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Mechanical Stimulation of Bone by Electrically-Controlled Muscle Contraction
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A purpose of this study is to measure bone strain induced electrically-controlled muscle contraction and compare with that

recorded during walking exercise using an animal model. A strain gage technique was used to measure strain on a rat femur

when a rectus femoris muscle is stimulated electrically in a sinusoidal waveform at a peak voltage of 0, 1, 3, or 6 V, and

during walking exercise(4 m/min) by a treadmill. Bone strain recorded in 6 V-muscle stimulation was 65% larger than that in

treadmill exercise. This result suggests that electrically-controlled muscle contraction could be useful as a new mechanical

stimulation method to elicit osteogenesis response.
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Figure 1 (a) Position of strain gages on a rat femur. (b)
Foil strain gage pasted on the femur.
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Figure 2 Experiment system. (a)Measurement of bone
strain  induced by electrically-controlled muscle
contraction. (b)Bone strain measurement during
treadmill exercise.
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Figure 3 Position of electrodes inserted into the musculus
rectus femoris.
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Figure 4 Waveform of electrical signal for muscle
stimulation.(a)The waveform consists of a series of pulses
with a duration of 0.865 ms. (b)The magnitude of each
pulse is modulated following a sinusoidal waveform with
a different peak voltage(0, 1, 3, or 6 V) at 2 Hz.
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Figure5 Bone strain waveform induced by electrically-controlled muscle contraction. Peak voltage of
electrical stimulation waveform :(a)0 V; (b)1 V; (c)3 V; (d)6 V.
a b
300 ¢ Anterior 300 - Anterior n .
200 - / : 200 / / )l A
; e | o
c ol c SO 1) B B A Y N
T 100 s . i ‘® 100 LS jﬁ Lol A \'Q N
@ | 5 N CEEYARY
g ’ i SN i% | ‘ 2 ’ 14 1v5 Pt \I‘G 1o~ “1I7 H wa‘a
\ 35 » - (PR YA e
~100 t h‘m“ »‘M‘!;‘ 2{‘1;1 s -100 \’V»,N/\\PJ\ | \:\ \ ! Y, ‘\ ‘ - s
P | ! |
200 | m ‘v‘ 200 | AH\ W P
[
-300 1 Posterior -300 - Posterior
Figure 6 (a)Bone strain waveform recorded during treadmill exercise. (b)Waveform expanded
in a time period from 14 to 18 s.
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Figure 7 Change in peak bone strains with increasing
peak voltage. (a) Anterior surface. (b) Posterior surface.
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Figure 8 Peak bone strains observed during treadmill
exercise. (a)Anterior surface. (b)Posterior surface.
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