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Summary Osteoporosis is a frequent disease in post-
menopausal women. Despite the fact that fragility frac-
tures cause many problems, osteoporosis is still under-
diagnosed and undertreated. This manuscript outlines
the topics diagnosis of osteoporosis, fracture risk preven-
tion, and therapy after fracture. Regular physical activi-
ties, a sufficient intake of calcium, and a normal vitamin
D level are important for bone health. Depending on the
personal fracture risk, the patient may also be prescribed
bone-specific medication to prevent fragility fractures. In
case of a prevalent osteoporotic fracture, the initiation
or adaptation of bone-specific therapy is indispensable.
Since most osteoporotic fractures occur during a fall, fall
risk reduction is an important measure to inhibit a new
fracture. Rehabilitation of patients with fragility fractures
varies with different localizations of the fracture and
should be performed by a multidisciplinary team.
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Pravention und Rehabilitation der Osteoporose

Zusammenfassung Osteoporose ist eine haufige
Erkrankung bei Personen fortgeschrittenen Alters,
speziell bei postmenopausalen Frauen. Trotz der Haufig-
keit und Probleme, die Fragilitdtsfrakturen verursachen,
bleibt die Erkrankung oft unerkannt und Betroffene
werden nicht therapiert. Dieses Manuskript beschaftigt
sich mit der Diagnose der Osteoporose, mit Fraktur-
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priavention und Therapien nach einer Fraktur. Regel-
maéfige korperliche Aktivitdten, eine ausreichende
Kalziumzufuhr und normale Vitamin D Spiegel sind fiir
einen gesunden Knochen wichtig. In Abhingigkeit vom
Frakturrisiko kénnen dem Patienten auch knochen-
spezifische Medikamente verschrieben werden. Im
Falle einer Fragilitdtsfraktur muss unbedingt die ent-
sprechende Therapie begonnen oder eine laufende
Therapie optimiert werden. Da es zu den meisten osteo-
porotischen Frakturen im Rahmen eines Sturzes kommt,
ist die Sturzrisikoreduktion ein wesentlicher Bestandteil
der primdren und sekunddren Frakturprévention. Die
spezifische Rehabilitation ist von der Lokalisation der
Fraktur abhéngig und wird am besten von einem multi-
disziplindren Team durchgefiihrt.

Schliisselworter Osteoporose
Diagnose - Therapie - Rehabilitation

Fragilitdtsfraktur

Introduction

Osteoporosis is defined as a “systemic skeletal disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue with a consequent increase
in bone fragility and susceptibility to fracture” [1]. The
clinical manifestation of osteoporosis is the occurrence
of fractures. One in three women and one in five men
over the age of 50 years are predicted to suffer a fracture
[2] leading to limitations in quality of life [3]—to pain,
morbidity, and increased mortality. The probability of
fracture varies between countries [4, 5], but because of
the growing elderly population, osteoporotic fractures
are a worldwide problem, and the economic burden
increases exponentially.

A clinician’s aim is to inhibit fragility fractures and
associated problems. Unfortunately, osteoporosis is
often underdiagnosed, and sometimes even patients
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Endogenous risk factors for falling:

Age-associated impairments (in muscle function, balance, cognition, ...)

Pain

Fear

Diseases (arrhythmia, depression, osteoarthritis, epilepsy, ...)
Lifestyle (alcoholism, ...)

Intake of drugs (morphine, antihypertensive drugs, polypharmacy, ...

)

Exogenous risk factors for falling:
Footwear
Environmental factors (hard ground)

—

‘ Risk of fracture
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F [ Bone fragility ]

Risk factors for osteoporosis: (examples)
Age

Gender

Genetical predisposition

Hormonal deficits

Lifestyle (physical activities, nutrition, smoking, ...)

Drugs(glucocorticoids, heparin, immunsuppressiva, ...)

Diseases (inflammatory diseases, bone marrow diseases, malabsorption)

Fig. 1 Risk factors for falling and osteoporosis which may lead to fragility fractures

with fragility fractures have not been treated with a
disease-specific medication. Up to half of the women
reporting a previous hip or spine fracture did not receive
disease-specific treatment [6]. The first step to prevent
fragility fractures is to increase the percentage of diag-
nosed osteoporotic patients.

Diagnosis of osteoporosis and fracture risk
assessment

A detailed history may help to identify risk factors for
osteoporosis. Potential causes for secondary osteoporosis
are endocrine disorders, hypogonadism, inflammatory
disease, bone marrow disorders, immobilization, malab-
sorption, low body weight, defective synthesis of connec-
tive tissue, or regular intake of drugs with negative effect
on bone metabolism (Fig. 1). A clinical examination is
indispensable. It may reveal an abnormal high decrease of
height compared to young age, an increased kyphosis with
fir tree phenomenon, or the typical “osteoporosis-tummy”;
all are indicators of possible vertebral fractures.

Diagnosis is verified by bone mineral density (BMD)
measurement. Measuring areal BMD by dual energy
X-ray absorptiometry (DXA) is the method of choice for

diagnosis of osteoporosis. The amount of mineralized
bone mass is expressed as a T-score, and the cut-off point
for osteoporosis is a T-score of 2.5 standard deviations
(SDs) below the mean BMD at the spine or at the hip of a
healthy female population aged 30 years [7]. At least two
intact vertebral bodies are necessary to give clear infor-
mation on the lumbar spine. Concerning the hip, three
areas—“femoral neck’, “trochanter’, or “total”—may
be chosen. X-ray images are usually taken to identify
morphological changes of the skeleton as well as calci-
fied vessels or lymph nodes to enhance the diagnostic
accuracy of the DXA measurement. Volumetric BMD
measurement with quantitative computed tomography
(QCT) has the advantage of giving information on trabec-
ular and cortical bone and not being falsified by calcified
vessels or other tissue nearby. Since vertebral fractures
do not necessarily hurt, X-ray images are crucial for
detection of vertebral fractures. Quantitative assessment
of bone mass has been proven to be a strong predictor
of fragility fractures, but macro- and microarchitecture of
bone, material properties, microdamage, and bone turn-
over are also essential.

Analysis of biochemical parameters ascertains the eti-
ology of the disease—the differentiation between primary
and secondary osteoporosis. Bone turnover markers
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(BTMs) are circulating components of bone metabo-
lism and give a hint concerning the individual’s fracture
risk. Evaluation of BTMs when initiating bone-specific
therapy is helpful in deciding which kind of treatment
regimen should be started. Analysis of BTMs, especially
during the early phase of treatment, may be useful for
treatment monitoring [8]. Biomarkers of bone formation
are bone alkaline phosphatase (BALP), osteocalcin, and
the N-terminal propeptide of type I collage (P1NP). Bio-
markers of bone resorption are C-terminal cross-linked
collagen type I peptide (CTX) and tartrate-resistant acid
phosphatase (TRAP) 5b. Cathepsin K as well as receptor
activator of nuclear factor kappa-B (RANK), RANK ligand
(RANKL), and its decoy receptor osteoprotegerin are only
used for scientific purposes.

In addition to BMD measurement and analysis of
BTMs, web-based tools may also be helpful in fracture
risk prediction for individual patients. Very popular is the
World Health Organization (WHO)-sponsored tool FRAX
(http://www.shef.ac.uk/FRAX/). It is a country-specific
calculator [9] which includes 12 different risk factors and
can also be used without knowledge of BMD. The indi-
vidual’s risk of an osteoporotic or a hip fracture within
the following 10 years is calculated.

Prevention of fragility fractures

Up to the age of 20-30 years, bone mass increases. After
reaching the peak bone mass, bone adapts to biome-
chanical demands and depends on calcium homeosta-
sis as well as hormonal factors, diseases, and medical
therapies affecting bone turnover. Since osteoporosis is a
multifactorial disease, osteoporosis therapy and fracture
prevention also have to be multifactorial.

Prevention starts already at a very young age. During
childhood the main goal is to increase bone mass. Since
bone surfaces are covered with a greater proportion of
active osteoblasts during growth than after skeletal maturity
[10], exercise is especially effective during childhood. We
know that exercise has long-lasting effects on bone integ-
rity because a high physical fitness level in young adulthood
reduces the risk of fractures later in life [11]. A 10% increase
in peak bone mass cuts the future risk of osteoporotic frac-
tures in half [12]. Along with regular physical activities, a suf-
ficient calcium intake with nutrition which should increase
with increasing age is recommended.

Even though exercise has less effect on bone mass
when grown up, small but probably important increases
may be reached [13]. The higher the exercises’ impact
on bone, the more effective they are. A 16-weeks-lasting
jump training, for instance, improved hip BMD in pre-
menopausal women [14]. A meta-analysis showed that
even walking as a singular exercise therapy performed
for more than 6 months has positive effects on femoral
neck BMD in peri- and postmenopausal women [15]. A
multimodal exercise program, which aimed to amelio-
rate muscle strength, BMD, and balance, proved to be
especially reasonable in elderly subjects [16]. Regular

Table 1 Overview of in Austria approved bone-specific
medications

Antiresorptive therapy

Bisphosphonate: alendronate, risedronate, ibandronate, zoledronic acid,
generics

Selective Estrogen Receptor Modulators: raloxifene, generics
Biological: denosumab

Anabolic therapy

Parathyroid hormone: teriparatide

Therapy with a dual mode of action

Strontium ranelate

bone loading also has a benefit on bone geometry [17]
and, thus, reduces the risk of fragility fractures.

Aside from regular physical activities, daily intake of
milk products and a sufficient vitamin D level are modi-
fiable lifestyle factors which have a protective effect on
bone health. If a sufficient intake with nutrition is not
possible or sun exposure not enough, there is the option
to substitute calcium as well as vitamin D. For mainte-
nance of musculoskeletal integrity, the European Society
for Clinical Aspects of Osteoporosis and Osteoarthritis
(ESCEO) recommends postmenopausal women a daily
dietary protein intake of 1.0-1.2 g per kilogram body-
weight, the intake of 800 IU vitamin D, and 1000 mg cal-
cium as well as regular physical activities three to five
times a week [18]. Caffeine, nicotine, and a high intake of
ethanol should be avoided.

An important point in fracture prevention is the preven-
tion of falls because above the age of 65 years, about 30 % of
self-dependent elderly and half of those living in residen-
tial care facilities or nursing homes fall at least once a year;
the percentage increases further with increasing age, and
about half of the fallers are recurrent fallers [19]. Most falls
are of multifactorial origin, endogenous and exogenous
risk factors being responsible for the fall. Except for most
of the vertebral fractures, the nature of an accidental fall is
an essential part concerning the risk of a fragility fracture. A
fracture occurs if the applied load during the impact of the
fall is higher than the structural capacity of the bone (Fig. 1).
According to the American Geriatrics Society, persons over
the age of 65 years should be screened for falls or risk for
falling. The algorithm is shown on the Internet page www.
americangeriatrics.org.

Prevention of fragility fractures

Regular physical activities/exercise

Sufficient calcium intake and vitamin D level, possibly substitution
Bone-specific medication (depending on fracture risk)

Rehabilitation of fragility fractures
Rehabilitation after vertebral fractures
Acute vertebral fractures may cause rest pain and an even

higher pain during movement. If that is the case, pain
reduction is the primary aim of rehabilitation. Because
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of potential side effects, pharmaceuticals should be used
at a low dose and as short as possible. Electrotherapy is
another option of pain management reducing the need
of analgesics [20] and keeping the patient independent
and mobile. Osteoporosis-related kyphosis leads to
many problems including balance abnormalities [21]
and consequently an increased risk of falling. That may
be counteracted by strengthening the back muscles [22,
23]. Additionally, progressive back-strengthening exer-
cise increases back extensor strength and BMD while
reducing the incidence of further vertebral fractures [24].
A multicomponent exercise program that includes resis-
tance and balance training, emphasizing a daily training
of spinal extensors, is recommended for individuals with
osteoporosis; of course, impairments, fracture risk, and
activity history have to be taken into consideration [25].
Wearing a functional orthosis for a 6-month period seems
to reduce pain and to increase trunk muscle strength
[26]. In case of persisting pain after vertebral fracture
despite pain management, vertebro- or kyphoplasty may
be a therapeutic option. A meta-analysis showed that
compared to conservative treatment, surgical treatment
is more effective in decreasing pain in the short, mid and
long term, but a significant difference in physical func-
tion and quality of life is not observed [27]. In a patient
with prevalent fragility fracture, an osteoporosis-specific
medication has to be initiated. We distinguish antire-
sorptive from anabolic therapy and from medication with
a dual mode of action (Table 1). Oral bisphosphonates
are the first-line treatment option for postmenopausal
osteoporosis. They reduce the risk of vertebral and hip
fracture by about half [28]. The parenteral bisphospho-
nate zoledronic acid reduces the cumulative incidence of
hip fractures by 41 %, the clinical vertebral fractures by
77 %, and the non-vertebral fractures by 25% compared
to placebo within 3 years [29]. Selective estrogen recep-
tor modulators reduce the risk of vertebral fractures by
about 30 % [30]. The human monoclonal antibody to the
RANKL denosumab reduces the risk of vertebral (rela-
tive decrease of 68%), non-vertebral (relative decrease
of 29%), and hip fractures (relative decrease of 40 %) in
postmenopausal osteoporotic women [31]. An advantage
of denosumab is that it is a treatment option in patients
with chronic kidney disease. The only anabolic therapy is
the daily injection of 20 pug parathyroid hormone (PTH).
It increases intracortical remodelling and endocortical
bone mass. After the 2-years-lasting PTH therapy, a con-
solidating therapy with an antiresorptive agent is neces-
sary. Vertebral (RR 0.35) and non-vertebral fractures (RR
0.47) are reduced after a median treatment period of 21
months [32]. Even after cessation of PTH therapy, frac-
ture rate reduction is continued. The efficacy of strontium
ranelate has also been shown [33]. However, according to
the European Medicines Agency’s Committee for Medi-
cal Products for Human Use, because of an increased
risk of myocardial infarction, strontium ranelate should
only be used to treat severe osteoporosis in postmeno-
pausal women and men at high risk of fracture for whom
treatment with other medicinal products approved for

the treatment of osteoporosis is not possible. It must
not be used in patients with ischaemic cardiac disease,
peripheral arterial obstruction disease, cerebrovascu-
lar disease, or uncontrolled hypertension. Of course, all
medications’ contraindications and adverse effects have
to be checked before initiating bone-specific medica-
tion. Especially because of potential negative side effects
of long-term bisphosphonate therapy, concerns on opti-
mal treatment duration have been raised. In general, a
3-5-years-lasting therapy is suggested, and continuation
of bone-specific therapy is only indicated in patients with
persisting high risk of fragility fractures [34].

Rehabilitation of vertebral fractures
Pain management

Strength training

Functional orthosis
Kyphoplasty/vertebroplasty
Bone-specific medication

Rehabilitation after hip fracture

Fractures of the hip region have to be operated on as
soon as possible. Since nourishment is often not bal-
anced in elderly subjects, it is important to pay attention
to a high-protein diet, enriched with minerals and vita-
mins [35]. After surgery, rehabilitation should start more
or less immediately. Early mobilization (within 24 h)
may prevent complications such as deep vein thrombo-
sis. The best strategies for enhancing mobility after hip
surgery are not known [36], but strengthening exercises
of the knee extensors—started as soon as 2.5 days after
surgery—have been shown to be feasible and effective,
increasing knee extensor strength [37]. After progressive
strength training—initiated 3 weeks after hip fracture
surgery—improvements in functional outcome like the
“timed up and go” and 6-min walk test were observed
[38].

Since 90 % of all hip fractures occur during a fall, fall
risk reduction is a very important part of rehabilitation
in these patients. According to a systematic review [39],
group and home-based exercise programs as well as
home safety modification reduce the rate of falls and risk
of falling. Multifactorial interventions directed towards
the individual’s risk reduce the rate of falls. Supplemen-
tation with vitamin D is only effective in subjects with a
low vitamin D level. Exercise programmes designed to
prevent falls in older adults also seem to prevent inju-
ries caused by falls, including fractures [40]. After hip
surgery, multidisciplinary care in a geriatric ward signifi-
cantly reduces the rate of falls. In care facilities, vitamin
D supplementation and multifactorial interventions are
beneficial; exercise only lessens falls in people who have
a relatively low demand of care [41].

The aim of hip protectors is to decrease the risk of hip
fracture despite a sideways fall. While hitting the ground,
the impact on bone is supposed to be reduced. However,

@ Springer

Prevention and rehabilitation of osteoporosis 25




studies in which randomization was performed on an indi-
vidual basis did not reveal an efficacy of hip protectors in
preventing hip fractures [42]. The reason for failure may be
that these protectors were often not worn while falling.

Of course, a patient who has had a hip fracture needs
a bone-specific medication. If he/she has already been
on such a therapy, the regimen has to be adapted/opti-
mized. It is important to treat patients on an individual
basis taking into account the patient’s risk of fracture [43].

Rehabilitation after hip fracture
Postoperative mobilization

Fall risk reduction, including exercise
Hip protector

Bone-specific medication

Conclusion

Osteoporosis is a systemic skeletal disease associated with
an increased risk of fragility fracture leading to pain, mor-
bidity, and risk of mortality. Thus, prevention of the first
fragility fracture or subsequent osteoporotic fracture is the
clinician’s primary aim. Despite the fact that peak bone
mass is to a high amount genetically determined, lifestyle
factors also have an important effect on bone health. Par-
ents should have their children’s sufficient intake of milk
products and regular physical activities in mind. In adults,
besides a calcium intake of 1000 mg per day and an adequate
vitamin D level, regular bone loading is recommended.
In case of the occurrence of fragility fractures, a specific
rehabilitation has to be initiated. After vertebral fracture
maintenance of mobility—if necessary with use of pain kill-
ers—strengthening of back muscles in order to ameliorate
postural stability and reduce the risk of falling, probably
the use of orthoses and, of course, the initiation or adapta-
tion of bone-specific medication are in the foreground. Hip
fractures are the most-affecting osteoporotic fractures. After
surgery, patients have to be mobilized as soon as possible.
The aim is to regain the general state of health as soon as
possible. Fall risk reduction and initiation of bone-specific
therapy are indispensable. The best way of rehabilitation is
the rehabilitation performed by a multiprofessional team.
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