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Abstract 

Increasing the tissue thickness at implant sites using 

guided bone regeneration and an additional collagen 

matrix: histologic observations in beagle dogs. 

 

Gi-Young Seo, DMD, MSD; 

 

 Department of Dentistry 

The Graduate School, Yonsei University 
 

(Directed by Professor Jung-Seok Lee, D.D.S., M.S.D., PhD.) 

 

Purpose: To histologically determine the alteration in mucosal thickness at sites 

that received guided bone regeneration (GBR) with additional use of collagen matrix and 

to assess whether bone formation is affected by adding collagen matrix at GBR sites at 8 

weeks of healing. 

 

Materials and methods: Eight weeks after bilateral extraction of maxillary 

premolars, standardized defects were created on buccal side of edentulous ridges in four 

beagle dogs. One side was randomly allocated as control (biphasic calcium phosphate 
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plus collagen membrane; GBR only), while contralateral side was allocated as test 

(biphasic calcium phosphate plus collagen membrane plus an additional layer of collagen 

matrix). Histologic observations, histomorphometric and micro-computed tomography 

analyses were performed after 8 weeks. 

 

Results: Membrane complex comprising residual collagen membrane and 

adjacent dense connective tissue was observed at both control and test sites. The 

thickness were 1.69 ± 0.23 mm (control) and 1.76 ± 0.07 mm (test) in histologic analysis 

and were 2.03 ± 0.26 mm (control) and 2.14 ± 0.24 mm (test) in radiographic analysis. 

The thickness of the membrane complex (consisting of residual membrane and adjacent 

dense connective tissue) in soft-tissue layer were 723.0 ± 241.6 μm (control) and 984.6 ± 

334.4 μm (test). The percentage of new bone formation were 22.30 ± 5.92% (control) and 

25.50 ± 8.08% (test). All measured outcome did not show significant differences between 

control and test groups. 

 

Conclusions: The addition of collagen matrix on top of standard GBR 

procedure did not increase the soft tissue thickness and dense connective tissue formation 

at 8 weeks of healing. Bone regeneration was not affected by the addition of collagen 

matrix. 

 
 

Key words: collagen matrix, soft tissue augmentation, guided bone regeneration, 

histologic, animal model
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Increasing the tissue thickness at implant sites using 

guided bone regeneration and an additional collagen 

matrix: histologic observations in beagle dogs. 

 

Gi-Young Seo, DMD, MSD; 

 

 Department of Dentistry 

The Graduate School, Yonsei University 
 

(Directed by Professor Jung-Seok Lee, D.D.S., M.S.D., PhD.) 

 

 

I. Introduction 

 

 A sufficient volume of soft tissue around a dental implant is crucial in terms of esthetics 

and peri-implant health, while the vertical and horizontal dimensions of the hard tissues 

are considered to be an additional contributing factor (Seibert 1983, Hermann, Buser et al. 

2000, Tarnow, Cho et al. 2000, Tarnow, Elian et al. 2003, Grunder, Gracis et al. 2005, 

Chen, Darby et al. 2007, Evans and Chen 2008). A substantial thickness of soft tissue is 

essential to reconstruct a natural emergence profile and gingival anatomy mimicking the 
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one of a natural tooth (Schneider, Grunder et al. 2011). The soft tissue thickness does 

influence as well the color of the peri-implant mucosa depending on the type of the 

abutment material (Jung, Sailer et al. 2007, Jung, Holderegger et al. 2008, van Brakel, 

Noordmans et al. 2011, Benic, Wolleb et al. 2012). Therefore, grafting procedures using 

autogenous connective tissue have been frequently used in the area of an anterior implant 

or at pontic. Such procedures can reduce the risk of gingival recession in case of 

immediate implants (Cornelini, Barone et al. 2008, Kan, Rungcharassaeng et al. 2009), 

and can compensate for the recurrence of tissue deficiency after healing periods following 

implantation and hard-tissue augmentation (Zigdon and Machtei 2008). Suggesions were 

also made that this technique decreases the rate of wound dehiscences at guided bone 

regeneration (GBR) treated sites (Nemcovsky, Artzi et al. 2000, Sclar 2004, Kim, Jang et 

al. 2012). 

These procedures, however, are associated with disadvantages such as an increased 

patient morbidity and a restricted quality and quantity at the donor site (Griffin, Cheung 

et al. 2006, Wessel and Tatakis 2008, Sanz, Lorenzo et al. 2009, Benninger, Andrews et al. 

2012, Cairo, Cortellini et al. 2012). In order to overcome these disadvantages, substitutes 

for soft tissue grafts were developed and commercially introduced. More recently, 

research has focused on the evaluation of collagen matrices for soft tissue volume 

augmentation serving as a substitute for connective tissue grafts (Thoma, Jung et al. 2010, 

Thoma, Hammerle et al. 2011, Thoma, Naenni et al. 2016). Such xenogenic collagen 

matrices were suggested to provide a scaffold for connective-tissue formation and 
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produce comparable soft-tissue volume to autogenous soft-tissue grafting (Sanz, Lorenzo 

et al. 2009, Cardaropoli, Tamagnone et al. 2012). Most often, soft tissue grafting 

procedures are performed during an additional surgical intervention. In order to further 

reduce patient morbidity, such a procedure should ideally be combined with the hard 

tissue grafting procedures (GBR) at implant placement.  

The aim of the present pilot study was, therefore, to histologically determine the 

alteration in thickness at sites that received guided bone regeneration (GBR) with the 

additional use of collagen matrix and to assess whether bone formation is affected by 

adding a collagen matrix at GBR sites at 8 weeks of healing. 
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II. Materials and methods 

 

1. Experimental materials 

 

 The collagen matrix (20 mm × 40 mm × 2 mm; Collagen Graft, Genoss, Suwon, 

Korea) was composed of bovine collagen with chemical cross-linking. It included two 

pure collagen layers with two densities: a thick spongeous layer and a thin dense layer. 

The grafted bone substitute material was biphasic calcium phosphate (BCP) comprising 

30% hydroxyapatite and 70% β-tricalcium phosphate (250 μm pore size, 70% porosity; 

Osteon II, Genoss). A stiff resorbable bovine collagen membrane (20 mm × 30 mm, 

Collagen Membrane, Genoss) was soaked in saline for 5 minutes prior to application over 

the site of bone graft. The collagen matrix, collagen membrane, and bone substitutes were 

kindly provided by Genoss. 

 

2. In vitro analysis of the collagen matrix 

 

Scanning electron microscopy of the collagen matrix 

The surfaces and structure of collagen matrix were investigated using scanning electron 

microscopy (SEM; S-3000N, Hitachi, Tokyo, Japan). A specimen of the collagen matrix 

was coated with platinum in an ion coater before performing the SEM observations. 
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In vitro enzymatic degradation analysis of the collagen matrix and 

membrane 

Samples of the collagen matrix (n=3) and collagen membrane (n=3) with the same 

weight (17 mg) were placed in a tube (15 ml; SPL Life Sciences Co, Pocheon, Korea) 

filled with PBS and collagenase (0.01 mg/ml) and then incubated in a shaking incubator 

at 42°C and 100 rpm. After immersion of the samples in collagenase solution for 1, 2, 3, 

6, 12, and 24 hours, and for 2, 3, 5, 7, and 14 days, the remaining materials were freeze-

dried. The samples were then weighed to obtain the mean weights. 

 

Preclinical in vivo experiments 

Animals 

Four male beagle dogs (aged 18–24 months, body weight of approximately 15 kg) with 

no systemic disease, intact dentition, and a healthy periodontium were employed. Animal 

selection, animal management, and the surgical protocol were performed according to 

routine protocols approved by the Animal Care and Use Committee, Yonsei Medical 

Center, Seoul, Korea (Permission no. 2015-0233). Plaque control was performed before 

surgery. 

 

Surgical procedure  

All surgical procedures were performed under general anesthesia induced by an 

intravenous injection of alfaxalone (2-3 mg/kg body weight) and an intramuscular 
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injection of medetomidine (0.75 mg/kg body weight), followed by the inhalation of 

isoflurane (2–3% body weight). At the surgical site, local infiltration anesthesia was also 

applied using 2% lidocaine HCL with epinephrine (1:80,000; Kwang Myung Pharm, 

Seoul, Korea). 

Maxillary second, third, and fourth premolars were bilaterally extracted, and the alveolar 

ridge was allowed to heal for 8 weeks. Surgical procedures for GBR were performed on 

the healed edentulous ridge. A midcrestal incision was performed with extension to a 

sulcular incision at the adjacent teeth, and a mucoperiosteal flap was elevated. A 

standardized bony defect (20 mm × 5 mm × 3 mm, width × height × depth) was surgically 

created bilaterally on the buccal side of the maxillary edentulous ridge using a high-speed 

rotary instrument. BCP particles (Osteon 2, Genoss) were grafted into the defect and then 

covered with a membrane. In the test group, additional collagen matrix was applied over 

the collagen membrane. In control group, there was no additional application of collagen 

matrix layer. The unilateral maxillary alveolar ridge was randomly selected in each 

animal for the control group, and the contralateral side was selected for the test group. 

Subsequently, a periosteal releasing incision was made to allow advancement of the 

mucoperiosteal flaps, and primary closure was achieved with interrupted sutures using a 

monofilament nylon material (6/0 Monosyn, B. Braun, Tuttlingen, Germany; Figure 1). 

Antibiotics and analgesics were administered for 7 days after surgery, and the sutures 

were removed after 14 days. At 8 weeks of healing, all animals were euthanized by an 

overdose of sodium pentobarbital via an intravenous injection. Maxillary segments 
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including the surgical site were resected and immersed in 10% neutral-buffered formalin 

for histologic analysis. 

 

Micro-computed tomography analysis  

Unilateral alveolar ridges including the surgical sites were scanned using micro-

computed tomography (micro-CT; SkyScan 1173, SkyScan, Kontich, Belgium) at a 

resolution of 35 μm (achieved using 130 kV and 60 μA). The scanned data set was 

processed in DICOM (Digital Image and Communications in Medicine) format and 

reconstructed with three-dimensional software (OnDemand3D®, Cybermed, Seoul, 

Korea). The surgical defect site was sagittally sectioned in three areas (mesial, center, and 

distal), with the mesial and distal areas located 5 mm from the defect margin. On each 

sectioned view, the thickness of the soft-tissue layer was measured at the imaginary line 

extending the palatal wall of the defect using an image analysis program (Adobe 

Photoshop CS6, Adobe Systems, San Jose, CA, USA) as the distance from the outermost 

surface of the radiopaque bony ridge to the gingival surface (Figure 2).  

 

Histology preparation  

Unilateral alveolar ridges including the surgical sites were sagittally sectioned in three 

areas (mesial, center and distal). In total, 24 samples (3 sites on both alveolar ridges of 4 

animals) were prepared, decalcified with formic and hydrochloric acids (Rapid Cal, BBC 

Biochemical, Mount Vernon, WA, USA), and then embedded in a paraffin block. Two 
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slides were sectioned at a thickness of 4 μm from each sample and stained with 

hematoxylin-eosin and Masson’s trichrome.  

 

Histomorphometric analysis  

The histologic slides were observed by using a light microscope (BX-50, Olympus 

Optical, Tokyo, Japan). Scanned images (Panoramic 250 Flash III, 3DHISTECH, 

Budapest, Hungary) were analyzed histomorphometrically using an image analysis 

software (Case View®2.0, 3DHISTECH, Budapest, Hungary; Adobe Photoshop CS6, 

Adobe Systems). The region of interest (ROI) encompassed the newly formed woven 

bone and membrane complex consisting of the residual membrane and the surrounding 

dense connective-tissue layer. The following outcomes were measured in the ROI and 

compared: 

 the thickness of the soft-tissue layer (distance from the upper margin of the 

augmented area to the soft-tissue margin) was measured at the imaginary line 

extending the palatal wall of the defect (Figure 3); 

 the thicknesses of the membrane complex including the dense connective tissue 

above the membrane (upper dense connective tissue [UDCT]), the membrane, 

and the dense connective tissue below the membrane (lower dense connective 

tissue [LDCT]) were measured to evaluate the effects of the addition of 

collagen matrix on soft-tissue augmentation. The thicknesses were measured 

perpendicularly to the residual membrane layer in five other areas: most-crestal, 
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most-apical, and three other areas evenly divided between these two areas 

(Figure 3); 

 the proportions of new bone formation, remaining bone material and connective 

tissue within the augmented area underneath the membrane complex were 

measured to evaluate whether or not bone formation (augmentation) was affected 

by the additional use of a collagen matrix (Figure 3). 

 

3. Statistical analysis 

 

 Data analysis was performed using a statistical analysis program (SPSS®23, IBM, 

Chicago, IL, USA). The differences in measured outcome values between the control and 

test groups were compared using the Wilcoxon signed-rank test (n=4). The cutoff for 

significance was set at p<0.05.  
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III. Results 

 

1. SEM analysis of the collagen matrix 

 

 In a cross-sectional view, the collagen matrix consists of two layers with different 

porosities: a porous and a dense layer. At high magnification, the porous layer appears 

with the collagen fibers entangled loosely, forming pores of size 204.4 ± 66.6 μm (mean ± 

standard deviation), while in the dense layer that collagen fibers are stacked into layers 

separated by 39.0 ± 19.1 μm (Figure 4).  

 

2. In vitro enzymatic degradation analysis of the collagen membrane 

and matrix 

 

 Once placed in a solution, the collagen matrix degraded faster than the collagen 

membrane (Figure 5). The collagen matrix degraded to half its original weight after 6 

hours, and after 48 hours the matrix remnants were too small to measure. In contrast, the 

collagen membrane degraded to half its original weight after 7 days and maintained its 

shape without being substantially decomposed at 14 days. 
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3. Preclinical in vivo experiments 

 

Clinical findings 

 All of the control and test sites in all dogs healed uneventfully with the exception of a 

single test site that showed a slight wound dehiscence, but then healed and completely 

closed at 4 weeks after surgery. The clinical tissue volume had markedly increased in both 

its horizontal and vertical aspects at the surgical sites immediately after surgery and at the 

time of suture removal (2 weeks after surgery) on the both control and test groups. However, 

its clinical volume was reduced compared to that at 8 weeks after surgery (Figure 6).  

 

Radiographic analysis using micro-CT (linear volumetric change) 

The calculated mean and standard-deviation values for the thickness of the soft-tissue 

layer are shown in Figure 7. The thickness of the soft-tissue layer was 2.03 ± 0.26 mm in 

the control group and 2.14 ± 0.24 mm in the test group (p=0.273). 

 

Histologic observations 

In both the control and test groups, the membrane complex including the residual 

collagen membrane and the adjacent dense connective tissue were clearly distinguishable 

from the superficial loose connective tissue. At a high magnification, the long collagen 

strands were tightly arranged parallel to the barrier membrane within the dense 

connective-tissue layer (Figure 8).  
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Remnants of collagen membrane and xenograft material were observed, but there was 

no evidence of an increased inflammatory reaction in the both control and test groups. 

In the augmented area, newly formed bone extended from the defect wall was observed. 

The remaining bone material was observed with newly formed bone around it. Between 

the newly formed bone and the remaining bone material, fibrous vascular connective 

tissue with an irregular lamella structure, osteocytes, and blood vessels was observed.  

 

Histomorphometric analysis  

The calculated mean and standard-deviation values for the thickness are shown in Figure 

7 and 9. None of histomorphometric measurements differed significantly between the 

control and test groups (n=4). The thickness of the soft-tissue layer in the histologic 

analysis were 1.69 ± 0.23 and 1.76 ± 0.07 mm, respectively (p=1.000). The thickness of 

the membrane complex was 723.0 ± 241.6 μm in the control group and 984.6 ± 334.4 μm 

in the test group (p=0.068).  

The thicknesses of the components of the membrane complex (LDCT, membrane, and 

UDCT) were compared. The thickness of the LDCT was 233.1 ± 80.2 μm in the control 

group and 419.2 ± 181.2 μm in the test group (p=0.068); the corresponding values for the 

membrane were 226.4 ± 83.8 and 228.3 ± 54.0 μm (p=1.000), while those for the UDCT 

were 263.5 ± 105.0 and 337.3 ± 152.1 μm (p=0.068).   

The percentages of new bone formation, remaining bone material, and connective tissue 

at the GBR sites are presented in Table 1. The percentage of new bone formation was 
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22.30 ± 5.92% in the control group and 25.50 ± 8.08% in the test group (p=0.068); the 

corresponding values for remaining bone material were 21.10 ± 4.82% and 21.80 ± 4.94% 

(p=0.715), and those for connective tissue were 56.60 ± 10.70% and 52.74 ± 13.02% 

(p=0.068).  
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IV. Discussion 

 

 The present study was performed based on the hypothesis that the additional coverage of 

collagen matrix on the GBR site can thicken the overlying soft tissue layer. However, the 

results demonstrated that the collagen matrix (1) did not significantly increase the 

thickness of soft tissue layer on GBR site in radiographic and histologic analysis, and also 

(2) did not influence the bone regeneration.  

Thoma et al. (Thoma, Jung et al. 2010, Thoma, Hammerle et al. 2011, Thoma, Villar et 

al. 2012) reported that soft-tissue volume augmentation with a collagen matrix leads to an 

increase in ridge width in chronic ridge defects that were similar to those obtained by an 

autogenous subepithelial connective tissue graft in an animal study. Also, the mean soft-

tissue volume in the control group (sham-operation group) was significantly lower than 

for the collagen matrix and subepithelial connective tissue graft group at both 28 and 84 

days. Vignoletti et al. (Vignoletti, Nunez et al. 2011) reported histologic and clinical 

observations of the healing process of the collagen matrix in combination with a 

coronally advanced flap at three healing periods. In their study, the collagen matrix was 

surrounded by dense connective tissue with inflammatory infiltration and blood vessel 

formation in the collagen matrix after the first week. One month later the collagen matrix 

had fully integrated into the adjacent connective tissue, and after 3 months no collagen 

matrix was seen and fibrous connective tissue was observed. The results from these 

previous studies are not consistent with those of the present study, where the addition of 
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collagen matrix did not result in an increase in the thickness of the soft-tissue layer or the 

dense connective-tissue layer. Moreover, there was no significant increase even in the 

region of the UDCT layer where collagen matrix was applied. These findings do not 

support the hypothesis that the presence of a fully integrated collagen matrix would 

increase the thickness of the dense connective-tissue layer around the membrane.  

One of the reasons for explaining the present results is that the collagen matrix degrades 

too rapidly to act as a scaffold for soft-tissue augmentation. The in vitro enzymatic 

degradation analysis performed in this study showed that collagen matrix degraded 

significantly faster than collagen membrane. This means that the collagen matrix 

degrades too rapidly and the volume stability is not sufficient. According to the literature, 

the collagen matrix used for soft-tissue volume augmentation should exhibit adequate 

volume stability that is maintained for a sufficient time to allow cells to grow within the 

structure and produce new soft tissue (Thoma, Villar et al. 2012, Rothamel, Benner et al. 

2014). In the early days of development, a major drawback of native collagen matrices is 

their rapid degradation, and chemically cross-linked collagen matrices were developed to 

overcome this limitation (Tatakis, Promsudthi et al. 1999, Mathes, Wohlwend et al. 2010). 

Thoma et al. (Thoma, Villar et al. 2012) compared collagen matrices with two degrees of 

cross-linking, and found that the degree of cross-linking was negatively correlated with 

the tissue integration: matrix stability was superior and angiogenic patterns were 

enhanced for collagen matrix with less cross-linking in mice. Rothamel et al. (Rothamel, 

Benner et al. 2014) also compared the use of native and differently processed cross-linked 
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collagen matrices in tissue integration, and found increases in inflammatory responses 

and compromised tissue integration when volume stability was enhanced. Although the 

collagen matrix used in present study was chemically cross-linked like that of previous 

mentioned studies of Thoma and Vignoletti, the degree of cross-linking of collagen 

matrix was different. The collagen matrix in this study showed no inflammatory response 

and also low volume stability. It means that cross-linking of the collagen matrix used in 

our study did not interfere with tissue integration, but it also did not increase volume 

stability enough; It is bioinert within the tissue, but also easily biodegradable. 

There are additional minor factors to consider for explaining our results. The more 

pressure caused by the flap advancement to cover an additional collagen matrix was 

applied in the test group compared to the control group. Although the effect could be 

minor, it is possible that the volume of collagen matrix itself may have been depressed by 

the pressure. The pressure could collapse the space the blood cell and fibroblast would 

grow, which interfere the soft-tissue volume augmentation. The previous mentioned study 

of Thoma grafted a collagen matrix alone on the defect, but in this study the collagen 

matrix was grafted after bone material grafting on the defect, therefore more pressure 

might have been applied to the collagen matrix in this study. In summary, although 

volume stability is an important characteristic to act as a soft tissue substitute, volume 

stability of the collagen matrix used in this study was insufficient due to the rapid 

biodegradation and depression of the material itself. These findings suggest that cross-

linking can be used in the further development of collagen matrices with good volume 
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stability (low biodegradability and good physical characteristic) as well as favorable 

biocompatibility.  

The present study also demonstrated that bone regeneration was not influenced by the 

addition of a collagen matrix. Wang et al. (Wang and Boyapati 2006) described the four 

main biologic principles necessary for predictable bone regeneration: primary wound 

closure, angiogenesis (blood supply), space maintenance, and wound stability. A similar 

meaning as the aforementioned, adding a collagen matrix above the membrane may 

reduce the blood supply to the underlying tissue. In addition, the flap needs to be further 

advanced to achieve primary closure, which may increase the risk of wound dehiscence at 

the surgical site. However, in the present study the outcome for bone regeneration showed 

no significant difference in new bone formation irrespective of whether or not additional 

collagen matrix was used. Moreover, only one site showed wound dehiscence, and this 

healed naturally.  

Collagen matrix has been developed as a substitute for an autogenous connective-tissue 

graft during soft-tissue augmentation. The underlying mechanism involves the porous 

collagen matrix acting as a scaffold to stimulate the growth of fibroblasts and blood 

vessels. Mathes et al. (Mathes, Wohlwend et al. 2010) tested prototype collagen matrices 

in vitro, and found primary human fibroblast growth and that the expression of 

extracellular matrix proteins such as collagen type I and fibronectin increased. There is 

considerable literature on preclinical evaluations and the clinical use of collagen matrices. 

Reported treatments for single gingival recession have included using collagen matrix 
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with a coronally advanced flap (Cardaropoli, Tamagnone et al. 2012), as a barrier in GBR 

(Hammerle and Jung 2003), to increase the width of keratinized tissue in ridge 

preservation (De Santis, Cucchi et al. 2012), and for soft-tissue volume augmentation in a 

partially edentulous area (Thoma, Jung et al. 2010). However, the present study is one of 

the first to use collagen matrix and resorbable collagen membrane simultaneously during 

a GBR procedure for both hard-tissue and soft-tissue volume augmentation. 

In the present study we hypothesized that the additional application of collagen matrix 

can enhance the soft-tissue volume on the GBR site. If the clinician could use additional 

soft-tissue substitutes during a GBR procedure, bone augmentation as well as soft-tissue 

augmentation would be achieved simultaneously and easily. It is a topic that might be of 

interest to clinicians because it would be advantageous in reducing the number of 

operations, the total treatment period, and patient morbidity. Nevertheless, the additional 

use of collagen matrix during GBR had a limited effect on both hard- and soft- tissue 

augmentation in this study. In order to be used for soft tissue augmentation with bone 

graft, it is necessary to show improved physical properties and sufficient volume stability 

enough to withstand the pressure that can be applied during the surgical procedure. 

Future research should be therefore focus on the development of materials with 

enhanced volume stability and good biocompatibility. Hopefully, this study will provide 

an evidence for future studies. 
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V. Conclusion 

 

 The present results suggested that the additional use of collagen matrix in a GBR 

procedure might have no significant influence on the thickness of soft tissue and the 

dense connective tissue around the membrane in the soft-tissue layer, due to its too-fast 

degradation rate. 
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Figure legends 

 

Figure 1. (a) Eight weeks after extraction, the flap was elevated. (b) Standardized 

defects (20 mm × 5 mm × 3 mm, width × height × depth) were created on the buccal side 

of each ridge. (c) BCP (comprising 30% hydroxyapatite and 70% β-tricalcium phosphate) 

was grafted and (d) a collagen membrane was applied over the defect. (e) An additional 

layer of collagen matrix was applied over the collagen membrane. (f) Primary closure 

was then performed.  

 

Figure 2. Sagittal sectioning of surgical defect site. The thickness of soft tissue layer 

(arrow) is measured as the distance from the outmost surface of the radiopaque bony 

ridge (dashed line) to the gingival surface (dot-dashed line) at the imaginary line 

extending the palatal wall of the defect.  

 

Figure 3. (a) Sagittal sectioning of standardized defects in distal, center, and mesial 

areas. The region of interest encompassed the newly formed woven bone and membrane 

complex consisting of the residual membrane and the surrounding dense connective-

tissue layer. The thickness of the soft-tissue layer (arrow) in the augmented area was 

measured at the imaginary line extending the palatal wall of the defect, from the upper 

margin of the augmented area to the soft-tissue margin. The thickness of the membrane 

complex (dashed line) was measured at five sites (most-crestal, most-apical, and three 
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other areas evenly divided between these two areas) in mesial, center, and distal sections, 

and then averaged. Also, the proportions of new bone formation, remaining bone material, 

and connective tissue within the area underneath the membrane complex (dotted line) 

were also measured. (b) Close up of the membrane complex. Lower dense connective 

tissue (LDCT), membrane, and upper dense connective tissue (UDCT) are referred to 

collectively as the membrane complex.  

 

Figure 4. (a, b) The collagen matrix has a bilayer structure with porous and dense layers.  

(c) Porous layer shows loosely entangled collagen fibers. (d) Dense layer shows stacked 

collagen fibers in layers.  

 

Figure 5. In collagenase solution, the collagen matrix degraded faster than the collagen 

membrane. The collagen matrix degraded to half its original weight after 6 hours, and 

after 48 hours the matrix remnants were too small to measure. In contrast, the collagen 

membrane degraded to half its original weight after 7 days and maintained its shape 

without being substantially decomposed at 14 days. 

 

Figure 6. The clinical tissue volume had markedly increased in both its horizontal and 

vertical aspects at the surgical sites immediately after surgery and at the time of stitch 

removal (2 weeks after surgery); however, its clinical volume was reduced compared to 

that at 8 weeks after surgery. 



26 

 

Figure 7. The soft-tissue layer was thicker in the test group than in the control group, but 

there was no significance in the radiographic (micro-CT) analysis (p=0.273) or the 

histomorphometric analysis (p=1.000). 

 

Figure 8. (a), (c) : Hematoxylin-eosin staining. (b), (d) : Masson’s trichrome staining. In 

both the control and test groups, residual collagen membrane and adjacent dense connective 

tissue were observed, which were easily distinguished from contact the adjacent loose 

connective tissue. At high magnification the long collagen strands were tightly arranged 

parallel to the membrane in the dense connective-tissue layer. The thicknesses of the soft 

tissue and dense connective tissue adjacent to the membrane did not differ significantly 

between the control and test groups. New bone formation, remaining bone material, and 

connective tissue were observed in the defect below the membrane.  

 

Figure 9. (a) Comparison of the thickness of total membrane complex (lower dense 

connective tissue (LDCT) + Membrane + upper dense connective tissue (UDCT)). This 

thickness did not differ significantly between the test and control groups (p=0.068). (b) 

Comparison of the thicknesses of the LDCT, membrane, and UDCT in the mesial, center, 

and distal areas of the defect. Sagittal sectioning of the defect in these three areas was 

performed, and the mean thicknesses of the LDCT, membrane, UDCT, and total 

membrane complex were compared. The thickness was increased in the test group, but 

there was no significant difference for the LDCT, membrane, or UDCT.  
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Table 

Table 1. Percentages of new bone formation, remaining bone material, and connective 

tissue in the area underneath the membrane complex.  

Component 
Group 

p 
Control (n=4) Test (n=4) 

New bone formation (%) 22.30 ± 5.92 25.50 ± 8.08 0.068 

Remaining bone material (%) 21.10 ± 4.82 21.80 ± 4.94 0.715 

Connective tissue (%) 56.60 ± 10.70 52.74 ± 13.02 0.068 

Data are mean ± standard-deviation values. 

n=number of sites 

None of the outcome measures differed significantly between the control and test groups 

(p>0.05) 
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국문요약 

 

성견에서 골유도재생술 시 콜라겐매트릭스의 추가적 사용이 

임플란트 주위 조직의 두께 증가에 미치는 영향에 관한  

조직학적 관찰연구 

 

<지도교수 이 중 석> 

연세대학교 대학원 치의학과 

서 지 영 

 

  

충분한 임플란트 주변의 연조직 부피는 심미적인 면과 기능적인 면에서 매

우 중요하다. 이를 위해 임플란트 주변에 여러 방법의 연조직 이식술이 소개

되어왔으며, 그 중 자가 연조직을 이용한 이식술은 gold standard로 보고되고 

있다. 임상에서는 임플란트 식립술 시행 시뿐만 아니라 골유도재생술과 같은 

경조직 이식술을 시행할 때에도 치유 후에 일어날 수 있는 조직 결손에 대한 

보상을 위해 자가 연조직 이식술을 함께 사용하고 있다. 하지만, 이러한 자가 

연조직을 이용한 이식술은 환자의 불편감 증가와 공여부의 양과 질이 제한적
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이라는 단점이 있다. 이러한 단점을 극복하기 위해 최근 결합조직 대체제인 

콜라겐매트릭스가 개발되었으며, 이것을 이용하여 연조직 부피를 효과적으로 

증강시킨 연구들이 보고된 바 있다. 임상에서 이러한 결합조직 대체재를 골유

도재생술시에 함께 사용하여 연조직과 경조직의 부피가 효과적으로 증강될 수 

있다면, 환자의 불편감 감소와 치유기간의 단축 등의 장점이 있을 것이라 생

각한다. 따라서 본 연구는 예비연구로서 골유도재생술을 시행하는 부위에서 

흡수성 차단막 위에 콜라겐매트릭스를 추가로 사용할 경우, 연조직의 두께 변

화 여부와 골유도재생술의 목적인 골형성에 미치는 영향 여부를 평가하기 위

해 시행된 조직학적 관찰 연구이다.     

4마리의 비글견에서 양측 상악 소구치를 발치하였고 8주 후 양측 무치악 

부위에 표준화된 결손부를 형성하였다. 무작위적으로 한 쪽은 대조군으로서 

이상성 인산칼슘과 흡수성차단막을 이식하였고, 다른 한 쪽은 실험군으로서 

이상성 인산칼슘과 흡수성차단막, 그리고 추가로 콜라겐매트릭스를 이식하였

다. 8주 후, 조직학적 관찰과 조직학적 및 방사선학적 분석을 통해, 연조직의 

두께변화와 연조직 층 내의 결합조직의 두께변화, 신생골 형성능력을 비교하

였다.  

대조군과 실험군 모두에서 남아 있는 흡수성 차단막과 그 주변의 치밀결합

조직이 관찰되었으며, 이 연구에서는 이를 합쳐 차단막 복합체라고 명명하였

다. 연조직의 두께의 조직학적 분석 결과는 대조군과 실험군에서 각각 1.69 ± 
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0.23mm, 1.76 ± 0.07mm (p=1.000) 이었으며, 방사선학적 분석 결과에서는 

각각 2.03 ± 0.26, 2.14 ± 0.24mm (p=0.273) 이었다. 또한 연조직 층 내 차

단막 복합체의 두께의 조직학적 분석 결과는 각각 723.0 ± 241.6μm와 984.6 

± 334.4μm이었으며 (p=0.068), 신생골의 비율은 대조군에서 22.30 ± 5.92%, 

실험군에서 25.50 ± 8.08%이었다(p=0.068). 위의 계측된 모든 수치는 통계학

적으로 유의한 차이가 없었다.  

이러한 결과는 표준적인 골유도재생술을 시행할 때 콜라겐매트릭스를 추가

로 사용하더라도, 8주 후 연조직의 두께와 치밀 결합조직의 생성을 유의미하

게 증가시키지 않으며 신생골형성에는 부정적인 영향을 주지 않는 것으로 해

석할 수 있다.   
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