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1. Abstract

Background

Oral implant treatment is an effective modality to restore loss of esthetic and masticatory
functions. However, healing after implant surgery takes at least 3 to 6 months. This prolonged
healing period poses several difficulties for individuals with a large edentulous area and
decreases their quality of life. Consequently, shortening the healing period and accelerating final
prosthesis placement after surgery is very clinically important. We speculate peri-implant bone
may be improved by systematic approaches such as use of osteoporosis supplement promoting
bone metabolism.

As a first step, an animal pilot study was conducted to confirm whether intake of a supplement
developed for osteoporosis, synthetic bone mineral (SBM), is effective in bone formation. As a
second step, an animal pilot study was conducted to confirm whether intake of SBM is effective
in accelerating peri-implant bone formation as part of the healing process after implantation.
Objective

Research 1: To confirm whether intake of SBM is effective in bone formation.

Research 2: To confirm whether intake of SBM is effective in bone formation after
implantation.

Material and Methods

Research 1: Twelve 20 week old female Wistar rats were randomly assigned to receive a
standardized control group (n=6) or experimental group (n=06).

After eight weeks, the rats were sacrificed by CO, inhalation, and bone mineral density (BMD)
and bone flexure strength between of femur were compared between the groups at 28 weeks old,
and were analyzed by Mann—Whitney U test.

Research 2: Twenty-four 5-week-old female Wistar rats were randomly assigned to receive a
standardized control group (n=12) or experimental group (n=12). The rats had implant surgery
at 8 weeks of age under general anesthesia. The main outcome were bone mineral density
(BMD) and pull-out strength in the implant and femur, which were compared between the
groups at 2 and 4 weeks after implantation, and were analyzed by using the Mann—Whitney U
test.

Results

Research 1: BMD was significantly higher for the experimental group at compared to the
control group. Bone flexure strength was also significantly higher with control group.

Research 2: BMD was significantly higher for the experimental group at 2 and 4 weeks after
implantation compared to the control group. Pull-out strength was significantly higher with
experimental group at 2 and 4 weeks after implantation compared to the control group.

Conclusion



This study indicates that SBM could be effective in bone formation and bone formation of

peri-implant bone. This suggested that SBM were shorten the healing period after implantation.
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Table & Figures



Table 1: Mineral compositions (Wt%) of AIN-93M and AIN-93M + SBM

AIN-93M AIN-93M + SBM
Calcium (Ca) 0.51 0.74
Phosphate (P) 0.30 0.48
Magnesium (Mg) 0.05 0.35
Zinc (Zn) 0.003 0.036
Fluorine (F) 0 0.005
Carbonate (COs) 0 0.12
Natrium (Na) 0.10 0.13
Kalium (K) 0.35 0.75
Chlorine (Cl) 0.16 0.17

SBM: synthetic bone mineral
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l Push at 5.0 mm/min
cross-head speed

Figure 1: Bone flexure strength
The femur bone was supported using a 3-point bending jig with a between-fulcrum distance of

10 mm, and a bending force was loaded on the middle point of the bone length at 5.0 mm/min.
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Figure 2: Scanning of femur mid-shaft for BMD analyses

Analysis sites in the femur (top). The measurement range (4.0 mm x 4.0 mm X% 2.0 mm) for

BMD is at the femoral mid-shaft.
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Figure 3: Time schedule
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6-weekold rats were randomly allocated to one of two groups: a control group fed a diet

without SBM or an experimental group fed a diet with SBM. All 8-week-old rats underwent

implant surgery. Six rats in each group were randomly selected and euthanised at 2, 4 weeks

after implantation, of which 4 were allocated for pull-out testing and BMD analysis and 2 were

allocated for fluorescence microscopy observation.
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Figure 4: Pull-out strength test

The specimens were mechanically anchored to a baseplate by self-curing resin. The load cell

pulled the implant as perpendicularly as possible to minimize shear forces at 1.0 mm/min

cross-head speed.
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Figure 5: Scanning of peri-implant bone for BMD analyses
A 1.5-mm? area surrounding the bone socket where a 1.2-mm implant had been placed was
three-dimensionally scanned from 0.5-mm depth to 1.0-mm depth apart from inner cortical bone.

Thus, a peri-implant bone cuboid with a 1.5 x 1.5-mm base and 0.5-mm height was scanned.
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Figure 6: Between group differences in bone mechanical strength and BMD.
Results of bone mechanical strength (A): Bone flexure strength was significantly higher than

those of control group at 28 weeks old (*P < 0.05).
Results of BMD (B): BMD was significantly higher than those of control group at 28 weeks

old (*P < 0.05).
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Figure 7: BMD color imaging
BMD color image observation: Color image of the control group at 28 weeks old revealed
mainly orange (A). In contrast, the color image of the experimental group occupied mainly the

orange and red end of the spectrum (B).
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Figure 8: Between- and within-group comparison of BMD and pull-out strength

Results of pull-out strength (A): Pull-out strength was significantly greater in the
experimental group than the control group at 2 and 4 weeks after implantation (*P < 0.05).
Pull-out strength also significantly increased within both groups between 2 weeks and 4 weeks
after implantation (*P < 0.05).

Results of BMD (B): BMD was significantly greater in the experimental group than the
control group at 2 and 4 weeks after implantation (*P < 0.05). However, BMD did not
significantly increase within either group between 2 weeks and 4 weeks after implantation (*P >
0.05).

The continuous line and broken line represent between-group comparison and within-group

comparison, respectively. The asterisks represent significant differences (*P < 0.05).
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Figure 9: BMD color imaging and fluorescent imaging

BMD color image observation (A): Color imaging of the control group at 2 and 4 weeks after
implantation revealed mainly blue and yellow (a and c¢). However, color imaging of the
experimental group at 2 and 4 weeks after implantation occupied mainly the orange and red end
of the spectrum (b and d).

Fluorescence image (B): Fluorescence microscopy imaging of the control group at 2 weeks
after implantation shows no green fluorescence (a). However, fluorescence microscopy imaging
of the experimental group at 2 and 4 weeks after implantation and the control group at 4 weeks

clearly shows green fluorescence (c, b, and d).
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Figure 10: Body weight change of rats

Body weight significantly increased in both the experimental groups and control groups over
the feeding period (P < 0.0001). Significant body weight differences were not observed between
the groups at 2 (10 weeks old) or 4 weeks (12 weeks old) after implantation.
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