
Ridge Alterations following Immediate Implant
Placement and the Treatment of Bone Defects
with Bio-Oss in an Animal Modelcid_316 690..695

Kuo-Mei Hsu, DDS;* Byung-Ho Choi, DDS, PhD;† Chang-Yong Ko;‡ Han-Sung Kim, PhD;§

Feng Xuan, MD;* Seung-Mi Jeong, DDS, PhD¶

ABSTRACT

Background: Conflicting data exist on the outcome of placing Bio-Oss® (Geitslich Pharm AG, Wolhausen, Switzerland) into
extraction sockets. It is therefore relevant to study whether the incorporation of Bio-Oss into extraction sockets would
influence bone healing outcome at the extraction sites.

Purpose: The aim of this study was to assess peri-implant bone changes when implants were placed in fresh extraction
sockets and the remaining defects were filled with Bio-Oss particles in a canine mandible model.

Materials and Methods: Six mongrel dogs were used in the study. In one jaw quadrant of each animal, the fourth mandibular
premolars were extracted with an elevation of the mucoperiosteal flap; implants were then placed in the fresh extraction
sockets and the remaining defects were filled with Bio-Oss particles. After 4 months of healing, micro-computed tomog-
raphy at the implant sites was performed. Osseointegration was calculated as the percent of implant surface in contact with
bone. Additionally, bone height was measured in the peri-implant bone.

Results: Average osseointegration was 28.5% (ranged between 14.8 and 34.2%). The mean crestal bone loss was
4.7 1 2.1 mm on the buccal aspect, 0.4 1 0.5 mm on the mesial aspect, 0.4 1 0.3 mm on the distal aspect, and 0.3 1 0.4 mm
on the lingual aspect.

Conclusion: The findings from this study demonstrated that the placement of implants and Bio-Oss® particles into fresh
extraction sockets resulted in significant buccal bone loss with low osseointegration.
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INTRODUCTION

In recent years, immediate implant placement into

fresh extraction sockets has become a common clinical

therapeutic approach as an alternative to a staged surgi-

cal protocol. The advantages of immediate implant

placement have been reported to include a reduction in

the number of surgical interventions, shorter treatment

time, and high patient satisfaction.1,2

In terms of dimensional ridge alterations, it was

suggested that immediate implant placement may coun-

teract the process of bone resorption and maintain the

original shape of the ridge.3 Findings reported from

an experimental trial by Araūjo and Lindhe4 failed to

support this hypothesis. The authors reported that when

implants were placed in the sockets immediately after

tooth extraction, the buccal bone plate underwent a

major remodeling process. The authors concluded that

immediate implant placement failed to prevent the

remodeling that occurred in the walls of the socket.4

Because implant installation did not prevent biological

bone resorption from occurring after tooth extraction, it
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was suggested that the application of biomaterials could

interfere with the resorption process. Deproteinized

bovine bone (Bio-Oss®, Geitslich Pharm AG, Wol-

hausen, Switzerland) mineral has been the material

of choice for grafting bone defects and extraction

sockets.5–7 Conflicting data exist on the outcome of

placing deproteinized bovine bone mineral into extrac-

tion sockets. Some studies reported positive findings

and concluded that the biomaterial could act as a scaf-

fold for new bone formation.5–8 However, Fickl and

colleagues9 reported that when placing deproteinized

bovine bone mineral into extraction sockets, a marked

resorptive process occurred during 4 months of healing

at the buccal bone plate. The inconsistency of these

results prompted the present study on the effect of

incorporation of deproteinized bovine bone mineral

into extraction sockets on bone healing.

AIM

The aim of this study was to assess peri-implant bone

changes when implants were placed in fresh extraction

sockets and the remaining defects were filled with

deproteinized bovine bone mineral, and to contribute to

the comprehensive body of information used to formu-

late successful strategies for implant therapy after tooth

extraction.

MATERIALS AND METHODS

Six adult female mongrel dogs, each weighing more than

15 kg (range of 15–20 kg), were used in this experiment.

The study protocol was approved by the Animal Care

and Use Committee of Yonsei Medical Center, Seoul,

Korea.

All surgical procedures were performed under sys-

temic (5 mg/kg ketamine and 2 mg/kg i.m. xylazine)

and local (2% lidocaine with 1:80,000 epinephrine)

anesthesia. In one mandibular jaw quadrant of each

animal, sulcular incisions were made starting near the

distobuccal edge of the third premolars to the mesiobuc-

cal edge of the first molars. A vertical relieving incision

was made in both the mesial region of the first molar

and the distal region of the third premolar. The full-

thickness buccal flaps were elevated to disclose the mar-

ginal 10 mm of the hard-tissue wall of the ridge. The

fourth premolars were hemisected with a carbide fissure

bur mounted on a low-speed handpiece and removed

with minimal trauma in order to preserve the walls of

the sockets. One dental implant (length, 10 mm; diam-

eter, 3.5 mm; GSII, Osstem, Seoul, Korea) was placed at

the center of the extraction sockets. Osteotomies for

inserting the implants were performed to ensure that the

fixture shoulder was placed at the level of the marginal

portion of the buccal plate (Figure 1). After connecting

the healing abutments to the implants, the remaining

defect of the extraction socket was filled with Bio-Oss®
particles (Geistlich Pharm AG; Figure 2). The flaps were

then repositioned and sutured with 4-0 silk sutures.

Antibiotic therapy was administered 1 hour before

surgery and once daily for 2 days following the surgery.

The exposed implant surfaces were cleansed daily with a

soft toothbrush and 0.12% chlorhexidine digluconate-

soaked gauze. The dogs were placed on a soft diet. Clini-

cal evaluation was performed before hygienic treatment

in order to evaluate the health of the peri-implant

mucosa and document any signs of inflammation.

The animals used in the study were sacrificed 4

months after implantation. At the time of sacrifice, the

Figure 1 Clinical features after the placement of implants into
fresh extraction sockets.

Figure 2 Clinical features after filling the remaining defects of
the extraction sockets with Bio-Oss® particles.
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flaps were performed to have gross examination of peri-

implant bone changes. The bone blocks that contained

the implants were excised. The resected bone specimens

were fixed for 48 hours in 10% buffered formalin and

then stored in 70% ethanol. A morphometric study,

using micro-computed tomography (micro-CT)

(Skyscan 1076, Skyscan, Antwerpen, Belgium), was used

to quantify the bone around the implants. Micro-

tomographic slices were acquired at each 35-mm

interval, and computerized three-dimensional recon-

struction was performed by accumulating traces of each

implant, following the method described by Akagawa

and colleagues.10 Osseointegration was calculated as the

percent of implant surface in contact with bone. Addi-

tionally, bone height in the peri-implant bone was mea-

sured as the distance between the fixture shoulder and

the apical level of the marginal bone in contact with the

implant. Measurements of bone height were made at the

buccal, lingual, mesial, and distal aspects of each fixture.

RESULTS

Healing after implant placement was uneventful in all

animals. Overt signs of soft-tissue inflammation (swell-

ing and redness) were seen during the first 2 weeks of

healing, but after 4 months, the mucosa adjacent to the

implants and teeth appeared to be clinically healthy

(Figures 3 and 4). The rough surfaces of the implants

were covered by mucosa at all the sites. Upon gross

examination of the specimens, buccal bone resorption

was significant and the apical level of the marginal bone

on the buccal aspect was consistently located at the

apical level of the fixture shoulder (Figures 3 and 4). At

three of the six implant sites, implant threads greater

than 5 mm in length were exposed on the buccal aspects

of the implants (Figure 5). The results of micro-CT

image analysis are presented in Table 1. The mean crestal

bone loss was 4.7 1 2.1 mm on the buccal aspect,

0.4 1 0.5 mm on the mesial aspect, 0.4 1 0.3 mm on the

distal aspect, and 0.3 1 0.4 mm on the lingual aspect

(Figure 6). Average osseointegration was 28.5% (ranged

between 14.8 and 34.2%; Figure 7).

DISCUSSION

The findings from the present study demonstrated that a

marked resorptive process had occurred at the buccal

bone plate during the 4 months of healing following

placement of the implants and deproteinized bovine

bone mineral into the fresh extraction sockets. The

placement of the implants and deproteinized bovine

bone mineral into the fresh extraction sites failed to

prevent the remodeling of the buccal wall of the socket.

Vertical bone loss at the buccal aspect ranged from 1.7 to

7.6 mm, with a mean bone loss of 4.7 mm. At three of

the six implant sites, implant threads greater than 5 mm

in length were exposed on the buccal aspects of the

implants. The manifest resorption at the buccal aspect

was more pronounced than the data previously

reported.1,4,9 Fickl and colleagues9 assessed bone changes

in dogs 4 months following the removal of the distal

roots of mandibular premolars and incorporation of

Bio-Oss Collagen® into the extraction sockets. Histo-

metric analysis revealed that vertical bone loss at the

buccal aspect amounted ranged from 2.8 to 3.3 mm.

Araūjo and Lindhe4 examined dimensional alterations

that occurred in dogs during a 3-month interval follow-

ing implant placement in fresh extraction sockets. The

authors reported that vertical bone loss at the buccal

aspect was approximately 2.6 mm. A study by de Sanctis

Figure 3 Dog 1, who underwent placement of implants and
Bio-Oss® particles into fresh extraction sockets. (A) Clinical
features of the mucosa adjacent to the implants at 4 months.
Note the normal condition of the mucosa. (B) Photograph of
the mandible showing buccal bone loss around the implants.
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and colleagues1 reported that the mean vertical loss of

the buccal bone plate was approximately 2.5 mm. An

explanation for the greater amount of buccal bone loss

in the present study might be the size of the extraction

socket. The whole socket of the premolar was chosen as

the implant-recipient site in the present study, whereas

only the distal socket of two-rooted premolar was

chosen as the implant-recipient site in the previous

studies. Adult dog premolar distal roots have mesiodistal

dimensions ranging from 4.1 to 5.4 mm, whereas adult

human premolars have mesiodistal dimensions ranging

from 6.7 to 7.2 mm.11 The whole socket of the dog pre-

molar has the advantage of allowing the creation of

similar bone defects to that used for immediate implant

placement in humans. Therefore, the present study

Figure 4 Dog 2, who underwent placement of implants and
Bio-Oss® particles into fresh extraction sockets. (A) Clinical
features of the mucosa adjacent to the implants at 4 months.
Note the normal condition of the mucosa. (B) Photograph of
the mandible showing buccal bone loss around the implants.

Figure 5 Photograph of the dog specimens.

TABLE 1 Results from Micro-CT Measurements
Describing Crestal Bone Loss per Dog

Dog Buccal Lingual Mesial Distal

1 7.6 0.7 0.7 0.8

2 6.3 0 0 0

3 4.2 0.6 1.2 0.6

4 1.7 0 0 0

5 3.2 0 0 0

6 5.0 0.6 0.6 0.6

Mean 4.7 0.3 0.4 0.4

Standard deviation 2.1 0.4 0.5 0.3

Figure 6 A micro-CT image showing the bone (red) around
the implants (black). (A) Bucco-lingual section. (B) Mesio-
distal section.
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design could yield more possible answers to questions

on the healing of extraction sockets following placement

of implants into fresh extraction sockets, as compared

with the previous study design.

There is some concern that implant threads that

remain exposed because of incomplete bone coverage

can irritate the adjacent peri-implant soft tissues, and

possibly lead to gingival recession, progressive bone

resorption, and loss of the implant. However, in the

present study, clinical examinations at 4 months showed

a normal condition of the mucosa even at the implant

sites where implant threads greater than 5 mm in length

were exposed on the buccal aspects of the implants.

Further studies involving a longer time interval are nec-

essary to further determine soft tissue changes with

time. Atieh and colleagues8 reported that immediate

single implant restoration in extraction sockets in the

aesthetic zone was associated with a significantly higher

risk of implant failure. Chen and Buser12 also reported

that the recession of the facial mucosal margin was

common with immediate implant placement.

Several clinical studies have reported that limited

marginal bone loss or gain occurred following immedi-

ate implant placement into fresh extraction sockets.13–16

One reason for the underestimated bone loss in those

studies might be the fact that peri-implant bone changes

in those studies were assessed using a conventional

radiograph. It is well documented that the partial evalu-

ation of bone loss at the mesial and distal aspects of teeth

and/or implants is not sufficient for the overall evalua-

tion of bone loss. In the present study, micro-CT was

used for the three-dimensional assessment of peri-

implant bone loss. The micro-CT gave a definite advan-

tage for a detailed quantitative analysis of the entire

implantation site. Mean crestal bone loss on the mesial

and distal aspects was 0.4 mm, showing that the crestal

bone loss at the buccal sites were significantly different

from those at the mesial and distal sites.

A study by de Sanctis and colleagues1 reported that

mean osseointegration ranged from 58.5 to 72.1% after

immediate implant placement. In the present study, the

average osseointegration was only 28.5%. These marked

differences were most likely dependent on the fact that

more pronounced buccal bone loss occurred in the

present study than those reported in the previous study.

This result suggests that immediate implants in the

present study might have a deficiency in the strength

needed for clinical function because a minimum

osseointegration of 40% is considered necessary for the

clinical functioning of implant fixtures.17–20

CONCLUSION

This experimental study demonstrated that the place-

ment of implants and deproteinized bovine bone

mineral into fresh extraction sockets results in signifi-

cant buccal bone loss and low osseointegration. There-

fore, these findings must be considered in conjunction

with implant placement in fresh extraction sockets.
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