Treadmill weight-bearing exercise versus electromagnetic field
on bone mineral density in women with osteoporosis
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Abstract

Background and objective. Aromatase inhibitor therapy for postmenopausal women with breast cancer is
associated with a decrease in bone mineral density (BMD). Both Pulsed electromagnetic fields (PEMFs) and
treadmill walking exercises have a positive effect on bone osteoporosis. So, this study aimed to evaluate the
effect of PEMFs and treadmill weight bearing exercises on the BMD of the lumbar spine in women with
osteoporosis secondary to adjuvant hormonal treatment with aromatase inhibitor.

Methods. A total of 45 female breast cancer patients with osteoporosis secondary to adjuvant aromatase
inhibitor were randomly assigned into three equal groups. The control group received only pharmacological
treatment (Bisphosphonates, Calcium and Vitamin D). In the other 2 groups, the same drug therapy was
consolidated by a program of treadmill weight bearing exercises (treadmill exercise group; 30 min/session, 3
sessions/week), and PEMFs (PEMFs group; 30 min/session, 3 sessions/week). The BMD of the spinal
vertebrae was assessed before and after 3 months of intervention by using the Dual energy X-rays (DEXA).
Results, The post value of the PEMFs group was significantly higher than those of the treadmill exercise group
and the control group (p = 0.002, 0.001 respectively), and the post value of the treadmill exercise group was
significantly higher than that of the control group (p= 0.001), The post values of the three groups were higher
than pre values (p = 0.001).

Conclusion. Both treadmill weight bearing exercises and PEMFs were effective in improving the BMD.
Moreover, the BMD response to PEMFs was better than treadmill weight bearing exercise.
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Introduction

Aromatase inhibitors of third generation is now a standard
of care for postmenopausal women with hormone receptor
positive early stage and metastatic breast cancer [1,2]. It is
associated with a decrease in bone mineral density (BMD),
and increasing the fracture risks [3]. By stopping the co-
nversion of androgens to estrogens in peripheral tissue, they
have proven to suppress plasma and tissue estrogen level by
> 98% in vivo. Furthermore, it is well known that estrogens
have a positive effect on bone metabolism by stimulating
bone growth and inhibiting bone resorption. So, their deple-
tion in patients with endocrine responsive breast cancer le-
ads to increased bone demineralization and finally
osteoporosis occurs [4—6].

Due to the association of aromatase inhibitors and decreased
BMD, practical guidelines have been developed for the ma-
nagement of these important side effects. Firstly, it is well
accepted that all postmenopausal women, initiating therapy
with aromatase inhibitors should receive calcium and vita-
min D supplements [7]. Recently, Hong et al. [8] reported
that the long-term adjuvant aromatase inhibitors treatment
negatively influenced bone quality in addition to BMD in
patients with breast cancer. They suggested that early moni-
toring and management are needed in patients with breast
cancer who are starting aromatase inhibitors.

The risk of bone fractures increases in patients with oste-
oporosis, which are associated with increased mortality and
lower quality of life. Protein and calcium intakes, and vita-
min D supplies, together with regular weight-bearing physi-
cal exercise are the corner stone of fracture prevention [9].
Weight-bearing exercise is one where bones and muscles
work against the force of gravity. This is any exercise in
which our feet and legs carry our weight. Activities like
walking, jogging, aerobics, dancing, stair climbing and ska-
ting are all examples of weight-bearing exercise. If one has
osteoporosis, one should walk preferable, at least a mile a
day [10].

Benedetti et al. [11] showed that walking alone did not ap-
pear to improve bone mass; however it is able to limit its
progressive loss. In fact, to make the weight-bearing exerci-
ses effective, they must reach the mechanical intensity use-
ful to determine an important ground reaction force. In
subjects with osteoporosis, addition of weight-bearing exer-
cise program to medical treatment increases BMD more
than non weight-bearing exercise [12]. The treadmill wal-
king exercises stimulate bone synthesis and decrease bone
resorption in postmenopausal women with osteoporosis
[13]. Moreover, the mechanism for the positive response of
lumbar BMD to moderate walking exercise in women with
osteopenia/osteoporosis appears to be the suppression of
bone turnover [14].

The pulsed electromagnetic fields (PEMFs) technologies are
a useful therapies for the treatment of delayed-union fractu-
res and chronic wounds. It generates short bursts of electri-
cal current in injured tissue without producing heat or

interfering with nerve or muscle function [15]. The physical
PEMFs stimulation begins to send cascades of signals, which
effectively improve osteogenesis and angiogenesis in an co-
ordinated spatiotemporal manner and ultimately enhance the
self-repair capability of bone tissues [16].

At the beginning, the PEMFs was applied in treating patients
with delayed fracture healing and non-unions, and later, it
turned out to be a potential and effective therapy for postme-
nopausal osteoporosis. It can enhance osteoblastogenesis and
inhibit osteoclastogenesis, thus contributing to an increase in
bone mass and strength [17]. So, it has been recently em-
ployed as an effective method to enhance bone repair becau-
se of their non-invasiveness, safety, lack of side effects,
convenience, and superior treatment prospects in several re-
fractory bone diseases, such as non-unions and delayed he-
alings of fractures [18,19], osteoporosis [20,21] and
osteonecrosis of the femoral head [22].

To the best of our knowledge, there are no studies comparing
between the effect of treadmill exercises and PEMFs on the
BMD of women with osteoporosis due to aromatase inhibitor
therapy. Moreover, Bosco [23] found a lack of the recom-
mendations in order to prevent osteoporosis related to the ad-
ministration of aromatase inhibitors. So, this study was
conducted to evaluate the effect of the PEMFs and treadmill
weight-bearing exercises on the BMD of the lumbar spine in
women with osteoporosis secondary to adjuvant hormonal
treatment by aromatase inhibitor post mastectomy.

Patients and methods

Participants

Of the 50 women with osteoporosis secondary to aromatase
inhibitor hormonal treatment post mastectomy (After 6 mon-
ths of starting aromatase inhibitor), 45 were enrolled in the
study, aged 45-55 years. They participated in the study after
signing a written informed consent form before data collec-
tion, their Dual energy X-ray absorptiometry (DEXA) was
more than -2.5. Women with cardiopulmonary disorders,
chronic hypertension or had any contraindication for PEMFs
as implanted device, pacemaker, active tuberculosis, acute
viral conditions, severe atherosclerosis, neurological diseases
with seizure, hyperthyroidism and viral infections were exc-
luded from the study.

This was a randomized, controlled study conducted in the
outpatient clinics of the Cairo University hospital, Egypt.
The participants were randomly assigned in to three groups
(treadmill exercises, PEMFs and control groups) by an in-
dependent person who was blinded to the research protocol
and not involved in the study procedure. He selected num-
bers from sealed envelopes containing the numbers of the
participants. The study was performed in accordance with
the Declaration of Helsinki and approved by the local in-
stitutional review board (P.T.REC/012/002227) and a writ-
ten consent form was signed by each participant. Flow of
participants through the stages of the study is shown in

(Fig. 1).
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Figure 1. Flowchart of the study processes. BMD indicates bone mineral density

Procedures

The BMD of the lower lumbar spine was evaluated by using
the DEXA (GE Lunar iDXA with encore 12.0 software, GE
Healthcare Lunar, Madison, USA) before and after 12 we-
eks of treatment, the average BMD of the four lumbar verte-
brae (L1-L4) will be extracted.. The DEXA 1is one of the
most accurate methods to assess the BMD measured at the
spine, hip or total body [24].

The three groups received the same pharmacological thera-
py; Bisphosphonate (Zodronic acid 3mg/dl), calcium (1-1.2
mg), and vitamin D (0.5 mg/day). Control group (n = 15),

“drugs-only”. The other 2 groups were additionally received
the following types of intervention: The treadmill exercise
group (n = 15) received a treadmill weight-bearing exercises
for 30 minutes (3 sessions/week), the treatment protocol was
achieved by using an electronic treadmill Kettler- marathon
model; 7899-800, Germany. The treadmill weight-bearing
exercises was consisted of 5 minutes warm up, twenty minu-
tes walking on treadmill (moderate phase according to the
Borg scale). Walking on the treadmill with moderate speed
and increase speed gradually as the patient can and increase
inclination of the treadmill gradually and five minutes cool
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down. The patients were instructed to avoid vigorous activi-
ties or running [25], while those assigned to the PEMFs
group (n = 15) received PEMFs (30 min/session, 3 sessions/
week) with the frequency set at 72Hz [26], by using the
PEMFs device (MAS Mini Maximum power: 100 Gauss,
Frequency: 50-100Hz, 10 mTesla, Austria), while they were
lying supine on the PEMF mat fully clothed, without any
metal objects. The PEMFs was delivered perpendicular to
the lumbar spine. All participants were asked to refrain from
seeking any other physical therapy or medications thro-
ughout the study period.

Statistical analysis

Data were analyzed using SPSS Statistics for Windows,
Version 20.0 (Armonk, NY: IBM Corp). Analysis of varian-
ce (ANOVA) was used to compare between the treadmill
weight-bearing exercises, PEMF, and routine medical treat-
ment on the BMD of the lumbar spine. The parametric ana-
lysis of the data was conducted as the results of the

Table 1. Demographic data of the participants

Characteristics Treadmill exercise

Shapiro-wilk test showed that the data were normally distri-
buted (p > 0.05). The least significant difference was used to
determine the source of difference with p <0.05.

Results

There was no significant difference between groups regar-
ding the age, height, weight and body mass index (BMI) (p =
0.457,0.184, 0.106, 0.442 respectively) as shown in table 1.
Regarding the lumbar vertebrae BMD, there was no signifi-
cant difference between the pre values of the three groups (p
= 0.600). However, there was a significant difference betwe-
en the post values of the three groups (p = 0.001). The post
value of the pulsed electromagnetic group was significantly
higher than those of the treadmill exercise group and the
control group (p = 0.002, 0.001 respectively), and the post
value of the treadmill exercise group was significantly higher
than that of the control group (p = 0.001), The post values of
the three groups were higher than pre values (p = 0.001), as
shown in table 2.

Pulsed electromagnetic Control group, n=15

group, n=15 group, n=15
Age (years) 53.87+£6.90 54.67 £ 6.48 56.67+5.26 0.457
Height (cm) 161.13 +3.80 159.33 +3.75 158.73 +3.37 0.184
Weight (kg) 75.13 £3.34 73.53 £4.39 71.93 £4.28 0.106
BMI (kg/m?) 28.93 +£0.49 28.62 +0.86 28.54+1.16 0.442

Data are presented as mean + standard deviation, BMI; body mass index, p> 0.05 means non significant difference

Table 2. The lumbar spinal bone mineral density (g/cm2)

Lumbar BMD Treadmill exercise Pulsed electromagnetic Control group, n=15
group, n=15 group, n=15
Pre 0.48 £ 0.09 0.48 £0.08 0.46 +0.08 0.600
Post 0.66 £+ 0.09 0.73 £0.05 0.51 £0.07 0.001
p-value 0.001 0.001 0.001

Data are presented as mean + standard deviation, BMD. bone mineral density, p< 0.05 means significant difference

Discussion

The results of the current study revealed that the treadmill
weight-bearing exercises and PEMFs were effective in im-
proving the BMD of the lumbar spine. Moreover, the
PEMFs was more effective than the treadmill weight-be-
aring exercise in women with osteoporosis secondary to
aromatase inhibitors. Osteoporosis primarily occurs due to
hormonal imbalances which interfere with osteoblastic acti-
vity that requires progesterone to remain healthy and youth-
ful also estrogen is needed to stimulate skeletal growth and
maintain healthy bone. However, treatment with synthetic
progesterone or estrogen therapy have a risk of developing
uterine and breast cancer [27].

The improvement of the BMD of the treadmill weight-be-
aring exercises group concurs with the findings of Rafiq et
al. [28] who concluded that weight-bearing exercises combi-
ned with medication was more effective than medication alo-
ne in improving the post-menopausal osteoporosis.
Moreover, the premenopausal women who participated in a
low to moderate intensity exercise regimen had higher bone
mineral densities than women who were not exercising regu-
larly [29]. Also, the current finding agrees with a study
which stated that “T-score” of the neck of the femur, signifi-
cantly increased after the application of combined weight-
and non weight-bearing exercise programs, suggesting that
exercises can be effective in decreasing bone loss and main-
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taining good bone quality after menopause. The significant
positive changes of “T-score” in the weight-bearing exercise
group than the non weight-bearing exercises, indicated that
weight-bearing had more influence on BMD especially on
weight-bearing bones. The mechanical loads of weight-be-
aring activities are transmitted to the skeleton by muscle
pull and gravitational forces where the bone cells selectively
respond to different mechanical stresses to increase or de-
crease BMD [30].

Weight-bearing and resistance exercises that improve muscle
strength are essential for preserving the health of the musculo-
skeletal system [31]. Roghani et al.[13] concluded that the
submaximal aerobic exercise with and without external lo-
ading stimulate bone synthesis and decrease bone resorption in
postmenopausal women with osteoporosis, which is coincident
with the increase in BMD of the treadmill exercise group. Mo-
reover, Gombos et al.[32] examined the direct effects of a sin-
gle session of resistance exercise or walking on biochemical
markers of bone metabolism in patients with low bone mass.
They found that the resistance exercise influenced the serum
concentrations of carboxy-terminal cross-linked telopeptide of
type I collagen, a marker of bone resorption, but walking did
not. However, 60-minute, middle intensity training and the
brisk walking have an immediate effect on bone metabolic
markers [33] which support the result of the treadmill weight-
bearing exercise group.

The improvement of the PEMFs group is supported by Wang
et al.[34] who reported that PEMFs promote bone formation
by activating soluble adenylyl cyclase (sAC), cyclic adenosi-
ne monophosphate (cAMP), protein kinase A (PKA), and
cAMP response element-binding protein (CREB) signaling
pathways of osteoblasts directly or indirectly. Furthermore,
the PEMFs could accelerate fracture healing and enhance bo-
ne mass by stimulating the osteoblastic functions and, hence,
regulates downstream osteogenesis-associated gene/protein
expressions [35].

In addition, Li et al. [36] found that the PEMFs therapy impro-
ves BMD, increase growth of osteoblasts and positively influ-
ence bone remodeling via cytokines, prostaglandins and cell
growth factors. Moreover, Jing et al. [37] reported that the
electromagnetic stimulation has been documented to treat re-
calcitrant problems of the musculoskeletal system. It was also
suggested that the PEMFs therapy may be used in early stages
of bone regeneration to enhance callus formation, providing
carlier stabilization and better bone unions for bone grafts [37].
It is noticed that the improvement of PEMFs group was higher
than that of the treadmill weight-bearing exercises that is con-
sistent with the findings of Elsisi et al.[38] who concluded that
the low-frequency, low-intensity PEMFs and circuit weight
training programs are effective modalities in increasing BMD
especially in elderly women. Moreover, a 10-min exposure to
low-intensity PEMFs showed a significant increase in self-se-
lected gait speed and stride length from baseline in older adults
(> 70 years) with low bone mineral density [39]. However,
resistance training for 30-40 minutes is effective for impro-

ving bone formation and joint function in severe haemophilia
A patients with osteoporosis compared to 60 minutes of
PEMFs [40].

Tabrah et al. [26] examined the effect of PEMFs with a frequ-
ency similar to that used in this study (72Hz) on bone density
of women with osteoporosis. They concluded that the PEMFs
was useful in the prevention and treatment of osteoporosis. In
spite of the high frequency and intensity of the PEMFs therapy
that used in the current study, the result of PEMFs group is
consistent with the findings of previous studies [38,39] that
adopted low-frequency, low-intensity PEMFs and the study of
Yan et al. [21] who used moderate frequency and different in-
tensities PEMFs. However, Wang et al.[41] reported that the
clinicians should be careful about the safety of PEMF treat-
ment and strictly choose the frequency and intensity of PEMFs
in preventing or treating the osteoporosis of the patients after
resection of ovarian cancer.

This study also had a number of limitations. It examined only
the BMD of the participants without consideration of markers
of bone formation. The sample size was small that may inver-
sely affect on the generalization of the study's findings. There
was no follow up assessment of the BMD to illustrate the su-
stained effect of the treadmill weight bearing exercises and
PEMFs. The current study was conducted on women with
osteoporosis secondary to aromatase inhibitors hormonal tre-
atment post mastectomy. So, further studies are needed to cla-
rify the effects of the treadmill weight-bearing exercises and
PEMFs on elderly women (above 65 years) with osteoporosis
due to other causes. More research work is required to exami-
ne the effects of both interventions on the overall functional
capacity, body balance and gait abilities. Finally, according to
the recommendation of Wang et al. [41] the effect of different
frequencies and intensities of PEMFs on secondary osteoporo-
sis should be examined in the future researches.

Conclusion

The findings of the current study displayed that both tread-
mill weight-bearing exercise and PEMFs were effective in
improving the lumbar spine BMD in breast cancer female
suffering from osteoporosis secondary to aromatase inhibi-
tors hormonal treatment post mastectomy. Moreover, the
PEMFs was more effective in improving the BMD than the
treadmill weight-bearing exercise.
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