Vibration noise with interfragmentary movement
accelerates bone maturation in distraction
osteogenesis
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Fig. 1. Sinusoidal wave. The callus was shortened by the
compression movement in the form of sinusoidal wave at a
frequency of 1 Hz with an amplitude of 0.5 mm.
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Fig. 2. Vibration noise. The external fixator vibrated at a
frequency of 70 Hz with an amplitude of 0.1 mm.

Fig. 3. Stimulators and external fixator. (A). Ultrasound motor
and laser displacement meter. (B). Vibrator. (C). Stimulators
attached to the external fixator.
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Fig. 4. Stimulation protocol. The control (C) group did not
receive any stimulation. The sinusoidal wave (S) group was
stimulated by compression movement, the vibration (V) group
was stimulated by vibration, and the sinusoidal wave +
vibration (S+V) group was subjected by combined stimulation
after the completion of distraction. The lengthening (1) group
was stimulated by combined stimulation during the
lengthening period and the maturation (M) group was
stimulated 7 days after the completion of distraction.
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Fig. 5. Three point bending test. The central loading point was
set to the center of the callus area. The lower loading points
were separated from each other by 60 mm.

Group

Fig. 6. Effect of stimulation determined by radiography. A series
of anteroposterior radiographs of the control (C) group,
sinusoidal wave (S) group, vibration (V) group, sinusoidal
wave with vibration (S+V) group, lengthening (L) group and
maturation (M) group at postoperative weeks 4 and 8.
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Fig. 7. Effect of stimulation on bone density. O; Control (C)
group. @; Sinusoidal (S) group. [J; Vibration (V) group. l;
Sinusoidal wave + Vibration (S+V) group. The bone density
values are recorded as units of aluminum thickness (X %+ SD).
Two-way ANOVA and Tukey-Kramer post-hoc test analyses
revealed that the mean bone density of the callus area of the
S+V group was greater than that of the C, S, and V groups at 7
and 8 weeks (*p<0.05). There were no significant differences
among C, S and V groups with respect to the mean density of
the callus area.
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Fig. 8. Effect of timing the of combined stimulation on the
distracted callus. l; Sinusoidal wave + Vibration (S+V) group.
A; Lengthening (L) group. V; Maturation (M) group. The
results of the bone density are given in units of aluminum
thickness (X = SD). Two-way ANOVA and Tukey-Kramer
post-hoc test showed no significant differences among the
three groups in relation to the mean bone density of the callus
area.
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Fig. 9. Axial computed tomography image. The image of the
center of the callus area 8§ weeks after surgery revealed
thickened cortical bone in the combined stimulation groups (S
+V, Land M).
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Fig. 10. Effect of stimulation determined by peripheral
quantitative computed tomography (pQCT). (A). One-way
ANOVA and Tukey-Kramer post-hoc analyses revealed that
the cortical bone mineral content (X -+ SD) in the sinusoidal
wave + vibration (S+V) group was significantly greater than
that in control (C), sinusoidal (S), and vibration (V) groups
(*p<0.05). No significant differences were observed in the
mean bone density of the callus area among the C, S and V
groups. (B). The cortical bone area (X + SD) in the S+V
group was significantly greater than that in C, S and V groups
(*p<0.05). No significant differences in mean cortical bone
area was observed among the C, S and V groups.
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Fig. 11. Effect of the timing of combined stimulation determined
by peripheral quantitative computed tomography (pQCT). (A).
One-way ANOVA and Tukey-Kramer post-hoc analyses
revealed that there were no significant differences among the
sinusoidal wave with vibration (S+V) group, lengthening (L),
and maturation (M) groups with respect to cortical bone
mineral content. (B). In addition, there were no significant
differences in relation to the mean cortical bone area among
the S+V, L and M groups.
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Fig. 12. Effect of stimulation determined by mechanical test.
One-way ANOVA and Tukey-Kramer post hoc analyses
revealed that the mean percentage failure load at postoperative
week 8 (X + SD) was significantly higher in the sinusoidal
wave with vibration (S+V) group than in the sinusoidal wave
(S) and vibration (V) groups (*p<0.05). No significant
differences were observed between control (C) group and (S)
groups.
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Fig. 13. Effect of stimulation timing determined by mechanical
test. One-way ANOVA and Tukey-Kramer post-hoc analyses
showed that the mean percentage failure load at postoperative
week 8 (X = SD) was not significantly difference among
groups of the sinusoidal wave with vibration (S+V),
lengthening (L), and maturation (M) groups.
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Vibration noise with interfragmentary movement accelerates bone maturation in distraction osteogenesis Kei
Takato, Department of Msuculoskeletal System, Graduate School of Medical Science, Kanazawa University, Kanazawa
920-8640 Juzen Med. Soc., 121, 154 — 161 (2012)
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Abstract

Distraction osteogenesis has been used for various orthopedic conditions. However, the long healing time remains the
greatest problem. A phenomenon known as stochastic resonance, in which noise vibration enhances the response of a
nonlinear system to a weak signal, has been reported to affect the mechanosensitivity of osteoblasts and the osteogenic
response on the ulnae of mice. In this study, I examined the effects of stochastic resonance on distraction osteogenesis and the
timing of stimulation in 48 Japanese white rabbits with a 10.5 mm distracted callus. Stimulations were performed 3 min per
day over 7 days using two different stimulators: sinusoidal intrafragmentay movement at 1 Hz with an amplitude of 0.5 mm
and vibration at 70 Hz with an amplitude of 0.1 mm. The rabbits were divided into 6 groups: the control (C) group with no
stimulation, a sinusoidal (S) group stimulated by intrafragmentary movement, a vibration (V) group stimulated by vibration, a
sinusoidal + vibration (S+V) group subjected to combined stimulation after the completion of distraction, a lengthening (L)
group stimulated by combined stimulation during the lengthening period, and a maturation (M) group stimulated 7 days after
the completion of distraction. In the S+V group, the bone mineral density was 11-15%, the cortical bone area was 35-43%,
and the cortical bone mineral content was 26-36% greater than in the C, S, and V groups at 8 weeks. There were no significant
differences among the S+V, L, and M groups. I concluded that vibration noise with interfragmentary movement enhances
bone maturation in distracted osteogenesis and that stochastic resonance contributes to shortening the duration of external
fixation,



