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INTRODUCTION

RESULTS

Musculoskeletal tissue is uniquely sensitive to biophysical input as demonstrated by the ability of both mechanical
and electrical stimuli to increase bone formation [,2]. We

decrease

have previously reported that exposure to combined
magnetic fields (CMF) can reverse bone loss in an
ovariectomized rodent model by increasing trabecular bone

volume [3]. The purpose of this study was to determine

if

this increased bone volume was accompanied by an increase
in mechanical strength of the trabecular bone. This study
used synchrotron-based three dimensional imaging and
computer finite element models to measure bone strucfure
and calculate bone strength (modulus) [a]. This study shows
CMF can increase trabecular bone formation resulting in an
increase in mechanical properties.

Analysis

of trabecular bone by XTM

in TBV of

demonstrated a

to OVX, as compared with
sham operated controls (Fig. l). TBV was increased over
32oÄ due

fifty percent by the positive control, PTH, as compared with
the OVX group. CMF alone increased TBV 42% compared
with the OVX group. This increase with CMF treatment
was statistically indistinguishable from the sham control
group. One CMF sample showed lower TBV than any
sample analyzed, including OVX. Fig. I shows a plot of
elastic modulus vs. TBV. Power law scaling behavior is
typical of trabecular bone.

'1.00e-1

MATERIALS AND METHODS
The ovariectomized rat model of osteopenia was used
for these studies. Aged virgin female Sprague-Dawley rats

(10 months old, mean weight 325 grams) were
ovariectomized and allowed to develop osteopenia for six
weeks prior to the initiation of treatment. As a positive

control, human parathyroid hormone (PTH l-34)
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was

administered 5)Vweek by i.p. injection at doses of 20 Vg/kg
as described [5]. At six weeks post-op, rats were both
treated with CMF or PTH and compared with sham and
OVX animals. For CMF exposure, animals were housed and
exposed in specially constructed non-metallic racks that
were fit with circumferential copper wire coils, horizontally

bone cubes. The non-integral power law scaling exponent
(2.45) indicates complex deformation modes exist in

oriented and Helmholtz aiding.

compression.

(20pT,Bs) combined

in

A

static magnetic field

(XTM) was performed at

the

Stanford Synchrotron Radiation Lab on the proximal tibial
metaphysis of rats post-sacrifice. 3D trabecular bone
volume fraction (BV) and connectivity (Bl) were analyzed
for all XTM samples [6]. Prepared cubic trabecular bone
volumes were incorporated into a finite element model

using spring elements as previously described

14,7).

Statistical analysis was performed using the Kruskal-Wallis

test, then Dunn's post-hoc test was applied
differences between groups.
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Figure 1: Plot of Elastic Modulus vs. TBV for trabecular

parallel with an alternating

sinusoidal magnetic field (40prT,Ba) was applied at 15.3 Hz
for one 30 minute treatment/day. Animals were sacrificed
six weeks after initiation of treatment. 3D x-ray

tomographic microscopy
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DISCUSSION AND CONCLUSION

This is the first demonstration that a specific type of
electromagnetic field, CMF, stimulates bone formation
resulting in an increase in trabecular bone volume. With a

single exception, trabecular bone volume and calculated
mechanical strength were restored to the level of the sham
controls. We speculate that the exception may not have had
sufficient initial bone mass to benefit from treatment. Also,
CMF effect on bone volume and strength did not reach the
magnitude of response seen with the potent anabolic agent,
PTH. It remains to be seen whether longer duration of CMF
treatment beyond 6 weeks
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treatment, as a threshold effect for PTH has been observed
in this model system [8].
In summary, these results provide the frst indications that
short-term exposure to CMF can restore trabecular bone
volume and strength in a specific skeletal site and suggests
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