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Abstract

Layered approach with autogenous bone and bone substitute 

for ridge augmentation on implant dehiscence defects in dogs

In-Kyeong Lee, D.D.S., M.S.D

Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Ui-Won Jung, D.D.S., M.S.D., PhD.)

Objective: This study compared the efficacies of different layered approaches using 

autogenous bone and synthetic bone substitute for ridge augmentation on implant 

dehiscence defects in dogs.

Materials and methods: Right mandibular second, third, and fourth premolars and 

the first molar were extracted, followed by standardized one-wall defect preparation 

in five dogs. After a healing period of 12 weeks, three implants (Implantium®) were 

installed. Each of the three implant dehiscence defects was grafted with a different 

material as follows: (i) synthetic bone substitute combined with collagen (SBC; SBC 

group), (ii) inner autogenous bone layer and outer SBC layer (IAB group), and (iii) 

inner SBC layer and outer autogenous bone layer (OAB group). The grafted sites 
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were covered with a resorbable collagen membrane. Quantitative and qualitative 

analyses of the subsequent bone regeneration were performed at 12 weeks 

postoperatively.

Results: The dome-like augmented shape was relatively well maintained in the IAB 

and OAB groups, while the graft particles in the SBC group were dispersed. The 

bone-to-implant contact values tended to be significantly higher in the OAB group 

(49.51%) than in the SBC (36.58%) group. The amounts of newly formed bone 

within an area designated as 1 x 3 mm (width x height) from the implant platform in 

the IAB, OAB, and SBC groups were 35.59%, 28.10%, and 16.71%, respectively.

Conclusion: Application of the layered approach using autogenous bone and 

synthetic biomaterial resulted in substantial new bone formation and volume 

maintenance on implant dehiscence defects, irrespective of the position of the 

autogenous bone layer.

Keywords: animal study, autogenous bone graft, bone substitutes, dental implants, 

guided bone regeneration
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Layered approach with autogenous bone and bone substitute 

for ridge augmentation on implant dehiscence defects in dogs

In-Kyeong Lee, D.D.S., M.S.D

Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Ui-Won Jung, D.D.S., M.S.D., PhD.)

I. Introduction

The presence of sufficiently thick coronal bone around an implant is a 

prerequisite for long-term stability and to prevent biomechanical complications such 

as peri-implantitis and implant failure1-4. The tendency toward buccal bone resorption 

has been accepted as a natural healing pattern of extraction sockets and might be the 

cause of the high prevalence of buccal dehiscence defects around the implants5,6. 

Guided bone regeneration (GBR) has been introduced to compensate for such bone 

remodeling and to reestablish stable hard tissue over the implant surface7-10. Among 

the various bone graft materials used for GBR, autogenous bone has been widely 

regarded as an ideal material due to its osteogenic properties and immunogenic 
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safety11. Jensen et al.12 compared the bone healing achieved using autografting, 

anorganic bovine bone-derived mineral (ABBM), and synthetic b-tricalcium 

phosphate (b-TCP) in intraosseous defects in the mandible of minipigs. Autografting 

resulted in faster bone regeneration than grafting with either ABBM or synthetic b-

TCP in the early healing phase. Although newly formed bone ultimately regenerated 

in all defects after 8 weeks regardless of the graft material used, autografting resulted 

in increased osseous maturity during all healing periods. Other studies have also 

shown that autogenous bone can induce faster and more mature bone regeneration in 

the initial healing period of lateral ridge augmentation13,14. In spite of these

advantages, the unpredictable resorption rate, limited availability, and patient 

morbidity limit its common use. Bone substitutes may overcome these potential 

shortcomings, and a good solution when autogenous bone is harvested may be 

combining that harvested bone with an osteoconductive bone substitute15.

Wang et al.16 introduced the concept of the sandwich bone augmentation 

technique, which employs two layers of bone graft materials and a resorbable 

collagen membrane, whereby an inner autogenous bone layer is grafted close to the 

implant surface to provide an osteogenic environment around it, while the outer 

hydroxyapatite (HA) layer is placed over the inner autogenous bone layer. This bone 

substitute has slow-resorbing properties and is thus utilized to resist external 

compression. However, as the bone substitute is mostly osteoconductive, its bone-

forming ability is inferior. Thus, bone substitute particles located distant from the 

alveolar bone as the main osteogenic source may be less involved in bone 
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regeneration and be vulnerable to fibrosis formation. A clinical study reported that 

horizontal ridge augmentation using ABBM particles layered onto autogenous bone 

blocks with a collagen membrane showed fibrous encapsulation and no evidence of 

osseous integration17. Furthermore, the long-lasting remnant materials located at the 

outermost layer may lead to unwanted clinical events such as the protrusion or 

discharge of bone substitute particles, especially in thin biotype.

With the layered approach using autogenous bone and bone substitute for 

GBR, the order of the layers could be reconsidered. Positioning the bone substitute 

within the vicinity of the osteogenic source would be critical for predictable bone 

regeneration. Implants which are placed with a gap around them could have 

osseointegration, which could be explained by contact and distance osteogenesis18, 19. 

Distance osteogenesis depends on the “jumping” of osteogenic potential. When 

harvested autogenous bone is grafted in the outer layer, it could be expected that 

viable osteoblasts and osteoprogenitor cells in the grafted bone transfer osteogenic 

potential toward the inside. Therefore, layering of the osteogenic autogenous bone 

over the bone substitute layer, which is an inverted protocol to the original sandwich 

bone augmentation technique, may provide an environment that is more favorable for 

the delivery of osteogenic cells from multiple sources to the osteoconductive bone 

substitute.

This study compared the efficacies of different layered approaches using 

autogenous bone and synthetic bone substitute for ridge augmentation on implant 

dehiscence defects.
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II. Materials and methods

Experimental Animals

Five male mongrel dogs (mean age of 12–15 months, body weight of 

approximately 30 kg) with no systemic disease, intact dentition, and a healthy 

periodontium were used in this study. Animal selection, management, and the surgical 

protocol followed routine protocols approved by the Animal Care and Use Committee, 

Yonsei Medical Center, Seoul, Korea (Permission no. 2011-0188).

Experimental Materials

Sandblasted, acid-etched, and tapered titanium implants (3.8 mm in diameter

and 8 mm in length; Implantium®, Dentium, Seoul, Korea) were used. The synthetic 

bone substitute used in this study was the product combined with type I collagen 

(SBC; Osteon Collagen, Genoss, Suwon, Korea) and was cylindrical in shape (6 mm 

in diameter, 10 mm in length). SBC comprised a mixture of 70% HA and 30% b-TCP 

(particle size 0.5-1.0 mm, porosity 77%) and collagen; 93wt% graft and 7wt% 

collagen. Autogenous bone was obtained (~1 g) from the buccal wall of a previously 

extracted first molar site using a rotary instrument (ACM bone drill, Neobiotech, 

Seoul, Korea). The resorbable collagen membranes (HA Collagen membrane, Genoss, 
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Suwon, Korea) that were used to cover the grafted materials composed of type I 

collagen (50wt%) and HA particles (50wt%).

Experimental Design

Each of the three implant dehiscence defects in each dog was grafted with 

one of the following materials, with the material being allocated randomly (Fig. 1):

1. SBC alone (SBC group);

2. Inner autogenous bone layer and outer SBC layer (IAB group);

3. Inner SBC layer and outer autogenous bone layer (OAB group).

Surgical Procedures

Anesthesia

All surgical procedures were performed under sterile conditions and general 

anesthesia induced by intravenous injection of atropine (0.05 mg/kg; Kwangmyung 

Pharmaceutical, Seoul, Korea) and intramuscular injection of a combination of 

xylazine (2 mg/kg; Rompun, Bayer Korea, Seoul, Korea) and ketamine (10 mg/kg; 

Ketalar, Yuhan, Seoul, Korea), followed by inhalation anesthesia (Gerolan,

Choongwae Pharmaceutical, Seoul, Korea). Local infiltration anesthesia (2% 

lidocaine HCL with epinephrine 1 : 80,000; Kwangmyung Pharm., Seoul, Korea) was 
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used at the surgical sites. Scaling and plaque control for all dentition was performed 

before the surgical procedure.

Preparation of the chronic narrow edentulous ridge

A crevicular incision was made from the right mandibular second premolar 

(P2) to the first molar (M1), and two buccal vertical incisions were made at the mesial 

side of P2 and the distal side of M1. The mucoperiosteal flap was reflected, and P2, 

the third and fourth premolars (P3 and P4, respectively), and M1 were carefully 

extracted after performing hemisection. A standardized one wall defect including P2–

P4 mesiodistally, 3 mm apicocoronally, and 5 mm buccolingually was prepared using 

a high-speed carbide bur. Primary closure was obtained by interrupted suture with 

resorbable suture material (Monosyn® 4.0 Glyconate Monofilament, B. Braun, 

Tuttlingen, Germany). The sutures were removed 10 days after the surgical procedure.

Implantation and GBR procedure

A healing period of 12 weeks was allowed after preparation of a narrow 

edentulous ridge. A midcrestal incision was made from the mesial side of the second 

molar to the distal side of the first premolar, followed by two vertical incisions at both 

ends of the midcrestal incision. The mucoperiosteal flap was then reflected. The 
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defect bottom that had been created in a previous surgical procedure was flattened 

slightly using a ridge-contouring bur under copious irrigation with sterile saline. 

Following serial drilling according to a standard protocol, three implants were placed 

in the P2, P3, and P4 sites such that the implant platform was located at the level of 

lingual bone crest, with an insertion torque of approximately 20 N.cm. After 

installation of the implant, a buccal dehiscence of approximately 3 mm was made. 

After perforating the buccal cortical plate using a Lindemann drill, the P2, P3, and P4 

sites were allocated randomly to one of the three groups (SBC, IAB, and OAB) and 

grafted accordingly.

In the SBC group, the total amount of a single SBC unit (i.e., a 6-mm-

diameter x 10-mm-long cylinder) was grafted, while in the IAB and OAB groups, half 

of an SBC unit (i.e., 6-mm-diameter x 5-mm-long cylinder) was grafted together with 

~0.5 g of harvested autogenous bone. The bone materials were covered with a 

resorbable collagen membrane. After a periosteal releasing incision was made to 

relieve the tension, the flap was advanced coronally and primary wound closure was

achieved using interrupted sutures with resorbable suture material (Monosyn® 4.0 

Glyconate Monofilament, B. Braun, Tuttlingen, Germany). The sutures were removed 

after 10 days. After a healing period of 12 weeks, the dogs were sacrificed by 

injecting an overdose of sodium pentobarbital. The mandibles were dissected, and the 

experimental sites including soft tissues were harvested for analysis.



8

Histologic preparation

Block sections including implants and grafted sites with surrounding hard 

and soft tissues were prepared. After fixation in 10% neutral buffered formalin for 10 

days, the sections were scanned using micro-computed tomography (micro-CT; 

SkyScan 1076, SkyScan, Kontich, Belgium) at a resolution of 35 lm (100 kV, 100 

μA). The specimens were trimmed and dehydrated in ethanol and then embedded in 

methyl methacrylate without being decalcified. They were then sectioned in the 

middle of the implants in a buccolingual direction. After being reduced to about 20 lm, 

they were stained with hematoxylin– eosin and Masson’s trichrome stains.

Radiographic Analysis

Two-dimensional cross-sectioned views and three-dimensionally 

reconstructed views were obtained using micro-CT. The total augmented volume was 

analyzed within the region of 5 mm mesial and distal from the center of the implant. 

Any augmented volume on either side of the boundary in its mesiodistal aspect was 

excluded. The overall augmented material was colored artificially in the three-

dimensionally reconstructed views for easy recognition, using OnDemand 3D 

software (Cybermed, Seoul, Korea). After sectioning at mesial and distal boundaries, 

the cross-sectioned images were colored subsequently from mesial end to distal end.
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Histologic and Histomorphometric Analyses

The specimens were examined histologically using a light microscope (BX-

50, Olympus Optical, Tokyo, Japan) and analyzed histomorphometrically using 

image-analysis software programs (Image-Pro Plus, Media Cybernetics, Silver Spring, 

MD, USA; Adobe Photoshop CS6, Adobe Systems, San Jose, CA, USA). Linear and 

areal measurements were performed by two examiners. For linear analysis, the 

following parameters were recorded (Fig. 2):

1. Bone-to-implant contact (BIC, %): length of the implant boundary in 

contact with the newly formed bone;

2. P-B (mm): distance between the implant platform to the most-coronal 

point of BIC parallel to the implant axis;

3. P-C (mm): distance between the implant platform to the most-coronal 

bone level parallel to the implant axis.

In addition, the following parameters were measured within an area of 

interest [AOI; designated as 1 x 3 mm (width x height), from the implant platform]:

1. New bone (NB, mm2): area of newly formed bone.

2. Residual bone material (RBM, mm2): area of residual synthetic bone 

substitute materials.

3. Mineralized tissue area (mm2): sum of NB and RBM.

4. Fibrovascular tissue (FVT, mm2): area left after subtracting NB and RBM

from the AOI [i.e., FVT = AOI – (NB + RBM)].
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Statistical Analysis

The statistical analyses were performed using a software R, version 3.1.1 

(http://www.r-pro ject.org). The nonparametric mixed model was used for comparing 

radiographic and histomorphometric parameters among the three experimental 

groups20. Statistical significance level was 5%. The Bonferroni correction was used 

for multiple comparisons.
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III. Results

Clinical Findings

Wound dehiscence was observed in three dogs at the point of suture removal 

(in the IAB group in one dog, in the SBC and IAB groups in another dog, and in all 

three groups in a third dog). The wound dehiscence in the first two cases closed 

completely during the healing period; however, in the third dog, the cover screws 

remained exposed until sacrifice. As there was barely any grafted material left around 

the implants in the last animal, it was excluded from the analyses. Except for that 

single exception, all other implants and grafted materials remained submerged and no 

complications were observed throughout the experimental period. Therefore, the data 

from four dogs were included in the analyses.

Radiographic Analysis

The dome-like augmented shape was relatively well maintained in both the 

IAB and OAB groups, while the grafted biomaterial particles tended to be dispersed 

in the SBC group (Fig. 3). The total augmented volume did not differ significantly 

between the IAB (28.47 mm3) and OAB (33.89 mm3) groups, but was significantly 

lower in the SBC group than in the two layered GBR groups (14.29 mm3; Table 1).
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Histologic and Histomorphometric Analyses

In all three experimental groups (i.e., IAB, OAB, and SBC), the synthetic 

biomaterial particles were linked to one another by a bridge of newly formed bone. In the 

SBC group, the newly formed bone tended to project from the bottom of defect in the 

coronal direction (Fig. 4). In some samples, the collagen membrane was collapsed, and a 

small amount of grafted material was observed around the coronal part of the implants. 

RBM and NB were greater in the layered GBR groups (IAB and OAB) than 

in the SBC group. The regions of newly formed bone were connected to one another 

throughout the whole grafted area, and osseointegration was clearly visible (Figs 5 

and 6). In the OAB group, new vital bone that was separated from the inner grafted 

bone materials was also observed in the outer area of the graft (Fig. 6). The aspect of 

the separated new bone could barely be seen, and almost all of the regions of new 

bone were connected to each other in the SBC and IAB groups. 

The median BIC appeared to be significantly higher in the OAB group 

(49.51%) than in the SBC group (36.58%). The median P-B and P-C values appeared 

to be lower in both the IAB (1.27 and 0.73 mm, respectively) and OAB (1.38 and 

0.85 mm, respectively) groups compared with the SBC group (1.96 and 1.65 mm, 

respectively). However, these parameters did not differ significantly between the 

three groups (Table 2). With respect to the areal analyses, the median mineralized 

tissue area (the sum of NB and RBM) did not differ significantly in the SBC, IAB, 

and OAB groups (20.11%, 41.14%, and 38.56%, respectively; Fig. 7).
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IV. Discussion

The scientific validity of the GBR approach using a layered composite has 

been verified in both animal and clinical studies, allowing rapid substitution of new 

bone and volume maintenance16,21-23. A combination of autogenous bone and synthetic 

HA was found to induce a similar degree of bone regeneration compared to 

autogenous bone alone in the rat calvarium21. In a clinical study to resolve implant 

dehiscence defect, there was no significant difference in the remaining depth of defect 

between ABBM and synthetic bone substitute used as an outer bone layer22. In all of 

these studies, the autogenous bone was layered in the inner layer, which is in direct 

contact with the exposed implant surface. The biggest reason for this positioning is to 

achieve autogenous bone contact with the implant surface in order to promote 

osseointegration and support implant stability. However, most of the implant stability 

can be obtained from the high secondary stability of the other original bony envelope 

after a certain period of healing. Moreover, it has been shown that ABBM or synthetic 

bone used for GBR exhibits BIC values comparable to those obtained with 

autogenous bone24,25. Therefore, there is no clear rationale to support placement of the 

autogenous layer on the inside, in apposition with the implant.

A clinical trial of lateral ridge augmentation with a mixture of ABBM and 

autogenous bone produced graft healing patterns that differed with the position of the 

graft26. The graft closest to the residual bone exhibited more particles surrounded by 
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bone, while the graft closest to the periosteum demonstrated more particles 

surrounded by soft tissue. In other words, the outer layer that was far from the 

regenerative source of native bone might be in a relatively unfavorable condition for 

bone regeneration. Furthermore, esthetic problems such as bulging of bone particles 

on the gingiva are possible, especially in the thin biotype. Therefore, it was 

hypothesized that the outer layer of autogenous bone is advantageous for the 

formation of a viable bone shell and in facilitating bone formation in the inner 

synthetic biomaterial layer.

The aim of the present study was to clarify how the position of the 

autogenous bone layer within the grafted mass influences bone regeneration. The 

layered approach with autogenous bone and synthetic biomaterial showed no 

statistically significant difference in dehiscence reduction between the two layered 

groups, regardless of the incremental sequence. In the OAB group, although new vital 

bone separated from the inner bone was observed in the outer area, a finding that was 

not clearly observed in the SBC and IAB groups, a mature autogenous bone shell was 

not found in the outer layer. However, significantly higher BIC was observed when 

autogenous bone was positioned at the outer layer than grafting synthetic biomaterial 

alone. This suggests that autogenous bone layered over the bone substitute could be 

advantageous for bone regeneration. Moreover, it was not possible to confirm the 

rationale for placing the autogenous bone on the inner layer. Due to the small sample 

size of the present study, further investigations with larger sample sizes are necessary 

to clarify this issue.
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The chronic peri-implant dehiscence model used in this study allowed for a 

12-week postextraction healing period. The healed narrow ridge was lined with a 

cortical layer and sloped naturally, which was close to clinical situation. However, 

soft tissue over the atrophied alveolar bone might be vulnerable to exposure following 

submersion of the graft materials. In addition, bone harvesting from adjacent region, 

it could increase postoperative swelling and tension of flap. These factors could be 

contributed to a quite high frequency of wound dehiscence.

The size of harvested autogenous bone may affect the resorption rate. In the 

study comparing the different harvesting methods, the size of the bone chip affected 

cell viability27. Particles with a size of 1–2 mm were associated with less damage on

the surface and higher cell viability than those sized 0.1–0.3 mm. In several studies 

that used particulated autogenous bone for bone augmentation, the bone was obtained 

from block bone first and then particulated using a bone mill or a trephine bur26,28.

The rotary instrument (ACM bone drill, Neobiotech, Seoul, Korea) used in the 

present study made it possible to harvest autogenous particulated bone directly. This 

was much easier and faster than the manual milling procedure. The particles 

harvested were larger than 1 mm; however, the wood shaving-like appearance might 

have accelerated the resorption of the autogenous bone.

The two layered GBR approaches implemented herein resulted in no 

significant difference in new bone formation and a well-maintained augmented 

contour. Therefore, in clinical situations with limited availability of autogenous bone, 

the layered GBR approach can be a useful alternative for reinforcing the lack of graft 
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volume, while maintaining the bone-regenerative capacity. Further studies are 

required to evaluate the effect of the outer autogenous bone layer using larger bone 

particles in a larger sample. In addition, an experimental protocol that does not 

involve a barrier membrane would clarify the exoskeleton effect of the outer 

autogenous bone layer.

Within the limitations of this study, it can be concluded that the layered 

approach using autogenous bone and synthetic biomaterial resulted in substantial 

bone formation and volume maintenance in peri-implant dehiscence defects, 

irrespective of the position of the autogenous bone layer.
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Figure Legends

Figure 1. Schematic drawings of the surgical procedure: (a) SBC group, (b) IAB 

group, and (c) OAB group. Red circles = autogenous bone; blue circles = synthetic 

bone; dark blue line = collagen membrane; SBC = synthetic bone material coated 

with collagen and covered with a collagen membrane; IAB = inner autogenous bone 

and outer synthetic bone material covered with a collagen membrane; OAB = inner 

synthetic bone material and outer autogenous bone covered with a collagen 

membrane.

Figure 2. Schematic illustration of histomorphometric measurements. P = implant 

platform; C = the mostcoronal bone crest level; B = the first bone-to-implant contact; 

red box = area of interest (hematoxylin–eosin stain).

Figure 3. Three-dimensional reconstruction and two-dimensional cross-sectional 

views of micro-computed tomography scans in the three experimental groups: (a) 

oblique views, (b) occlusal views, and (c) buccolingual cross-sectional views.

Figure 4. Histologic views of the SBC group: (a) low-magnification view and (b) 

high-magnification view (hematoxylin–eosin stain). I = implant; NB = newly formed 

bone; RBM = remaining bone material.
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Figure 5. Histologic views of the IAB group: (a) low-magnification view and (b) 

high-magnification view (hematoxylin–eosin stain). I = implant; NB = newly formed 

bone; RBM = remaining bone material.

Figure 6. Histologic views of the outer autogenous bone group: (a) low-

magnification view and (b) high-magnification view (hematoxylin–eosin stain). I = 

implant; NB = newly formed bone; RBM = remaining bone material.

Figure 7. Graph representing the composition in the area of interest in the three 

experimental groups. FVT = fibrovascular tissue, RBM = remaining bone material, 

NB = newly formed bone, SBC = synthetic bone material combined with collagen 

and covered with a collagen membrane, IAB = inner autogenous bone and outer 

synthetic bone material covered with a collagen membrane, OAB = inner synthetic 

bone material and outer autogenous bone covered with a collagen membrane.



23

Tables

Table 1. Volumetric radiographic measurements (n = 4).

Groups
Total volume (mm3)

median (min, max)

SBC 14.29 (8.86, 17.80)

IAB 28.47 (19.52, 37.64)*

OAB 33.89 (24.64, 45.38)*

SBC, synthetic bone material coated with collagen and covered with a collagen 

membrane; IAB, inner autogenous bone and outer synthetic bone material covered 

with a collagen membrane; OAB, inner synthetic bone material and outer autogenous 

bone covered with a collagen membrane; min, minimum; max, maximum.

*Significantly different from the SBC group (p < 0.001).
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Table 2. Linear histomorphometric measurements (n = 4).

Groups
BIC (%) P-B (mm) P-C (mm)

median (min, max)

SBC 36.58 (12.44, 44.34) 1.96 (1.46, 2.69) 1.65(0.55, 1.92)

IAB 48.17 (5.73, 78.23) 1.27 (0.88, 2.77) 0.73 (0.00, 2.71

OAB 49.51 (29.16, 66.54)* 1.38 (1.00, 1.95) 0.85 (0.36, 1.52)

BIC, bone-to-implant contact; P-B, distance between the implant platform and the 

first BIC; P-C, distance between the implant platform and the most-coronal bone crest 

level; SBC, synthetic bone material coated with collagen and covered with a collagen 

membrane; IAB, inner autogenous bone and outer synthetic bone material covered 

with a collagen membrane; OAB, inner synthetic bone material and outer autogenous 

bone covered with a collagen membrane; min, minimum; max, maximum.

*Significantly different from the SBC group (p < 0.01).
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문 약

견에 플란트 주 열개 골결 에 가골과

골 체 층 순 달리 한 수평 치 술

<지도 수 원>

연 학 학원 치 학과

경

발치 후 치 과 에 어나는 측골 수는 플란트

주 에 열개 결 만든다. 가골 골재생능과 역학 안

측 에 골 도재생술 시행시 상 재료 받아들여지고 지만, 

가골 채득양 한 다. 처럼 가골 하지 않 경우, 

가골 플란트 에 하고 그 상방에 골 체 하는

층법 시 바 다. 

본 연 는 골 도재생술 시행시 가골 반드시 플란트에 해야

골재생능 가하는가에 한 문과 가골 치에 해 재고해보

하여 계 었 , 플란트 주 열개 결 에 골 도재생술

시행시 가골과 골 체 층 순 다 게 하고 그 과

비 하는 것 한다. 
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5 마리 견 상 하악 우측 2, 3, 4 치 및

1 치 발거하고, 상 무치악 치 재 하

하여 근원심 는 2 치에 4 치 지, 치 치근상 는

3mm, 측 는 5mm 벽 결 하 다. 12 주

치 간 거친 후 하악 우측 2, 3, 4 치 에 각각 하나씩

3 개 플란트(Implantium®) 약 20N 고 식립하 다. 

플란트 측 3mm 열개 결 에 1) 콜라겐 합 골 체 만

한 (SBC ), 2) 가골 플란트 에 하고 골 체 그

상방에 한 (IAB ), 3) 골 체 플란트 에 하고

가골 그 상방에 한 (OAB ) 하나 식하고 수

차단막 피개하 다. 12 주 후, 방사 학 2 차원 단 상과

3 차원 재건 상 하고, 직계측학 는 골-

플란트 , 플란트 플랫폼 치 골 상방 지 거리, 

플란트 플랫폼 첫번째 골- 플란트 지 거리

측 하 , 신생골양, 골 체 양, 직양, 

직양 하 다.

IAB, OAB 식 당시 돔 태 비 지하고 는 반 에,

SBC 식재가 주변 어진 태 보 다. 골- 플란트

OAB (49.51%)에 SBC (36.58%) 보다 통계학
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게 수치 나타냈다. 신생골 IAB, OAB, SBC 에 각각

35.59%, 28.10%, 16.71% 보 다. 식 피 경우, 층법

시행한 IAB 과 OAB 사 에는 통계학 한 차 가 없었 나, 

SBC 통계학 수치 나타냈다. 플란트 플랫폼에

치 골 상방 지 거리 첫번째 골- 플란트 지

거리는 SBC 과 비 하여 IAB 과 OAB 에 큰 값 나타냈지만

통계학 차는 재하지 않았다. 

상 연 통해, 가골과 골 체 하여 다 순

층법 치 술 시행하는 것 , 가골층 치 무 하게, 

플란트 주 열개 결 에 상당한 양 신생골 과 피 지

가능하게 함 할 수 었다. 

_____________________________________________________________________

핵심 는 말 : 동물실험, 가골 식, 골 체 , 치과 플란트, 

골 도재생술


