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Introduction
Osteoporosis is a metabolic bone disease usually occurring 
with increasing age that predominantly affects postmeno-
pausal women and older people. However, in individual 
cases, it could occur in younger people, ie, in the juvenile 
form, mainly men with idiopathic osteoporosis, pregnancy-
associated osteoporosis, the form of secondary osteoporosis 
in young steroid-treated patients with chronic inflammatory 
diseases, etc. The goals of rehabilitation change depending 
on the stage of disease. In prevention and management of 
osteoporosis, modern rehabilitation should not only focus 
on bone strength while ignoring muscular strength and bal-
ance. These elements are directly related to the disease, offer-
ing protection against predisposing a person to an increased 
risk of falls and fall-related fracture. Pharmacologic treat-
ment increases bone strength but has no effect on muscle 
strengthening or balance in general, because there is evidence 
that vitamin D improves muscle function and decreases the 

incidence of falls. Moreover, beyond drugs, there are other 
interventions often overlooked: supplementation with cal-
cium, exercise programs, orthoses, vitamin D, and the pre-
vention of falls.1

Falls are one of the most frequent and serious prob-
lems that elderly people face; their association with mortal-
ity, morbidity, reduced functionality, and premature nursing 
home admissions has been proven; they are usually the result 
of interaction of multiple and diverse risk factors and situa-
tions that may be corrected many times; their interaction is 
modified by age, disease, and the presence of hazards in the 
environment.2

A key point regarding falls is that the increased incidence 
of falls is combined with increased susceptibility to injury. This 
propensity of the elderly to injuries results from the high inci-
dence of accompanying diseases, such as osteoporosis, where 
the prevention and management should not only focus on 
bone strengthening but mainly shifted to increasing muscle 
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strength and power and improving balance as they protect 
against falls and related fractures.1,2

We performed a systematic literature search. A search 
was conducted in PubMed, PubMed Central, and Cochrane. 
Keywords used to perform the search were “osteoporosis,” 
“rehabilitation,” “exercise,” “orthosis,” “falls,” “calcium,” 
“vitamin D,” and “vibration platforms.” Limits that were 
used included English and German languages, clinical trial, 
and randomized controlled trials; review articles and meta-
analyses were identified. The investigated articles needed to 
include a rehabilitation part related to osteoporosis and/or 
fractures. A rehabilitation physician (Y.D.) reviewed the arti-
cles to determine whether they met the inclusion criteria. For 
the inclusion process, the full article was obtained and read. 
Publications that met the inclusion criteria were reviewed, 
and data such as the study population, design characteristics, 
and primary results relevant to bone loss and fractures were 
recorded. In addition, the references cited in the article that 
met the inclusion criteria were reviewed to identify additional 
trials that may not have been identified from the initial litera-
ture searches. Disagreement about inclusion of articles was 
resolved by discussion and consensus between Y.D. and the 
other authors.

calcium, Vitamin d, and Vitamin d Analogs
All the studies on the effectiveness of anti-osteoporotic drugs 
required the intake of calcium and vitamin D, and recent 
findings reveal a decreased effectiveness of therapy in indi-
viduals with low levels of vitamin D during the therapy.3,4 
Trials reporting bone mineral density (BMD), calcium, and 
calcium in combination with vitamin D were associated 
with a reduced bone loss at the hip and in the spine. A posi-
tive treatment effect on BMD was evident in most studies.5 
In opposition to the findings on the use of combination of 
calcium and vitamin D, studies that researched the relative 
role of calcium or vitamin D separately produced conflicting 
results. Moreover, calcium and vitamin D or vitamin D by 
itself increases muscular strength and decreases the number 
of falls.6

A large amount of data suggests that vitamin D regu-
lates skeletal muscle physiology. On this point, this theory 
mostly originated from clinical observations of improvements 
in skeletal muscle strength or function in populations where 
a metabolic bone disorder was accompanied by decreased 
serum 25(OH)D concentrations. Today, results from cell and 
experimental animal studies explain the muscular weakness in 
patients with low-serum 25(OH)D concentrations, although 
in humans, results are limited to the association between 
vitamin D and strength.7,8

When serum 25(OH)D concentrations were increased, 
muscle function was improved. This information is based on 
the presence of the vitamin D receptor in muscle fibers and 
developmental and functional deficits in vitamin D recep-
tor knockout mice. Moreover, genetic background (genes) 

is responsible for regulation of protein synthesis through 
1,25-dihydroxyvitamin D (1,25(OH)2D) in muscles.9,10

Treatment with 8,400 IU vitamin D3 once weekly raised 
25(OH)D concentrations in vitamin D–insufficient elderly 
subjects, but did not improve neuromuscular parameters. 
On the contrary, in Longitudinal Aging Study Amsterdam 
(LASA), an epidemiologic study included subjects with 
severe vitamin D deficiency, higher serum 25(OH)D  
concentrations were related to better physical performance, 
and vitamin D status was related with the decline in physical 
performance during aging.11,12

Cholecalciferol–calcium supplementation reduces falls 
by 46% to 65% in community-dwelling older women, but has 
a neutral effect on falls in men.13 Vitamin D supplementa-
tion was associated with an incident rate ratio for falling of 
0.73, odds ratio for ever falling of 0.82, while subjects who 
reported half compliance demonstrated values of 0.63 and 
0.70, respectively.14 Broe et al found that subjects in the high-
est dose group had a 72% lower adjusted-incidence rate ratio 
of falls than participants receiving placebo.15 Other authors 
reported that there is emerging clinical evidence that alfa-
calcidol improves muscle function.6,16 However, there is no 
evidence that improving muscle strength or reducing falls is 
proven for fracture reduction.

exercise
Mechanostat theory–targeted exercise for bone loss 

prevention. Mechanical stimulation generated by exercis-
ing has at least two opposite effects on bone. The bone as 
a material is weakened by repeated strains, causing minor 
damage on bone structure; on the other hand, stress 
strain that exceeds a certain threshold leads to generation 
and thereby adjusts the strength of the bone load usually 
applied.17 This is a feedback cycle, which is usually called 
the mechanostat.18

The mechanostat theory describes a system in 
which a minimum effective strain (MES) is essential for 
maintaining bone.¹⁹ If mechanical strains remain within 
a normal physiologic window (800–1,500 μstrain) bone 
structure is maintained (remodeling). Unloading (disuse) 
reduces mechanical strains leading to increased remod-
eling in favour of bone resorption. In the overload zone 
(1,500–3,000 μstrain), new bone is added in response to 
mechanical requirement (modeling) leading to increased 
bone strength. In the pathological overload zone (15,000 
μstrain), bone is fractured. A suff icient number of stud-
ies suggest the ability of oestrogen to alter the set point 
of bone strain. This is in response to mechanical load-
ing as the result of an indirect effect of oestrogen recep-
tors number.20,21 The decrease in sensitivity of oestrogen 
receptors as a result of oestrogen deficiency may reduce the 
response of bone to mechanical loading. Strain of about 
1,000 μstrain increases bone formation in the presence 
but not in the absence of oestrogen. Loading forces in the 
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skeleton are caused by gravity (weight bearing), muscles, 
and other external factors.22

Physical activity targeting muscles is the cornerstone 
of each rehabilitation program for prevention of bone loss. 
In postmenopausal individuals, results of physical activity 
studies on the positive association of physical activity with 
bone status are conflicting.23,24 However, it is clear that 
physical activity is vital in adults, because it reduces the rate 
of bone loss during the perimenopausal period and deceler-
ates bone loss associated with aging.25,26 In the design of an 
exercise program to increase bone mass, we need to keep in 
mind the elements of specificity, overload, reversibility, initial 
values, and diminishing returns described by Drinkwater.27 
For example, a progressive jogging program charges and 
stimulates adaptation of the cardiovascular system, but does 
not stimulate an adaptive bone response that would increase 
bone density. There is definitely a threshold load which must 
be reached, and loading should be done in a way that mimics 
the physical loads.28

The osteogenic effects of exercise should be specific to 
the anatomical sites where the mechanical strain occurs.29 
The most common types of physical activities (ie, gardening, 
swimming) use many muscles but do not involve targeted bone 
loading, and therefore do not produce loads heavy enough to 
exceed the load threshold on bones achieved by usual daily 
activities. The duration of the physical activity is also impor-
tant; up to 2 hours/week is considered to positively affect bone 
mass maintenance.30

Muscle strengthening (programs focused on specific 
regions of the skeleton where fractures are most commonly 
expected, namely the spine, the hip, and the wrist), weight-
bearing exercises with an impact on the bone higher than that 
during normal everyday activities, combined with flexibility, 
posture control, balance, coordination, and training in daily 
living activities to improve functional capabilities of the sub-
jects, should be part of a rehabilitation program in osteoporo-
sis prevention and management. Another principle is variety, 
which is a component of success in all exercise programs. We 
need to enrich the programs with various exercises, and not 
perform the same exercises, at the same duration and interval. 
By changing the type of bone and muscle stimulation, we chal-
lenge them in a new way, shifting the loading stress causing 
new results.31

The effect of aerobic exercise on bone density has been 
studied by review papers that report a decrease in bone loss 
at the spine and wrist but not at the hip.32–34 Meta-analysis 
studies that reviewed the effects of walking on bone density 
showed that walking has a small effect on sustaining bone 
density at the spine in postmenopausal women; however, it 
has a significant positive effect on the femoral neck. These 
studies conclude that other types of exercises that provide 
larger “targeted” weight-bearing forces are needed to main-
tain bone density in this group.34 In one meta-analysis study, 
it was found that systematic high-intensity resistance training 

is required for the maintenance of spinal lumbar bone density 
in postmenopausal women; however, weight-bearing exercise 
is necessary to help bone density of the hip beyond any other 
therapeutic intervention.35

However, the studies mentioned above provided BMD 
(g/cm2) measured by radiographic techniques (single-photon 
absorptiometry (SPA), dual-photon absorptiometry (DPA), 
or dual X-ray absorptiometry (DXA)), which measure areal 
BMD. On the contrary, recently published studies with 
peripheral quantitative computed tomography (pQCT) eval-
uated volumetric BMD, bone mineral content, geometric 
properties, and the strength indexes of the tibia of jumping 
athletes of both sexes. They found higher values of periosteal, 
cortical area, and polar moment of inertia versus controls, sug-
gesting a geometric adaptation-related improvement instead 
of BMD in response to long-term high-impact exercise.36 
Liu-Ambrose et al highlighted an increase in cortical volu-
metric BMD at the radius after 6 months of twice per week 
resistance training in women aged 75–85 years.37 Specific 
characteristics of physical activity (ie, duration, frequency, 
and load) were all modestly and independently associated 
with bone geometry and strength, with duration of physical 
activity being the strongest predictor of bone parameters.38 
Adami et al using pQCT found at the radius in postmeno-
pausal women after a 6-month upper limb loading program 
increased cortical bone area and BMC, but decreased trabe-
cular BMC. The authors explained the findings via periosteal 
expansion and redistribution of bone minerals from the tra-
becular to cortical component.39 With respect to bone quality, 
a review study which used pQCT revealed that exercise pos-
sibly increased bone mass and geometry in postmenopausal 
women, changes that theoretically increase bone resistance. 
Specifically, the effects of exercise are moderate, area specific, 
and act primarily on cortical rather than trabecular bone.40 
Recently published meta-analysis from six randomized con-
trolled pQCT trials in postmenopausal women reported 
small but significant increases in volumetric trabecular and 
cortical BMD mostly after a year of an exercise program in 
early postmenopausal women.41

whole body vibration. The mechanical loading of bone 
can be done with application of non-physiological factors, such 
as vibrations that combine dynamic loads and high-intensity 
loading on the skeleton. The vibration is a mechanical stimu-
lation of the whole body; the person is standing on the vibra-
tion platform trying to keep his head and body straight and 
upright. All the muscles that keep the body in this position 
are forced to react to the oscillating movements provided 
by the device.31 Mechanical loads are applied in a dynamic 
way with a high intensity defined by its frequency (Hz) and 
magnitude, where magnitude is expressed as vertical accelera-
tion (g; 1g = 9.8 m/s2 acceleration due to gravity) or vertical 
displacement (mm).42

Vibration training improves maximal strength (and other 
neuromuscular parameters) if the implementation is short 
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and properly designed. Some recommendations are proposed: 
high transmission vibrations to the head are not allowed, 
frequencies should be higher than 20 Hz, and amplitudes 
should be low (1–2 mm) when vibration training is used for 
leisure sport and in the beginning of training in professional 
athletes. The duration for each session should be very short 
(20–60 seconds).43 The International Society of Musculosk-
eletal and Neuronal Interactions (ISMNI) published expert 
recommendations for a common language and consistent use 
of well-defined terminology according to whole body vibra-
tion, because studies have raised many questions that can be 

answered only by careful scientific studies with understand-
able reports.44,45

Evidence from previous studies suggests that the more 
osteoporotic individuals may potentially increase BMD val-
ues more from whole body vibration.46 A systematic review 
and meta-analysis found significant but small improvements 
in BMD in postmenopausal women and children and adoles-
cents, but not in young adults.47

exercise and osteoporotic fractures. In the National 
Health and Nutrition Examination Survey I (NHANES I), 
women who reported much recreational exercise had a 47% 
lower risk for hip fracture when compared to women who 
reported little recreational exercise.48 The Nurses Health 
Study (NHS), a prospective 12-year study among postmeno-
pausal women, found a 55% lower risk of hip fracture in active 
women with at least 24 METs-hours/week (MET is defined 
as the ratio of metabolic rate during a specific physical activ-
ity to a reference rate of metabolic rate at rest) compared with 
sedentary women with less than 3 METs-hours/week.49 In the 
Study of Osteoporotic Fractures (SOF), a prospective cohort 
study included 9,704 Caucasian postmenopausal women aged 
65 years and older, women who systematically walked for 
exercise had a significant 30% decrease in risk of hip fracture 
in comparison with women who did not walk regularly after a 
4.1 years and 40% after a 7.6 years follow-up, respectively.50,51 
Moderate exercise was also associated with a 30% decrease 
in the risk of hip fractures when women were compared with 
those who do not exercise, as reported by the Leisure World 
Study, which included 8,600 middle-aged and elderly women; 
this is in line with similar results of a study of 5,049 elderly 
men.52 The relation of occupational and recreational physical 
activity to fractures was investigated in the Tromso study. The 
relative risk of a low-energetic fracture in the weight-bearing 
skeleton (ie, hip) among the most physically active middle 
aged was 0.3 (CI: 0.1–0.7) among men and 0.9 (CI: 0.4–1.8) 
among women in comparison with the sedentary.53 A meta-
analysis of 13 prospective cohort studies with hip fracture as 
an end point shows that moderate-to-intensive physical activ-
ity is associated with a decrease in the risk of hip fracture by 
45% (CI: 31–56) and 38% (CI: 31–44), respectively, in men 
and women.54

The European Vertebral Osteoporosis Study (EVOS) 
including 884 women with vertebral deformity and 6,646 
controls (aged 50–79) found current walking or cycling 
more than 30 minutes per day to exert a 20% reduced risk 
of vertebral deformity in women in comparison to inactive 
women, while a relatively flat relationship of vertebral defor-
mity to age was found in men.55 In SOF in moderately to 
vigorously active women, the risk for vertebral fractures was 
significantly decreased by 33% compared to inactive women. 
No association was found between total physical activity, 
hours of household chores per day, and hours of sitting per 
day with wrist or vertebral fractures.56 The results from the 
Tromso study showed less low-energetic fractures in the 

Figure 1. Galileo vibration platform (Novotec Medical GmbH, Pforzheim, 
Germany, with permission).1

table 1. these recommendations are part of the greek guidelines 
for osteoporosis and Falls prevention published from hellenic 
Osteoporosis Foundation (A, B, C: grade of recommendation).66

ReCOMMendatiOnS

•  The effect of exercise on BMD is area specific. For this reason 
exercise should be targeted to points of clinical interest (A).

•  Aerobic exercise is effective in reducing bone loss in the spine 
and wrist (A).

•  Strength training exercises are effective in reducing bone loss and 
increasing muscle strength (A).

•  Although exercise has proven benefits, the ideal type of exercise, 
duration and intensity in a Falls prevention program is not yet fully 
clear (B).

•  Exercises that improve balance, including Tai Chi, are effective in 
populations with a high risk of falling (A).

•  In patients who have fallen medications should to be reviewed and 
modified or discontinued as appropriate in light of the risk of future 
falls. Particular attention should be given to older people who take 
four or more medications and those taking psychotropic medica-
tions (C).

• The vitamin D supplementation reduces Falls (B).

•  Necessary is the evaluation of the house in elderly patients with 
an increased risk of falling that receive discharge from the hospital 
in order to facilitate them under new conditions (B).

•  There is no direct evidence that the use of assistive devices or 
educational programs alone helps prevent Falls . therefore, 
although it can be effective elements of a multifactorial interven-
tion program, the isolated use without attention to other risk fac-
tors cannot be recommended (C).
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weight-bearing skeleton in active men aged 45 years or older, 
and more low-energetic fractures in the non-weight-bearing 
skeleton areas including the wrist, the proximal forearm, 
the hand, and the fingers, in women aged 45 years or older; 
among women aged 55 years or older, the most active women 
had lower risk of fractures in the weight-bearing skeleton.53 
In the Dubbo Osteoporosis Epidemiology Study (DOES), 
higher physical activity was protective against risk of atrau-
matic fractures in elderly men, expressed as a 14% reduction 
for 1 standard deviation change in physical activity; how-
ever, the magnitude of effect varied between fracture sites.57 
Finally, the relative risk for compression fracture in post-
menopausal women was 2.7 times greater in controls than 
in a back exercise group 8 years after they had completed a 
2-year, randomized, controlled trial of progressive, resistive 
back-strengthening exercises.58

exercise in combination with calcium and 
bisphosphonates
There are no valid data about falls prevention, if exercise is 
combined with calcium and bisphosphonates. A decreased 
rate of bone loss in postmenopausal women undergoing exer-
cise and taking calcium supplements is reported in compari-
son with exercisers only, suggesting that calcium deficiency 
reduces the efficacy of loading to improve bone mass.59 In 
another study that included 1,890 pre- and postmenopausal 
women, it was found that systematically active premenopausal 
and postmenopausal women had significantly higher values of 
QUS parameters than their sedentary and moderately active 
counterparts. Moreover, a statistically significant difference in 
QUS T score between sedentary premenopausal women and 
those who exercise systematically was found, suggesting that 
vigorous physical activity is a regulator of bone status during 
premenopausal years.60

In a randomized, double-blind, placebo-controlled trial, 
the primary endpoint was the 12-month change in bone mass 
and geometry of the effects of weight-bearing jumping exercise 
conducted in an average of 1.6 ± 0.9 (mean ± SD) times a week 
and oral alendronate, alone or in combination, measured with 
DXA and peripheral computed tomography at several axial 
and limb sites. The authors concluded that alendronate is effec-
tive in increasing bone mass at the lumbar spine and femoral 
neck, while exercise is effective in increasing the mechanical 
properties of bone at some of the most loaded bone sites.61

On the other hand, no effect of etidronate or exercise on 
the proximal femur and no interaction between exercise and 
etidronate at any bone site were found.62

Interventions to Prevent Falls
Interventions to prevent falls may be planned to reduce a single 
internal or external risk factor of falling, or be broadly focused 
to reduce multiple risk factors simultaneously.63,64

Tai Chi is a promising type of balance exercise, although 
it requires further evaluation before it can be recommended as 

the preferred method for balance training.65 However, Tai Chi 
is probably the exercise program we would least recommend to 
people who have previously suffered fractures, because they 
show a level of frailty that means they could not fully partici-
pate in Tai Chi, unless it was adapted so much that it was no 
longer dynamic balance training (Skelton D, personal com-
munication). Low-intensity balance exercises (walking heal to 
toe and standing on one foot) along with coordination exer-
cises are proposed for falls prevention. People with reduced 
bone strength can benefit from hydrotherapy in therapeutic 
pools or swimming in the sea. It is suggested to these people 
to perform strengthening exercises of the quadriceps, abduc-
tors, adductors, and shoulder muscles.65

According to the Greek guidelines of Hellenic Institu-
tion of osteoporosis, although exercise has many proven ben-
efits, the optimal type, duration, and intensity of exercise for 
falls prevention remain unclear. Older people who have had 
recurrent falls should be offered long-term exercise and bal-
ance training.31,66

The results from the FICSIT trials (Frailty and Injuries: 
Cooperative Studies of Intervention Techniques) suggest that 
interventions that addressed strength alone did not reduce 
falls. On the other hand, balance training may be more effec-
tive in lowering the risk of falls than the other exercise com-
ponents.67 However, as ageing is related with reduced physical 
functioning (frailty), exercise prescription for falls prevention, 
except balance and strength training, may include exercises to 
increase the functional capabilities in all elderly.65,67

exercise and risk of Falls
The individual risk factors for fall in the elderly are summa-
rized as follows. Intrinsic risk factors that include a history of 
falls, age, gender, solitary lifestyle, race, drugs, medical con-
ditions, impaired mobility and gait, deconditioning (immo-
bility), psychological condition (fear of falling), nutritional 
deficiencies, cognitive disorders, attenuated vision, foot prob-
lems. Extrinsic risk factors are poor lighting, slippery floors, 
uneven surfaces, etc, and those that would lead any healthy 
elderly person to fall. Exposure to risk means the more passive 
and more active people are at greater risk of falls.68

Results from Osteoporotic Fractures in Men Study 
(MrOS), observed a relation of increased risk of falling 
with higher levels of self-reported physical activity; more-
over, men with low leg power had consistent fall risk across 
levels of physical activity, while men with high leg power 
had increasing fall risk with increasing physical activity 
levels.69

A meta-analysis of the several separate studies com-
posing the FICSIT study found a 17% reduction of falls 
in individuals participating in endurance training, balance 
training, and Tai Chi, while Tai Chi showed a 47% reduc-
tion in multiple falls during a four-month period compared 
to the controls.70,71 A Cochrane review concluded that mul-
tiple-component group exercise reduced risk of falling by 
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17%, as did Tai Chi and individually prescribed multiple-
component home-based exercise (35% and 23%, respec-
tively). But the current evidence does not support the last 
intervention in people with severe visual impairment or 
mobility problems after a stroke, Parkinson’s disease, or a 
hip fracture.72–74

Prevention of falls may be even more effective when tak-
ing into account multiple risk factors for falling. Most mul-
tifactorial falls prevention programs have been successful in 
reducing the incidence of falls and risk factors of falls, particu-
larly when prevention is individually tailored for their needs 
and targeted at populations of high risk for falls. These results 
suggest that an individualized prevention program aimed 
at reducing multiple risk factors simultaneously in high-risk 
populations could be an effective strategy for preventing falls; 
however, the exact content of the most effective approaches 
remains unclear.75

Falls generally result from an interaction of multiple 
and diverse risk factors and situations, many of which can 
be corrected.76 It is necessary to assess possible intrinsic and 
extrinsic risk factors for falls, as well as the individual’s expo-
sure to risk.68,76 Identifying risk factors is as important as 
appreciating the interaction and probable synergism between 
multiple risk factors, because the percentage of persons falling 
increased from 27% for those with no or one risk factor to 78% 
for those with four or more risk factors.77

Important potentially modifiable risk factors for com-
munity-dwelling older adults are mental status and psycho-
tropic drugs, multiple drugs, environmental hazards, vision, 
lower extremity impairments, balance, and gait status. For 
institution-dwelling older adults, the risk factors are mental 
status, depression, urinary incontinence, hypotension, hear-
ing, balance, gait, lower extremity impairments, low activity 
level (exercise less than once a week), psychotropic drugs, 
cardiac drugs, analgesics, and use of a mechanical restraint. 
Non-modifiable risk factors (ie, hemiplegia, blindness) also 
exist.78 Environmental hazards could be a cause of falls.79 In 
reducing environmental hazards, fall prevention programs 
may need to provide and install safety devices particularly 
in the home.80 Studies have shown that when older patients 
at increased risk of falls are discharged from the hospital, a 
facilitated environmental home assessment should be con-
sidered.63 Studies of multifactorial interventions, which 
included both devices (including alarms in bed, canes, walk-
ers, and hip protection) and educational programs, have a 
demonstrated benefit. However, there is no direct evidence 
that only the use of aiding devices or educational programs 
can help the prevention of falls. Therefore, although they 
may be effective elements of a multifactorial intervention 
program, their isolated use without attention to other risk 
factors cannot be established.31,81

Interventions to prevent falls may be planned to reduce a 
single internal or external risk factor of falling, or be broadly 
focused to reduce multiple risk factors simultaneously.75 Single 

evidence-based interventions include exercise, reassessment of 
medications, and environmental modification.81

rehabilitation after common osteoporotic  
Fractures
Two evidence-based clinical practice guidelines suggesting 
possible treatments and rehabilitation pathways for hip frac-
ture patients agree that it would be best if they underwent 
multidisciplinary rehabilitation.82,83

A detailed rehabilitation program for hip, vertebral, and 
wrist fractures can be found here.65 Spinal orthoses have been 
used in the management of thoracolumbar injuries treated 
with or without surgical stabilization. However, these orthoses 
have never been tested under standardized conditions. In par-
ticular, no prospective, randomized, and controlled clinical 
trials are available to document efficacy according to the cri-
teria of evidence-based medicine. The PTS (Posture Training 
Support) type or the newer postural training support vest with 
weights (PTSW),84 Spinomed and Spinomed active based on 
biofeedback theory,85,86 and Osteomed based on gate control 
theory of pain.87,88

Recently published results of women with established 
osteoporosis wearing Spinomed for at least 2 hours/day 
for 6 months showed significantly decreased back pain 
and increased personal isometric trunk muscle strength.89 
Moreover, in another Spinomed study, subjects were sepa-
rated into two groups, the control and orthosis group, who 
switched after 6 months. Wearing the orthosis resulted in 
a 73% increase in back extensor strength, a 58% increase in 
abdominal flexor strength – most likely because of increased 
muscular activity while wearing the orthosis – a 11% decrease 
in angle of kyphosis, a 25% decrease in body sway, a 7% 
increase in vital capacity, a 38% decrease in average pain, a 
15% increase in well-being, and 27% decrease in limitations 
of daily living.85 According to the results obtained from 
Osteomed studies, the orthosis brings an active erection of 
the spine of 60% on average of the deliberate maximum pos-
sible active erection. This orthosis leads to an improvement 
of posture and statics, a straightening of the spine on average 
of 46% of the conscious maximum achievable straightening, 
and a statistically significant and clinically relevant reduc-
tion in chronic back pain by approximately 25% in female 
patients with osteoporosis who wore it during a period of 
2.5 months.90,91

The effectiveness of the provision of hip protectors in 
reducing the incidence of hip fracture in older people is still 
not clearly established, although they may reduce the rate of 
hip fractures if made available to frail, older people in nursing 
care. It remains unknown from studies identified to date if 
these findings apply to all types of hip protectors. Some clus-
ter-randomized trials have been associated with high risk of 
bias. Poor acceptance and adherence by older people who were 
offered hip protectors have been key factors contributing to 
the continuing uncertainty.92

http://www.la-press.com


Author Proof Copy

Rehabilitation in osteoporosis, falls, and fractures

39CliniCal MediCine insights: arthritis and MusCuloskeletal disorders 2014:7

Author contributions
Conceived and designed the experiments: YD. Wrote the first 
draft of the manuscript: YD. Contributed to the writing of the 
manuscript: GS, PJP. Made critical revisions and approved 
final version: PJP. All authors reviewed and approved of the 
final manuscript.

reFerences
 1. Dionyssiotis Y. Rehabilitation in osteoporosis. In: Dionyssiotis Y. ed. Osteoporo-

sis. Rijeka: InTech; 2012:435–66.
 2. Panel on Prevention of Falls in Older Persons, American Geriatrics Society 

and British Geriatrics Society. Summary of the Updated American Geriatrics 
Society/British Geriatrics Society clinical practice guideline for prevention of 
falls in older persons. J Am Geriatr Soc. 2011;59:148–57.

 3. Nieves JW, Komar L, Cosman F, Lindsay R. Calcium potentiates the effect 
of estrogen and calcitonin on bone mass: review and analysis. Am J Clin Nutr. 
1998;67:18–24.

 4. Adami S, Giannini S, Bianchi G, et al. Vitamin D status and response to treat-
ment in post-menopausal osteoporosis. Osteoporos Int. 2009;20:239–44.

 5. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of calcium 
or calcium in combination with vitamin D supplementation to prevent frac-
tures and bone loss in people aged 50 years and older: a meta-analysis. Lancet. 
2007;370:657–66.

 6. Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B. Effect of cholecalciferol plus 
calcium on falling in ambulatory older men and women: a 3-year randomized 
controlled trial. Arch Intern Med. 2006;166:424–30.

 7. Barker T, Schneider ED, Dixon BM, Henriksen VT, Weaver LK. Supplemental 
vitamin D enhances the recovery in peak isometric force shortly after intense 
exercise. Nutr Metab. 2013;10:69.

 8. Ring SM, Dannecker EA, Peterson CA. Vitamin D status is not associated 
with outcomes of experimentally-induced muscle weakness and pain in young, 
healthy volunteers. J Nutr Metab. 2010;2010:674240.

 9. Houston DK, Cesari M, Ferrucci L, et al. Association between vitamin D status 
and physical performance: the InCHIANTI study. J Gerontol A Biol Sci Med Sci. 
2007;62:440–6.

 10. Ceglia L. Vitamin D and skeletal muscle tissue and function. Mol Aspects Med. 
2008;29:407–14.

 11. Wicherts IS, van Schoor NM, Boeke AJ, et al. Vitamin D status predicts 
physical performance and its decline in older persons. J Clin Endocrinol Metab. 
2007;92:2058–65.

 12. Lips P, Binkley N, Pfeifer M, et al. Once-weekly dose of 8400 IU vitamin D(3) 
compared with placebo: effects on neuromuscular function and tolerability in older 
adults with vitamin D insufficiency. Am J Clin Nutr. 2010;91:985–91.

 13. Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, et al. Effect of vitamin D 
on falls: a meta-analysis. JAMA. 2004;291:1999–2006.

 14. Flicker L, MacInnis RJ, Stein MS, et al. Should older people in residential care 
receive vitamin D to prevent falls? Results of a randomized trial. J Am Geriatr Soc. 
2005;53:1881–8.

 15. Broe KE, Chen TC, Weinberg J, Bischoff-Ferrari HA, Holick MF, Kiel DP. 
A higher dose of vitamin d reduces the risk of falls in nursing home residents: 
a randomized, multiple-dose study. J Am Geriatr Soc. 2007;55:234–9.

 16. Runge M, Schacht E. Multifactorial pathogenesis of falls as a basis for multifac-
torial interventions. J Musculoskelet Neuronal Interact. 2005;5:127–34.

 17. Wolff J. The classic: on the inner architecture of bones and its importance for 
bone growth. 1870. Clin Orthop Relat Res. 2010;468:1056–65.

 18. Frost HM. Bone “mass” and the “mechanostat”: a proposal. Anat Rec. 
1987;219:1–9.

 19. Frost HM. The mechanostat: a proposed pathogenic mechanism of osteoporoses 
and the bone mass effects of mechanical and nonmechanical agents. Bone Miner. 
1987;2:73–85.

 20. Lanyon L, Skerry T. Postmenopausal osteoporosis as a failure of bone’s adapta-
tion to functional loading: a hypothesis. J Bone Miner Res. 2001;16:1937–47.

 21. Lee KC, Lanyon LE. Mechanical loading influences bone mass through estro-
gen receptor alpha. Exerc Sport Sci Rev. 2004;32:64–8.

 22. Cheng MZ, Rawlinson SC, Pitsillides AA, et al. Human osteoblasts’ prolif-
erative responses to strain and 17beta-estradiol are mediated by the estrogen 
receptor and the receptor for insulin-like growth factor I. J Bone Miner Res. 
2002;17:593–602.

 23. Burger H, de Laet CE, van Daele PL, et al. Risk factors for increased bone 
loss in an elderly population: the Rotterdam Study. Am J Epidemiol. 1998;147:871–9.

 24. Nguyen TV, Sambrook PN, Eisman JA. Bone loss, physical activity, and weight 
change in elderly women: the Dubbo Osteoporosis Epidemiology Study. J Bone 
Miner Res. 1998;13:1458–67.

 25. Kelley GA. Exercise and regional bone mineral density in postmenopausal 
women: a meta-analytic review of randomized trials. Am J Phys Med Rehabil. 
1998;77:76–87.

 26. Asikainen TM, Kukkonen-Harjula K, Miilunpalo S. Exercise for health for 
early postmenopausal women: a systematic review of randomised controlled tri-
als. Sports Med. 2004;34:753–78.

 27. Drinkwater BL. 1994 C. H. McCloy Research Lecture: does physical activity 
play a role in preventing osteoporosis? Res Q Exerc Sport. 1994;65:197–206.

 28. Khan K, McKay H, Kannus P, Bailey D, Wark J, Bennell K. Measurement of 
physical activity. In: Khan K, McKay H eds. Physical Activity and Bone Health. 
Champaign, IL: Human Kinetics; 2001:103–9.

 29. Beck BR, Snow CM. Bone health across the lifespan – exercising our options. 
Exerc Sport Sci Rev. 2003;31:117–22.

 30. Maddalozzo GF, Snow CM. High intensity resistance training: effects on bone 
in older men and women. Calcif Tissue Int. 2000;66:399–404.

 31. Dionyssiotis Y. Exercise in Osteoporosis and Falls Prevention. Athens: Monography 
(in Greek) published for Hellenic Institution of Osteoporosis (HELIOS) Hylo-
nome Editions; 2008.

 32. Bonaiuti D, Shea B, Iovine R, et al. Exercise for preventing and treating osteoporo-
sis in postmenopausal women. Cochrane Database Syst Rev. 2002;3:CD000333.

 33. Martyn-St James M, Carroll S. High-intensity resistance training and post-
menopausal bone loss: a meta-analysis. Osteoporos Int. 2006;17:1225–40.

 34. Martyn-St James M, Carroll S. Meta-analysis of walking for preservation of 
bone mineral density in postmenopausal women. Bone. 2008;43:521–31.

 35. Kelley GA. Aerobic exercise and bone density at the hip in postmenopausal 
women: a meta-analysis. Prev Med. 1998;27:798–807.

 36. Liu L, Maruno R, Mashimo T, et al. Effects of physical training on cortical bone 
at midtibia assessed by peripheral QCT. J Appl Physiol (1985). 2003;95:219–24.

 37. Liu-Ambrose TY, Khan KM, Eng JJ, Heinonen A, McKay HA. Both resistance 
and agility training increase cortical bone density in 75- to 85-year-old women 
with low bone mass: a 6-month randomized controlled trial. J Clin Densitom. 
2004;7:390–8.

 38. Farr JN, Blew RM, Lee VR, Lohman TG, Going SB. Associations of physical 
activity duration, frequency, and load with volumetric BMD, geometry, and bone 
strength in young girls. Osteoporos Int. 2011;22:1419–30.

 39. Adami S, Gatti D, Braga V, Bianchini D, Rossini M. Site-specific effects of 
strength training on bone structure and geometry of ultradistal radius in post-
menopausal women. J Bone Miner Res. 1999;14:120–4.

 40. Hamilton CJ, Swan VJ, Jamal SA. The effects of exercise and physical activity 
participation on bone mass and geometry in postmenopausal women: a system-
atic review of pQCT studies. Osteoporos Int. 2010;21:11–23.

 41. Polidoulis I, Beyene J, Cheung AM. The effect of exercise on pQCT parameters of 
bone structure and strength in postmenopausal women – a systematic review and 
meta-analysis of randomized controlled trials. Osteoporos Int. 2012;23:39–51.

 42. Rubin C, Recker R, Cullen D, Ryaby J, McCabe J, McLeod K. Prevention of 
postmenopausal bone loss by a low-magnitude, high-frequency mechanical 
 stimuli: a clinical trial assessing compliance, efficacy, and safety. J Bone Miner 
Res. 2004;19:343–51.

 43. Mester J, Kleinöder H, Yue Z. Vibration training: benefits and risks. J Biomech. 
2006;39:1056–65.

 44. Rauch F, Sievanen H, Boonen S, et al. Reporting whole-body vibration interven-
tion studies: recommendations of the International Society of Musculoskeletal 
and Neuronal Interactions. J Musculoskelet Neuronal Interact. 2010;10:193–8.

 45. Eisman JA. Good, good, good, good vibrations: the best option for better bones? 
Lancet. 2001;358:1924–5.

 46. Gilsanz V, Wren TA, Sanchez M, Dorey F, Judex S, Rubin C. Low-level, high-
frequency mechanical signals enhance musculoskeletal development of young 
women with low BMD. J Bone Miner Res. 2006;21:1464–74.

 47. Slatkovska L, Alibhai SM, Beyene J, Cheung AM. Effect of whole-body 
vibration on BMD: a systematic review and meta-analysis. Osteoporos Int. 
2010;21:1969–80.

 48. Farmer ME, Harris T, Madans JH, Wallace RB, Cornoni-Huntley J, White LR. 
Anthropometric indicators and hip fracture. The NHANES I epidemiologic 
follow-up study. J Am Geriatr Soc. 1989;37:9–16.

 49. Feskanich D, Willett W, Colditz G. Walking and leisure-time activity and risk 
of hip fracture in postmenopausal women. JAMA. 2002;13(288):2300–6.

 50. Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for hip fracture in 
white women. Study of Osteoporotic Fractures Research Group. N Engl J Med. 
1995;332:767–73.

 51. Gregg EW, Cauley JA, Seeley DG, Ensrud KE, Bauer DC. Physical activity 
and osteoporotic fracture risk in older women. Study of Osteoporotic Fractures 
Research Group. Ann Intern Med. 1998;129:81–8.

 52. Paganini-Hill A, Chao A, Ross RK, Henderson BE. Exercise and other fac-
tors in the prevention of hip fracture: the Leisure World study. Epidemiology. 
1991;2:16–25.

 53. Joakimsen RM, Fønnebø V, Magnus JH, Størmer J, Tollan A, Søgaard AJ. The 
Tromsø Study: physical activity and the incidence of fractures in a middle-aged 
population. J Bone Miner Res. 1998;1:1149–57.

http://www.la-press.com


Author Proof Copy

Dionyssiotis et al

40 CliniCal MediCine insights: arthritis and MusCuloskeletal disorders 2014:7

 54. Moayyeri A. The association between physical activity and osteoporotic frac-
tures: a review of the evidence and implications for future research. Ann Epide-
miol. 2008;18:827–35.

 55. Silman AJ, O’Neill TW, Cooper C, Kanis J, Felsenberg D. Influence of physical 
activity on vertebral deformity in men and women: results from the European 
Vertebral Osteoporosis Study. J Bone Miner Res. 1997;12:813–9.

 56. Kelsey JL, Browner WS, Seeley DG, Nevitt MC, Cummings SR. Risk factors 
for fractures of the distal forearm and proximal humerus. The Study of Osteo-
porotic Fractures Research Group. Am J Epidemiol. 1992;135:477–89. Erratum 
in: Am J Epidemiol 1992;135:1183.

 57. Nguyen TV, Eisman JA, Kelly PJ, Sambrook PN. Risk factors for osteoporotic 
fractures in elderly men. Am J Epidemiol. 1996;144:255–63.

 58. Sinaki M, Itoi E, Wahner HW, et al. Stronger back muscles reduce the incidence 
of vertebral fractures: a prospective 10 year follow-up of postmenopausal women. 
Bone. 2002;30:836–41.

 59. Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of calcium supplementa-
tion on clinical fracture and bone structure: results of a 5-year, double-blind, 
placebo-controlled trial in elderly women. Arch Intern Med. 2006;166:869–75.

 60. Dionyssiotis Y, Paspati I, Trovas G, Galanos A, Lyritis GP. Association of physi-
cal exercise and calcium intake with bone mass measured by quantitative ultra-
sound. BMC Womens Health. 2010;7(10):12.

 61. Uusi-Rasi K, Kannus P, Cheng S, Sievänen H, Pasanen M, Heinonen A. Effect 
of alendronate and exercise on bone and physical performance of postmenopausal 
women: a randomized controlled trial. Bone. 2003;33:132–43.

 62. Chilibeck PD, Davison KS, Whiting SJ, Suzuki Y, Janzen CL, Peloso P. The 
effect of strength training combined with bisphosphonate (etidronate) therapy on 
bone mineral, lean tissue, and fat mass in postmenopausal women. Can J Physiol 
Pharmacol. 2002;80:941–50.

 63. Sattin RW, Rodriguez JG, DeVito CA, Wingo PA. Home environmental haz-
ards and the risk of fall injury events among community-dwelling older per-
sons. Study to Assess Falls Among the Elderly (SAFE) Group. J Am Geriatr Soc. 
1998;46:669–76.

 64. Iaboni A, Flint AJ. The complex interplay of depression and falls in older adults: 
a clinical review. Am J Geriatr Psychiatry. 2013;21:484–92.

 65. Dionyssiotis Y, Dontas IA, Economopoulos D, Lyritis GP. Rehabilitation after 
falls and fractures. J Musculoskelet Neuronal Interact. 2008;8(3):244–50.

 66. Hellenic Osteoporosis Foundation (HELIOS). Guidelines for the Diagnosis and 
Treatment of Osteoporosis in Greece. Athens, Greece: Hylonome Editions; 2009.

 67. Lord SR, Sherrington C, Menz HB, Close J. Falls in Older People: Risk Factors 
and Strategies for Prevention. 2nd ed. New York: Cambridge University Press; 
2007.

 68. Todd C, Skelton D. What Are the Main Risk Factors for Falls among Older 
People and What Are the Most Effective Interventions to Prevent these Falls?. 
Copenhagen, Denmark: World Health Organisation Health Evidence Network; 
2004.

 69. Chan BK, Marshall LM, Winters KM, Faulkner KA, Schwartz AV, Orwoll ES. 
Incident fall risk and physical activity and physical performance among older men: 
the Osteoporotic Fractures in Men Study. Am J Epidemiol. 2007;165:696–703.

 70. Province MA, Hadley EC, Hornbrook MC, et al. The effects of exercise on 
falls in elderly patients. A preplanned meta-analysis of the FICSIT Trials. 
Frailty and Injuries: Cooperative Studies of Intervention Techniques. JAMA. 
1995;273:1341–7.

 71. Ory MG, Schechtman KB, Miller JP, et al. Frailty and injuries in later life: the 
FICSIT trials. J Am Geriatr Soc. 1993;41:283–96.

 72. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for prevent-
ing falls in older people living in the community. Cochrane Database Syst Rev. 
2009;2:CD007146.

 73. Wolf SL, Barnhart HX, Kutner NG, et al. Selected as the best paper in the 
1990s: reducing frailty and falls in older persons: an investigation of tai chi and 
computerized balance training. J Am Geriatr Soc. 2003;51:1794–803.

 74. Verhagen AP, Immink M, van der Meulen A, Bierma-Zeinstra SM. The efficacy of 
Tai Chi Chuan in older adults: a systematic review. Fam Pract. 2004;21:107–13.

 75. Sjösten NM, Salonoja M, Piirtola M, et al. A multifactorial fall prevention pro-
gramme in home-dwelling elderly people: a randomized-controlled trial. Public 
Health. 2007;121:308–18.

 76. Skelton DA, Becker C, Lamb SE, et al. Prevention of falls network Europe: 
a thematic network aimed at introducing good practice in effective falls preven-
tion across Europe. Eur J Aging. 2004;1:89–94.

 77. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly per-
sons living in the community. N Engl J Med. 1988;319:1701–7.

 78. Moreland J, Richardson J, Chan D, et al. Evidence-based guidelines for the sec-
ondary prevention of falls in older adults. Gerontology. 2003;49:93–116.

 79. Close J, Ellis M, Hooper R, Glucksman E, Jackson S, Swift C. Prevention 
of falls in the elderly trial (PROFET): a randomised controlled trial. Lancet. 
1999;353:93–7.

 80. Tinetti ME, Baker DI, McAvay G, et al. A multifactorial intervention to reduce 
the risk of falling among elderly people living in the community. N Engl J Med. 
1994;331:821–7.

 81. Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med. 
2003;348:42–9.

 82. Chilov MN, Cameron ID, March LM. Australian National Health and Medical 
Research Council. Evidence-based guidelines for fixing broken hips: an update. 
Med J Aust. 2003;179:489–93.

 83. Scottish Intercollegiate Guidelines Network. Prevention and Management of Hip 
Fracture in Older People. A National Clinical Guideline. Scottish Intercollegiate 
Guidelines Network, Edinburgh, Guideline 52; 2002.

 84. Sinaki M, Lynn SG. Reducing the risk of falls through proprioceptive dynamic 
posture training in osteoporotic women with kyphotic posturing: a randomized 
pilot study. Am J Phys Med Rehabil. 2002;81:241–6.

 85. Pfeifer M, Begerow B, Minne HW. Effects of a new spinal orthosis on posture, 
trunk strength, and quality of life in women with postmenopausal osteoporosis: 
a randomized trial. Am J Phys Med Rehabil. 2004;83:177–86.

 86. Pfeifer M, Kohlwey L, Begerow B, Minne HW. Effects of two newly developed 
spinal orthoses on trunk muscle strength, posture, and quality-of-life in women 
with postmenopausal osteoporosis: a randomized trial. Am J Phys Med Rehabil. 
2011;90:805–15.

 87. Hildebrandt HD, Vogt L. Der “Osteoporosebody” – eine multifunktionale 
Orthese. Orthopädie-Technik. 2002;53:90–6.

 88. Vogt L, Hübscher M, Brettmann K, Banzer W, Fink M. Postural correction 
by osteoporosis orthosis (Osteo-med): a randomized, placebo-controlled trial. 
Prosthet Orthot Int. 2008;32:103–10.

 89. Dionyssiotis Y. Management of osteoporotic vertebral fractures. Int J Gen Med. 
2010;3:167–71.

 90. Vogt L, Hildebrandt HD, Brettmann K, Fischer M, Banzer W. Clinical mul-
tidimensional evaluation of a multifunctional osteoporosis-orthosis. Phys Med 
Rehab Kuror. 2005;15:1–8.

 91. Fink M, Kalpakcioglu B, Karst M, Bernateck M. Efficacy of a flexible orthotic 
device in patients with osteoporosis on pain and activity of daily living. J Rehabil 
Med. 2007;39:77–80.

 92. Gillespie WJ, Gillespie LD, Parker MJ. Hip protectors for preventing hip frac-
tures in older people. Cochrane Database Syst Rev. 2010;6(10):CD001255.

http://www.la-press.com

