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ABSTRACT 
Background: The effect of pulsed electromagnetic fields (PEMFs) on bone 

formation and remodeling has been evaluated in several studies in the last 30 
years, but the results of these studies have been equivocal. Objective: The aim 
of this study was to investigate the effects of PEMFs on bone mineral density 
(BMD) and the biochemical markers of bone turnover in patients with post- 
menopausal osteoporosis. 

Methods: In this single-blind, randomized study, 40 outpatients were ex- 
posed to 1OOHz PEMFs (n = 20) or to a placebo electromagnetic field (n = 20) 
for 60 minutes per day, 3 times a week for 3 months. BMD was measured at 
baseline and at the end of treatment, and biochemical markers of bone me- 
tabolism were measured at baseline, after 3 months’ treatment, and 1 month 
after treatment cessation. 

Results: Treatment with PEMFs did not cause a significant increase in BMD 
in either group. However, in the group treated with lOO-Hz PEMFs, a significant 
increase in serum osteocalcin and serum procollagen type I C-terminal pro- 
peptide was observed during treatment (P < 0.001 vs baseline); these param- 
eters returned to baseline values 1 month after the end of treatment. 

Conclusions: These findings suggest that PEMFs may stimulate osteogen- 
esis, possibly by increasing osteoblastic activity, in postmenopausal women 
with osteoporosis. 
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INTRODUCTION 
In the last 30 years, the effect of pulsed electromagnetic fields (PEMFs) on bone 
formation and remodeling has been investigated in several studies.le4 A num- 
ber of studies have reported that PEMFs are capable of eliciting in vitro and in 
vivo bioeffects. The interaction between PEMFs and the cytoplasmic mem- 
brane,5’6 as well as the effect of PEMFs on osteogenesis,1,2~4,7,8 has been dem- 
onstrated. The assumed therapeutic effect of PEMFs is based on the well-known 
piezoelectric properties of bone and evidence that mechanical stress is the first 
signal that induces osteogenesis.gX’O Several researchers”-” have investigated 
the therapeutic efficacy of PEMFs in osteoporosis, but have not obtained posi- 
tive results. To clarify these conflicting results, we compared the effect of 
PEMFs versus placebo electromagnetic fields on bone mineral density (BMD) 
and biochemical markers of bone metabolism in women with postmenopausal 
osteoporosis. 

PATIENTS AND METHODS 
Forty outpatients with postmenopausal osteoporosis diagnosed according to 
the Criteria of the Fifth Consensus Development Conference” were enrolled in 
the study. Patients were informed about the procedure and the aim of the 
study, in accordance with the Declaration of Helsinki (1964) and the Hong Kong 
revision (1989), and gave informed consent. For 4 months Q-month treatment 
period and 1 month after the end of treatment), patients were required to 
discontinue use of any drug that might interfere with bone metabolism. Patients 
with concomitant or past degenerative or inflammatory osteoarticular disease 
that might interfere with the biochemical markers of bone turnover were ex- 
cluded from the study. 

The 40 patients were divided in a 1:l ratio into 2 groups using a randomiza- 
tion list. Group A (n = 20) was exposed to lOO-Hz PEMFs for 60 minutes per day, 
3 times a week for 3 months. We used pulsing, extremely low frequency elec- 
tromagnetic fields generated by an electromagnetic device specifically de- 
signed for this study. The field consisted of a static and a sinusoidal compo- 
nent. The relative magnetic induction B at a point in the field varies with time, 
according to the equation B = B* + B” sin t, where B* is the static component, 
B” is the amplitude of oscillation of the variable component (the pulsation), and 
t is the time. The field was generated by a pair of 80 mm x 50 mm electromag- 
nets, with the divergence of the magnetic flux lines sufficient to expose the 
entire spine and pelvis to the field. The power was regulated to maintain the 
value of B* at -10 G at 10 cm from each polar expansion when the interpolar 
distance was 30 cm, the typical mean distance in clinical practice. The ripple 
factor B”/B* was -15%, so that the value of B” was 1 to 2 G. The sinusoidal 
waveform and the frequency of 100 Hz are the most suitable in our experience” 
and have been tested in previous investigations.‘37’4 In group B, we used the 
same appliance, without activating the electromagnetic field, at the same times 
and for the same period as for group A. 
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BMD measurements were performed before and after treatment by dual x-ray 
absorptiometry (DXA) using a Hologic QDR 1000 (Hologic Inc, Waltham, Mas- 
sachusetts) at the level of the lumbar spine and femoral neck, the skeletal 
segments most commonly investigated by DXA in osteoporosis. Before and 
after treatment and 1 month after treatment cessation, at the same time of day 
in the morning, the following biochemical markers of bone metabolism were 
measured in all patients while they were in the fasting state: serum calcium 
(atomic absorption method), serum phosphate (calorimetric method, Phos- 
phofix, Menarini Diagnostic, Florence, Italy), total serum alkaline phosphatase 
(ALP) (calorimetric method, Phosphofix, Menarini Diagnostic), serum osteocal- 
tin (1251 RIA kit, Incstar Corporation, Stillwater, Minnesota), serum procollagen 
type 1 C-terminal propeptide (PICP) (1251 RIA kit, Orion Diagnostica, Espoo, 
Finland), and urinary calcium (atomic absorption method), phosphate (color- 
imetric method, Phosphofix, Menarini Diagnostic), and hydroxyproline (OHP) 
(high-performance liquid chromatography, Bio-Rad, Munich, Germany). The 
serum and urine samples were obtained at the same time of day from all pa- 
tients, because serum osteocalcin and PICP can have a circadian as well as a 
diurnal variation.1s-20 Moreover, all the pretreatment and posttreatment 
marker assays were performed in 2 batches to avoid the possibility of intrain- 
dividual and interindividual variability.20 Statistical analysis of the data was 
performed using the Student paired t test. 

RESULTS 
The baseline characteristics of the patients are shown in Table 1. No significant 
differences were found between groups at baseline. 

The 20 patients exposed to the placebo electromagnetic field (group B) did 
not show any significant changes from baseline in BMD or any of the biochemi- 
cal markers measured (Table II). As shown in Table III, the 20 patients exposed 
to PEMFs (group A) did not show any significant increases in BMD, changes in 
serum and urinary calcium levels, serum and urinary phosphate, urinary OHP, 
or serum ALP; however, these patients showed a significant increase in serum 
osteocalcin and PICP (P < 0.001). 

Table I. Baseline characteristics (mean + SD) of the 40 enrolled women, by treatment 
group. 

Placebo PEMFs 
(n = 20) (n = 20) 

Agel Y 
Age at menarche, y 
Age at menopause, y 
Years since menopause 

55.9 t 3.1 56.3 2 4.0 
12.4 + 1.2 12.9 k 2.2 
48.7 ?I 3.2 49.2 2 3.4 

6.1 + 3.2 6.4 -+ 3.3 

PEMFs = pulsed electromagnetic fields. 
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Table II. Evaluation of bone mineral density (BMD) and biochemical markers of bone 
metabolism in 20 postmenopausal women at baseline, after 3 months of placebo treat- 
ment, and 1 month posttreatment.* 

Normal 
Value Baseline 3 Months 

1 Month 
Posttreatment 

BMD, g/cm2 
Lumbar spine (L2-L4) 
Femoral neck 

Serum 
Calcium, mg/mL 
Phosphate, mg/mL 
ALP, UKA 
Osteocalcin, mg/mL 
PICP, ng/mL 

Urine (24-h samples)+ 
Calcium, mg/d 

Phosphate, mg/d 

OHP, mg/d 

8.6-l 0.4 
254.8 

5-14 
3.4-7.1 
50-l 70 

SO-250 

300-800 

1 O-30 

0.849 ? 0.09 

0.739 + 0.03 

9.1 2 0.8 

3.3 + 1.2 

10.8 + 1.1 

5.5 + 0.2 

102.9 + 29.2 

191 .O + 38.8 

604.0 IL 38.5 

19.6 +- 5.9 

0.847 2 0.04 

0.740 +- 0.06 

9.2 + 1.2 
3.2 + 1.4 
9.9 -t 0.8 
5.4 2 0.6 

104.0 + 33.3 

190.0 + 36.6 
599.0 + 40.6 

18.3 + 3.6 

9.0 a 0.6 

3.4 + 1.1 

10.2 + 1.3 

5.3 f 0.3 

103.6 + 28.6 

189.0 + 35.3 

603.0 do 41.3 

18.4 I? 4.4 

ALP = alkaline phosphatase; PICP = procollagen type I C-terminal propeptide; OHP = hydroxyproline. 
*Data are presented as mean + SD. 
+Urine measurements were normalized to creatinine. 

In the patients exposed to placebo, there was no significant change between 
the values for biochemical markers of bone turnover obtained at baseline and 
those obtained 1 month after the end of treatment (Table II). In contrast, in the 
20 patients exposed to 1OOHz PEMFs, serum osteocalcin and PICP levels in- 
creased after 3 months of PEMF treatment, but returned to baseline values 
1 month after the end of treatment (Table III>. 

DISCUSSION 
The lack of changes in biochemical markers of bone turnover in the placebo 
group, the increase in osteocalcin and PICP at the end of the Smonth treatment 
period with PEMFs, and the normalization of these values 1 month after dis- 
continuing PEMF treatment suggest that PEMFs affect bone metabolism, possi- 
bly by stimulating osteogenesis, particularly osteoblastic activity.2V4V6-g In our 
study, the increase in osteocalcin and PICP at the third month of therapy is a 
significant finding, because the patients discontinued any medication that 
could interfere with the biochemical markers of bone turnover. The predictable 
lack of increase in BMD in the patients exposed to PEMFs is probably due to the 
comparatively short duration of PEMF treatment; the efficacy of treatments for 
osteoporosis is usually not evaluated until 6 to 12 months after the start of 
therapy. Nevertheless, 3 months’ exposure to PEMFs seems to be sufficient to 
stimulate osteogenesis, as demonstrated by the increase in osteocalcin and 
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Table III. Evaluation of bone mineral density (BMD) and biochemical markers of bone 
metabolism in 20 postmenopausal women at baseline, after 3 months of treatment with 
pulsed electromagnetic fields, and 1 month posttreatment.* 

Normal 
Value Baseline 3 Months 

1 Month 
Posttreatment 

BMD, g/cm2 
Lumbar spine (L2-L4) 
Femoral neck 

Serum 
Calcium, mg/mL 
Phosphate, mg/mL 
ALP, UKA 
Osteocalcin, mg/mL 
PICP, ng/mL 

Urine (24-h samples)* 
Calcium, mg/d 
Phosphate, mg/d 
OHP, mg/d 

8.6-l 0.4 

254.8 

5-l 4 

3.4-7.1 

50-l 70 

50-250 185.0 + 36.9 

300-800 614.0 + 40.2 

1 O-30 19.0 f 6.3 

0.851 + 0.03 

0.740 ? 0.02 

9.3 f 1.6 

3.2 ? 1.1 

10.2 2 2.1 

5.6 2 0.8 

100.2 * 30.1 

0.854 + 0.09 

0.736 + 0.04 

9.0 + 1.4 

3.4 + 1.3 

9.3 2 2.8 

7.0 + 0.7* 

134.0 ~fr 20.7+ 

191 .O 2 40.6 

587.0 2 40.6 

18.7 f 4.9 

9.1 * 0.5 

3.3 -+ 1.2 

9.9 2 1.8 

5.7 + 1.1 

105.0 ? 26.8 

187.0 + 40.8 

603.0 + 46.2 

17.9 ? 4.2 

ALP = alkaline phosphatase; PICP = procollagen type I C-terminal propeptide; OHP = hydroxyproline. 
*Data are presented as mean f SD. 
+P < 0.001 (Student paired t test). 
*Urine measurements were normalized to creatinine. 

PICP, which are the earliest markers of bone growth. The absence of changes in 
serum levels of ALP is probably due to the fact that ALP is synthesized by both 
bone and liver, and thus serum ALP is not a specific measure of osteogenesis. 

Further longer-term studies (6-12 months) that include a larger number of 
patients and the specific measurement of skeletal ALP are warranted. The con- 
flicting data on the therapeutic efficacy of PEMFs in osteoporosis may also be 
the result of the different types and frequencies of PEMFs (30-150 Hz) used in 
previous studies. ‘l-l5 Therefore, researchers should agree on a standard type 
and frequency of PEMFs, as well as the optimal length of exposure, to be used 
in future studies of PEMFs in osteoporosis. 

CONCLUSION 
The results of this study suggest that PEMFs may stimulate osteogenesis, 
possibly by increasing osteoblastic activity, in postmenopausal women with 
osteoporosis. 
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