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Introduction

Since Brånemark et al.1 introduced the concept of  
osseointegration, various restorations with implants 
have been developed and established. In clinical view, 
the successful osseointegration is defined as the im-
plants firmly fixed and retained into the alveolar bone 
under functional load.

Typically, through the secondary surgery and the 
restoration procedures after osseointegration of  the 
implant has been established, the implant prosthetics 
aremade. During the secondary surgery and pros-

thetic procedures, the screws are used. As a result, the 
fixtures are under torsion. If  the osseointegration is 
not sufficient or the torsion is excessive, the separa-
tion of  bone-implant interfaces may occur. In spite 
of  the separation between bone and implant, the re-
osseointegration clinically appears after sufficient time 
without having any load.

To evaluate the resettlement periods for clinically 
applicable osseointegration after the separation of  
bone-implant interface, Jang et al.2 reported in the 
rabbit experiment with 4 weeks of  resettlement that 
reosseointegration occurs and the removal torque was 
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Purpose: The purpose of this study was to investigate the reosseointegration periods when the rough surface implants, which had 
complete bone-implant ankylosis, suddenly losed the osseointegration. Materials and Methods: The implants with RBM surface 
treatment were inserted into both tibias of 23 rabbits. Two implants were submerged into each side. After six weeks, the primary 
removal torque was measured by Digital torque gauge, and then the implants were replaced and submerged to estimate the level 
of reosseointegration. After assigned healing periods for each group, the removal torque was measured again. BIC (Bone-Implant 
contact, %) ratio was measured through histomorphometric analysis.Paired t-test was processed by SPSS 14.0. One-way ANOVA and 
Tukey’s post-hoc test was processed to analyze statistically significant differences among the groups. Results: In comparison with 
the primary removal torque, the secondary removal torque was increased after 11 days and significantly increased from 2 weeks. In 
fluorochrome labeling, the origin of mineralization was observed after 7 days, which showed as fluorescent bands around the bone-
implant interfaces. After 11 days, the bone formation was apparent, and it is increased continuously with the passage of the time. 
Conclusion: In 11 days after the implant replacement, the secondary removal torque was almost as same as the primary value, and 
was significantly higher from 2 weeks. The mineralized shapes were observed in 7 days after the implant replacement, and then the 
bone formation appeared visibly in 11 days. (J Dent Rehabil Appl Sci 2015;31(3):203-11)
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significantly increased in 4 weeks after the osseointe-
gration had been splitted. In addition, Hwang et al.3 
reported in the rabbit experiment with various reset-
tlement periods for smooth surface implants that the 
higher osseointegration could be acquired in 2 weeks 
after primary osseointegration had been broken. 

In this study, the experiment twas designed to eval-
uate reosseointegration periods for the rough surface 
implants after mechanical loosening of  the osseo-
intergrated implants. First, the implants with RBM 
(Resorbable Blast Media) surface treatments were 
inserted into rabbits’ tibias. Second, the intentional 
mechanical loosening was applied on the implants, 
so that the separation of  bone-implant interface oc-
curred. Then, the level of  osseointegration as time 
elapsed and the bone reaction around bone-implant 
interfaces were observed by means of  torque gauge 
and histomorphometric analysis.

Materials and Methods

After the fabrication of  the implants made of  
pure titanium, which have 3.75 mm diameter and 4 
mm length, the RBM surface treatment (Megazen, 
Kyungsan, Korea) were processed (Fig. 1). The 23 
rabbits for the experiment (Female, New Zealand 
white), which weigh more than 3.5 kg, were under 
general anesthesia by intramuscular injection of  2% 
Xylazine (Rompun, Bayer Korea, Seoul, Korea), sul-

furic acid atrophine (DAIHAN pharm, Co., LTD, 
Seoul, Korea), and Zoletil 50 (Virbac Lab., Carros, 
France) 0.15 mL/Kg at 5-minute intervals. Then, 
two implants were placed on each tibia (Fig. 2). Total 
92 implants were inserted and submerged in typical 
manner. Novin-50 (Bayer Korea, Seoul, Korea) 0.44 
ml/Kg for antibiotics was injected into the muscle 
after suture. Negasunt (Bayer Korea) for the healing 
agent was applied on the surgical site and let it be to 
form osseointegration for 6 weeks.

1. Primary removal torque measurement

Except 2 rabbits for histomorphometric anaylsis, 
after 6 weeks of  the implant surgery, the counter-
clockwise forces were exerted to measure the re-
moval torques of  all implants, and the primary mea-
surements were recorded by Digital torque gauge 
(MGT12, Mark-10 Co., Copiague, NY, USA)(Fig. 
3).Then, the implants were replaced around their 

Fig. 1. Schematic diagram of experimental implant.
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Fig. 2. Two implants were placed on each tibia.

Fig. 3. Removal torque were measured by digital torque 
gauge.
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original position, and submerged again to obtain os-
seointegration around bone-implant interfaces. The 
groups were divided into 7 groups, 3 rabbits per each 
group (Table 1).

2. Histomorphometric analysis

To compare the tissue morphology with the ex-
perimental group, 2 rabbits were excluded from the 
primary removal torque measurement. Instead, 4 tis-
sue specimens were fabricated from inferior implants 
submerged into both sides of  tibias. To evaluate bone 
formation through histomorphometric analysis un-
der fluorochrome labeling, tetracycline (Tetracycline 
hydrochloride, Sigma-Aldrich, St. Louis, MO, USA) 15 
mg/kg was injected intramuscularly to all groups in 
1 day, 3 days, 10 days, and 13 days after the surgery, 
and 3 days before measuring the secondary removal 
torque for Group V. Demeclocycline (Demeclocyline 
hydrochloride, Sigma-Aldrich, St. Louis, MO, USA) 15 
mg/kg was also injected intramuscularly to Group 
VI and VII in 3 days before measuring the secondary 
removal torque to observe the bone formation after 
the osseointegration was established. While measur-
ing the secondary removal torque, the specimens 
were made of  the implants from the inferior part of  
rabbits’ left tibia except for exerting removal forces 
(Table 2).

In optical microscope (×20) and fluorescence mi-
croscope analysis, BIC (Bone-Implant contact, %) 
ratio was obtained around the cortical bone area, and 
the new bone formation was compared and analyzed.

3. Secondary removal torque measurement

To evaluate the level of  the osseointegration for 
the replaced implants according to time passed, each 
group was given different healing periods - 4 days, 7 
days, 11 days, 2 weeks, 4 weeks, 6 weeks and 8 weeks. 
After healing periods, the secondary removal torque 
was measured.

4. Statistical analysis

The average rate of  variation for the secondary 
removal torque regarding the primary removal torque 
was obtained to observe the change of  the removal 
torque in each group.

To verify the differences between primary and 
secondary removal torque were significant, paired t-
test was applied in all groups. In Group I, Wilcoxon 
signed rank test (Shapiro-Wilk test, P = 0.043), one 
of  nonparametric tests was used.

All statistical analysis were responsible for PASW 
18.0, the significance level was 0.05.

Table 1. Experimental groups

Group 1st healing 
time (weeks) N

Interval between 1st 
and 2nd removal 

torque test
I 6 12 4 days
II 6 12 7 days
III 6 12 11 days
IV 6 12 2 weeks
V 6 12 4 weeks
VI 6 12 6 weeks
VII 6 12 8 weeks

Table 2. Experimental groups for histomorphometric 
analysis

Group 1st healing 
time (weeks) N Interval after 1st 

removal torque test
C 6 4 0 day
I 6 3 4 days
II 6 3 7 days
III 6 3 11 days
IV 6 3 2 weeks
V 6 3 4 weeks
VI 6 3 6 weeks
VII 6 3 8 weeks

An investigation of reosseointegration according to time course after mechanical loosening of the osseointegrated implant fixtures
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Results

1. Removal torque

After 6 weeks of  the implant placement, the pri-
mary removal torque was obtained. Then, the second-
ary removal torque was measured in each group with 
the passage of  time. The mean value of  primary and 
secondary removal torque was acquired in each group 
and the rate of  increase was calculated (Fig. 4, Table 
3).

The secondary removal torque was significantly de-
creased in Group I, II. However, it was increased in 
Group III and significantly increased in Group IV, V, 
VI and VII.

To compare among the groups, the significant dif-
ferences were found between Group I, II and the 
others, and between Group III and Group VI, VII. 
Also, between Group IV, V and Group VII showed 
significant differences.

2. Histomorphometric analysis

In optical microscope (×20) and fluorescence 
microscope, the BIC ratios of  7 groups were com-
pared. There were statistically significant differences 
between the control group and Group VII, and 
between Group I, II and Group V, VI, and VII, and 
between Group III, IV and Group VII (Fig. 5, Table 
4).

Table 3. The primary, secondary removal torque and rate of  increase

Group N Primary removal torque Secondary removal torque Rate of  increase (%) P value*
I 9 19.79 ± 6.10 8.32 ± 4.15A -59.87 < 0.008
II 9 19.10 ± 6.23 11.92 ± 4.78A -39.03 < 0.001
III 9 24.40 ± 7.97 25.78 ± 8.35B 6.23 0.186
IV 9 18.06 ± 5.35 22.24 ± 5.93BC 25.33 < 0.001
V 9 22.09 ± 6.92 32.17 ± 6.69BC 51.23 < 0.001
VI 9 17.32 ± 3.76 24.48 ± 6.82CD 42.66 < 0.004
VII 9 23.43 ± 3.73 38.10 ± 7.07D 63.33 < 0.001

P value** 0.092 < 0.001
* P value determined by paired-t test except for Group I (Wilcoxon signed rank test).
** P value determined by one-way ANOVA.
A,B,C,D The same character denoted no significant differences by Tukey's multiple comparison at α = 0.05. 

Fig. 4. Comparison of 1st and 2nd removal torques in each group.
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Under fluorochrome labeling, mineralization had 
not been found for 4 days. However, the origin of  
mineralization, observed as fluorescent bands around 
bone-implant interfaces, was found in 1 week, and 
the bone formation became apparent on the 11th 
day onwards. As time passed, the new bone was con-
stantly increased (Fig. 6).

Discussion

Ivanoff  et al.4 have indicated in the study of  the 
reintegration of  mobilized titanium implants that 
the result of  the removal torque for the reosseoin-
tegrated implants after mechanical loosening shows 

that reosseointegration occurs without any significant 
difference with the control group, but the degree of  
osseointegration and BIC hardly changed. In the rab-
bit experiment of  bone-implant reosseointegration, 
which had 6 week periods for initial osseointegration 
and 4 weeks of  resettlement periods after forcing 
intentional mobility, Jang et al.2 observed that the re-
moval torques were sharply increased than the initial 
condition. In the study of  the removal torque for the 
smooth surface implants according to resettlement 
periods after iatrogenic mobilization, Hwang et al.3 
reported that the removal torque were increased in 
all cases if  the induction of  reosseointegration were 
longer than 2 weeks.

Table 4. BIC result from histomorphometric analysis (%)

Group N Mean ± SD P value*
Control 8 27.45 ± 9.88AB <0.001

I 6 11.84 ± 6.45A

II 6 10.38 ± 7.12A

III 6 25.56 ± 10.94AB

IV 6 23.12 ± 8.25AB

V 6 37.54 ± 11.20BC

VI 6 34.08 ± 11.59BC

VII 6 48.86 ± 10.66C

*P value determined by one-way ANOVA.
A,B,C,D The same character denoted no significant differences by Tukey's multiple comparison at α = 0.05.

Fig. 6. Rate of increase between 1st and 2nd removal 
torques in each group.
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Fig. 5. Mean BIC in each group.
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Fig. 7. Histomorphometric analysis of control group and experimental groups. Tetracycline initially appeared on the 
bone surrounding the implant in Group II, and it became apparent in Group IIIand more as time passed (Green band; 
Green arrow). Demeclocycline continued to appear in Groups VI and VII (Yellow band; Yellow arrow). 
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From the previous results, we anticipate that the 
bone-implant reosseointegration after mechanical 
loosening is obtained if  the sufficient healing periods 
are given. However, the most implants in the clinics 
have surface treatments. Cochran5 have indicated that 
the rough surface implants made in various methods 
had higher BIC and removal torque than smooth 
surface implants. To evaluate the periods to acquire 
the sufficient level of  osseointegration for implants 
with surface treatment, the implants were placed into 
rabbits’ tibias, and complete osseointegration was 
induced by assigning 6 week healing periods. Then, 
the primary removal torque was measured, and the 
implants were submerged again. After 4 days, 7 days, 
11 days, 15 days, 4 weeks, 6 weeks, and 8 weeks of  
implant replacements, the secondary removal torque 
was measured and compared with the primary re-
moval torque.

Sennerby et al.6 reported in the study of  compari-
son of  submerged implants into cancellous bone and 
cortical bone of  rabbits after 6 weeks, 3 months, and 
6 months that the removal torque remained constant 
after 6 weeks for the cortical bone. Therefore, in this 
study the periods for initial osseointegration were de-
termined to 6 weeks for tibias, which correspond to 
the cortical bone.

Hwang et al.3 observed that the removal torque was 
decreased in 4 days and 1 week after resettlement, but 
increased significantly in 2 weeks. In 6 weeks, it was 
increased, but not significantly. Therefore, he doubted 
the possibility of  continuous bone formation, and 
suggested the further research. However, in this study, 
the result showed that the secondary removal torque 
was lower than the primary removal torque in 4 day 
and 7 day group as Hwang’s result, and became high-
er in 11 days group, but the difference was insignifi-
cant. In 2 week, 4 week, 6 week, and 8 week groups, 
the secondary removal torques showed significantly 
higher than their primary values. Therefore, the re-
sult indicates that RBM surface provides rapid and 
constant bone-implant osseointegration compared to 
smooth surface. It is considered that the higher os-
seointegration is achievable, which disagrees the study 
of  Sennerby et al.,6 who reported that the removal 
torque remains constant after 6 weeks.

According to the study of  Roberts et al.,7-9 the for-
mation of  immature bone begins in 3 days, and the 
bone surrounding the implants matures in 6 weeks 
in rabbits’ tibias. Sennerby et al.10 observed the im-
mature bone in first 7 days, and the matured bone 
around implants in 6 weeks. In this study, under fluo-
rochrome labeling, the fluorescent substances were 
observed in 7 days, and broadly distributed in 11 
days, and then became widespread afterwards. More-
over, the bone formation had constantly occurred 
for 8 weeks. From the result, it is assumed that the 
removal torque was barely influenced because min-
eralization around the implant fixtures did not begin, 
even though the osteoid tissue formed and started its 
mineralization in 4 days and 7 days. In 11 days, the 
sufficient mineralization affected the removal torque, 
and it became higher afterwards. In contrast to 
Hwang et al.,3 the removal torque and BIC were sig-
nificantly increased in 8 weeks of  resettlement. It is 
considered that the implants with surface treatment 
support the continuous bone formation as the study 
of  Schwartz et al.,11 which suggested that the rough 
surfaces of  the implants with surface treatment stim-
ulate proliferation and differentiation of  osteoblasts 
to contribute preferable bone formation. 

In conclusion, mineralization of  the immature 
bone begun in 7 days became sufficient reosseointe-
gration in 11 days. In other words, it reached bone-
implant interfaces in 11 days, and if  we consider that 
the metabolic rates of  human are 3 times higher than 
those of  rabbits, the periods are about 33 days in 
human. Therefore, when the implant fixtures in hu-
man are under mobility from temporarily damaged 
osseointegration because of  the excessive torsion, 
it is anticipatable that postponing the occlusal load 
and assigning about 33 days of  the healing periods 
for resettlement allow reosseointegration in shorter 
time with higher stability compared with the initial 
implant placement.

Conclusion

1.  After 4 days and 7 days of  replacement, the re-
moval torques were significantly decreased (P < 
0.01).

An investigation of reosseointegration according to time course after mechanical loosening of the osseointegrated implant fixtures
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2.  After 11 days of  replacement, all experimen-
tal groups had higher removal torque, and the 
increase became statistically significant after 2 
weeks (P < 0.05).

3.  In comparison among the experimental groups, 
the groups of  4 days and 7 days after replace-
ment showed significantly lower removal torque. 
The removal torque of  4 weeks, 6 weeks, and 8 
weeks after replacement was significantly higher 
than that of  11 days. The result of  8 weeks after 
replacement was significantly higher than that 
of  2 weeks (P < 0.05).

4.  Fluorochrome labeling revealed that mineraliza-
tion began in 7 days after replacement. Appar-
ent bone formation occurred from 11th day 
onwards, widely observed as time elapsed.

If  the results apply to human, bone-implant inte-
gration become similar to the initial condition in 1 
month after osseointegration was damaged. After 
the 1 month and half  passes, it is considered that the 
bone-implant integration is securely restored.
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표면처리 임플란트 고정체의 의원성 동요 후 시간 경과에 따른 재골유착에 관한 
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목적: 완전한 골-임플란트 결합을 가졌던 임플란트가 갑자기 골유착을 잃은 경우의 시간에따른 재골유착을 연구하기 
위함이다.
연구 재료 및 방법: 23마리 토끼의 좌우 경골에 각각 2개씩 실험목적으로 제작한 RBM임플란트를 식립 후, 6주 후에 1
차로 비틀림 제거력을 측정한 다음, 임플란트를 다시 재위치 침하시키고, 4일, 7일, 11일, 2주, 4주, 6주, 그리고 8주의 
재침하시간 경과 후 2차로 비틀림 제거력을 측정하고 시편을 제작하여 조직 형태학적 검사를 하였다. 통계학적 검사를 
위해 paired t-test를 시행했고, One-way ANOVA와 Tukey’s post-hoc test 통해 그룹간 차이를 비교하여 다음과 같은 결
과를 얻었다. 
결과: 1차 비틀림 제거력과 비교해봤을 때 2차에서 11일 후에는 증가했으며, 2주 후부터 유의성 있게 증가하였다. 형광

조사검사에서, 7일 후부터 골-임플란트 계면 사이에 형광밴드가 나타나는 광물화 현상이 관찰되고, 11일 후부터는 분
명한 골 형성이 나타났다.
결론: 토끼에서는 11일 이후가 되면 충분한 재골유착을 얻을 수 있었다.

(구강회복응용과학지 2015;31(3):203-11)
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