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Histomorphometric Study of Implants Initially Stabilized through Bone 
Graft Packing into the Osteotomy before Implant Placement in Case of 
Wide Defects
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·Abstract
Purpose: This study sought to evaluate the effects of bone graft wedging on the initial stability of implants in 
bone sites of unfavorable quality.
Materials and Methods: Three male beagle dogs were used in this study. Osteotomies were performed with 
parallel drills (Ø4.1×10 mm), and fixtures (Ø3.3×8 mm) were placed. The control group was given implants 
without bone graft. Experiment group A was given implants with minimal initial stability using autobone 
grafts, whereas experiment group B was given xenografts. Groups were also divided by healing times at 4, 8, 
and 12 weeks.
Results: All implants in the control group failed to osseointegrate. On the other hand, all implants in the 
experiment groups were clinically well-maintained during the entire experiment period. After 4, 8, and 12 
weeks, bone-to-implant contact (BIC) ratio and implant stability quotient (ISQ) increased in the experiment 
groups. The differences between experiment groups A and B were not statistically significant, however. 
Conclusion: In unfavorable bone regions for dental implants, bone graft packing into the osteotomy prior to 
implant placement secured minimal initial stability and showed reasonable BIC ratios and ISQ values 
throughout the study period.
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Introduction

There is general consensus that there are certain influential 
factors that affect the success of dental implant treatments, 
such as the timing of the implant therapy. In particular, the 
timing of implant replacement (i.e., either delayed or 
immediate) depends on various clinical situations parti-
cularly the quality and quantity of bone available at the 
im plant site1-3). For successful dental implant therapy, initial 
stability of the implant is usually required4-8). Note, how-
ever, that it is often difficult to anchor the implant in poor-
quality bone. To overcome this problem, many sur geons 
have sug gested the use of self-tapping implants - which 
does away with surgical tapping in a prepared osteo tomy -- 
to achieve higher implant survival rate9). 

Another approach to enhancing the initial stability of im -
plants in poor-quality bones is to place a tapered implant 
into a standard, parallel-sided osteotomy. The principle 
behind this approach is to induce controlled compressive 
forces in the cortical bone layer as the implant is inserted; 
these forces will increase the initial stability of the implant 
and transfer the region of the highest stress/strain to the 
cortical layer, where it will be better tolerated10,11). 
Some surgical techniques were introduced to improve bone 
density and quality of the implant site for initial stabi-
lity12-14). One of these techniques is the osteotome technique, 
which was designed to increase the initial stability of dental 
im  plants in the maxillary molar area15).
In some cases, despite these various attempts, it is not easy 
to improve the initial stability of implants in poor-quality 
bones with limited available lengths such as the inferior 
alveolar canal. Therefore, this study sought to evaluate the 
effects of bone graft packing into the osteotomy prior to 
implant placement on the initial stability of implants in sites 
with unfavorable bone quality and limited available bone 
length.

Materials and Methods

1. Surgical Procedures 
Three male beagle dogs weighing approximately 35 kg 
were used in this study. The animals had intact mandibles, 
no oral viral or fungal lesions, and good general health. 
Animal selection and management, surgical protocol, and 
preparation were carried out according to the guidelines 
approved by the Institutional Animal Care and Use Com-

mittee of Dankook University, Cheonan, Korea. 
In the first stage of the study, the dogs were anesthetized 
under sterile conditions using 2 mg/kg of xylazine (Rom-
pun®, Bayer Korea, Seoul, Korea) and 10 mg/kg IV keta-
mine hydrochloride (Ketalar®, Yuhan Co., Seoul, Korea). A 
full-thickness flap was reflected, and all premolars (P1~P4) 
were carefully extracted. The flap was subsequently sutured 
with 5-0 resorbable suture material (Polyglactin 910 braided 
absorbable suture, Ethicon, Johnson & Johnson Int., 
Edinburgh, UK) using the interrupted suturing technique. 
After the surgery, the subjects received 10 mg/kg IV of the 
antibiotic amikacin sulfate (Amiktam inj®, Kunwha Pharm., 
Seoul, Korea).
After the 6-week healing period, the Ø3.3×8 mm fixtures 
(TIS, Seoul, Korea) were placed into the extracted sites 
under the same surgical conditions described previously. 
Mid-crestal incision was made to promote primary closure, 
with the mucoperiosteal flap carefully reflected. The sur-
gical site was carefully flattened with a small round dia-
mond burr and irrigated with sterile saline. Implant osteo-
tomies (diameter: 4.1 mm, depth: 10 mm) were created 
using a surgical parallel twist drill at 1,000 rpm with chilled 
saline irrigation according to the manufacturer's instruc-
tions. The same procedure was performed on the other side 

Figure 1. Schematic drawing of the experiment design. 
(A) Implant osteotomies (Ø 4.1 mm, depth of 10 mm) 
were created, and Ø3.3×8 mm fixtures were placed 
using the bone graft wedging technique. (B) Experiment 
group A was given autobone graft implants with minimal 
initial stability, whereas experiment group B was given 
xenograft implants (OCS-B®).
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image analysis. Bone-implant contact (BIC) ratio was 
defined as the percentage of direct BIC with respect to the 
overall implant surface.

3. Statistical Analysis
To compare the differences in ISQ values and BIC ratios 
between the graft materials at each healing time point, 
Mann-Whitney U test was performed. Next, to compare the 
differences in ISQ values and BIC ratios among healing 
times in each group, Wilcoxon rank-sum test was per-
formed. A P-value of 0.05 was set for statistical signifi-
cance.

Results

1. Clinical Examination
All implants in the control group failed to osseointegrate 
within 4 weeks. On the other hand, all implants in the 
experiment groups were clinically well maintained during 
the entire experiment period.

2. Histomorphometric Analysis 
The results of the histomorphometric analysis are presented 
in Table 1. The average BIC ratio was 46.5±3.44% in expe-
riment group A and 43.8±6.49% in experiment group B; 
although the BIC ratios of experiment group A were greater 
than those of experiment group B, the difference was not 
statistically significant.

of the mandible. The control group was given implants 
without bone graft. To secure initial stability, bone graft 
materials were packed into the osteotomy prior to implant 
placement in the experiment groups. Autograft materials 
were used in experiment group A, and xenograft (OCS-B®, 
Nibec, Seoul, Korea) materials, in experiment group B 
(Fig. 1A). The fixtures were inserted either with hand wren-
ching or by using a surgical hand piece (Fig. 1B). After 
fixture instal lation, cover screws were carefully connected 
to the fix tures. Releasing incision was made for the primary 
closure, and flaps were closed with 5~0 resorbable suture 
materials. The same post-operative care for tooth extraction 
was administered. Sutures were removed after 7~10 days, 
and soft diet was provided throughout the study period. 

2. Sample Retrieval
Subjects were sacrificed at 4, 8, and 12 weeks after the 
se cond surgery, and implant stability quotient (ISQ) mea-
surements for the fixtures were performed using an 
OsstellTM Mentor device (Integration Diagnostics AB, Göte-
borg, Sweden) at each time point. Euthanasia was perfor-
med through anesthesia drug overdose. The implants and 
the surrounding bone were harvested en bloc and fixed in 
10% neutral buffered formalin. The specimens were de hy-
drated in 70%, 90%, 95%, and 100% alcohol, em bedded in 
methacrylate, and sectioned along the long axis of the 
implants in the midline using a diamond saw (Model650®, 
South Bay Technology, San Clemente, CA, USA). 
From each implant site, the central section was reduced to a 
final thickness of approximately 50 μm by microgrinding 
and polishing before being stained with toluidine blue. The 
images were assessed at magnification of 100× and digi-
tized. Image Processing Tool Kit (IPTK) version 5.0 (Rein-
deer Graphics Co., Asheville, NC, USA) was used for the 
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Table 1. Bone-to-implant contact ratios (mean±SD in %)

Group A Group B
4 weeks 39.6±6.4a 36.8±7.6b

8 weeks 48.3±5.4 44.6±6.2
12 weeks 51.7±7.3 50.2±7.9
Average 46.5±3.4 43.8±8.7

aStatistically significant difference from the ratios at 8 and 12 weeks (P<0.05). 
bStatistically significant difference from the ratios at 8 and 12 weeks (P<0.05).

Figure 2. Histological presentation of the implant site after 4 
weeks’ healing. In the groups, a limited amount of new bone can 
be seen (toluidine blue stain, 40× magnification). A: Experiment 
group A, B: Experiment group B, NB: new bone, BG: bone graft, 
OB: old bone
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The relative improvement of the BIC ratio over time was 
similar between both experiment groups (Fig. 2~4). Bet-
ween 4 weeks and 8 and 12 weeks, the BIC ratio in creased 
in both experiment groups, and the difference was statis-
tically significant (P<0.05). Note, however, that there was 
no statistically significant difference in the BIC ratios bet-
ween 8 and 12 weeks. The differences in the BIC ratios 
between experiment groups A and B at 4, 8, and 12 weeks 
were not statistically significant. 

3. Resonance Frequency Analysis
The results of the resonance frequency analysis are pre-
sented in Table 2. No data were obtained at week 0. At 
weeks 4, 8, and 12 of the healing period, no statistically 
significant differences were found in the ISQ value within 
the experiment groups, and the results were similar between 
the experiment groups at each time point. From week 4 to 
weeks 8 and 12, an increase in the ISQ value was found in 
both experiment groups, but the difference was not statisti-
cally significant.

Discussion

Initial implant stability is an important factor in successful 
osseointegration, since implant instability results in fibrous 
encapsulation and failure of the implant16). Furthermore, 
longer healing period is necessary for implants placed in 
low-density bone17,18).
In this study, BIC ratios and ISQ values at weeks 8 and 12 
of the healing period increased in com parison to week 4 of 
the healing period. Note, however, that there were no 
differences in the BIC ratios and ISQ values at each healing 
period between ex  periment groups A and B. These results 
suggest that the healing time is more important than the 
type of graft ma  terial used for successful osseointegration. 
This obser vation confirms the hypothesis, i.e., longer 
healing period is necessary for implants placed in low-
density bone.
Recently, many clinicians have taken an interest in imme-
diate implant therapy because the total treatment time may 
be shorter and residual socket walls may be preserved.19-24 

Note, however, that the required initial stability for this 
therapy is usually not secured due to poor bone quality; there-
fore, surgeons have to wait months before placing implants 

Figure 3. Histological presentation of the implant site after 8 
weeks’ healing. In the groups, newly formed bone in the inter-
thread space was in contact with the implant (toluidine blue 
stain, 40x magnification). A: Experiment group A, B: Experiment 
group B, NB: new bone, BG: bone graft, OB: old bone.
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Figure 4. Histological presentation of the implant site after 12 
weeks’ healing. In the groups, broad-based contacts could be 
observed from the tops of the threads to the valleys of the 
threads (toluidine blue stain, 40× magnification). A: Experiment 
group A, B: Experiment group B, NB: new bone, BG: bone graft, 
OB: old bone.

Wang-Jae Lee, et al: Histomorphometric Study of Implants Initially Stabilized through 
Bone Graft Packing into the Osteotomy before Implant Placement in Case of Wide 

Defects. J Kor Dent Sci 2011.

Wang-Jae Lee, et al: Histomorphometric Study of Implants Initially Stabilized through 
Bone Graft Packing into the Osteotomy before Implant Placement in Case of Wide 

Defects. J Kor Dent Sci 2011.

Table 2. ISQ values measured at various time points throughout the 
healing period in each group (mean±SD)

Group A Group B
4 weeks 60±4.7 57±5.8
8 weeks 67±6.3 64±3.8
12 weeks 69±4.5 66±4.8
Average 65±4.3 62 ±3.7

ISQ: implant stability quotient. No significant differences were found between the 
groups at any healing time points. 
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in regions with poor bone quality. In 1994, Sum mers15) 
introduced the osteotome technique to overcome the chal-
lenges associated with unfavorable implant sites. The 
objective of this technique is to preserve the entire existing 
bone by minimizing or even eliminating the drilling se -
quence. The osteotomy site is progressively compacted with 
osteotome instruments of various sizes. The resulting 
im proved bone density helps increase initial implant sta-
bility in low-density bone. This technique seems pro mising 
for low-density bone, but surgeons often fail to secure 
initial stability in sites with limited available bone length 
and unfavorable bone quality. In these circumstances, bone 
graft packing into unfavorable bone for implant placement 
can be considered, possibly even shortening the total treat-
ment time.
The size of the gap between the bony wall and the implant 
is another important factor for successful osseointegration. 
Several studies have reported the relationship between gap 
width and healing around immediate implants. Knox et al.25) 
proved that gaps larger than 1 mm resulted in less direct 
BIC. Carlsson et al.26) showed that there was no osseointe-
gration seen histologically when the gap between the bone 
and the implant was larger than 0.35 mm. Wilson et al.27) 
demonstrated that there was no need to use a membrane for 
a gap less than 0.5 mm, whereas no integra tion between the 
bone and the implant was observed if the gap width 
exceeded 4 mm. These studies were performed after the 
initial stability of the fixture was established. In this study, 
however, graft mate rials were packed into the gap to 
achieve initial stability. Similar to the results of other 
studies investigating gap sizes smaller than 0.5 mm, all 
groups in this study showed successful osseointegration 
both clinically and histologi cally. Nonetheless, further 
studies on the long-term effects of this technique or its use 
in cases of larger gap sizes between the bone and the 
im plant are needed. 
Botticelli et al.28-32) suggested that the implant surface could 
affect the healing pattern of gap defects around implants. 
The SLA rough surface implant was used in their study, 

showing better healing pattern than implants with smooth 
surfaces. Therefore, in this study, an implant with rough 
surface (RBM) was chosen instead of the implant with 
smooth surface. Consequently, successful osseointe gration 
was observed in both experiment groups. Further studies 
regarding the implant surface used in this protocol are 
needed, however. 
There are several recommended protocols for implant place-
ment in low-density bone. The most important point is the 
precise surgical preparation of the implant sites; the implant 
direction should be unchanged during drilling. Additionally, 
drilling over the entire implant length is not recommended. 
During implant installation, light force should be used, and 
rough implant surfaces are recommended to improve bone 
healing. In this study, implant osteotomies were made wider 
than the planned fixture diameters. The initial stability of 
the implant was secured by packing graft materials prior to 
implant placement into the osteotomy. In experiment group 
B, xenograft material, which was grittier and harder, was 
used; obtaining implant stability was difficult. In experi-
ment group A, autobone graft materials -- which were softer -- 
were used. 
For this surgical protocol, the use of soft graft materials 
allowed for plasticity by pressure. There was not enough 
initial stability in either group, however, to connect the 
equipment to measure ISQ values. Therefore, we measured 
ISQ values only at weeks 4, 8, and 12 of the healing period 
in this study. 
Bone graft packing into the osteotomy prior to implant 
placement in this study demonstrated reasonable bone-to-
implant contact ratio and ISQ value throughout the experi-
ment period. Longitudinal clinical studies are needed to 
confirm the effectiveness of this technique, however. 

Conclusion

Bone graft packing into the osteotomy prior to implant 
placement in this study demonstrated reasonable BIC ratio 
and ISQ value throughout the experi ment period. 
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