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Abstract 

Histologic analysis of ridge preservation using 

deproteinized porcine bone: A retrospective human study 

 

Eun-Sik Park, DDS 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.) 

 

 Backgrounds: There are many studies on the change of alveolar bone 

after extraction. The ridge preservation is needed to make a suitable environment 

for maintaining soft tissue and hard tissue and volume of alveolar ridge, and 

simplifying treatment procedure. Recently lots of bone substitutes have been 

developed and used widely in the market. However, the study of deproteinized 

porcine bone mineral (DPBM) is rare. 
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Objectives: In this study, the histomorphometric analysis of the rate of 

new bone, residual bone graft material, and fibrovascular tissue in ridge 

preservation using DPBM, and the factors that could affect healing patterns, such 

as the healing periods and the location of the extraction socket, were reported. 

Materials and Methods: The 25 patients, who performed ridge 

preservation after extraction, were selected in this study. For histomorphometric 

analysis, the area and percent of new bone, residual bone graft material, and 

fibrovascular tissue were calculated through the imaging program using histologic 

slides made of biopsy sample. Four statistical analyses were conducted: 1. The 

analysis was divided into Group A (healing period is 20 weeks or less), and Group 

B (healing period is more than 20 weeks); 2. The analysis was done by dividing 

the groups into Group C (premolar area) and Group D(molar area); 3. The 

analysis was done by dividing the groups into Group E (maxillary) and Group F 

(mandible); 4. The analysis was done by dividing the groups into Group G 

(primary stability ≥ 30 Ncm) and Group H (primary stability < 30 Ncm ). 

 Result: From the first analysis's histomorphometric assessment, there was 

no significant difference in new bone (p = 0.400), and fibrovascular tissue (p = 

0.151) between the Group A and Group B, but the results showed a statistically 

significant difference for the residual graft (p = 0.041). From the second analysis's 
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histomorphometric assessment, there was no significant difference in new bone (p 

= 0.499), residual graft (p = 0.318), and fibrovascular tissue (p = 0.362) between 

the Group C and Group D. From the third analysis's histomorphometric 

assessment, there was no significant difference in new bone (p = 0.092), residual 

graft (p = 0.368), and fibrovascular tissue (p = 0.063) between the Group E and 

Group F, but slight trend was found in the formation of new bone and 

fibrovascular tissue between the maxilla and the mandible. From the fourth 

analysis's histomorphometric assessment, there was significant difference in new 

bone (p = 0.012), residual graft (p = 0.034), and fibrovascular tissue (p = 0.000) 

between the Group E and Group F. 

Conclusion: Differences in the results of the histomorphometric analysis, 

according to the healing period and the location, were predicted. The residual graft 

was associated with healing time, and tendency to slightly increase in the formation 

of new bone and fibrovascular tissue was found in mandible. In addition, 

significant differences were found in the histomorphometric analysis of initial 

stability, but various factors affecting the initial stability were not considered. 

More cases and controlled clinical studies are needed for further evaluation. 

 

Keyword: ridge preservation, porcine bone mineral.
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Histologic analysis of ridge preservation using 

deproteinized porcine bone: A retrospective human study 

 

Eun-Sik Park, DDS 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.) 

 

 

I. Introduction 

 

The alveolar ridge is tooth-dependent structure. Development of alveolar bone begins 

with the eruption of teeth, and loss of a tooth is followed by resorption and atrophy of 

alveolar bone.(Barone et al., 2012; Misch & Suzuki, 2008) So alveolar bone starts to 
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shrink after extraction, and horizontal and vertical bone resorption occurs 

inevitably.(Araujo, Sukekava, Wennstrom, & Lindhe, 2005)  For one year after 

extraction, the volume of alveolar bone reduces by 26%, and the width of alveolar bone 

decreases by 40%-60% for 3 years.(Horváth, Mardas, Mezzomo, Needleman, & Donos, 

2013; Misch & Suzuki, 2008) If one or more bony walls get damaged, bone resorption 

rate and aspects of alveolar bone change. Fibrous tissue is filled in a socket, and the 

process of normal treatment and osteogenesis will be disturbed.(Chen, Jr, & Hammerle, 

2004) Such a morphological change can affect successful placement and osseointegration 

of the implant. So we need ridge preservation for the long-term success and aesthetic of 

an implant through reducing the necessity of additional bone graft surgery and preventing 

bone resorption.(Hammerle, Araujo, Simion, & Osteology Consensus, 2012; Tan, Wong, 

Wong, & Lang, 2012) 

Applying bone graft material to the socket is recommended to keep the volume of the 

extraction area.(Boix et al., 2006; G. Cardaropoli, Araujo, Hayacibara, Sukekava, & 

Lindhe, 2005; Nair & Schug, 2004) We could consider autogenous bone graft, but it 

could create complications in donor area. So many researchers are proceeding to develop 

adequate alloplastic bone.(Clavero & Lundgren, 2003) Currently many substitutes able to 

use in ridge preservation have been developed and used widely in the market. This 

resolves the limitation of autogenous graft. 

Several studies on ARP focused on the volume change, and its histological properties 

of alveolar ridge based on different materials and surgical techniques, but there are 
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relatively fewer experimental results using porcine bone (deproteinized porcine bone 

mineral, DPBM)(7, 8) compared with autogenous bone(9-11), allografts(12-14), 

xenografts (specifically deproteinized bovine bone mineral)(15-18), and alloplastic 

bone(19-22) and those with or without membranes(23, 24), which were substantially 

introduced to ARP. Therefore, in this retrospective study, the histomorphometric analysis 

of the rate of new bone, residual bone graft material, and fibrovascular tissue in ridge 

preservation using the deproteinized porcine bone mineral (DPBM), and the factors that 

could affect healing patterns and implant primary stability, such as the healing periods 

and the location of the extraction socket, were reported. 
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II. Methods 

 

Based on the patients’ chart review, this retrospective study was conducted to evaluate 

the histomorphometric analysis of the site where the ridge preservation was performed 

using DPBM, and the factors affecting its results. The institutional review board of VHS 

Medical Center reviewed and approved the protocol for this retrospective study. 

(BOHUN 2016-08-023) 

 

1. Patient population 

The 38 patients, who visited the Department of Periodontology of Veterans Health 

Service Medical Center and performed ridge preservation after extraction between 

January 2015 and December 2016, were selected in this study. From the total number of 

patients (n = 38), 5 patients with non-resorbable membranes, 2 patients with smoking 

history, and 6 patients with abnormalities in the box plot of residual graft and 

fibrovascular tissue were excluded. Finally, 25 remaining patients (16 males and 9 

females) were included in the statistical analysis. (Figure 1) The mean patient’s age was 

61.28 ± 10.88 (range 37 to 80 years). (Table 1) 

 

2. Data collection 
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The ridge preservation using DPBM (THE Graft, Purgo, Seoul, Korea) and a 

collagen membrane (Ossix-plus, Datum, Telrad, Israel, or Bio-Gide, Geistlich Pharma AG, 

Wolhusen, Switzerland) was conducted on the day of extraction. We collected data from 

the patients’ chart review, radiographs, and histomorphometric analysis. Patient charts 

included information on age, sex, reentry time, socket location. 

 

3. Histomorphometric analysis 

Histomorphometric analysis was performed with the biopsy core samples that were 

fixed in 10% buffered neutral formalin (Sigma Aldrich, St. Louis, Missouri) for 14 days. 

Subsequently, the bone cores were decalcified in 5% formic acid and embedded in 

paraffin. Serial perpendicular sections (5-μm thickness) were cut along the center of each 

specimen, and the central-most sections were stained with hematoxylin and eosin. The 

area and percentage of new bone, residual bone graft material, and fibrovascular tissue 

were calculated using the imaging program (Image-Pro Plus 7, Media Cybernetics Inc., 

Washington, USA). 

The analysis was conducted from two perspectives. First, the longer the healing 

period, the more residual bone grafts will be absorbed, the new bone will be formed and 

the proportion of fibrous vascular tissue will be reduced. Secondly, the formation of new 

bone, the absorption of residual bone grafts, and the rate of fibrous vascular tissue will 

occur faster in areas where blood flow is stable. Accordingly, the molar area will show the 
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formation of more new bone, absorption of residual bone grafts, and the amount of less 

fibrous vascular tissue compared to the pre-molar area. The maxilla will also show the 

formation of the new bone, absorption of residual bone grafts, and the amount of less 

fibrous vascular tissue compared to the mandible. And third, the more stable the initial 

stability of implant is, the more new bones will have been formed. 

 

4. Radographic analysis 

Radiographic evaluation was performed to evaluate the marginal bone loss by 

periapical radiographs at the time of the final prosthesis installation and at 1 year. A 

digital caliber (mViewer, Marotech, Seoul, Korea) was used to measure the radiographs 

taken by a long-cone paralleling technique and a film holder (XCP-DS FIT, Dentsply, 

Waltham, Mass). 

 

5. Statistical analysis 

A statistical analysis was performed using a software program (STATA 14.2, 

StataCorp, Texas, USA). The mean values and standard deviations were calculated for 

each variable. The two-sample t-test (mean-comparison tests) was used for intergroup 

comparisons. Results were considered statistically significant (P < 0.05). Based on the 

perspectives above, several statistical analyses were conducted. First, the analysis was 

divided into two groups based on the patients’ average healing period included in the 



7 

 

study, 20 weeks. Secondly, the analysis was done by dividing the groups into the molar 

area and the pre-molar area. Thirdly, the analysis was done by dividing the groups into 

the maxilla and mandible. Fourthly, the analysis was done by dividing the groups into the 

primary stability 30 Ncm or more and primary stability less than 30 Ncm. 

For the above analysis, groups were divided as follows: 

Group A: healing period is 20 weeks or less 

Group B: healing priod is more than 20 weeks 

Group C: pre-molar area 

Group D: molar area 

Group E: maxilla area 

Group F: mandible area 

Group G: primary stability ≥ 30 Ncm 

Group H: primary stability < 30 Ncm 
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III. Results 

 

The histologic and radiographic evaluation were conducted. Histologic specimens 

showed diverse bone maturity and the formation process without inflammatory response 

or fibrous encapsulation. Also, osteoid tissue and woven bone, and osteoblast adjacent to 

mature bone were observed. (Figure 2) 

 

1. Patient population 

Group A (n = 9) consisted of patients with healing period 20 weeks or less, whereas 

Group B (n = 16) consisted of patients with healing period more than 20 weeks. The 

mean ages of Groups A and B were 59.33 ± 10.43 and 62.38 ± 11.65 years, respectively. 

Group A comprised five men and four women, whereas Group B comprised eleven men 

and five women. Group C (n = 9) consisted of patients who performed ridge preservation 

in pre-molar area, whereas Group D (n = 16) consisted of patients who performed ridge 

preservation in molar area. The mean ages of Groups C and D were 66.44 ± 12.64 and 

58.38 ± 9.33 years, respectively. Group C comprised four men and five women, whereas 

Group D comprised twelve men and four women. Group E (n = 10) consisted of patients 

who performed ridge preservation in maxilla, whereas Group F (n = 15) consisted of 

patients who performed ridge preservation in mandible. The mean ages of Groups E and 

F were 63.60 ± 11.99 and 59.73 ± 10.61 years, respectively. Group E comprised seven 
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men and three women, whereas Group F comprised nine men and six women. Group G (n 

= 13) comprised patients with primary stability 30 Ncm or more, whereas Group H (n = 

12) comprised patients with primary stability less than 30 Ncm. The mean ages of Groups 

G and H were 62.08 ± 10.24 and 60.42 ± 12.37 years, respectively. Group G comprised 

nine men and four women, whereas Group H comprised seven men and five women. 

(Table 2) 

 

2. Healing time  

Based on a healing time of 20 weeks, in Group A, the healing period were 20 weeks 

or less in 9 (36%) patients and in Group B, the healing period were more than 20 weeks 

in 16 (64%) patients. From the first analysis's histomorphometric assessment, the 

proportion (± SD) of new bone, residual graft, and fibrovascular tissue of Group A were 

11.00% ± 14.03%, 9.97% ± 5.92%, and 79.03% ± 13.80%, respectively and Group B 

were 9.78% ± 9.76%, 16.35% ± 9.46%, and 73.87% ± 10.42% respectively. There was no 

significant difference in new bone(p = 0.400), and fibrovascular tissue (p = 0.151) 

between the two groups, but the results showed a statistically significant difference for 

the residual graft (p = 0.041). 

 

3. Socket location 

The distribution of the socket location was as follows: maxillary premolars (n = 6, 
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24%), maxillary molars (n = 4, 16%), mandibular premolars (n = 3, 12%), and 

mandibular molar (n = 12, 48%). 

From the second analysis's histomorphometric assessment, the proportion(± SD) of 

new bone, residual graft, and fibrovascular tissue of Group C were 10.22% ± 11.29%, 

15.19% ± 9.62%, and 74.58% ± 11.95%, respectively and Group D were 10.21% ± 

11.52%, 13.41% ± 8.56%, and 76.38% ± 11.95% respectively. There was no significant 

difference in new bone (p = 0.499), residual graft (p = 0.318), and fibrovascular tissue (p 

= 0.362) between the two groups. 

From the third analysis's histomorphometric assessment, the proportion (± SD) of 

new bone, residual graft, and fibrovascular tissue of Group E were 12.68% ± 12.62%, 

14.55% ± 8.16%, and 72.77% ± 10.41%, respectively and Group F were 6.53% ± 7.86%, 

13.31% ± 10.09%, and 80.16% ± 12.74% respectively. There was no significant 

difference in new bone (p = 0.092), residual graft (p = 0.368), and fibrovascular tissue (p 

= 0.063) between the two groups, but a slight trend was found in the formation of new 

bone and fibrovascular tissue between the maxilla and mandible. 

 

4. Primary stability 

Based on a Primary stability of 30Ncm, in Group G, the primary stability were 30 

Ncm or more in 13 (52%) patients and in Group H, primary stability were less than 30 

Ncm in 12 (48%) patients. From the fourth analysis's histomorphometric assessment, the 
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proportion (± SD) of new bone, residual graft, and fibrovascular tissue of Group G were 

14.99% ± 13.36%, 17.12% ± 9.35%, and 67.88% ± 8.45%, respectively and Group H 

were 5.05% ± 4.79%, 10.74% ± 7.11%, and 84.22% ± 8.44% respectively. There was 

significant difference in new bone (p = 0.012), residual graft (p = 0.034), and 

fibrovascular tissue (p = 0.000) between the Group G and Group H. (Figure 3) 

 

5. Radiographic evaluation: Marginal bone loss 

Marginal bone loss was measured 1 year after implant prosthesis delivery. Using 

periapical radiographs, the alteration of mesial/distal height was evaluated. The median 

value of mesial height loss was 0.1 mm (interquartile range, 0.0–0.2) and the value of 

distal height loss was 0.1 mm (interquartile range, 0.1–0.2). However, one site showed 

abundant bone resorption and pus discharge 6 months after implant placement. The 

surgical approach was performed, and excessive cement was found around the abutment. 

Detoxification using tetracycline and additional bone grafting using DPBM and collagen 

membrane were performed. This implant functioned well until the final observation after 

2 years (Figure 4). 
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IV. Discussion 

 

In this report, ridge preservations were done by using deprotenized porcine bone 

mineral(DPBM). Ridge preservation sustains the width and height of alveolar bone when 

we compare it with the case that we proceed with extraction alone.(Iasella et al., 2003a) 

Alveolar ridge preservation has two goals. First is to sustain form of alveolar ridge. 

Second is to increase volume of alveolar ridge.(Hammerle et al., 2012) Lang et al.(Lang, 

Pun, Lau, Li, & Wong, 2012) reported the average width of alveolar bone reduced 3.8mm 

and average height reduced 1.24mm for 6 months after extraction in their clinical study. 

Vignoletti et al.(F. Vignoletti et al., 2012) reported ridge preservation sustains soft tissue 

and hard tissue, keeps the volume of alveolar bone, maintains optimal condition 

technically and esthetically, and simplifies the treatment process.  

Diverse materials are used for ridge preservation. Among them, many researches are 

related to bovine bone mineral. Bovine bones are very similar to human bones and fulfill 

many ideal conditions. In general, it can withstand the body with a slow substitution rate, 

which makes it possible to maintain good space for an extended period.(I Darby, 2011) 

According to some researches, the volume shift of ridge in the area where ridge 

preservation was treated was 1.04 ± 1.08mm and was 4.48 ± 0.65mm in control group. 

The ridge preservation showed a stable result in keeping volume.(D. Cardaropoli, 

Roffredo, & Cardaropoli, 2012) 
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  Many of the damaged sockets were included in this study; most remaining extraction 

socket wall is two (52%), three-wall (36%) defects. The average value of the new bone 

formation investigated is 10.22% ± 10.98%. Comparatively, low bone formation was 

found in this study compared to many previous studies that reported about 30% of 

histological new bone formation after ridge conservation techniques.(Cook & Mealey, 

2013; Gholami, Najafi, Mashhadiabbas, Goetz, & Najafi, 2012; Hoang & Mealey, 2012; 

Serrano Méndez et al., 2017). It might be expected to have affected the formation of new 

bone due to the damaged extraction sockets. 

This retrospective study was conducted from three perspectives. First, the longer the 

healing period, the more residual bone grafts will be absorbed, and new bone will be 

formed, and the proportion of fibrous vascular tissue will be reduced. In previous studies, 

the healing time was considered the period when minimal volumetric change was 

observed, 4–6 months of healing time was selected.(Iasella et al., 2003b; Leblebicioglu et 

al., 2013) Moreover, reentry time was determined based on bone quality; therefore, 6 

weeks in D2, 4 months in D3, and greater than 6 months in D4 were 

recommended.(Horváth et al., 2013) However, according to a recent review article, 

including histological modification, healing periods, and subsequent reentry for implant 

placement, longer healing time is not mandatory because reentry is possible in the case of 

no more physiological acceleration of the healing process through the amount of change 

in bone and connective tissue area.(De Risi, Clementini, Vittorini, Mannocci, & De 

Sanctis, 2015) Additionally, they explained that the reentry time of 3 and 5 months was 
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determined according to the residual grafts of allograft and xenograft. According to a 

previous study, xenograft did not absorb well and showed 35% residual bone grafting by 

7 months.(De Risi et al., 2015) Based on the result of histomorphometric analysis from 

our data, the residual graft was associated with healing time. Where more residual grafts 

were present, the longer healing time was observed. The results were contrary to 

expectations, but absorption of the residual bone grafting material did not proceed much, 

and these results indicate that the space maintenance of DPBM could be kept for a long 

time.  

The second point of view is that the formation of new bone, the absorption of residual 

bone grafts, and the rate of fibrous vascular tissue will occur faster in areas where blood 

flow is stable. The molar area was expected that it would be more advantageous to 

formation of new bones as it had a richer supply of blood flow than the pre-molar area, 

but there was no significant difference between the two groups. In addition, it was 

expected that the maxilla area would show a large amount of new bone formation, 

absorption of residual bone grafts, and a small amount of fibrous vascular tissue than 

mandible, but in result, a tendency to slightly increase in formation of new bone and 

decrease in fibrovascular tissue was found in mandible. It was expected that the stability 

of the surgical site in the mandible affected the results. 

There is no significant difference in trabeculation or new bone formation in maxilla 

and mandible in other study. It is also said that although it is not statistically significant in 

immunohistochemistry, it showed slightly high vascular neoplastic in the mandible than 
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in the maxilla.(Perelman-Karmon, Kozlovsky, Lilov, & Artzi, 2012) There may be slight 

differences in the vascular formation and trabeculation of the maxilla and mandible, pre-

molar and molar area, but this is not a significant difference. In conclusion, good results 

can be predicted if the ridge preservation is performed in the maxilla and mandible with 

DPBM. 

From a third point of view, we expect that the higher the implant initial stability, the 

higher the rate of new bone in the area. Significant differences were found in the 

histomorphometric analysis of initial stability. Primary implant stability is provided 

mechanically by macro-retentions engaging in the bony walls of the implant bed and is 

dependent on factors related to the properties of the bone, the design of the implant, and 

surgical technique.(Sim & Lang, 2010) The results of this study show that if the initial 

stability of the implant is high, the degree of the new bone formation in the graft site is 

significantly high. But various factors affecting the initial stability were not considered. 

The study was conducted in an uncontrolled situation of various variables, resulting in 

varying. Additional studies with other variables controlled will be needed for accurate 

research for initial stability. 

Even though DPBM is used in some bone regeneration procedures including ridge 

preservation, it is true that there is a lack of research on DPBM compared to bovine bone 

mineral. Though it has been verified that porcine bone mineral is much biocompatible 

and full of bone conduction, the types of bone resorption are diverse from the case that 
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bone resorption doesn’t proceed to the case that it happens at some time.(Nannmark & 

Sennerby, 2008; Orsini et al., 2006) Recently Barone et al.(Barone, Ricci, Tonelli, Santini, 

& Covani, 2013) reported that vertical and horizontal resorption of alveolar bone is 

1.6mm and 0.3-1.1mm in the study on conducting ridge preservation using porcine bone 

mineral. Thalmair et al.(Thalmair, Fickl, Schneider, Hinze, & Wachtel, 2013) also 

reported horizontal bone resorption by 0.8mm. Both showed promising results. 

Radiographic evaluation showed that all of the values of marginal bone loss met the 

implant success criteria of less than 0.2-mm marginal bone loss after 1 year. Although one 

patient had peri-implantitis due to the remnant of excess cement around the cement-

retained implant restoration,(Wilson Jr, 2009) it could be concluded that ARP using 

porcine bone is a successful treatment technique similar to other materials.(Ivan Darby, 

Chen, & Buser, 2009; De Risi et al., 2015; Hammerle et al., 2012; Horváth et al., 2013; 

Fabio Vignoletti et al., 2012; Willenbacher, Al‐Nawas, Berres, Kämmerer, & Schiegnitz, 

2016)  

This study has several limitations. First of all, the study was small in size, and it was 

conducted as a retrospective study, so the study was conducted without comparison 

groups. Although the absence of standardization also affected the heterogeneity of the 

results.  

In this study conducted within these limits, all implants that were placed in sites using 

DPBM functioned well for up to 3 years, regardless of histomorphometric analysis results. 
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The results of the histomorphometric analysis at the time of implantation may not be 

critical to the success of the implant. 
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V. Conclusion 

 

Within the limitations of this retrospective study, ridge preservation using DPBM and 

collagen membrane showed favorable outcomes. Differences in the results of the 

histometric analysis according to the healing period and the location were predicted.  

The residual graft was associated with healing time, and tendency to slightly increase in 

the formation of new bone and decrease in fibrovascular tissue was found in mandible. In 

addition, if the initial stability of the implant is high, the degree of the new bone 

formation in the graft site is significantly high. But various factors affecting the initial 

stability were not considered. More cases and controlled clinical studies are needed for 

further evaluation. 
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Figure legend 

 

Figure 1. Study flow 

Figure 2. Representative histologic slide according to healing pattern. (a) The 

formation of the new bone around the residual bone grafting material is observed 

and shows a good healing pattern. (b) New bone formation is observed around 

some residual bone grafts. (c) Residual bone grafting is surrounded by 

fibrovascular tissue and no formation of new bone is observed. 

Figure 3. Region of interest on panoramic radiographs in Group G, Group H (a) Before 

extraction, (b) After extraction and grafting, (c) Implant placement (depending on 

primary stability, healing abutment or cover screw was connected), and (d) Follow-up 

after l-year loading. 

Figure 4. A case of uneventful follow-up. (a) Pus discharge on the left 2nd molar, (b) 

Periapical radiograph, (c) Excessive cement was found after flap reflection, (d) 

Debridement, (e) Grafting of the porcine mineral, (f) Periapical radiograph at 2-year 

follow-up, (g) No symptom and eventful finding at 2-year follow-up, and (h) Normal 

probing check. 
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Table 

Table 1.  Demography in selected patients 

Patients (N = 25)  Demographic Result 

  Age   

    Mean age (SD) 61.28 ± 10.88 

    Range  37 to 80 

  Sex  

    Male 16 

    Female  9 

  Sites   

    Premolar (Maxilla/Mandible) 9(6/3) 

    Molar (Maxilla/Mandible) 16(4/12) 
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Table 2. Detailed information of selected patients in each group

  Group A Group B 
p-value 

Group C Group D 
p-value   (N = 9) (N = 16) (N = 9) (N = 16) 

Age(years) 59.33 ± 10.43 62.38 ± 11.65  66.44 ± 12.64 58.38 ± 9.33  

Sex       

 Male 5 (20%) 11 (44%)  4 (16%) 12 (48%)  

 Female 4 (16%) 5 (20%)  5 (20%) 4 (16%)  

Histomorphometric result       

 New bone(%) 11.00 ± 14.03 9.78 ± 9.76 0.400 10.22 ± 11.29 10.21 ± 11.52 0.499 

 Residual graft(%) 9.97 ± 5.92 16.35 ± 9.46 0.041 15.19 ± 9.62 13.41 ± 8.56 0.318 
 Fibrovascular tissue(%) 79.03 ± 13.80 73.87 ± 10.42 0.151 74.58 ± 11.95 76.38 ± 11.95 0.362 

  Group E Group F 
p-value 

Group G Group H 
p-value   (N = 10) (N = 15) (N = 13) (N = 12) 

Age(years) 63.60 ± 11.99  59.73 ± 10.61  62.08 ± 10.24  60.42 ± 12.37   

Sex       

 Male 7 (28%) 9 (36%)  9 (36%) 7 (28%)  

 Female 3 (12%) 6 (24%)  4 (16%) 5 (20%)  

Histomorphometric result       

 New bone(%) 6.53 ± 7.86 12.68 ± 12.62 0.092 14.99 ± 13.36 5.05 ± 4.79 0.012 

 Residual graft(%) 13.31 ± 10.09 14.55 ± 8.16 0.368 17.12 ± 9.35 10.74 ± 7.11 0.034 
 Fibrovascular tissue(%) 80.16 ± 12.74 72.77 ± 10.41 0.063 67.88 ± 8.45 84.22 ± 8.44  0.000 
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Figure 2

(a) (b) (c) 
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Figure 3 
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국문요약 

 

돼지 뼈 유래 골 이식재를 이용하여 치조제 보존술을 시행한 

부위의 조직학적 분석 : 후향적 인간 대상 연구 

 

<지도교수 최 성 호> 

연세대학교 대학원 치의학과 

박 은 식 

 

치조제는 치아 의존적인 조직이기 때문에 발치 후에 치조제의 부피 변화는 

피할 수 없는 과정이다. 몇몇 연구들을 통해 발치 후 치조제 보존술을 시행한 

곳은 그렇지 않은 곳에 비해 치조제의 수축을 제한하는 이점이 있다는 것이 

밝혀졌다. 치조제 보존술은 임플란트 식립을 위해 광범위하게 이루어지고 

있다. 최근 연구 동향에선 치조제 보존술의 부피 변화와 여러 재료들의 

조직학적 특징 및 술기에 대해 다루고 있다. 또한 자가골 이식재와 동종골 

이식재, 소뼈 유래 이종골 이식재, 합성골 이식재 및 차폐막에 관한 연구들이 

지속적으로 연구되고 있다. 하지만 돼지뼈 유래 골 이식재(DPBM)를 이용한 

연구 결과는 상대적으로 적다. 본 후향적 연구는 DPBM 을 사용하여 치조제 
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보존술을 시행한 부위에 초점을 두었고, 신생골, 잔존 골 이식재, 섬유혈관성 

조직의 비율에 대한 조직 계측학적 분석을 시행하고 치유기간, 발치와의 위치 

등 치유양상에 영향을 미칠 수 있는 요인을 분석했다. 

25 명의 환자가 본 연구에 선택되었다. 치조제 보존술을 시행한 부위에서 

채득한 조직으로 만들어진 슬라이드를 이미지 프로그램을 통해 조직계측학적 

분석을 시행했고, 신생골, 잔존 골 이식재, 섬유혈관성 조직의 비율을 

계산하였다. 네 가지 통계분석이 수행되었다. 1. 환자의 치유기간(20 주)을 

기준으로 A 그룹(20 주 이하)과 B 그룹(20 주 초과)으로 구분했다. 2. 

C 그룹(소구치 부위)과 D 그룹(대구치 부위)으로 나누어 분석했다. 3. 그룹 

E(상악)와 그룹 F(하악)으로 나누어 분석을 진행했다. 4. 그룹 G (임플란트 

초기고정 ≥ 30 Ncm)와 그룹 H (임플란트 초기고정 < 30 Ncm)로 나누어 

수행되었다. 영향을 미치는 요인을 결정하기 위해 환자의 차트 검토(치유 

기간, 발치와의 위치, 초기고정)와 방사선 사진 및 조직계측학적 분석을 통해 

자료를 수집하였다. 

연구 결과, 치유기간에 따른 잔존 골 이식재에서 유의한 차이를 

보였다.(p=0.041) 또한 임플란트의 초기고정에 대한 분석에서 두 그룹 간  

신생골(p=0.012)과 잔존 골 이식재(p=0.034), 섬유혈관성 조직(p=0.000)의 

비율에 통계적으로 유의한 차이를 보였다. 비록 통계적으로 유의하진 

않았지만 상악과 하악의 분석에서 하악의 경우에 신생골의 비율이 약간 더 
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높은 경향성을 나타냈다.(p=0.092). DPBM 을 이용한 부위에 식립된 모든 

임플란트는 최대 3 년동안 정상적으로 기능하였다. 

본 연구는 치유 기간과 발치와의 위치에 따른 조직계측학적 분석 결과의 

차이를 예측하였다. 잔존 골 이식재는 치유 기간과 관련이 있었으며, 

하악에서 신생골과 섬유혈관성 조직의 형성이 약간 증가하는 경향이 

발견되었다. 또한 초기고정에 대한 조직계측학적 분석에서 유의미한 차이가 

발견되었지만 초기 안정성에 영향을 미칠 수 있는 다양한 요소들이 고려되지 

않았다. 추가적인 평가를 위해서는 더 많은 증례와 정량화된 비교 실험 

연구가 필요할 것이다. 

 

 

 

 

 

 

 

 

 

 

 

핵심되는 말: 치조제 보존술, 돼지뼈 유래 골 이식재 


