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Abstract

Histologic Analyses of Immediate 

Implant Placement in Infected 

and Noninfected Sockets:  An 

Experimental Pilot Study in 

Beagle Dogs

Jungwon Lee

Program in Periodontology, Department of Dental 

Science Graduate School, Seoul, National University

(Directed by Professor Yong-Moo Lee, D.D.S., Ph.D.)

   

Objectives: To investigate the histologic differences between 

immediate implants placed in chronically infected sites and 

noninfected sites in a canine model. The histologic results of 

immediate implant placement also were evaluated on the basis of 

healing time and implant surface modification.



Methods: Chronic endodontic-periodontic combined lesions were 

induced on the second, third, and fourth premolars of the 

hemimandible in six dogs, with the contralateral teeth as controls. 

Implants were immediately placed following the infected and 

noninfected tooth extractions using implants with a machined 

surface, sandblasted with alumina and acid-etched surface, and 

chemically modified sandblasted with alumina and acid-etched with 

calcium solution surface. After 1 and 3 months, three dogs were 

euthanized and the bone-to-implant contact, bone area fraction 

occupied, buccal and lingual first bone-to-implant contact from 

the implant platform, and buccal and lingual marginal bone loss 

were calculated.

Results: On histologic evaluation, no inflammation was observed 

around implants placed in the infected or noninfected sockets. At 

1 month, statistically significant differences were observed 

between the infected and noninfected sockets in buccal marginal 

bone loss in the machined implant group (P = .046), lingual first 

bone-to-implant contact from the implant in the sandblasted with 

alumina and acid-etched group (P = .046), lingual marginal bone 

loss in the sandblasted with alumina and acid-etched implant 

group (P = .028), buccal first bone-to-implant contact from the 

implant platform in the chemically modified sandblasted with 

alumina and acid-etched with calcium solution group (P = .028), 

and lingual first bone-to-implant contact from the implant platform 

in the chemically modified sandblasted with alumina and 

acid-etched with calcium solution group (P = .046). At 3 months, 

no statistically significant differences were observed in 

parameters between the infected and noninfected sockets for 



three implant surfaces. Differences between the infected and 

noninfected sockets were observed between the machined and 

sandblasted with alumina and acid-etched implant at 1 month (P = 

.023).   

Conclusion: When performing immediate implant placement without 

bone graft,  immediate implant placement in an infected socket 

did not lead to any differences compared with placement in a 

noninfected socket when sufficient healing time was provided. 
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INTRODUCTION

Indications for immediate implant placement have been limited to

tooth fracture, endodontic failure, unfavorable crown-to-root ratio,

root perforation, and root resorption without infection in many studies

owing to fear of infection around the implants or jeopardized

osseointegration between the implants and bone.1,2 However, it is

argued that moderate infection without active suppuration is not a

contraindication to immediate implant placement.3,4 In addition,

radiographic and histological results have shown that an immediate

implant placed in an infected site does not result in significantly

different outcomes over placement in noninfected site.5,6 However,

previous studies have reported some limitations.

Previous studies have reported on immediate implant placement at

either periapically- or periodontally-compromised extraction sites.

Clinically, chronic combined endodontic-periodontic lesions are

relatively common.7 An antecedent clinical study suggested that

immediate implant placement in the extraction sockets where

endodontic-periodontic combined lesions were present may be

possible.8 Therefore, preclinical investigations of immediate implant

placement in endodontic-periodontic compromised sites are required.

Immediate implant placement cannot affect horizontal and vertical

alveolar bone resorption.9,10 In addition to hard tissue alterations, soft

tissue displacement, including facial mucosa recession and papilla

shrinkage, has been reported following immediate implant

placement.11,12 It has been demonstrated that hard tissue defects

indicate a risk of receding soft tissue following immediate implant

placement, resulting in esthetic complications.13,14 Therefore, hard

tissue stability following immediate implant placement at an infected
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socket requires investigation to identify the success and the survival

of implants.

The purpose of present study is to examine the histological

differences of immediate implants placed between in chronically

infected sites and in non-infected sites in canine model.
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MATERIALS & METHODS

Animals

A total of six young healthy beagle dogs, aged approximately 1 year

old, weighing approximately 10–15 kg, were used in the experiment.

The study was approved by the Institutional Animal Care and Use

Committee of Seoul National University, Seoul, Korea, and performed

between March 2016 and February 2017. The timeline of this study is

described in Fig. 1. The Animal Research Reporting of In Vivo

Experiments guidelines were followed for reporting the experimental

study.

Induction of endodontic-periodontic lesion

Anesthesia was induced in the dogs by intramuscularly

administering zolazepam/tiletamine (Zoletil, 10 mg/kg body weight;

Virbac Korea Co., Seoul, Korea) and medetomidine hydrochloride

(Domitor, 10 µg/kg body weight; Zoetis Co., Seoul, Korea,). Following

the induction of anesthesia, an endotracheal tube was inserted.

General anesthesia was maintained for at least 1 hour with 1.8%

isoflurane (Isotroy 100; Troikaa Pharmaceuticals Ltd., Gujarat, India)

in oxygen at a flow rate of 100 ml/kg/min. Routine dental infiltration

anesthesia (2% lidocaine hydrochloride with 1/100,000 epinephrine;

Huons Co., Seongnam, Korea) was used at the surgical sites.

A sulcular incision was made and a full-thickness flap was reflected

in the 2nd, 3rd, and 4th premolars of the hemimandible in the six dogs.

A notch was created with fissure burs in the mesial and distal roots

of the second, third, and fourth premolars to accommodate a

atelocollagensponge (Teru-plug®; Olympus Terumo Biomaterials

Corporation, Tokyo, Japan) steeped in Porphyromonas gingivalis
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[American Type Culture Collection (ATCC) 33277, 1 × 109 colony -

forming units/ml)] and (ATCC 25586, 1 × 109 colony - forming

units/ml). The pulps of the teeth were removed using 31mm #10, #15,

and #20 K-files (Dentsply-Mallefer, Ballaigues, Swiss); P.gingivalis

and F.nucleatum were injected, and the roots were sealed with

Intermediate Restorative Materials Type III Class1 (IRM, Dentsply,

Milford, DE, USA). Twisted silk and wire steeped in the bacteria

was ligated below the cementoenamel junction (Figs. 2a–c). At 5

weeks post-induction of the endodontic-periodontic lesions, the

ligature was removed to allow for the spontaneous progression of the

combined lesion (Fig.2d). Every week, periapical radiographs (FONA

CRDElite X-ray Sensor; Schick Technologies, Inc., Long Island City,

NY, USA; EXARO Portable X-ray System; OSSTEM Implant, Seoul,

Korea) were taken at baseline to monitor lesion progression (Figs. 2e

–h). Digital radiographic image analysis software (DOOBUNAE 6.0;

OSSTEM Implant) was used for radiographic analysis.

Implant placement

The confluence of the two pathologies was confirmed by 

radiographic and clinical examinations (after approximately 3 

months) (Fig. 2h), following which the infected tooth and 

noninfected contralateral tooth were extracted. The extraction 

socket was debrided and irrigated using normal saline solution. 

Six TSIII (3.5 mm in diameter and 5 mm long; OSSTEM Implant) 

implants were randomly placed immediately on each side of the 

mandible and sutures were made using 4-0 Vicryl (Fig. 3). The 

randomization sequence was created using a randomization 

program available on the website (https://www.randomizer.org). A 

total of 72 sites were randomized into 12 blocks. Allocation was 
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concealed using an opaque envelope and the envelope was 

immediately opened following tooth extraction. All implants were 

placed slightly below the buccal and lingual alveolar crest to 

obtain primary stability as performed in a previous study. 15 The 

implant surfaces used in the present study were as follows: 

machined, sandblasted with alumina and acid-etched, and 

chemically modified sandblasted with alumina and acid-etched with 

calcium solution.

Post-surgery management

To create an endodontic-periodontic combined lesion chronically,

neither antibiotics nor nonsteroidal anti-inflammatory drugs (NSAIDs)

were administered; however, analgesics (Zipan Cap, Seoul, Korea)

were administered to reduce postoperative pain. Following tooth

extraction and implant placement, NSAIDs (Metacam® Injection, 0.4

mL/10 kg body weight; Boehringer Ingelheim Korea Co., Seoul,

Korea) were administered. The implants and teeth were cleaned using

gauze soaked in chlorhexidine twice a week for the first 2 weeks

postoperatively. Subsequently, normal brushing was performed with

toothpaste.

At 1 and 3 months post-implant placement, three animals were

euthanized by overdosing on a potassium chloride (Sigma-Aldrich

Corp., Darmstadt, Germany) through the carotid artery following

general anesthesia. The hemimandibles were removed, and block

biopsies of the implant sites were collected for histological

examination.

Histologic processing

The tissue was cut into block specimens including two implants
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using a diamond knife and fixed with 10% neutral buffered formalin

for 5 days. Following fixation, the specimens were dehydrated,

infiltrated with resin (Technovit 7200 VLC; Kulzer GmbH, Germany)

for 15 days, and embedded using a light curing machine. The

specimens were then fixed onto slides using Technovit 7210 adhesive

resin and 100-µm sections were produced using a hard tissue cutter.

Thesequentialslideswerepolishedusingahardtissuegrindertoobtainspecime

nsof15µm in thickness. The slides were stained with hematoxylin.

Histomorphometric analysis

The histological sections were examined using an light microscope

(DP72; Olympus, Tokyo, Japan) connected to an imaging system (DP

Controller; Olympus, Tokyo, Japan). The images were analyzed using

an image analysis program, Image J 1.50i (National Institutes of

Health, Bethesda, MD, USA). The percentage of bone-to-implant

contact from the total perimeter of the implants was measured

according to the method described by Salomo-Coll, Mate-Sanchez de

Val. 16 The bone area fraction occupied between the threads was

measured within two middle macro-threads of the implants as

suggested by Leonard and Coelho (Fig. 4). 17

The distance between the implant platform and the first

bone-to-implant contact on the buccal and lingual sides of the

implants was also measured (Fig. 4). The vertical marginal bone loss

on the buccal and lingual sides of the implants was calculated as

linear vertical measurements from an imaginary line between the

implant platform and the most coronal point of the bone crest (Fig.

4).

Statistical analyses
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Sample size calculation was not performed for the present pilot study.

Considering the novel nature of the test site – endodontic-periodontic

combined lesions – no previous data were available for sample size

calculation.

Statistical analyses were done with SPSS for Windows 21.0 software

(IBM SPSS Software, Inc., Chicago, IL, USA). The mean and

standard deviation of all parameters were measured for each implant.

Owing to the small sample size, a normal distribution was not

present. Wilcoxon signed rank tests were used for analysis between

the infected and noninfected sockets for the same implant surface for

bone-to-implant contact, bone area fraction occupied, buccal and

lingual first bone-to-implant contact from the implant platform, and

buccal and lingual marginal bone loss. To identify the differences

between the infected and noninfected sockets among different implant

surfaces, the Kruskal-Wallis test was used. When the outcomes of

the nonparametric test were observed to be significant, Bonferroni

multiple comparisons using the Mann-Whitney U test was performed

(0.05/3 ≒ 0.017). P <0.05 was considered to indicate a statistically

significant difference.
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RESULTS

Clinical findings

During the induction of the two pathologies, no adverse events 

occurred in relation to the surgical procedure or recovery from 

anesthesia. A total of 72 implants were placed immediately at the 

72 sites indicated by randomized allocation. No inflammatory 

signs, including gingival redness, swelling, or pus discharge were 

observed during immediate implant placement. When the teeth 

were extracted, bone destruction patterns were irregular as a 

result the two pathologies. 4 implants in the infected socket sites 

and 1 implant in the noninfected sites group failed to achieve 

primary stability (slight spinning). The other 67 implants obtained 

primary stability. 

Histologic analysis

Histological analysis revealed that the infected socket group

exhibited significant buccal bone resorption compared with the

noninfected socket group. The inflammatory cells in the peri-implant

tissue of the infected and noninfected sockets were scarce.

At 1 month, trabecular bone around the implant was predominant,

whereas more mature bone tissue with primary and secondary

osteons reinforced with lamellar bone was present at 3 months (Figs.

5–8). At the apex of the implant, the trabecular bone gradually

changed to bone marrow at 1 month. New bone was formed in

apposition to old bone (i.e., distance osteogenesis) in all specimens.

De novo bone was formed (i.e.,contactosteogenesis) at 1month in the

noninfected sockets with sandblasted with alumina and acid-etched

and chemically modified sandblasted with alumina and acid-etched



- 9 -

with calcium solution surface implants (Figs. 6d and f), but not in

the noninfected socket group with the machined surface implants

(Fig. 6b).

Histomorphometric analyses

The mean percentage of bone-to-implant contact for each implant

was lowest at 23.7%, in the machined implant group at 1 month in

the infected socket group (Table 1) and the highest, at 59.3%, in the

chemically modified sandblasted with alumina and acid-etched with

calcium solution group at three months in infected socket group

(Table 3). No difference in the mean percentage of bone-to-implant

contact was observed between the infected and noninfected socket

groups with any implant surface at 1 month (Table 1) or 3 months

(Table 3), respectively. In addition, no difference was observed in the

percentage of bone-to-implant contact between the infected and

noninfected sockets among the implant surfaces at 1 month (Table 2)

or 3 months (Table 4).

The mean percentage bone area fraction occupied for each implant

was lowest (30.3%) in the machined implant group at 1 month in the

infected sockets (Table 1) and highest (64.2%) in the chemically

modified sandblasted with alumina and acid-etched with calcium

solution group at 3 months in the infected sockets (Table 3). No

difference in the mean percentage bone area fraction occupied was

shown between the infected and noninfected sockets among the

different implant surfaces at 1 month (Table 1) or 3 months (Table

3). No difference in the percentage bone area fraction occupied was

shown between the infected and noninfected socket among implant

surfaces at 1 month (Table 2) or 3 months (Table 4).

The mean buccal first bone-to-implant contact from the implant
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platform was lowest (0.78 mm, chemically modified sandblasted with

alumina and acid-etched with calcium solution implants) at 1 month

in the noninfected sockets (Table 1) and highest (2.63 mm, chemically

modified sandblasted with alumina and acid-etched with calcium

solution implants) at 3 months in the infected sockets (Table 3). The

mean percentage buccal first bone-to-implant contact from the

implant platform in the infected sockets was higher than that in the

noninfected sockets for the chemically modified sandblasted with

alumina and acid-etched with calcium solution implant was observed

at 1 month (Table 1). No differences in the percentage buccal first

bone-to-implant contact from the implant platform between the

infected and noninfected sockets among the implant surfaces were

observed at 1 month (Table 2) or 3 months (Table 4).

In the noninfected sockets, the mean lingual first bone-to-implant

contact from the implant platform was lowest (0.62 mm) in the

sandblasted with alumina and acid-etched implant group at 1 month

and highest (2.63 mm) in the machined implant group at 1 month

(Table 1). There were statistically significant differences between the

infected and noninfected sockets in the sandblasted with alumina and

acid-etched and chemically modified sandblasted with alumina and

acid-etched with calcium solution implant groups (Table 1).

Differences in lingual first bone-to-implant contact from the implant

platform values among implant surfaces were observed between the

machined and sandblasted with alumina and acid-etched implant

group at 1 month (Table 2).

The mean buccal marginal bone loss ranged between 0.43 mm

(machined implants) at 1 month in the noninfected sockets (Table 1)

and 2.49 mm (chemically modified sandblasted with alumina and

acid-etched with calcium solution implants) at 3 months in the
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infected sockets (Table 2). There were differences in the mean buccal

marginal bone loss between the infected and noninfected sockets for

the machined implant at 1 month (Table 1). No differences in buccal

marginal bone loss were observed between the infected and

noninfected sockets among different implant surfaces at 1 month

(Table 1) or 3 months (Table 2). As healing time progressed, the

value of buccal marginal bone loss increased for all implants

irrespective of the presence of infection. The buccal marginal bone

loss changed from approximately 1 mm at 1 month (Table 1) to 2

mm at 3 months (Table 2).

In the infected sockets, the mean lingual marginal bone loss was

lowest (0.14 mm) in the machined implant group at 1 month (Table

1) and highest (1.77 mm) in the chemically modified sandblasted with

alumina and acid-etched with calcium solution implant group at 3

months (Table 3). There were differences in the mean lingual

marginal bone loss between the infected and noninfected sockets for

the sandblasted with alumina and acid-etched implant group at 1

month (Table 1). No differences in lingual marginal bone loss were

observed between the infected and noninfected sockets among the

different implant surfaces at 1 month (Table 1) or 3 months (Table

2). As healing time progressed, the value of lingual marginal bone

loss increased for all implants irrespective of the presence of

infection. The lingual marginal bone loss increased from

approximately 0.5 mm at 1 month (Table 1) to 1.5 mm at 3 months

(Table 2).
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DISCUSSION

The objective of the present study was to investigate

histomorphometric differences between implants immediately placed in

infected and noninfected extraction sockets. Evidence supporting the

positive outcomes of immediate implant placement in infected

extraction sockets has suggested that the results are unlikely to differ

markedly from those of implants placed in noninfected extraction

sockets.4,18,19 The present study builds on previous studies using a

more complicated model of infection, an endodontic-periodontic

combined lesion model. Clinically, this complex pathology is relatively

common.7 Therefore, the feasibility of immediate implant placement in

these sites is of interest.

The observation that an infected extraction socket does not affect

the bone-to-implant contact of an immediate implant is consistent

with previous preclinical studies20,21. In periodontal infection sites,

although the healing process was slower compared with that in the

noninfected sockets, the bone-to-implant contact between the groups

did not differ. 6,22 In the present study, a chronic

endodontic-periodontic combined lesion was induced and a confluence

of two pathologies was found as previously reported. 23 Unlike

previous studies6,20-22, the two combined pathologies resulted in more

severe bone destruction and potentially impeded osseointegration

between the bone and the implant. However, there were no

statistically significant differences in the bone-to-implant contact or

the bone area fraction occupied between the infected and noninfected

sockets (Tables 1 and 3). These findings indicate that an infection

may not compromise bone healing or osseointegration of immediate

implants.
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Immediate implant placement should be performed following the

consideration of several variables. Immediately placing an implant in a

socket exhibiting wall destruction may impair primary stability, as the

implant may not engage with the inside of the alveolar bone. In the

present study, the number of implants that did not achieve primary

stability was found to be higher in the infected sockets (four cases)

compared with the noninfected sockets group (one case). As primary

stability is vital for implant success24,25, delayed implant placement at

a complicated infection site may be recommended if the discrepancy

between the implant and the bone wall is too great to obtain primary

stability.

In terms of esthetic implant restorations, alveolar bone stability was

investigated in the present study. The buccal and lingual first

bone-to-implant contact from the implant platform, and buccal and

lingual marginal bone loss between the infected and noninfected

sockets exhibited statistical differences in certain implant groups at

the 1-month observation point (Table 1). However, these differences

disappeared as healing time progressed (Table 3) Overall, the

aforementioned parameters were higher at 3 months than at 1 month.

These results suggest that crestal bone resorption progressed in the

process of bone remodeling as time passed. This finding is in

agreement with a previous study demonstrating that more pronounced

alveolar bone resorption was observed at 3 months than at 1 month.

26 Therefore, it may be better to immediately place an implant in an

approximately 1–2-mm subcrestal position when taking progressive

alveolar bone resorption into consideration.

Regarding the buccal aspect, buccal first bone-to-implant contact

from the implant platform was higher in the infected sockets than the

noninfected sockets at the 1 month observation period, even though
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the change was statistically significant in only the chemically

modified sandblasted with alumina and acid-etched with calcium

solution implant surface group. Similar patterns were found in buccal

marginal bone loss. The Buccal marginal bone loss exhibited a higher

value in the infected sockets than in the noninfected sockets group at

the 1-month observation period, although a statistically significant

difference was observed for only the machined implant surface group.

Because buccal alveolar bone is thinner than lingual alveolar bone,

the presence of infection may have had a conspicuous effect on the

buccal first bone-to-implant contact from the implant platform and

buccal marginal bone loss in the initial bone healing stage. In

previous reports, implants placed in thicker socket bone walls

exhibited less alveolar bone resorption compared with those placed in

thinner socket walls.27,28 Of note, the buccal first bone-to-implant

contact from implant platform and buccal marginal bone loss were

not influenced by infection at the 3-month observation point. The

impact of infection on bone remodeling appeared to be reduced as

time progressed. From this finding, care is required when planning

immediate implant placement not only in infected sites, but also in

noninfected sites as esthetic complications may occur.

Regarding the lingual aspect, the lingual first bone-to-implant

contact from the implant platform and lingual marginal bone loss

were found to be influenced by implant surface modification at 1

month, however, the effects of implant surface modification were not

observed at 3 months (Tables 2 and 4). The lingual first

bone-to-implant contact from the implant platform was influenced

less by implant surface modification in the noninfected sockets but

was markedly influenced in the machined implant group compared

with rough surface implants (sandblasted with alumina and
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acid-etched and chemically modified sandblasted with alumina and

acid-etched with calcium solution groups) in the infected sockets. The

lingual first bone-to-implant contact from the implant platform is a

biological phenomenon that is observed on the surface of the implant

where bone can be generated in addition to the preexisting bone (de

novo bone formation). Therefore, it appears that the biologically

osteophilic characteristics of the implant may affect the results of

lingual first bone-to-implant contact from the implant platform at the

initial bone healing stage. At the 3-month observation period, the

overall lingual marginal bone loss (1.5 mm) was marginally lower

than the buccal marginal bone loss (2 mm). These results may be

caused by the fact that the implants were placed closer to the lingual

wall to obtain primary stability as the lingual bone was thicker in

dimension and had higher alveolar bone crest levels compared with

the buccal bone. A previous study demonstrated that bone healing is

compromised when the size of the bone defect between the implant

and bone is increased.29

In the present study, buccal bone resorption was somewhat

prominent in the infected sockets compared with the noninfected

sockets. A previous study demonstrated that immediate implant

placement in a noninfected extraction socket concomitant with a bone

graft improved buccal bone thickness and marginal bone levels.30,31 A

limitation of the present study was that no bone graft procedure was

performed, despite bone grafting buccal bone defects being more

clinically relevant. Further investigations are required to examine

immediate implant placement in an infected extraction socket

concomitant with a bone graft to counteract alveolar ridge resorption

and improve esthetic results.
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CONCLUSION

Immediate implant placement in an infected socket did not lead to

any differences compared with placement in a noninfected socket

when sufficient healing time was provided.
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TABLES

Table 1. Mean and SD for bone-to-implant contact, bone area fraction 

occupied, buccal first bone-to-implant contact, lingual first bone-to-implant 

contact, buccal marginal bone loss, and lingual marginal bone loss at 1 

month. P-value by Wilcoxon signed rank test between the noninfected and 

infected sockets for the same implant surface. SD, standard deviation
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Table 2. Differences between noninfected and infected socket for 

bone-to-implant contact, bone area fraction occupied, buccal and lingual first 

bone-to-implant contact from the implant platform, and buccal and lingual 

marginal bone loss at 1 month. △ represents the difference between the 

noninfected and infected sockets. P-value by nonparametric Kruskal-Wallis 

test among the different implant surfaces. Machined and sandblasted with 

alumina and acid-etched surface implants exhibited statistically significant 

differences in △ lingual first bone-to-implant contact from the implant 

platform. a,b Different characters represent significant differences between 

groups through Mann-Whitney U post-hoc analysis. SD, standard deviation
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Table 3. Mean and SD for bone-to-implant contact, bone area fraction 

occupied, buccal and lingual first bone-to-implant contact from implant 

platform, and buccal and lingual marginal bone loss at 3 months. P-value 

by Wilcoxon signed rank test between the noninfected and infected sockets 

for the same implant surface. SD, standard deviation
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Table 4. Differences between noninfected and infected socket for 

bone-to-implant contact, bone area fraction occupied, buccal and lingual first 

bone-to-implant contact from implant platform, and buccal and lingual 

marginal bone loss at 3 months. △ represents the difference between the 

noninfected and infected socket groups. P-value by nonparametric 

Kruskal-Wallis test among the different implant surfaces. SD, standard 

deviation
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FIGURES

Fig. 1. Timeline of the study. At baseline, a combined 

endodontic-periodontic lesion was induced on the left second, third, 

and fourth premolars of the mandible. At 5 weeks, the ligation was 

removed to allow spontaneous lesion progression. At 3 months, the 

left and right second, third, and fourth premolars of the mandible 

were extracted, and three types of implants (machined; sandblasted 

with alumina and acid-etched; chemically modified sandblasted with 

alumina and acid-etched with calcium solution) were placed into the 

extraction sockets. At 1 and 3 months following implant placement, 

the dogs were sacrificed.
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Fig. 2. Clinical images at baseline (a), induction of the lesion (b, c), 

and 5 weeks prior to ligation removal (d). Radiographs at baseline 

(e), induction of the lesion (f), 5 weeks prior to ligation removal (g), 

and 3 months (h).
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Fig. 3. Clinical images and radiographs of immediate implant 

placement at infected (a–d) and noninfected sites (e–h).
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Fig. 4. Histological image illustrating the morphometric measurements. 

The distance from the implant platform to the first bone-to-implant 

contact on the buccal and lingual sides of the implants were measured 

(a). Vertical marginal bone loss was measured at the buccal and 

lingual aspects from an imaginary line from the implant platform to 

the most coronal point of the alveolar crest (b). The bone area 

fraction occupied between the threads was measured within two 

middle macro-threads of the implants (c).
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Fig. 5. Buccolingual section of immediate implants in infected sites at 

one month. Machined surface implant at ×12.5 (a) and ×100 (b) 

magnification. Sandblasted with alumina and acid-etched surface 

implant at ×12.5 (c) and ×100 (d) magnification. Chemically modified 

sandblasted with alumina and acid-etched with calcium solution 

surface implant at ×12.5 (e) and ×100 (f) magnification. De novo 

bone formation (contact osteogenesis, arrow) at the sandblasted with 

alumina and acid-etched and chemically modified sandblasted with 

alumina and acid-etched with calcium solution surface implants.
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Fig. 6. Buccolingual section of immediate implants in noninfected 

sites at one month. Machined surface implant at ×12.5 (a) and ×100 

(b) magnification. Sandblasted with alumina and acid-etched surface 

implant at ×12.5 (c) and ×100 (d) magnification. Chemically modified 

sandblasted with alumina and acid-etched with calcium solution 

surface implant at ×12.5 (e) and ×100 (f) magnification.
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Fig. 7. Buccolingual section of immediate implants in infected sites at 

three months. Machined surface implant at ×12.5 (a) and ×100 (b) 

magnification. Sandblasted with alumina and acid-etched surface 

implant at ×12.5 (c) and ×100 (d) magnification. Chemically modified 

sandblasted with alumina and acid-etched with calcium solution 

surface implant at ×12.5 (e) and ×100 (f) magnification.
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Fig. 8. Buccolingual section of immediate implants in noninfected 

sites at three months. Machined surface implant at ×12.5 (a) and 

×100 (b) magnification. Sandblasted with alumina and acid-etched 

surface implant at ×12.5 (c) and ×100 (d), magnification. Chemically 

modified sandblasted with alumina and acid-etched with calcium 

solution surface implant at ×12.5 (e) and ×100 (f) magnification.



- 33 -

-국문초록-

비글견의 감염 발치와와 비감염

발치와에 즉시 식립된 임플란트의

조직학적 비교

이 정 원

서울대학교 대학원 치의학과 치주과학 전공

(지도교수 이 용 무)

1. 목 적

본 연구의 목적은 만성 감염 부위에 즉시 식립된 임플란트와 비감염 부위에 즉

시 식립된 임플란트의 조직학적 차이를 평가하기 위한 것이다. 치유기간 및 임

플란트 표면 차이에 따른 즉시 식립 임플란트의 조직학적 결과도 함께 평가되

었다.

2. 방 법

6 마리의 비글견 하악 중 한쪽의 제2, 제3, 제4 소구치에 만성 근단-치주 복합

병소를 유도하였고, 반대측 같은 부위의 치아들은 대조군으로 이용되었다. 기계

적으로 가공된 표면을 가진 임플란트(machined surface), 알루미나 샌드블라스

팅 및 산 에칭한 임플란트 (sandblasted with alumina and acid-etched

surface), 알루미나 샌드블라스팅 및 산 에칭 후 칼슘용액에 보관된 임플란트

(chemically modified sandblasted with alumina and acid-etched with calcium

solution surface)를 각각 감염 발치와 및 비감염 발치와에 식립하였다. 1 개월

및 3 개월 후, 각각 3 마리의 개를 안락사시키고, 골-임플란트 접촉거리, 골면적

점유 분율, 협측 및 설측골의 임플란트 플랫폼으로부터 임플란트 첫 접촉점까지

의 거리, 그리고 협측 및 설측 부위의 변연골 소실을 계측하였다. 감염발치와와

비감염 발치와의 차이를 알아보기 위하여, 각각의 임플란트에 대하여 감염발치
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와에 즉시 식립된 임플란트와 비감염 발치와에 즉시 식립된 임플란트의 계측값

을 wilcoxon signed rank test를 이용하여 통계분석하였다. 그리고, 임플란트 표

면이 감염발치와와 비감염발치와에 즉시 식립된 임플란트의 주위 골치유에 영

향을 주는지 알아보기 위하여 감염발치와와 비감염 발치와에 식립된 임플란트

의 계측값 차를 계산하고, 각 임플란트에 대하여 Kruskal-Wallis test를 하여

통계분석하였다.

3. 결 과

조직학적 평가에서, 감염 또는 비감염 발치와에 식립된 임플란트 주위에서 염증

소견은 관찰되지 않았다. 식립 1 개월 관찰에서, 감염발치와와 비감염발치와 사

이의 차이는 기계적으로 가공된 표면을 가진 임플란트 그룹에서는 협측 변연골

소실 (P = .046), 알루미나 샌드블라스팅 및 산 에칭한 임플란트 그룹에서는 설

측골의 임플란트 플랫폼으로부터 임플란트 첫 접촉점까지의 거리 (P = .046) 및

설측 변연골 소실 (P = .028), 그리고 알루미나 샌드블라스팅 및 산 에칭 후 칼

슘용액에 보관된 임플란트 그룹에서는 협측골의 임플란트 플랫폼으로부터 임플

란트 첫 접촉점까지의 거리 (P = .028)에서 차이를 보였다. 식립 3개월에서는,

감염된 발치와와 비감염 비감염 발치와에 식립된 임플란트 사이의 조직계측학

적 차이는 관찰되지 않았다. 감염발치와와 비감염발치와의 계측값 차를 각각의

임플란트에서 비교하였을 때에는 식립 1 개월, 설측골의 임플란트 플랫폼으로부

터 임플란트 첫 접촉점까지의 거리에 있어서 기계적으로 가공된 임플란트와 알

루미나 샌드블라스팅과 산 에칭한 임플란트 사이에서 차이가 관찰되었다 (P =

.023).

4. 결 론

골이식을 동반하지 않은 즉시 임플란트 식립을 시행하는 경우, 충분한 치

유 시간을 부여하였을 때, 감염된 발치와에 즉시 식립된 임플란트는 비감염 발

치와에 즉시 식립된 임플란트와 조직계측학적으로 차이가 없었다.

----------------------------------------------------------

주요어: 골치유, 조직계측학, 즉시식립 임플란트, 치주염, 임플란트 표면

학 번: 2013-30648
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