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ABSTRACT  

 

Space maintenance of a cross-linked collagenated porcine bone grafted 

without barrier membrane in one-wall intrabony defects  

 

 

Jung-Im Park, D.D.S. 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Prof. Ui-Won Jung, D.D.S., M.S.D., Ph.D.) 

 

 

The aim of this study was to evaluate the effect of a cross-linked collagenated porcine 

bone (CPB) in surgically prepared one-wall intrabony defects in dogs. 

Buccolingually opened, one-wall, box type, intrabony periodontal defects (4 × 5 mm) 

were prepared bilaterally at the mesial side of the mandibular fourth premolars in beagle 

dogs (N = 5). Block-type CPB (4 × 5 × 5 mm) was placed alternatively on either the left 

or right side for the CPB group, the opposite site served as sham-surgery controls. After 3 

months, block specimens were obtained. Microcomputed tomographic and histological 

analysis were performed. 

The mean of bone regeneration (BR) and cementum regeneration (CR) of experimental 

group were lower than those of sham-surgery control group. Much of the porcine bone 
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particles were located under the floor of the defect and were sequestered from pristine 

bone.  

It can be concluded that CPB can be localized within the defect for wound healing period 

by cross-linking, however, applying CPB alone without barrier membrane may not be 

effective to promote periodontal regeneration in noncontained type defects.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key Words: cross-linked collagen, dog, periodontal regeneration, one-wall defect, 

porcine bone 
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(Directed by Prof. Ui-Won Jung, D.D.S., M.S.D., Ph.D.) 

 

I. INTRODUCTION 

 

Principles for guided tissue regeneration (GTR) are first, preventing unwanted tissues 

like long junctional epithelium to migrate onto the root surface apically (Karring et al., 

1993) and second, space provision to leave cells for regeneration that are from 

periodontal ligament (PDL) and alveolar bone proliferating along the exposed root 

surface (Haney et al., 1993; Trombelli et al., 2002; Wikesjo et al., 2003a).  

Membranes have been applied to defect and functioned during the early healing 

period. Nonresorbable membranes like expanded polytetrafluoroethylene (ePTFE) 

have been regarded suitable for the ideal barrier membrane with regard to cell 

occlusiveness and space provision. However, an additional surgery is needed to 

remove the membrane and several clinical and experimental studies using these 

membranes reported unintended membrane exposure during healing. Trombelli et al. 

reported 66% of membrane exposure when the membrane was applied to intrabony 
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defects using ePTFE (Trombelli et al., 1997). Membrane exposure can induce 

inflammation associate with bacterial contamination and can lead to even wound 

failure (Piattelli et al., 1999; Selvig et al., 1993; Sigurdsson et al., 1996).  

Resorbable barrier membranes such as collagen membrane have been introduced in 

order to avoid a second surgery. Several clinical studies showed that these membranes 

resulted in comparable outcomes to non-resorbable membranes (Cortellini et al., 

1996). However, using a resorbable membrane on a non-contained defect has the risk 

of collapse of the membrane. Biomaterial should be delivered into the defect for 

supporting the membrane.  

In a recent study, Wikesjo et al. suggested that tissue occlusion is not appear to be a 

critical determinant for GTR and space provision is more critical factor (Wikesjo et 

al., 2003b). GTR was performed in the presence of space provision with or without 

tissue occlusion and it was shown that periodontal regeneration was obtained in both 

of the cases. Several studies also have found that space provision is crucial for 

periodontal regeneration as allowing alveolar bone and cementum formation in GTR 

(Haney et al., 1993; Sigurdsson et al., 1995; Trombelli et al., 2002). This might be a 

result from primary closure for wound stabilization allowing intact fibrin clot on the 

root surface blocks formation of the junctional epithelium (Wikesjo and Nilveus, 

1990; Wikesjo et al., 1995). 

When it comes to space provision not for the tissue occlusion, block type bone 

material solo can be used without barrier membrane. Bovine hydroxyapatite/collagen 

(Bio-Oss® Collagen, Geistlich Pharrma, Wolhusen, Switzerland) is one of the most 

widely used material which comprises bovine bone incorporated with porcine type I 
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collagen. Bovine hydroxyapatite/collagen (BHC) is like a hard sponge and it’s easy to 

adjust its form to be adapted into defect after hydration. Collagen component of the 

material can stimulate the migration of PDL cells thus contributing to new PDL and 

cementum formation and its fibrillar structure provides a scaffold for ingrowth of 

regenerative cells. (Blumenthal et al., 1986; Kasaj et al., 2008; Minabe et al., 1989). 

In a previous study (Jung et al., 2011), block type BHC was applied to one-wall 

periodontal intrabony defects without using barrier membrane. Although graft 

material had been expected to maintain space for some time but after 8 weeks, the 

blocks were collapsed. It was found that three of five samples showed unfavorable 

healing pattern as most of its graft materials were displaced and disappeared resulting 

only small part of them was remained. From the perspective of regeneration, 

unfavorable healing sites showed lower level of bone and cementum formation than 

favorable healing sites at which some graft material remained. It can be supposed that 

maintaining block structure is important to promote periodontal regeneration in a 

noncontained type defect like one-wall periodontal intrabony defect. If block structure 

of graft material is maintained for enough time, periodontal regeneration might be 

promoted. 

Block structure of BHC is formed as collagen holds bovine bone particles. Pure 

collagen in BHC has been shown to degrade in weeks (Araujo et al., 2010). Thus, if 

collagen was absorbed early, it’s difficult to maintain its block form. Slowly 

degradable collagen matrix is required to maintain space for longer time. Resorption 

rate of collagen can be controlled by cross-linking (Verissimo et al., 2010). In the 

present study, a similar graft of block type material containing 90% of porcine bone 
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and 10% of cross-linked collagen matrix was applied. Collagen was processed with 

dehydrothermal (DHT) treatment which is common technique for stabilizing collagen 

materials (Haugh et al., 2009; Weadock et al., 1996). It eliminates water from the 

collagen molecules that results in the intermolecular crosslinking through 

condensation reactions. DHT treatment is a physical treatment that does not leave 

cytotoxic residue. It is expected that this graft material can maintain its structure for 

long time while it provides space for regeneration. Several studies have shown the 

efficacy of porcine bone as a biocompatible and osteoconductive material (Orsini et 

al., 2006; Ramirez-Fernandez et al., 2011). Structural and chemical composition of 

porcine bone is similar to that of human bone (Kim et al., 2004). 

 The aim of the present study was to evaluate the effect of block type graft material 

comprising bone particles incorporated with cross-linked collagen in one-wall 

intrabony defect.  
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II. MATERIAL AND METHODS 

 

1. Animals 

 

Five male beagle dogs, (age 15 months, weight 10–15 kg) were used for this study in 

accordance with protocols approved by the Animal Care and Use Committee, Yonsei 

Medical Center, Seoul, Korea. The animals had ad libitum access to water and a 

pelleted laboratory diet with exception of the 12 weeks immediately after-surgery 

when they were fed a canned soft dog food diet. 

 

2.   Materials 

 

Cross-linked CPB (Bioland Co., Chungwon, Korea), block type bone graft material 

consisting of 90% of porcine bone with 10% of cross-linked collagen was prepared 

(Fig. 1). Porcine bone was got and processed at 600℃ for 10 hours to completely 

eliminate protein and antigens from the porcine bone. Only cancellous bone was 

particulated and used for making the material. Pore size was 0.032 – 0.619 ㎛ (mean 

0.104 ㎛) and particle size was 0.29 – 0.98 ㎛ (mean 0.59 ㎛). Processed bone 

particles were mixed with collagen and freeze-drying was applied to bone and 

collagen mixture. For making collagen cross-linked, DHT  treatment was performed.  

 

3. Surgical procedures 
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The basic surgical protocol followed routine procedures established in previous 

studies (Kim et al., 2009). Local anesthesia under general anesthesia was performed 

for surgical procedure. The mandibular third premolars were extracted and 8 weeks of 

healing were allowed. Buccal and lingual mucoperiosteal flaps were elevated and 

one-wall intrabony defects (4 mm wide, 5 mm deep) were prepared at the mesial side 

of the mandibular fourth premolars bilaterally (one on right, one on left side) (Fig. 2). 

The exposed root surface was instrumented with curettes to remove the cementum 

and a reference notch was made in the root surface at the most apical-junction of the 

root adjacent to the margin of the defect. Block type cross-linked collagenated CPB (4 

× 5 × 5 mm) was placed on one side. The contralateral defect area was treated as a 

sham-surgery control, and did not receive any material. The animals were randomly 

assigned to the groups. Mucogingival flaps were advanced and sutured (Monosyn 4.0 

Glyconate Monofilament, B. Braun Helsungen AG, Tuttlingen, Germany).  

 

4. Postsurgery management 

 

Infection control included systemic antibiotic (20 mg/kg, i.m., 3 days; Cefazoline 

Sodium; Yuhan, Seoul, Korea) and daily rinsing the teeth with a 0.2% chlorhexidine 

solution (Hexamedine®, Bukwang Pharmaceutical, Seoul, Korea). After a further 12 

weeks healing period, the animals were euthanized by anesthesia drug overdose of 

pentobarbital sodium (90-120  mg/kg,  i.v.). 

 

5. Radiographic analysis: micro-computed tomography (micro-CT) 
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Block sections including defect and teeth with surrounding tissues were obtained and 

fixed in 10% neutral buffered formalin for 10 days. The fixed specimens were 

scanned using micro-computed tomography (micro-CT; Skyscan 1072, Skyscan, 

Aartselaar, Belgium) at a resolution of 35 ㎛ (100 kV and 100 ㎂). The area of 

interest was reconstructed with three-dimensional software (OnDemand 3D, 

Cybermed Co., Seoul, Korea).  

 

6. Histologic processing 

 

The specimens decalcified in 5% formic acid, trimmed, dehydrated in a graded series 

of ethanol, and embedded in paraffin. Step-serial, 5-µm-thick sections were cut in a 

mesial-distal vertical plane at approximately 80 µm intervals. The most central 

sections of each defect site were selected based on the width of the root canal. The 

sections were stained using hematoxylin/eosin and Masson’s trichrome stains.  

 

7. Histometric analysis 

 

The stained sections were evaluated using a light microscope (BX50, Olympus, 

Tokyo, Japan). Overall healing patterns, including the bone regeneration (BR), 

cementum regeneration (CR), residual material and presence of inflammation were 

observed. Histometric analysis was performed using a PC-based image analysis 

system (Image-Pro Plus™, Media Cybernetic, Silver Spring, MD, USA). The 



8 

 

measurements were made by one examiner using a methodology established in 

previous studies (Kim et al., 2009). The following parameters were measured: 

 

1. Defect height (DH): distance from the cementoenamel junction (CEJ) to the 

apical extension of the reference notch. 

2. Long junctional epithelial distance (LJE): distance from the CEJ to the apical 

end of the junctional epithelium. 

3. Connective tissue attachment (CTA): distance from the end of the junctional 

epithelium to the coronal extension of the new cementum.  

4. CR: distance from the apical extension of the reference notch to the coronal 

extension of the new cementum or a cementum-like substance on the root 

surface. 

5.  BR height: distance from the apical extension of the reference notch to the 

coronal extension of the new bone along the root surface. 

6. Mineralized tissue area (MTA): area of the mineralized tissue including 

newly formed bone and remained porcine bone material within a defect. 

Defect area was standardized in accordance with defect form and size. 
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III. RESULTS 

 

1. Clinical findings 

 

Twelve weeks after application of the graft material, overall healing pattern was 

uneventful and all experimental and control sites healed with minimal signs of 

inflammation. No sites exhibited postoperative complication like wound dehiscence 

or infection. 

 

2. Radiographic analysis: micro-CT 

 

� Experimental group 

 

Three-dimensional images showed pyramid-shaped radiopaque materials located at 

the corner of the defect area near tooth (Figure 3A and B). At sagittal view, bone-to-

graft material interface was located apically from the notch level. Graft material 

particles were extended to pristine bone over the notch level (Figure 3C). Coronal 

view cut at notch level showed cluster of particles occupying the defect area (Figure 

3D). The bone-to-graft material interface was characterized by small numbers of 

mineralized tissue that graft material might not have been integrated to the pristine 

bone. Some mineralized tissue was seen at interface but it was only a few amount.  
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� Control group 

 

Overall shape and location of the radiopaque material in defect was similar to that of 

the experimental group but all mineralized tissue in the defect area was newly formed 

bone (Figure 3E and F). Newly formed mineralized tissue was connected to pristine 

bone (Figure 3G). From the coronal view, ridge showed pattern that it grew 

progressively narrower toward the newly formed mineralized tissue (Figure 3H). At 

defect area, mineralized tissue width was smaller than that of pristine bone at both of 

experimental and control group but more remarkably at control group. 

 

3. Histological observation 

 

All sites except one in experimental group showed new bone formation along the root 

surface although the amount varied (Figure 4). Much of the porcine bone particles 

were located under the notch level accompanied by pristine bone resorption. Floor of 

the pristine bone was located under the notch level. Some of the porcine bone 

particles were consolidated with pristine bone but much of them were sequestered 

from the pristine bone and surrounded with fibrous connective tissue. Numerous 

blood vessels were observed within the PDL space between the new bone and the root 

surface. New cementum was formed in all sites in experimental group lining parts of 

the denuded root surface under the apical end of the junctional epithelium. 

All sites in control group showed newly formed bone and cementum along the root 

surface (Figure 5). Not only height but width of the newly formed bone in the control 
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group was bigger than that of the experimental group.  

 

4. Histometric analysis 

 

Histometric results are shown in Table 1 and Fig. 6. BR averaged 0.98 ± 0.74 mm for 

experimental group and 2.61 ± 1.07 mm for control group. The average of CR 

amounted to 2.72 ± 1.83 mm for the experimental group and 3.96 ± 0.99 mm for the 

control group. For LJE, the average of the experimental group was 1.28 ± 0.42 mm 

and 0.91 ± 0.59 mm of the control group. The mean value of MTA which is the area 

including new bone and porcine bone particles on defect area was in experimental 

group 0.77 ± 0.63 mm² and in control group 1.79 ± 1.39 mm². All of the parameters 

measured in the present study showed large standard deviations. 
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IV. DISCUSSION 

 

Collagen is widely used material for periodontal regeneration and several membranes 

and graft materials contain collagen. The advantages of utilizing collagen are 

biocompatibility, promoting wound healing and hemostasis. One of the attractive 

properties of the collagen is that collagen can control biodegradation rate by cross-

linking technique (Ghanaati, 2012). Several cross-linking techniques including 

ultraviolet, hexamethylenediisocyanate, glutaraldehyde plus irradiation and 

diphenylphosphorylazide have been developed (Bunyaratavej and Wang, 2001; 

Kodama et al., 1989; Minabe et al., 1989). The degree of cross-linking can control the 

rate of collagen degradation. At the present study to prolong the graft material 

integrity, block type bone graft material including cross-linked collagen was used. 

Block type cross-linked CPB was inserted to one-wall intrabony defect without 

barrier membrane. Twelve weeks after surgery, although complete block form was not 

maintained but considerable amounts of porcine bone particles were gathered and 

located at defect area. On the other hand, when block of BHC was applied to the same 

one-wall intrabony defect in a previous study, bovine bone particles were dispersed 

and disappeared (Jung et al., 2011). Cross-linked collagen in the graft material has 

been degraded slowly and might have held the porcine bone particles during 12 weeks 

healing period. It seems that using cross-linked collagenated bone material 

accomplished the purpose of maintaining the grafted material. However, from the 

point of periodontal regeneration, applying block type cross-linked CPB produced 

inadequate regeneration of alveolar bone and cementum in one-wall intrabony defect. 
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The mean of BR in experimental group was only 0.98 ± 0.74 mm while 2.61 ± 1.07 

mm in control group.  

It has been suggested that space provision but not tissue occlusiveness is essential for 

periodontal regeneration (Wikesjo et al., 2003b). For space provision, bone grafting 

alone without barrier membrane could make good results. However it should be 

emphasized that these results can be obtained when wound stability is secured. In the 

present study, graft material might have lost its stability. At the experimental day, 

block type graft material was prepared to be a little bigger in size, thus when the graft 

material was inserted into the defect, it was fixed as mesial and distal area was 

collapsed and held on by adjacent tissues. However, as marginal area of the graft 

material has been resorbed (Araujo et al., 2002; Nystrom et al., 1995), originally fixed 

graft material might have lost its fixation and resulted in a loss of stability. Not only 

graft material but pristine bone around graft material also has been resorbed. From the 

histologic observation, graft material looked like it sank to floor of the pristine bone. 

Although base of bone defect was made at notch level, pristine bone level was lower 

than notch after 12 weeks. 

As fixed graft material lost its fixation that was subjected to movements during 

healing, a connective tissue layer might have occurred between the graft material and 

the pristine bone. Encapsulation with dense fibrous tissue was consistently seen 

around the graft material. This could be explained by the suggestion that micro-

motion of grafted material caused a biologic response that is fibroplasia around the 

graft material (Yeh and Rodan, 1984). This fibrosis might inhibit the graft material 

from integration to surrounding tissues. Moreover, graft material was surrounded by 
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cross-linked collagen. Cross-linked collagen is the material that has been used for 

barrier membrane at GTR and tends to split with surrounding connective tissue. 

Regeneration can be improved when the graft material is integrated to surrounding 

tissues. The lack of integration to connective tissue around it as well as the lack of 

vascularization may stand for the common tendency of the cross-linked collagen 

membrane to split from the around tissues (Tal et al., 2008). Histological observation 

showed few blood vessels within the porcine bone mass in the experimental group. 

To prevent fibrous encapsulation around the graft material and promote periodontal 

regeneration, it needs to secure the wound stability. Application of the block type 

CPB alone without a barrier membrane was insufficient to get wound stability at one-

wall intrabony defect. Bone grafting alone could provide space for regeneration. 

However, if bone grafting alone was done at noncontained area, the space provided 

by the bone grafting may not be stable.  

Although grafted material was not integrated to pristine bone, considerable amounts 

of porcine bone particles remained at defect area. Remained graft material contributed 

to maintain ridge width at defect. Micro-CT observation showed buccal and lingual 

surfaces of the defects are concave in control group. Control group showed higher 

mean volume of mineralized tissue but ridge form was narrow at defect area. Cross-

linked CPB block could be used as a material for periodontal esthetic practice like 

gingival augmentation. Using hydroxyapatite as a block form, desirable form of the 

graft material can be easily made. 

Recently, growth factors are used for periodontal regeneration. Establishing proper 

carrier for growth factors has been issued in the field of tissue engineering. One of 
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conditions for carrier system is space-maintaining capacity (Barboza et al., 2000). The 

present study showed that cross-linked CPB block wasn’t dispersed and maintained 

its original location. Thus cross-linked CPB block is expected to be developed as a 

carrier for growth factors with improving its osteoconductivity and biocompatibility. 
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V. CONCLUSION 

 

CPB can be localized within the defect for wound healing period by collagen cross-

linking. However, applying CPB alone without barrier membrane may not be 

effective to promote periodontal regeneration in noncontained type defects.  
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LEGENDS 

 

Table 1. Histometric analysis of the measured parameters in the experimental 

(application of cross-linked CPB block) and sham-surgery control groups (n 

= 5; mean ± SD). ··························································································· 23 

Figure. 1. (A) Photograph of cross-linked collagenated porcine bone 

representing sponge-like block form material. (B) Scanning electron 

microscopic view. ······················································································· 24 

Figure. 2. Clinical photographs representing surgical procedure (A) one-wall, 

intrabony, periodontal defects prepared at the mesial side of the mandibular 

fourth premolar, (B) placement of CPB block, and (C) wound closure. ·········· 24 

Figure. 3. Micro computed tomographic photographs; (A, B) 3D reconstructed 

view of CPB block grafted site and (E, F) 3D reconstructed view of 

sham-surgery control site. Sagittal-sectioned view of (C) CPB block 

grafted site and (G) sham-surgery control site. Yellow-colored line, 

border of graft material area. Cross-sectioned, cut at the red-colored 

line in (C) and (G), view of (D) CPB block grafted site and (H) 

sham-surgery control site. ·········································································· 25 

Figure. 4. Histological view of a CPB block grafted site (H & E staining). (A) 

Low magnification. White arrowhead, apical end of the junctional 

epithelium; red arrowhead, coronal end of the new bone (scale bar = 

2 mm). (B) Higher magnification at the middle area of the root 

surface. Arrowheads, new cementum and lined with cementoblast-

like cells (scale bar = 200 ㎛). (C) Higher magnification at notch area 

shows newly regenerated bone and PDL (scale bar = 200 ㎛). (D) 

Fibrous encapsulated graft material (scale bar = 200 ㎛). Hardly any 

blood vessels are seen in the material mass (scale bar = 200 ㎛). (E) 

Pristine bone resorption. Arrowheads, lacunae of bone resorption by 
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osteoclasts (scale bar = 200 ㎛).  ······························································· 26 

Figure. 5. Histological view of a sham-surgery control site (H & E staining). (A) 

Low magnification. White arrowhead, apical end of the junctional 

epithelium; red arrowhead, coronal end of the new bone (scale bar = 

2 mm). (B) Higher magnification at the middle area of the root 

surface. Arrowheads, new cementum and lined with cementoblast-

like cells (scale bar = 200 ㎛). (C) Higher magnification at notch area 

shows newly regenerated bone and PDL (scale bar = 200 ㎛). ··············· 27 

Figure. 6. Graph illustrating the mean percentage values of the measured 

parameters. Red-colored vertical line shows height of cementum 

regeneration. (A) Experimental. (B) Control ············································ 29 
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TABLES 

 

Table 1. Histometric analysis of the measured parameters in the experimental 

(application of cross-linked CPB block) and sham-surgery control groups (n = 

5; mean ± SD) 

 Experimental Control 

LJE 1.28 ± 0.42 mm 0.91 ± 0.59 mm 

CTA 0.82 ± 0.73 mm 0.25 ± 0.23 mm 

CR 2.72 ± 1.83 mm 3.96 ± 0.99 mm 

BR 0.98 ± 0.74 mm 2.61 ± 1.07 mm 

DH 5.30 ± 0.42 mm 5.12 ± 0.57 mm 

MTA 0.77 ± 0.63 mm² 1.79 ± 1.39 mm² 

 LJE, long junctional epithelium; CTA, connective tissue attachment; CR, cementum 

regeneration; BR, bone regeneration; DH, defect height; MTA, mineralized tissue area. 

 

 

 



 

 

Figure 1. (A) Photograph

representing sponge-

microscopic view. 

 

 

 

 

 

 

 

Figure 2. Clinical photograph

intrabony, periodontal defects prepared at the mesial side of the mandibular 

fourth premolar, (B) placement of CPB block, and (C) wound closure.
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FIGURES 

Photograph of cross-linked collagenated porcine bone 

-like block form material. (B) Scanning electron 

Clinical photographs representing surgical procedure (A

intrabony, periodontal defects prepared at the mesial side of the mandibular 

placement of CPB block, and (C) wound closure.

 
linked collagenated porcine bone 

(B) Scanning electron 

 
(A) one-wall, 

intrabony, periodontal defects prepared at the mesial side of the mandibular 

placement of CPB block, and (C) wound closure. 



 

Figure 3. Micro computed tomographic photographs;

view of CPB block grafted site and (

surgery control site. Sagittal

(G) sham-surgery control site. Yellow

area. Cross-sectioned, cut at the red

CPB block grafted site and (H) sham
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computed tomographic photographs; (A, B) 3D reconstructed 

CPB block grafted site and (E, F) 3D reconstructed view of sham

surgery control site. Sagittal-sectioned view of (C) CPB block grafted site and 

surgery control site. Yellow-colored line, border of graft material 

sectioned, cut at the red-colored line in (C) and (G), view of (

CPB block grafted site and (H) sham-surgery control site.  

 

reconstructed 

) 3D reconstructed view of sham-

) CPB block grafted site and 

colored line, border of graft material 

), view of (D) 



 

Figure 4. Histological view of a 

Low magnification. White arrowhead, apical end of the junctional epithelium; 

red arrowhead, coronal end of the new bone (scale bar = 2

magnification at the mi

cementum and lined with cementoblast

Higher magnification at notch area shows newly regenerated bone and PDL 

(scale bar = 200 ㎛). (D) Fibrous encapsulated graft material (sc

㎛). Hardly any blood vessels 

㎛). (E) Pristine bone resorption. Arrowheads, lacunae of bone resorption by 

osteoclasts (scale bar = 200 
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Histological view of a CPB block grafted site (H & E staining).

Low magnification. White arrowhead, apical end of the junctional epithelium; 

red arrowhead, coronal end of the new bone (scale bar = 2 mm). (B) Higher 

magnification at the middle area of the root surface. Arrowheads, new 

cementum and lined with cementoblast-like cells (scale bar = 200 

Higher magnification at notch area shows newly regenerated bone and PDL 

). (D) Fibrous encapsulated graft material (scale bar = 200 

). Hardly any blood vessels are seen in the material mass (scale bar = 200 

). (E) Pristine bone resorption. Arrowheads, lacunae of bone resorption by 

osteoclasts (scale bar = 200 ㎛).  

 
(H & E staining). (A) 

Low magnification. White arrowhead, apical end of the junctional epithelium; 

mm). (B) Higher 

ddle area of the root surface. Arrowheads, new 

like cells (scale bar = 200 ㎛). (C) 

Higher magnification at notch area shows newly regenerated bone and PDL 

ale bar = 200 

seen in the material mass (scale bar = 200 

). (E) Pristine bone resorption. Arrowheads, lacunae of bone resorption by 



 

Figure 5. Histological view of a 

(A) Low magnification. White arrowhead, apical end of the junctional 

epithelium; red arrowhead, coronal end of the new bone (scale bar = 2

(B) Higher magnification at the middle area of the root surface. Arrowheads, 

new cementum and lined with cementoblast

Higher magnification at notch area shows newly regenerated bone and PDL 

(scale bar = 200 ㎛). 
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Histological view of a sham-surgery control site (H & E staining). 

(A) Low magnification. White arrowhead, apical end of the junctional 

epithelium; red arrowhead, coronal end of the new bone (scale bar = 2

(B) Higher magnification at the middle area of the root surface. Arrowheads, 

cementum and lined with cementoblast-like cells (scale bar = 200 

Higher magnification at notch area shows newly regenerated bone and PDL 

 

(H & E staining). 

(A) Low magnification. White arrowhead, apical end of the junctional 

epithelium; red arrowhead, coronal end of the new bone (scale bar = 2 mm). 

(B) Higher magnification at the middle area of the root surface. Arrowheads, 

like cells (scale bar = 200 ㎛). (C) 

Higher magnification at notch area shows newly regenerated bone and PDL 



 

Figure 6. Graph illustrating the mean percentage values of the measured 

parameters. Red-colored vertical line shows height of cementum regeneration

(CR). (A) Experimental. (B) Control.
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illustrating the mean percentage values of the measured 

colored vertical line shows height of cementum regeneration

. (A) Experimental. (B) Control. 

 
illustrating the mean percentage values of the measured 

colored vertical line shows height of cementum regeneration 
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국문 요약 

 

성견 일벽성 골내 결손부에서 교차결합된 교원질과 혼합된  

돼지 유래 이종골의 공간 유지능에 관한 연구 

 

<지도교수 정 의 원> 

연세대학교 대학원 치의학과 

박정임 

 

본 연구의 목적은 성견에서 외과적으로 형성한 일벽성 골내 결손부에 적용한 

교차결합된 교원질과 혼합된 돼지 유래 이종골의 효과를 평가하는 것이다. 

비글견의 하악 양쪽 제 4 소구치의 근심측에 협설측으로 개방된, 일벽성의, 

박스 형태의 골 결손부 (4 × 5 mm) 를 형성하였다 (N = 5). 실험군에서는 

교원질과 혼합된 돼지 유래 이종골 블록 (4 × 5 × 5 mm) 을 왼쪽 또는 

오른쪽에 적용하였고, 반대편은 대조군으로 하였다. 3 개월 후 시편을 얻어 

미세전산화단층촬영을 하고 조직학적 분석을 시행하였다.   

실험군의 골 재생량과 백악질 재생량의 평균값은 대조군 보다 작았다. 또한 

이식재의 상당량이 형성한 결손부위의 기저부보다 하방에 위치하였고 주변 

골과 분리돼 있었다.  

교원질 교차결합을 통해 이식재는 치유 기간 동안 결손부 내에서 국소화될 수 

있으나, 교차결합된 교원질과 혼합된 돼지 유래 이종골을 개방된 형태의 
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결손부에 차폐막 없이 적용하는 것은 치주 재생 효과에 있어서 제한적이었다. 

추후 재료의 생체 적합성 및 골전도능의 개선이 필요하며, 성장인자와의 

결합을 통해 좀 더 개선될 수 있으리라 기대된다.   
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