to-cell interaction. In association with osteoconductive properties, bone 

substitute should also offer structural support with mechanical integrity (Hollister, 

2005; Suzuki et al., 2008). 

Bone graft substitutes are subdivided into bioactive/biodegradable material and 

bioinert material by their bioactivity. When bioactive materials implanted in a 

marrow cavity, giant cell mediated resorption of the graft material occurred at the 
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interface, as well as new bone formation. The process of material degradation and 

bone substitution was reminiscent of bone remodeling. Instead of being a permanent 

implant, the materials can be incorporated into bone metabolism (Du et al., 1998)  

Bioinert materials, on the other hand, are ones which do not initiate a response or 

interact when introduced to biological tissue. In other words, introducing the material 

to the body will not cause a reaction with the host. (Blokhuis et al., 2000). Originally, 

these materials were used for vascular surgery due to the need for surfaces, which do 

not cause clotting of the blood. Realistically, most materials are not completely 

bioinert and no synthetic material is bioinert (Allen, 1999).  

. The most commonly used xenograft is a Deproteinized bovine bone mineral 

(DBBM) is the most commonly used xenograft, and it has also been studied 

extensively for bone augmentation in combination with the GBR technique (Zitzmann 

1997, Hockers et al. 1999, Zitzmann et al 2001) Bio-Oss® (Geistlich, Wolhusen, 

Switzerland) is a commercial unsintered DBBM(Kasabah et al., 2002,), and it is 

biocompatible and osteoconductive biomaterial due to the lack of severe 

inflammation and foreign body reaction. However, some researchers demonstrated 

that Bio-Oss particles exhibited osteoclasts on its surface and the particles were under 

remodeling activity. (Hü rzeler et al. 1997; Zitzmann et al. 2001) The authors 

suggested that the particles were under remodeling activity. 

A representative example of bioinert, or very close to bioinert substance is 

Titanium alloy. (Osborn and Newesly 1982) Titanium is considered as a graft 
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material with good mechanical properties and excellent biocompatibility.(Asaoka et 

al., 1985) Porous titanium granules (PTG, Natix®, Tigran Technologies AB, Sweden) 

consist of irregular and porous granules of commercially pure titanium. PTG have 

been used in the field of orthopedic surgery for 20 years. Alffram et al(Alffram et al., 

2007) reported in 9 to 15-year follow-up of five cases, where porous titanium 

granules were used to stabilize titanium alloy hip stem prostheses with good clinical 

results and no reported adverse events.  

 PTG have also been introduced as a grafting material in the field of oral and 

maxillofacial surgery. Wohlfahrt et al (Wohlfahrt et al., 2010) demonstrated that PTG 

have several characteristics that make them suitable for use as bone graft material 

around implants. PTG are made from the same material as the implant; they provide 

immediate additional stability to the implant, and permanent soft tissue support that 

allows good contouring of the peri-implant mucosa.  

Bystedt and Rasmusson (Bystedt and Rasmusson, 2009) reported a clinical pilot 

study of sinus floor augmentation using PTG having treated 16 patients with 23 

implants in total. Implant survival rate after evaluation between 12 and 36 months 

after implants were functionally loaded with prostheses was 87%. Holmberg 

(Holmberg et al., 2008) used the split crest technique in combination with PTG for 

augmentation of the dento-alveolar ridge in a severely resorbed maxilla. The clinical 

and radiological results were excellent for each of the nine fixtures individually tested 

in a case followed for 12 years after implant treatment. 
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 However, in vivo literatures concerning histological analysis of PTG graft in 

oral environments are few and far between. The objective of this study was to 

investigate the healing pattern and tissue response around the materials and to 

evaluate the efficacy of PTG as a grafting material and to compare the potential of 

PTG with deproteinized bovine bone mineral (DBBM) in peri-implant circumferential 

defect in dogs. 
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II. MATERIALS AND METHODS 

 

1. Animals 

 

Five male Mongrel dogs, 18-24 months old and weighing about 30 kg, were used 

for the present experiment. The animals had intact dentition and healthy periodontium. 

Animal selection, management, surgical protocol, and preparation followed routines 

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

Center, Seoul, Korea (certification #10-0266). 

 

2. Materials and study design 

 

The groups were divided according to the graft material in circumferential 

defects around implants (Implantium, ø3.4 × 10 mm, SLA surface, Dentium, Seoul, 

Korea) which were as follows;  

Two test groups : The test devices were 

(a) PTG (Natix®, Tigran Technologies AB, Sweden, Fig 1), commercially pure 

titanium, irregular shaped particle, particle size 700~1000µm, large 

pore≥50µm 
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(b) DBBM (Bio-Oss, Geistlich-Pharma, Wolhusen, Switzerland), commercial 

unsintered, inorganic, bovine, mineral matrix of calcium-deficient, carbonate 

apatite, particle size 200~1000µm 

 

Control group  

The control group consisted of sham defects that were left empty after defect 

preparation and implant installation  

 

They were also divided according to the healing period after surgery of 4 and 8 

weeks. 

 

3. Surgical protocol 

 

All surgical procedures were done under general anesthesia. General anesthesia 

was induced with xylazine (Rompun®, Bayer Korea, Seoul, Korea) 2 mg/kg, ketamine 

hydrochloride (Ketar®, Yuhan Col, Seoul, Korea) 10 mg/kg intravenously, and 

atropine (0.05 mg/kg) subcutaneously.  

 The mandibular premolars and the first molars were extracted. Eight weeks 

later buccal and lingual mucoperiosteal flaps were elevated in one side of the 

mandible. The edentulous ridge was carefully flattened with a surgical bur and 

irrigated with sterile saline. Implant osteotomy was performed at 800 r.p.m. under 
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chilled saline irrigation, and circumferential defects (2 mm gap width, 5 mm depth) 

were created surgically with a customized step-drill. Three submerged type implants 

(3.4 mm diameter, 10 mm length) were placed. At the experimental sites, two 

circumferential defects were grafted with PTG or DBBM and the other defect was not 

grafted as a control site. A resorbable barrier membrane (Bio-Gide, Geistlich Pharma) 

was placed on each surgical defect to cover the implant and the bone tissue. Flaps 

were closed with 4-0 resorbable suture material. Sutures were removed after 7 days 

and a soft diet was provided throughout the study period (Fig 2). 

 After a period of 4 weeks, the same procedures were repeated on the 

opposite side of the mandible. Dogs were sacrificed 4 weeks after surgery. Euthanasia 

was performed by anesthetic drug overdose.  

 

4. Histologic processing 

 

Block sections including segments with implants were preserved and fixed in 

10% neutral buffered formalin. The blocks were sectioned in the mesio-distal plane 

using a cutting-grinding unit. The central section from each specimen was reduced to 

a final thickness of about 70 µm by micro-grinding and polishing (Exakt Apparatebau, 

Norderstedt, Germany) and stained with hematoxylin and eosin (H&E). 
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5. Histologic and histometric analysis 

 

The general histological findings were observed using a microscope (MZFLIII, 

Leica, Wetzlar, Germany). Computer-assisted histometric measurements were 

performed using an automatic image-analysis system (Image-Pro Plus, Media 

Cybernestics). The following measurements were performed (Fig 3): 

- The remaining defect depth (RDD), the distance from the shoulder of the 

implant to the most coronal point of osseointegration was measured. 

- Bone-to-Implant contact (BIC) within the most coronal 5mm of the implants 

was measured in the mesio-distal plane.   

 

6. Statistics 

 

One-way analysis of variance (ANOVA) was used to determine whether the 

mean value of BIC, and RDD differed significantly among groups at each time point. 

The two sample t-test was used to determine whether the mean values of BIC, and 

RDD differed significantly between 4-week and 8-week time points in each group (P 

< .05). 
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III. RESULTS 

 

1. Clinical observations 

 

Wound healing was generally uneventful in all groups, and implant sites were 

well maintained. No signs of inflammation were observed in mucosa adjacent to the 

implants.  

 

 

2. Histologic observation  

 

Ground sections showing implants and adjacent graft material and peri-implant 

tissue of test and control sites after 4 and 8 weeks of healing are presented in Figs 4 to 

11. 

 

 Control Group.  In control group specimens obtained after 4 and 8 weeks 

of healing, numerous blood vessel and oseteocytes were founded in woven bone. 

They showed V-shaped bone growth which means appositional bone growth from the 

apical and lateral wall of the defect. There is less contact osteogenesis and defect 

width was decreased but defect depth was generally maintained at 4 weeks. Lamellar 
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structures started to form and primary osteoids were observed at 8 weeks. Moreover, 

matured bone filled the defect in a V-shape and the dimension of the defect had 

decreased. There was less bone growth on the implant surface compared to the other 

groups (Fig. 4, 5). 

 

 DBBM Group. Some particles at the bottom and wall of the defect were 

surrounded by woven bone in DBBM group specimens after 4 weeks of healing. (Fig. 

6) Osteoclast-like multinucleated cells were observed beside some particles which 

were surrounded connective tissue. Fibers of provisional matrix ran parallel to the 

surface of particles and new bone apposition had started from the surface of particles 

and progressed enclosing the particle. Some showed new bone apposition with the 

linear arrangement of osteoblasts at the surface on one side as well Osteoclast-like 

multinucleated cells on the other side of the same particle (Fig. 8A, 8B). 

Some particles were connected to the implant surface or to other particles with 

newly formed bone at 8 weeks. Mature bone was observed at the margin of the defect 

with presence of osteons, and apical border of the margin was not detectable. There 

was no soft tissue embedded within the defect in any specimens (Fig.7, 8C and 8D). 

 

 PTG Group. Irregular and porous granules were surrounded by blood vessels, 

and woven bone was formed between the granules and from at the lateral and apical 

margins of the defect in 4 week specimens. There was no inflammatory tissue 
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response around the granule surrounded by connective tissue. Osteoblasts were stood 

in a row along the new bone and new bone formation was not started from the surface 

of granules. New bone had formed from the provisional matrix without encapsulation 

or direction of collagen fiber, irrespective of the presence of the granules (Fig. 9, 11A 

and 11B). 

 In specimens obtained after 8 weeks of healing, new bone filled within the 

pores of granules, connected each granule and reached out onto the implant surface. 

Moreover some granules were completely locked in the new bone. The number of 

blood vessels decreased and numerous osteocytes were observed in the newly formed 

bone. There was no soft tissue embedded within the defect in any specimens and 

several titanium granules were found to be in direct contact with the implant in most 

specimens (Fig. 10, 11C and 11D). 

 

3. Histometric observation 

 

RDD at 4 weeks was 2.29 mm in DBBM group, and above 3 mm in control and 

PTG group. However there was no statistical significance among the three groups at 4 

weeks. RDD in PTG group at 8 weeks had decreased to 2.0 mm, which is comparable 

with DBBM group. RDD showed statistical significance between DBBM group and 

control group at 8 weeks.  
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 DBBM had the highest BIC (49.17 ± 5.03) followed by PTG (48.41 ± 8.10) 

and control group (30.24 ± 12.75) at 8 weeks. However, there were no statistical 

significances among the three groups at 4 weeks and 8 weeks (Table 1). 
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IV. DISCUSSION 

 

Circumferential defects can be resolved without regenerative therapy as long 

as buccal the bone is intact and the defect is smaller than the critical size (Botticelli et 

al., 2003b; Jung et al., 2007). However, when buccal bone is not preserved or the 

defect is larger than 1.25 mm, additional regenerative therapy such as guided bone 

regeneration with graft materials and membranes is needed (Ersanli et al., 2004; 

Moses et al., 2005; Nociti et al., 2000; Simion et al., 1996). 

 Resolution of circumferential defects is affected by the dimension of the 

defect, particle size and porosity of the biomaterial, the use of membranes, and the 

healing period.(Botticelli et al., 2004) Various graft materials, such as auto bone graft, 

xenograft, natural bone mineral and bone substitute, have been used for bone 

augmentation. The ideal bone graft material requires possession of essenital 

physicochemical properties such as biocompatibility, osteoconductivity, and 

mechanical stability. In the present study, PTG and DBBM were grafted into 

surgically created circumferential gap defects for resolution and osseointegration of 

defects around implants.  

 Various healing times for circumferential defect models in dogs have been 

used in previous studies. The healing time in the studies of Botticelli et al(Botticelli et 

al., 2005) and Stentz et al (Stentz et al., 1997) was 16 weeks, and Akimoto et al 
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(Akimoto et al., 1999) used 12 weeks in their study. In the study of Kim et al (Kim, 

2011), the healing times were 8 weeks and 16 weeks. There was no additional 

contribution to defect resolution by bone substitute after 8 weeks. Therefore, they 

assumed that the majority of healing occurred within the first 8 weeks. Consequently, 

the two time points chosen for the present study were 4-weeks of early healing and 8-

weeks of late healing. 

 In control group, specimens showed appositional bone growth from the 

apical and lateral walls of the defect exhibiting less contact osteogenesis compared to 

the other groups. The width of the defect had decreased but the depth was generally 

maintained after 4 weeks. There was less bone growth at the implant surface in 

comparison to the other groups as a result of soft tissue engagement. According to 

Botticelli (Botticelli et al., 2003b), the placement of a barrier membrane following 

implant installation did not improve the outcome of healing. However, the width of 

circumferential gap was 1.0-1.2 mm in Botticelli’s experiment. In the present study, 

some specimens showed soft tissue engagement in defects, which had 2 mm width of 

gap, despite of barrier membrane. 

 These findings were in agreement with the study of Rossi et al (Rossi et al., 

2012). They reported that the filling of marginal defects around implants were 

incomplete after 1 month of healing in all specimens and newly formed bone 

appeared to proliferate from the lateral walls and the base of the defects with the 

greatest proliferation between 10 and 20 days. The authors observed a residual gap of 
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about 0.4 mm filled with dense connective tissue which means that marginal defects 

heal by distance osteogenesis. 

 Davies (Davies, 1998) suggested that there are two different phenomena of 

osteogenesis; distance and contact. Distance osteogenesis is that in which new bone is 

formed on the surfaces of existing bone in the peri-implant site through appositional 

growth whereas contact osteogenesis or osteoconduction is that in which de novo 

bone formation occurs directly on the implant surface. The bone healing between an 

implant and marginal bone in control group of the present study was a result of 

distance osteogenesis, not accompanied by contact osteogenesis.  

 Osteoclast-like multinucleated cells were observed beside some particles in 

DBBM group specimens at 4 week. Although there was no significant sign of DBBM 

being actively resolved, but presence of multinucleated cells could mean that there 

were slight inflammatory tissue response around the particle. Nevertheless, bone 

growth in DBBM group had progressed on the surface of particles in the middle of 

the defect and some particle connected to the implant surface or other particles with 

newly formed bone at 8 weeks. The observation that DBBM particles placed in a 

contained defect during healing became properly incorporated in the newly formed 

bone is in agreement with findings previously reported from experiments in various 

animal models (Jensen et al., 1996; Klinge et al., 1992). Carmagnola et al 

(Carmagnola et al., 2002) placed DBBM particles in surgically produced defect and 

reported that after 3 months of healing, the graft particles occupied 26.4% of the 
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defect area, and also that 40.4% of the circumference of the particles were in contact 

with mineralized bone. 

 DBBM membrane-supporting material has been shown to be resorbable in 

vivo (Hammerle et al., 1998). However, it has been known that the process of particle 

resorption and new bone formation is slow and the replacement occurs at a rate of 

about 10% per year (Berglundh and Lindhe, 1997; Hammerle et al., 1998). Berglundh 

& Lindhe (Berglundh and Lindhe, 1997) reported that Bio-Oss placed in a large 

defect in the edentulous mandible after 3 and 7 months of healing was to a large 

extent incorporated in newly formed bone tissue, and also that large amounts of the 

xenograft remained in the tissue of the healed defect. Botticelli et al (Botticelli et al., 

2004) performed the comparable study and evaluated the influence of DBBM on the 

closure of marginal defect adjacent to implants. The marginal defect during healing 

time (4 months) in the control group became more or less entirely filled with new 

bone. This means that the use of the graft did not promote healing, but remained in 

the defect as a ‘filler’ material. 

 Irregular and porous granules were surrounded by blood vessels and woven 

bone was formed between granules and from the lateral wall and apical margin at 4 

weeks of PTG group specimens. In specimens of PTG group obtained after 8 weeks 

of healing, new bone filled within the pore of the granules, connected each granule 

and reached out to the implant surface. Moreover some granules were completely 

locked in the new bone. This finding is consistent with observations of a case report 
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by Wohlfahrt et al (Wohlfahrt et al., 2011) They reported the surgical treatment and 

grafting with PTG of one patient with a peri-implant osseous defect. Analyses showed 

PTG in close contact with new bone growing both into the porosities of the graft 

material and onto the adjacent implant surface.  

 The morphologic characteristics and structure of the bone substitute play 

essential roles in tissue ingrowth. Cell migration and tissue ingrowth occur in the 

pores of the bone substitute (Habibovic et al., 2005). The pores help improve the 

integration of the bone substitute into the surrounding tissue and are also related to 

the subsequent degradation of the bone substitute (Hulbert et al., 1972). An animal 

study by Bobyn et al (Bobyn et al., 1980) demonstrated that the optimal pore size for 

osseous growth is between 50 and 400 µm. PTG is 700 to 1000 µm in diameter with a 

pore size above 50 µm in diameter. Since the granules are about 80% porous, the total 

titanium surface of the granules is close to 2 cm2. The porous properties enhance the 

surface of graft material and may lead to ingrowth of newly formed bone. 

 In addition, PTG as the chosen bone graft substitute in the present study has 

proven to fulfill many of the demands for a bone graft material. It has shown to be 

biocompatible, enhance one vascular ingrowth and to have a certain degree of 

bacteriostatic effect. According to Sabetrasekh, PTG had the highest compact volume 

(mechanical strength). The proliferation of human mesenchymal stem cell normalized 

to the surface area-to-volume ratio showed that PTG outperformed DBBM. PTG had 

significant higher proliferation rate at day 1(Sabetrasekh et al., 2011). 
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 However, the histometric results in this study show that RDD is lowest and 

BIC is highest in the DBBM group at both time points. At 4 weeks, RDD and BIC of 

PTG group are almost similar to the measurements of the control group. The 

measurements of PTG group are still inferior to that of DBBM group at 8 weeks, but 

comparable with DBBM group and has no statistical significance. BIC of DBBM and 

PTG groups at 8 weeks is about 50%, while BIC of control group is only 30%. 

 These findings are in agreement with the results of Bashara et al (Bashara, 

2012). They evaluated the effect of PTG and DBBM on hard tissue remodeling 

following their placement in to fresh extraction sockets in dogs. Histological 

observation revealed that while bone formed around both the DBBM and the PTG, 

bone was also noted within titanium granules. Of the modalities of ridge preservation 

techniques used in this study, no one technique proved to be superior.  

Although PTG could resolve the defect without inflammatory tissue response or 

resorption of the material, the histometric results of PTG group were not superior to 

that of DBBM group in which tissue response by multinucleated cells was observed. 

Several reasons could be suggested and they are as follows. First, DBBM has 

hydrophilic property which is the favorable factor for effective blood retention, 

however oxide layer of titanium granule has hydrophobic property (Albrektsson and 

Wennersberg, 2004). Second, it is suggested that the inflammatory tissue response 

observed in DBBM group was too minimal or insignificant to delay the healing 

response and new bone formation. Berglundh and Lindhe demonstrated that the 
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xenogeneic graft particles placed in a hard tissue compartment slowly became 

surrounded by host bone, but also that once incorporated, the bovine bonemineral 

apparently failed to be involved in further tissue remodeling (Berglundh& Lindhe 

1997) It was suggested that the graft particles remained in the bone as inert foreign 

bodies and consistently surrounded by a mixture of woven and lamellar bone (Araujo, 

2009). Third, short healing period and small sample size of the present study are the 

reasons why the result showed no significant difference.  
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V. CONCLUSION  

 

Within the limitations of this study, it couldn't be concluded clearly whether PTG 

as a graft material in circumferential defect is superior to DBBM through histometric 

evaluation of this study. However, PTG, the bioinert and non-resorbable material, 

could maintain the space without inflammatory response to allow new bone formation 

reaching at pore of granule, quite different from DBBM which elicit minimal 

inflammatory response around the grafted material. Therefore PTG could be 

favorably chosen as a graft material to resolve the contained large defect around the 

implant. 
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LEGENDS 

 

FIGURE 1. Porous titanium granule (Natix®). 

 

FIGURE 2. Surgical procedure (A) Circumferential gap defect and implant 

installation (B) The defect of control group is the left side. DBBM was 

grafted into the middle defect and PTG into the right defect (C) 

Resorbable barrier membrane was used to cover the each defect.  

 

FIGURE 3. Schematic drawing illustrating measurement landmarks. The remaining 

defect depth (RDD) is the distance from the shoulder of the implant to the 

most coronal point of osseointegration. 

 

FIGURE 4. (A) Mesio-distal ground section of the control site after 4 weeks of 

healing (original magnification ×10). (B) Higher magnification (×50) of 

the framed area of the section shown in (A). 

 

FIGURE 5. (A) Mesio-distal ground section of the control site after 8 weeks of 

healing (original magnification ×10). (B) Higher magnification (×50) of 

the framed area of the section shown in (A). 
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FIGURE 6. (A) Mesio-distal ground section of the DBBM site after 4 weeks of 

healing (original magnification ×10). (B) Higher magnification (×50) of 

the framed area of the section shown in (A). 

 

FIGURE 7. (A) Mesio-distal ground section of the DBBM site after 8 weeks of 

healing (original magnification ×10). (B) Higher magnification (×50) of 

the framed area of the section shown in (A). 

 

FIGURE 8. (A) In specimens obtained after 4 weeks of healing, osteoclast-like 

multinucleated cells were observed beside some particles which 

were surrounded connective tissue. (B) Some showed new bone 

apposition with the linear arrangement of osteoblasts at the surface 

on one side as well Osteoclast-like multinucleated cells on the other 

side of the same particle. (C, D) In specimens obtained after 8 

weeks of healing, some particles were connected to the implant 

surface or to other particles with newly formed bone. (original 

magnification ×100) 

 

FIGURE 9. (A) Mesio-distal ground section of the PTG site after 4 weeks of healing 

(original magnification ×10). (B) Higher magnification (×50) of the 

framed area of the section shown in (A). 
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FIGURE 10. (A) Mesio-distal ground section of the PTG site after 8 weeks of 

healing (original magnification ×10). (B) Higher magnification (×50) of 

the framed area of the section shown in (A). 

 

FIGURE 11. (A, B) In specimens obtained after 4 weeks of healing, there was no 

inflammatory tissue response around the granule surrounded by connective 

tissue. Osteoblasts were stood in a row along the new bone and new bone 

formation was not started from the surface of granules. (C, D) In 

specimens obtained after 8 weeks of healing, new bone filled within the 

pores of granules, connected each granule and reached out onto the 

implant surface. (original magnification ×100) 
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TABLES 
 
 
Table 1. The means, standard deviations of remaining defect depth and BIC at 
both time point 
 

Time Groups RDD (mm) BIC (%) 

4 weeks Control 3.58 ± 1.04 21.39 ± 12.29 
DBBM 2.30 ± 0.58 41.25 ± 4.53 
PTG 3.44 ± 0.65 21.23 ± 13.13 

8 weeks Control 3.01 ± 0.84 30.24 ± 12.76 
DBBM 1.89 ± 0.20* 49.17 ± 5.30 
PTG 2.06 ± 0.36 48.41 ± 8.10 

 
Abbreviations: BIC, bone-to-Implant contact; RDD, remaining defect depth; 
DBBM, deproteinized bovine bone mineral. 
*Significant difference in RDD compared with control group at 8 weeks (P < .05). 
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국문요약 

 

성견의 임플란트 주위 환상형 골결손부에서  

다공성 티타늄 분말의 효과 

 

<지도교수 최 성 호> 

연세대학교 대학원 치의학과 

 손  주  연 

 

  다공성 티타늄 분말 (Porous titanium granule, PTG)은 순수티타늄의 

불규칙한 다공성의 분말로, 독성이 없고 주위조직에 염증반응을 일으키지 

않는 bioinert material 로서 정형외과 영역에서 지난 20 년간 사용된 

재료이다. 최근 구강악안면영역에도 소개되어 골대체재료로 부각되고 있다. 

본 연구에서는 성견의 임플란트 주위 환상형 골결손부에 PTG 를 이식했을 

때의 치유양상 및 주위 조직반응과 골재생능에 대하여 조직학적으로 관찰 

하고, 재료의 흡수가 매우 느리고, 주위 조직과 염증반응이 미미하여 

안정적인 골이식재료로 흔히 사용되는 탈단백우골 (DBBM)과 비교해보고 

자 한다. 

소구치와 대구치를 모두 발거한 후 치유된 5 마리의 성견 하악골의 한쪽 

편에 3 개의 임플란트 주위 환상형 골결손부 (폭 2mm, 깊이 5mm)를 

형성하고, 임플란트를 식립하였다. PTG 와 DBBM 을 2 개의 결손부에 각각 
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이식하였고, 나머지 한 개의 결손부는 대조군으로 이식재를 사용하지 않았 

다. 모든 결손부와 임플란트는 흡수성막으로 덮고 봉합하였다. 4 주 뒤 

반대편 하악골에 같은 술식을 반복하였고, 4 주뒤 희생하여 조직시편을 

제작하고 관찰하였다.  

대조군에서는 많은 혈관들과 골세포들이 woven bone 내에서 관찰되고, 

결손부의 바닥과 측벽에서 골이 자라들어온 appositional bone growth 양상을 

보였으나, 다른 그룹과 비교하였을때 임플란트 표면에서부터의 신생골생 

성은 관찰 할 수 없었다. 4 주 이후에 결손부의 폭은 감소하였으나 결손 

부의 깊이는 대체적으로 유지되고 있음을 볼수 있었다. DBBM 군에서는 

결손부의 바닥부위와 측벽의 particle 들은 새로이 생성된 woven bone 에 

둘러쌓여 있으며, 8 주차에는 임플란트의 표면에서도 신생골이 관찰되며, 

신생골이 particle 사이, 또는 임플란트와 particle 사이를 연결하고 있는 

모습도 관찰되었다. 그러나 신생골이 생성되지 않아 결합조직으로 둘러쌓 

인 일부의 particle 주위에서 osteoclast-like multinucleated cell 들을 

관찰되었다. 

PTG 군의 4 주차에는 불규칙한 다공성 입자들 주위로 많은 혈관들이 

생성된 것을 볼수 있고, woven bone 이 결손부의 바닥과 측벽에서부터 

자라들어와 granule 사이에 형성되어 있는 것이 관찰되었다. 8 주차에는 

혈관과 골세포들은 많이 감소하였으며, 신생골이 granule 의 pore 내에서 

관찰되며, 각 granule 을 연결하기도 하였다. granule 주위에서 조직의 
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염증반응을 의미하는 다핵세포들은 발견되지 않았고, granule 표면에서 

신생골 바로 접촉하여 생성되는 양상을 보였다. 

잔존골깊이(RDD)는 4 주차에 DBBM 군에서 2.29mm 로 가장 작은 값을 

보였고, 대조군과 PTG 군에서는 3mm 이상의 값을 나타냈다. 8 주차에. 

PTG 군에서의 RDD 가 2mm 까지 감소하여, DBBM 의 1.89mm 와 비견될 

만한 골 재생을 보였으나 다른 그룹과의 유의차는 없었다. 

 Bone-to-implant contact(BIC) 계측결과, 모든 시기에서 DBBM 군이 

가장 높은 BIC 를 보였으며, PTG 군에서는 4 주차에는 21.23%의 BIC 를 

나타냈으나 8 주차에는 DBBM 과 유사한 48.41%의 BIC 를 나타냈다. 

이 연구의 조직계측학적 결과를 통해 평가해 본 PTG 의 골재생능은 

DBBM 과 비교하였을 때 어떤 이식재가 더 우수하다고 결론지을 수 

없었다. 그러나 PTG 는 흡수되지 않으며 bioinert 한 재료로써, 

미미하나마 이식재주위에 염증반응이 발견되는 DBBM 과 달리, 

주위조직의 염증반응이 전혀 없이 공간을 유지하며, granule 의 

pore 에까지 신생골이 자라 들어오도록 하므로 임플란트 주위 큰 결손부를 

해결하기 위해 사용될 수 있을 것으로 사료된다. 

 

 

_____________________________________________________________________ 

핵심되는 말 : 다공성 티타늄 분말(PTG); 탈단백우골(DBBM); 환상형 

골결손부; 골재생 
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