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SUMMARY

Osteoporosis and its consequent fractures are a major problem in public health.To complement
the conventional pharmacological treatment for this metabolic disease, non-pharmacological
treatment options have been developed in the last decades. Several studies demonstrate that
physical exercise programs including impact exercises, specific strength training, balance and
coordination training may maintain or increase spine and hip bone mineral density as well
as decrease the frequency of falls among osteoporotic and osteopenic patients. Furthermore,
some physical agents such as vibratory platforms, low intensity electrical stimulation, laser
therapy and ultrasound show positive effects on osteoporotic tissue as well. Consequently,
while planning treatment for an osteoporotic patient, non-pharmacological management op-
tions should be considered and integrated to the conventional treatment in order to maximize
its effects and improve the quality of life of these patients. Arq Bras Endocrinol Metab. 2010;54(2):171-8
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SUMARIO

A osteoporose e suas consequentes fraturas sdo um grande problema de saude publica. Para
complementar o tratamento farmacoldgico convencional para essa doenga metabdlica, opgoes
nao farmacoldgicas de tratamento tém sido desenvolvidas nas tltimas décadas. Varios estudos
demonstram que programas de exercicio fisico que incluem exercicios de impacto, treino de
forga especifico, equilibrio e coordenagao podem manter ou aumentar a densidade mineral os-
sea de quadril e coluna, bem como reduzir a frequéncia de quedas em pacientes osteopénicos e
osteoporoticos. Além disso, alguns agentes fisicos, como plataformas vibratérias, estimulagao
elétrica de baixa intensidade, laser e ultrassom, causam efeitos positivos no tecido osteoporo-
tico. Consequentemente, ao se planejar o tratamento para um paciente osteoporotico, opgoes
nao farmacoldgicas devem ser consideradas e integradas ao tratamento convencional com o
objetivo de maximizar seus efeitos e melhorar a qualidade de vida desses pacientes. Arq Bras
Endocrinol Metab. 2010;54(2):171-8
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INTRODUCTION

Ostcoporosis is a multifactorial progressive skeletal di-
sorder characterized by reduced bone mass and de-

billion dollars a year (1). Thus, pharmacological and non-
pharmacological treatment options have been largely de-
veloped in the last two decades in order to enhance bone

terioration of bone microarchitecture, predisposing it to mineral density (BMD) as well as to reduce the risk of

s 05 direitos resenvados.

increased fracture risk. These fractures exert a greatimpact ~ ffactures in osteoporotic patients. Non-pharmacological

on public health, as they are often associated to increased ~ treatment is usually based on physical exercise and rehabi-

morbidity, mortality, loss of function and high econo- litation designed specifically for osteoporotic patients and

=
=)
a

mic costs which, only in the United States, may reach 15  on physical agents that could preserve or improve BMD.
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PHYSICAL EXERCISE AND REHABILITATION

Several investigations have demonstrated the relevance
of physical activity to improve or maintain bone mass
in all ages. Some recent data have shown that some
specific exercises, in the form of short, repetitive and
multidirectional mechanical loading, lead to greatest
gains in bone strength (2,3). In order for a physical
exercise to be called “osteogenic” it must produce an
environment of loads which differs from the habitual,
and bone formation will only happen if a certain thresh-
old is achieved. This process is influenced by intensity,
frequency, amplitude and duration of stimulus interca-
lated with resting periods (4).

According to Borer (5), these specific exercises for
osteoporotic patients should: (i) be dynamic, not static;
(ii) exceed a threshold intensity; (iii) exceed a thresh-
old strain frequency; (iv) be relatively brief but inter-
mittent; (v) impose an unusual loading pattern on the
bones; (vi) be supported by unlimited nutrient energy;
and (vii) include adequate calcium and cholecalciferol
(vitamin D) availability. Thus, to achieve these goals,
an osteogenic exercise could be basically promoted
through impact exercises and strength training.

Impact exercises

Continuous bone remodeling demonstrates the ability
of adaptation of this tissue to resist typical daily work-
loads (6). Therefore, impact exercises may enhance
bone formation, since mechanical loading provides an
anabolic stimulus for bone (7). It has been shown re-
cently that mechanical loading can either maintain or
increase bone matrix, reducing osteocyte apoptosis, and
stimulating osteoblast differentiation, probably medi-
ated by calcium signaling associated to mechano- and
voltage-activated channels, second messengers such
as nitric oxide as well as Wnt/B-catenin, prostaglan-
din, and other intracellular pathways (6-8). Although
the biological processes involved in this osteogenic
response are not completely understood, it has been
accepted that the osteogenic response to mechanical
stress is impaired with aging (9) and that certain exer-
. cises can improve this mechano-sensitive apparatus for
- amore effective bone formation and maintenance (2).
Specific physical training has been shown to pre-

serve or improve bone mass in postmenopausal women
with low BMD (3,10). Postmenopausal women, when
submitted to an exercise program based on stretching,
¢ balance, resistance exercises and impact exercises as-

c
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sociated to hormone therapy, show a higher BMD of
temoral neck, when compared to women submitted to
hormone therapy only (11).

However, to “mechanically stimulate bone” does
not necessarily mean to indicate high-impact exercises
to all of our patients. In an investigation with adult fe-
male athletes, Nikander and cols. (12) demonstrated
that high-impact (jumping) and odd-impact (soccer
and squash) exercise-loadings appear to have a similar
ability to thicken the femoral neck cortex (~20% thicker
cortex vs. sedentary controls). The softer, mechanically
less demanding odd-impact exercises might be a better
option for many common people than vigorous high-
impact exercises, especially for the frail elderly and for
the ones at high risk for fractures. Exercise regimens
comprising moderate-magnitude impacts from varying
odd directions such as ball games, dancing, modified
gymnastics and aerobic exercises could be used against
hip and spine fragility.

Strength training

Strength training may also increase mechanical stress
on bone promoting osteogenesis (2), and bone piezo-
electric effect — which is the capacity of bone to trans-
form mechanical signs into electrical signs — and has
been theorized as justifying the maintenance or even
the increment of BMD. Through this mechanism, ac-
tions like compression, tension or torsion can generate
electrical signs which stimulate bone cellular activity
and mineral deposition on the stress points caused by
muscle contraction (13).

Muscle contraction can increase BMD by stimulat-
ing bone formation (13) and, possibly, inhibiting bone
reabsorption (14). Strength training exercises and a
more active lifestyle may help postmenopausal women
to maintain BMD, and osteopenic and osteoporotic
women to improve spine and hip BMD (15). In this
systematic review, it was cited that BMD increment ap-
pears to be site-specific and requires training from 70%
to 90% of 1 repetition maximum (1 RM), in 8§ to 12
repetitions, 2 to 3 sessions per week, in a period of 1
year. One RM is defined as the maximum weight that
can be successfully lifted once. In another study with
postmenopausal women the training program com-
prised three resistive exercise sessions per week in the
course of 6 months. Participants started the exercise
session with a 10-minute warm-up set, followed by
one set at 50% of the 1RM, gradually increased until
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85% throughout the program. Each session included
strength training of hip flexors, adductors and abduc-
tors, elbow flexors and extensors, back extensors and
abdominal muscles. The untrained group showed a
significant decrease on lumbar spine and femoral neck
BMD values, while the trained group maintained bone
mass in these areas (16).

Sinaki and cols. (17) evaluated the effects of strength
training exercises on extensor lumbar muscles in post-
menopausal women, and demonstrated a reduced in-
cidence of vertebral fractures, showing that resistive
exercise helps to prevent the loss and/or to maintain
bone mass, improving balance and reducing falls, one
of the greatest risk factors in this population. Moreover,
back-extensor-strengthening exercises can significantly
reduce the incidence of new fractures in patients sub-
mitted to vertebroplasty (18).

A systematic review of literature has recently shown
that exercise effects on bone are site-specific, and influ-
ence preferentially cortical rather than trabecular bone
(19). In a 12-month investigation, Winters-Stone and
Snow (20) demonstrated that women who added up-
per body resistance exercise to a routine of lower body
resistance and jump training increased BMD of both
the hip (+2.2%) and spine (+1.3%). In contrast, women
who performed only lower body training increased hip
(+2.6% vs. -0.7% control) but not spine BMD (+0.3%
vs. -0.5% control).

The strength of certain muscles was recently found
to correlate with BMD. Monaco and cols. (21) dem-
onstrated that hand grip may correlate with femoral
(r=0.37,p < 0.01), lumbar spine (r = 0.44, p < 0.01)
and total body (r = 0.37, p < 0.01) BMDs. Addition-
ally, Lindsey and cols. (22) also associated physical per-
formance measures and BMD in older postmenopausal
women. Variables such as static balance and hand grip
were associated to total body, lumbar spine, hip, and
forearm BMDs. Consequently, it is important to em-
phasize that these parameters should be considered by
clinicians in the assessment of osteoporotic patients.

Apart from that, rapid strength training exercises
were shown to promote even better results when com-
pared to conventional resistive exercises. Resistance
exercises performed in a very dynamic way (resistance
+ velocity = power training) with high loads and few
repetitions involve vigorous muscle contractions and
demand type II fiber action, and it seems that these
fibers are the most capable of stimulating bone forma-
tion (23). Moreover, eccentric muscle training seems to
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promote larger osteogenic stimulation when compared
to concentric muscle action (24).

In this context, Stengel and cols. (25) conducted
a randomized trial in which 53 pre-trained women
(mean age of 58.2 years) were randomly assigned to a
strength training (ST) or power training (PT) group.
The difference between the two groups was velocity of
the movementduring resistance training: ST - 4 seconds
for concentric and 4 seconds for eccentric contraction;
PT - explosive concentric and 4 seconds for eccentric
contraction. Otherwise, both groups carried out pro-
gressively planned resistance training (10-12 exercises,
2-4 sets, 4-12 repetitions at 70-92.5% of the 1RM (twice
a week) for 2 years). After 2 years of training, women
submitted to PT lost only 0.3% of lumbar spine BMD,
while ST lost 2.4%. These results led the authors to
the conclusion that power training may be superior to
maintain BMD in postmenopausal women than strength
training. In addition, power training was considered safe
as it did not lead to increased injury or pain.

There are still contradictions in literature when it
comes to pool-based exercises for osteoporotic pa-
tients. Water sports athletes normally show lower BMD
compared to other modalities (14). However, these
athletes train in the water for 3 to 5 hours a day, 5 to
6 times a week, which is a totally different reality from
the aquatic activities proposed to osteoporotic patients
in order to maintain health and quality of life.

It is well known that there are significant gains of
muscle strength and resistance in subjects submitted to
pool-based exercise programs. Cardoso and cols. (26)
studied 34 postmenopausal women, who exercised for
12 weeks, twice a week, practicing deep-water exercises
with emphasis in muscle strength. Subjects performed
movements using lower and upper limbs, from 70%
to 90% of maximum intensity, with and without resis-
tive equipment. Results demonstrated that both train-
ing with bare limbs and with equipment significantly
improved muscle strength of subjects in the study,
showing that water workouts with emphasis in muscle
strength can enhance this neuromuscular variable.

Furthermore, some evidences show that even with

reduced articular impact inside the water, it is possible -
to develop osteogenic potential through specific muscle :
strength training in the aquatic environment. Ay and -
Yurtkuran (27) found an anabolic effect of pool-based -

exercises on bone of postmenopausal women which was

evidenced by increased hormonal markers (insulin-like -
growth factor-1, growth hormone and calcitonin) and .
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calcaneous ultrasound measurements. However, more
clinical trials should be performed in order to clarify
if these pool-based exercises can maintain or increase
BMD in osteoporotic patients.

Strength training vs. impact exercises

Some authors claim that strength training is more ef-
fective in increasing or maintaining BMD when com-
pared to impact exercises such as running, an already
known osteogenic enhancer, especially in anatomical
sites where both activities produce mechanical stress,
such as on the femur neck (28), but the association of
both types of training is usually cited as the best option.
In a recent meta-analysis, it was found that the most
consistent positive changes on BMD after an exercise
program were at the lumbar spine following high in-
tensity resistance training. In most of the studies cited,
a consistent significant increase was evident in lumbar
spine BMD but not femoral neck or total hip. Therefore
it was concluded that regular high intensity resistance
training appears to be an appropriate exercise therapy
in maintaining lumbar spine BMD among postmeno-
pausal women, although the inclusion of other weight-
bearing activities may also be necessary to best augment
hip BMD without other therapeutic agents (29).

Intense and high impact exercise associated to
strength training may improve BMD (of lumbar spine
and hip) and reduce back pain and lipid levels in os-
teopenic women in their critical, early postmenopausal
years. In this study, the 26-month protocol was per-
formed in 4 sixty-minute sections per week and included
warm-up, a jumping sequence, a high-intensity strength
training sequence (especially for muscles adjacent to the
trunk and proximal femur) and flexibility training. Fol-
lowing the protocol, DXA showed a 2.3% decrease in
spine BMD in the control group, whereas the same pa-
rameter in the exercise group was stable (30).

Physical exercise program for osteoporotic patients

It is important to mention that an appropriate physi-
cal exercise program for an osteoporotic patient should

2 focus not only on bone mass. In addition to low BMD,
» patients at risk for osteoporotic fractures experience
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several risk factors for falls. Sensory deficits, living
alone, advanced age, musculoskeletal weakness, dimin-
ished reflexes and coordination, concomitant medica-
tions, and associated diseases may contribute to a pro-
pensity for falls in this population. Elders who have
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tallen previously are at risk for future falls due to lack of
confidence and potentially uncorrected environmental
hazards (31).

According to the recommendations of the Ameri-
can College of Sports Medicine (9), a program of phys-
ical exercises for osteoporotic people should include:
strength exercises, weight bearing and impact exercises,
flexibility, coordination and balance activities and car-
diovascular conditioning. These factors are important
because they contribute directly to a better quality of
life for osteoporotic patients, decreasing the risk of falls
and providing them with the opportunity of having a
more active life style, therefore avoiding, greater bone
loss caused by inactivity. These recommendations in-
dicate that not only highly osteogenic exercises (e.g.
strength training and running) are indicated in the
treatment and prevention of osteoporosis. The devel-
opment of balance and coordination leads the subject
to have more body consciousness, with a reduced fall
risk. Aerobic exercises also benefit osteoporotic patients
by giving them more determination for daily activities,
allowing them to develop the habit of a more active
lifestyle.

Gunendi and cols. (32) showed that a 4-week sub-
maximal aerobic exercise program (on a treadmill for
30 minutes twice a week) provided significant improve-
ments in static and dynamic balances in postmenopaus-
al osteoporotic women.

Specific workstation exercises can significantly im-
prove balance and muscle strength (hip adductors, ab-
ductors and quadriceps) in osteopenic women. In this
investigation, the exercises were performed in two one-
hour exercise sessions per week for 20 weeks conducted
by a trained physiotherapist and included functional
strength activities, flexibility, balance strategy practice,
sensory integration, added attention demands during
function, multi-task practice, trunk stability training
and/or multidirectional skeletal loading (33).

Another option to be included in the exercise pro-
gram is Tai Chi, an intervention that combines deep
breathing and relaxation with slow and gentle exer-
cises, which could possibly have beneficial effects on
balance, preventing falls and fractures. A randomized,
prospective study concluded that Tai Chi is beneficial
for retarding bone loss, which ultimately may help to
reduce fracture risk (34). On the other hand, Lee and
cols. (35), in a systematic review showed that most of
the studies with postmenopausal women and elderly
patients failed to show specific effects of Tai Chi on
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BMD. However, Tai Chi may play an important role
in the prevention of osteoporotic fractures because it
can improve balance, muscle strength and prevent falls

(36) (Table 1).

Table 1. Effects of physical exercise programs on bone

Subjects and

Physical exercise

Effects on bone and

Reference program other effects
Postmenopausal Stretching + balance + T Femoral neck BMD
women (11) resistance exercises + (vs. only hormone therapy)
impact exercises + hormone
therapy
Postmenopausal Strength training (hip Maintenance of lumbar
women (16) flexors, adductors, spine and femoral neck
abductors, elbow flexors BMD
and extensors, back
extensors, abdominal
muscles)
Postmenopausal  Strength training (extensor Maintenance of lumbar
women (17) lumbar muscles) spine BMD
4 Incidence of vertebral
fractures
Premenopausal Upper and lower body T Hip and spine BMD
women (20) resistance exercise + jump
training
Postmenopausal T Hormonal markers
women (27) Pool-based exercises (insulin-like growth
factor-1, growth hormone
and calcitonin)
T Calcaneous ultrasound
measurements
Postmenopausal High impact exercise + T Lumbar spine and hip
women (30) strength training BMD
(trunk and proximal femur d Back pain
muscles)
People aged Prevention of falls
>60 (36) Tai Chi 7T Balance

T Muscle strength

In addition to the recognized relevance of physi-
cal activity on bone health, it is extremely important
to perform exercises carefully and safely in order to
avoid muscular pain, inadequate posture and fractures
in places that are more fragile due to osteoporosis. It is
recommended to avoid movements with greater stress
potential to the spine such as spine flexion, rotation and
lateral flexion as well as to carry weight inadequately.
Concerning these precautions, Sinaki and Mikkelsen
(37) demonstrated that there is a greater incidence of
compression vertebral fractures in osteoporotic patients
who perform trunk flexion during training.

Consequently, bearing in mind the safety measures
of prescribing an individually designed exercise pro-
gram, osteoporotic patients greatly benefit from physi-
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cal exercise. Exercises with rapid and slow alternate
movements, impact exercises (e.g., jogging), aerobic
exercises (which exceed 70% of cardiac frequency),
and strength training programs that involve important
muscle groups and displacement in various directions,
should be used with the aim of reducing bone loss and
frequency of falls (8).

PHYSICAL AGENTS

Since Fukada and Yasuda (38) described bone piezo-
electricity, several forms of treatment have been sug-
gested based on this property of bone to transform me-
chanical energy into electrical energy. The osteogenic
potential of mechanical signs on bone can be easily evi-
denced through impact physical activity, largely cited as
one of the main stimulus for bone formation (39) as
well as the use of vibratory platforms to prevent and/
or reduce bone mass loss (40).

Sehmisch and cols. (41) showed that whole-body
vertical vibration may improve BMD and biomechani-
cal properties of vertebrae of OVX rats after 35 days of
treatment. A 1-year prospective, randomized, double-
blind, and placebo-controlled trial of postmenopausal
women demonstrated that 20 minutes of a low-level
vibration applied during quiet standing can effectively
inhibit bone loss in the spine and femur. Placebo sub-
jects lost 2.13% in the femoral neck over 1 year, whereas
treatment was associated with a gain of 0.04%, reflect-
ing a 2.17% relative benefit of treatment. In the spine,
the 1.6% decrease observed over 1 year in the placebo
group was reduced to a 0.10% loss in the active group,
indicating a 1.5% relative benefit of treatment (40).

Another form of mechanical stimulation on bone,
low intensity pulsed ultrasound (LIPUS), was devel-
oped by Duarte (42) to accelerate fracture consolida-
tion and has been shown to accelerate bone nodule
formation and enhance alkaline phosphatase activity in
human osteoblast lineage (NHOst), and increase tra-
becular spongiosa of femurs in ovariectomized (OVX)
rats (43). LIPUS was approved by the FDA (Food and
Drug Administration) (44) to promote bone repair

and has been used clinically for this purpose. In clini-

cal randomized trials, it has been shown that LIPUS
can considerably reduce the time to normal fracture re-
pair (45). In addition to its clear effect on bone repair,
LIPUS application is restricted to small body regions,
what has limited its use for a systemic metabolic bone
disease such as osteoporosis.
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Electrical stimulation for bone repair has also been
successfully used in clinical cases of non-unions (46),
vertebral fusion (47) and had the approval of the FDA
(44) for bone repair as well. Moreover, we showed
recently that low intensity electrical stimulation may
counteract the eftects of OVX on BMD (48), nitric ox-
ide synthase expression, osteocyte viability, bone struc-
ture and microarchitecture in rats (49).

Similarly, it was demonstrated recently that pulsed
electromagnetic fields (PEMF) could prevent osteopo-
rosis in ovariectomized rats suppressing trabecular bone
loss (50). Tabrah and cols. (51) tested a PEMF on the
arm of osteoporotic women for 3 months and observed
significatively higher values of radius BMD. In a dou-
ble-blind randomized study, 40 postmenopausal wom-
en were exposed to a PEMF (n = 20) or placebo (n =
20) for lhour/day, 3 times a week for 3 months (spine
and pelvis were exposed to the field). In the treated
group there was a significant augmentation on osteo-
calcin and amino-terminal procollagen propeptides of
type I collagen serum levels, which are bone formation
markers, but there was no significant variation of BMD
which could be attributed to the short period of time of
treatment (52).

More recently, another physical agent that has been
studied is low level laser therapy (LLLT), which shows
stimulatory effects on osteoblast-like cells, increas-
ing its viability (53), DNA and RNA synthesis, bone
nodule formation (54) as well as alkaline phosphatase
activity and expressions of osteopontin and collagen
type I mRNA (53). LLLT may accelerate the process
of fracture repair in rabbit tibial fracture by increasing
callus volume and BMD, especially in the early stages
of bone remodeling (55). LLLT may also have a posi-
tive effect on osteogenesis in osteopenic rats, increasing
bone strength, calcium content and BMD of the treat-
ed femoral area (56). Moreover, Diniz and cols. (57)
demonstrated that the association of bisphosphonate
and LLLT is able to increase trabecular bone volume
in vertebrae of osteopenic rats in an additive manner.

Nevertheless, LLLT is a punctual laser shot, what limits
its application in whole body to test its efficacy in the
= prevention of osteoporosis.
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- CONCLUSION

It is very well documented that physical stimulus can
affect skeletal resistance due to the ability of bone tis-
sue to transform mechanical load in electrical energy
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that can be transmitted into bone cells and interferes on
their metabolism (58). In the same way, disuse is prob-
ably the fastest way to lose bone. So, physical exercise
plays an important role in the prevention of osteopo-
rosis and it is always recommended as coadjuvant in
the treatment of installed osteoporosis. Thanks to bone
tissue piezoelectricity it is possible to use other physical
methods such as mechanical vibration, ultrasound or
electrical field to stimulate bone formation, and these
techniques are being developed with the aim of giving
us future alternatives to optimize the prevention and
treatment of osteoporosis.
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