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Osteoporosis - risk factors, prophylaxis,
diagnostic tests and pharmacotherapy
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ABSTRACT

Progressing osteoporosis is a pathological process, which leads to increased bone brittleness and the risk of spontaneous fractures.
The prophylaxis of osteoporosis is aimed at preventing its development. It is important to adjust prophylactic measures to each
patient’s needs and capabilities. In the case of osteoporosis, the procedure involves taking the medical history, physical
examination, densitometry, radiological examination and analytical tests. The following drugs are used in the treatment of
osteoporosis: bisphosphonates, calcitonin, estrogens, tibolone, drugs from the SERM group (raloxifen), fluoride, parathormone,
strontium. Furthermore, osteoporosis treatment is supplemented with calcium, vitamin D and phosphorus.
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OSTEOPOROSIS FRACTURES

Women who have fractured one vertebra, experience
further fractures 2.6-3 times more often compared to
women without a history of fractures, regardless of the
bone mass. In turn, women with low bone mass who have
experienced spinal or paraspinal fractures are 16 times
more likely to have further spinal fractures. Among the
most dangerous are femoral neck fractures since mortality
among patients with this type of fractures is very high.
Among patients of over 60 years of age, 25% of cases end
in death, and after reaching the age of 90 over half of pa-
tients die [5,11,13]. When it comes to fractures of the
distal part of the radial bone, the procedure involves set-
ting the bone and stabilising displaced fractures. Closed
resetting under local anaesthetic is applied together with
immobilisation in plaster. Displaced, unstable fractures
are qualified for surgical treatment. Analgesics are used
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when needed. In turn, fractures of the proximal humerus
are usually treated using non-surgical methods. Both
non-displaced fractures and successfully reset ones are
put in Dessault or Velpeau plaster for 2-3 weeks, followed
by two weeks in abduction orthosis, starting the gradual
rehabilitation of the elbow joint and shoulder. Proximal
femur fractures are treated surgically. Osteoporotic spinal
fractures are of a stable nature, are classified as compres-
sion fractures and practically do not require surgical
intervention. Due to the acute pain accompanying such
fractures, sometimes opiate analgesics are used [23]. Re-
habilitation following any type of osteoporotic fracture is
applied in order to improve the patient’s quality of life and
facilitate the return to self-sufficiency. Kinesiotherapy is
aimed at increasing the mineral density of bones, to pre-
serve its structure, improve the patient’s muscular and
motor coordination, as well as enhance the functioning of
the cardiovascular and respiratory system and the general
fitness. By using physiotherapy pain intensity can be re-
duced and muscular tension can be controlled, while
orthopaedic appliances enhance the patient’s functioning,
reduce the risk of falling and mitigate pain [13].
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OSTEOPOROSIS RISK FACTORS

Factors contributing to the risk of and influencing the
course of osteoporosis can be divided into unmodifiable,
i.e. the ones depending on genetic determinants and
comorbidities and modifiable, i.e. the ones which can be
influenced through a change in lifestyle. Genetic factors —
an increased risk of the disease was identified in families
with a history of osteoporosis. Age is also considered
a risk factor because the bone tissue degenerates with age
and thus the risk of osteoporosis rises [4]. Another factor
is sex — men in their young age reach a higher peak value
of bone mass than women; also, their bones are larger. In
turn, women at menopause lose more bone mineral mass
than men [25]. The factors which can be influenced in-
clude, inter alia, nutrition. Too low amount of calcium in
diet increases the risk of osteoporosis and fractures. Simi-
larly, vitamin D and protein deficiencies considerably
increase the risk of osteoporosis [4,25]. Hormones consti-
tute another modifiable risk factor. Estrogen deficits
intensify osteoclastic activity and bone resorption. A 1%
annual decrease in BMD in an untreated women after
menopause translates into a 40-50% loss of the peak bone
mass after reaching the age of 90 [3,4,11,27]. Reduced
physical activity is also a natural way to relieve bones, al-
though in the long run it may increase the rate of bone
mass loss due to a decreased mechanical stimulation of
osteoblasts. However, during a prolonged period of inten-
sive physical activity women may experience eating
disorders, the lack of menstruation or osteoporosis. These
symptoms are called the female athlete triad syndrome
[4,22]. Pharmaceuticals such as corticosteroids, anticon-
vulsant medicines, ciclosporin and heparin decrease bone
density. Corticosteroid therapy constitutes an important
cause of secondary osteoporosis [4,11,18,28]. Tobacco
smoking leads to decreased bone density, which is proba-
bly due to the reduced synthesis of estrogens and their
intensified deactivation. It has been proven that tobacco
smoking has an impact on women’s bone mineral density.
In order to stop bone mass deterioration, smoking women
must receive higher doses of estradiol than non-smoking
women [4,11,21]. Disorders such as diabetes, hyperpara-
thyroidism and hyperthyroidism cause an increased bone
turnover, which leads to general bone mass deterioration.
Intestinal inflammatory diseases, gastrectomy, coeliac
disease, Crohn’s disease, and pancreatic endocrine disor-
ders are accompanied by disorders in the intestinal
absorption of calcium, phosphorus and vitamin D. Cush-
ing’s disease and depression involve an increased
concentration of endogenous cortisol in blood serum,
which entails a loss in bone mass similar to the one ob-
served in corticotherapy [4]. Bone metabolism in diabetes
may be influenced by insulin-like growth factors and
other cytokines. Retinopathy and diabetogenic neuropa-
thy are the risk factors contributing to frequent falling, as
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they cause vision, balance or gait disorders [6]. Rheuma-
toid joint inflammation is a comorbidity of osteoporosis.
A prolonged rheumatoid process leads to generalised os-
teoporosis related to joint damage and, in consequence, to
the impairment of physical fitness [16].

PROPHYLACTIC MEASURES

Osteoporotic fractures can be prevented by avoiding
injuries, because one fracture leads to another. Prophy-
laxis is also an important element of combatting
osteoporosis at all stages of a person’s life. Children and
adolescents should be educated about the proper supply of
calcium and vitamin D3 as well as an active lifestyle. In
the case of adults, it is important to avoid smoking and
drinking excessive amounts of alcohol. Women in meno-
pause are recommended a hormone replacement therapy
unless there are serious contraindications. Moderate
physical activity is also recommended. Elderly people are
advised to maintain the proper body weight and the re-
quired calcium and vitamin D3 consumption, take
advantage of sunbathing, preserve a possibly high level of
physical fitness and suitable amount of exercise [24]. Peo-
ple aged 25-30 until reaching the peak bone mass are
advised to exercise because the lack of physical activity is
amajor risk factor of osteoporosis. However, it should be
borne in mind that too intensive physical exercise in
young women can induce the temporary lack of menstrua-
tion and consequently a reduction in estrogen activity
stimulating the development of bone tissue. Maintaining
physical activity after the age of 50 is the most important
factor preventing bone mass deterioration. Strolling is a
good prophylactic measure, because patients can enjoy
sunlight which stimulates the production of vitamin D.
Elderly people due to the weakened skeletal system
should choose less strenuous exercises, such as walking,
and supplement them with resistance exercises of the up-
per and lower part of the body. Excessive strain on
afailing skeletal system may lead to fatigue-induced dam-
age and stress fractures [4,20,22]. According to general
practice, daily diet supplementation with on average 1000
mg calcium, 800 IU of vitamin D and proteins in the
amount of 1 g/kg of body weight can be recommended to
osteoporosis patients as a supplementary treatment.

DIAGNOSTIC TESTS IN OSTEOPOROSIS

Apart from the traditional taking of the medical his-
tory, physicians may use questions from the osteoporosis
risk test recommended by the International Osteoporosis
Foundation (IOF).

Physical examination starts with the measurement of
the patient’s height, body weight and the calculation of
the BMI (Body Mass Index). The signs of faulty posture
typical for this disease are also evaluated, including the
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increase of thoracic kyphosis with a secondary increase of
lumbar and cervical lordosis, deformation of the thorax
(dowager’s hump). The physician also performs a stan-
dard examination of the spine and limbs [8].

Densitometry is a specialist examination performed to
measure the mineral density of bones. Densitometric
methods are based on measuring gamma radiation absorp-
tion sent by a radioactive isotope or an x-ray tube. By
measuring the radiation density from the x-ray tube before
and after going through the object, it is possible to calcu-
late the object’s mass [17]. Bone density measurements
are also made with the use of radiological absorptiometry
based on the traditional radiological examination [8]. An-
other method is the single x-ray absorptiometry — SXA,
where radiation measurement is carried out with densi-
tometers constructed specifically for this purpose.
However, performing examinations remains problematic,
especially in the area of limb bones. It also does not allow
the distinction between the cortical and trabecular struc-
ture [8,17]. Dual energy x-ray absorptiometry (DEXA,
DXA) is another densitometric method. New generation
apparatus is used here, in which the source of radiations is
an x-ray lamp which, employing a special filter, emits
a beam with double energy. Owing to this method, the
bone mineral density can be measured in the lumbar sec-
tion of the spine in the anteroposterior and lateral
projection in the proximal part of the femur, forearm and
in the entire spine. The available software also allows the
measurement of BMD around the hip joint prosthesis. The
test is absolutely safe, as the measurement takes from 5 to
12 minutes, the applied radiation dose is low, and sensitiv-
ity is high [1,8,15,17]. For patients and physicians Z and T
scores are the most important in the interpretation of a d-
ensitometric test. The Z score shows standard deviations
between the patient’s bone density and statistical data for
a healthy person of the same sex, race and age. The T-
score defines standard deviations between the patient’s
bone density and the peak, ideal bone mass, which the pa-
tient could have achieved in adolescence. The World
Health Organisation (WHO) suggests densitometric test-
ing of osteoporosis progression [8].

Bone density measurements are also performed
through quantitative computerised tomography — QCT.
Acoustic parameters of bones are made with the use of
quantitative ultrasonography — QUS. Differential diagno-
sis and documentation of fractures is prepared on the basis
of a radiological examination, typically of the dorsal and
lumbar section of the spine [1,8].

Each person with suspected osteoporosis should un-
dergo analytical examinations such as complete blood
count, erythrocyte sedimentation rate and general urine
test, calcium and alkaline phosphatase ratio in blood se-
rum, and calcium and creatinine ratio in urine. Bone
markers based on the analysis of bone metabolism prod-
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ucts in serum or urine make it possible to determine bone
metabolism. They are divided into bone formation markers
(the bone fraction of alkaline phosphatase, osteocalcin,
N-terminal propeptide of procolagen type I) and resorp-
tion markers (pyridinoline, deoxypyridinoline) [1,8].

PHARMACOTHERAPY IN OSTEOPOROSIS

For prophylaxis it is recommended to take 600-1500
mg of elemental calcium daily [2]. Vitamin D also par-
ticipates in calcium absorption from the gastrointestinal
tract and its reabsorption in kidney tubules. For prophy-
laxis men and women who have turned 50 are recommen-
ded to supplement vitamin D with daily doses of 400-800
units [2,10]. Phosphorus constitutes an important element
affecting calcium balance. Body phosphorus in 90% is
located in bones and teeth in the form of calcium phos-
phates; its absorption is also dependent on vitamin D. Its
sources include meat, poultry, fish, milk and dairy prod-
ucts, especially fermented cheese, cottage cheese and
yoghurts, and cereal products — dark bread, and pearl bar-
ley [12]. Fluoride increases the number of osteoblasts,
i.e. active bone-forming cells, so it contributes to bone
creation. According to the experts from the National Food
and Nutrition Institute in Warsaw, the application of fluo-
ride in osteoporosis therapy can be effective and safe
under the condition that the daily dose does not exceed
15-30 milligrams [10].

Among osteoporosis medicines there are the follow-
ing: bisphosphonates, which effectively prevent the de-
terioration of bone mass, permanently bonding with
hydroxyapatite crystals on the bone surface. They also in-
hibit the activity of osteoclasts. Among bisphosphonates
there are etidronate, alendronate, and risedronate
[2,10]. Ibandronate is a bisphosphonate of the newest,
third generation. Its anti-resorptive effect is at least ten
times stronger than that of alendronate. It is used in the
treatment and prophylaxis of post-menopause osteoporo-
sis. In this case, however, adverse reactions such as
influenza-like syndrome have been observed. Similarly as
other bisphosphonates, ibandronate has an anti-neoplastic
effect and reduces the risk of bone metastases [9,14]. Cal-
citonin is a hormone regulating calcium balance. It is
secreted as a result of a high concentration of calcium in
blood. Calcitonin has an effect opposite to parathormone.
It lowers the concentration of calcium and decreases bone
resorption by directly blocking osteoclastic activity. Os-
teoporosis can be treated with salmon calcitonin because
it has a stronger effect than human calcitonin. The effects
of calcitonin also include the reduction of pain, which
contributes to the improvement of the general condition
and physical fitness of osteoporosis patients [2,10,19].
Estrogens have a direct impact on osteoblasts, increasing
their activity and extending their lifetime, while stimulat-
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ing natural cell decay [2,10,19,27]. Tibolone is a synthetic
analogue of sex hormones with estrogen, androgen and
progestagen effects. It prevents the deterioration of bone
mass and, due to the androgen component, lowers bone
turnover by 30 - 50%, leading to a 2-5% increase in bone
mass in the first two years of use [10]. SERM (Selective
Estrogen Receptor Modulator) inhibits the formation of
osteocytic lacunae by osteoclasts. In women in the post-
menopausal age raloxifen causes a decrease in the con-
centration of bone turnover markers, an increase in bone
mass in vertebral bodies, and considerably reduces the
risk of vertebral fractures during three years of therapy
[2,10,19,26]. Parathormone, secreted by parathyroid
glands, together with calcitonin, is responsible for regulat-
ing calcium balance. It has been found that parathormone
treatment decreases the risk of vertebral and paravertebral
fractures, increases the average mineral density of bones
and is well tolerated by patients [2,10,13]. Strontium ra-
nelate is a medicine with a double effect — it inhibits
resorption and stimulates the formation of bone tissue by
limiting the differentiation and activity of osteoclasts and
increasing the synthesis of collagen by osteoblasts
[7,10,14].

REFERENCES

1. Arden N.K, Spector T.D.: Osteoporoza - aktualny stan
wiedzy. Borgis, Warszawa, 50-51, 56, 67-70, 2000.

2. BajajS., Saag K.G.: Osteoporoza: ocena ileczenie. Medycyna
po Dyplomie, 8, 67-69,74, 2004.

3. Baszko-Blaszczyk D., Sowinski J.: Choroby tarczycy i
nadnerczy a zagrozenie osteoporoza. Terapia, 2, 22, 2005.

4. Beck B.R,, Schoemaker M.R.: Osteoporoza. Najwazniejsze
czynniki ryzyka i mozliwosci leczenia. Medycyna po Dyplo-
mie, 10, 148-158, 2000.

5. Bilinski P.J.: Problemy leczenia ztaman osteoporotycznych
konczyn dolnych. Ortopedia Traumatologia Rehabilitacja,
2, 171-172, 2002.

6. ChauD.L., Edelman S.V., Chandran M.: Osteoporoza a cu-
krzyca. Medycyna po Dyplomie, 9, 151, 2003.

7. Czerwinski E., Bieda T.: Ranelinian strontu - nowa opcja
leczenia osteoporozy. Terapia, 2, 49, 2005.

8. Czerwinski E., Dzialak P.: Diagnostyka osteoporozy i ocena
ryzyka ztamania. Ortopedia Traumatologia Rehabilitacja, 2,
128-129, 131-133, 2002.

9. Czerwinski E., Osieleniec J.: Ibandronian w zapobieganiu
zfamaniom osteoporotycznym. Reumatologia, 6,356,2009.

10. Czerwinski E., Sawiec A., Dzialak P., Kotacz M.: Leczenie os-
teoporozy. Ortopedia Traumatologia Rehabilitacja, 2, 105,
192-196, 2002.

108

11. Harvey N., Cooper C.: Czynniki determinujace ryzyko
ztaman w osteoporozie. Medycyna po Dyplomie, 11,
24,140-142, 2003.

12. Heaney R.P.: Fosfor w diecie a leczenie osteoporozy. Me-
dycyna po Dyplomie, 7, 83-84, 2005.

13. Horst-Sikorska W., Marcinkowska M.: Osteoporotyczne
ztamania kostne- profilaktyka, leczenie, rehabilitacja. Tera-
pia, 2, 37- 39, 46-47, 2005.

14. Kolczewska A.: Wspolczesne metody leczenia osteoporozy.
Przewodnik Lekarza, 3, 73, 2007.

15. Leszczynski P.: Gestos¢ mineralna kosci czy jako$¢ kosci —
praktyczne podejscie do oznaczen densytometrycznych.
Terapia, 2, 41-43, 2005.

16. Leszczynski P., Hrycaj P., Mackiewicz S.: Osteoporoza
u chorych na reumatoidalne zapalenie stawéw - realny
problem czy fikcja? Ocena wystgpowania ztaman trzonéw
kregowych u kobiet z reumatoidalnym zapaleniem stawow
w wieku do 50 lat. Reumatologia, 6, 363, 2007.

17. Lorenc R.S., Walecki J.: Diagnostyka osteoporozy. Wy-
dawnictwo Lekarskie PZWL, Warszawa, 47, 49-51, 1999.

18. Mackiewicz S.: Terapia glikokortykoidami a zagrozenie os-
teoporoza. Terapia, 2, 6-7, 2005.

19. Mastroianni Jr L., Ravnikar V.A., Wooten W.: Ocena
i ochrona ukladu kostnego u kobiet po menopauzie. Gi-
nekologia po Dyplomie, 1, 67-69, 2003.

20. Pilewska A., Kanadys K., Lepecka-Klusek C., Bucholc M.:
Aktywnos¢ fizyczna kobiet jako profilaktyka osteoporozy.
Annales Universitatis Mariae Curie-Sklodowska Lublin
Sectio D, 489, 2003.

21. Pilewska A., Lepecka-Klusek C., Kanadys K., Bucholc M.:
Zachowania zdrowotne kobiet zmniejszajgce ryzyko zachor-
owania na osteoporoze. Annales Universitatis Mariae
Curie-Sklodowska Lublin Sectio D, 494, 2003.

22. Sapula R., Grochowski L., Wéjcik M.: Ocena zalecer lekar-
skichw profilaktyce i leczeniu osteoporozy. Annales Universi-
tatis Mariae Curie-Sktodowska Lublin Sectio D, 58 supl. 13
[cz.3], 82, 2003.

23. Smith R., Harrison J., Cooper C.: Osteoporoza. Wspdlpraca
lekarza pierwszego kontaktu i specjalisty. Medycyna praktyc-
zna, Krakow, 39, 2000.

24. Szczygielska-Majewska M., Papis E.: Styl Zycia a osteo-
poroza. Annales Universitatis Mariae Curie-Sktodowska
Lublin Sectio D, 242, 2003.

25. Tkaczuk-Wlach J., Sobstyl M., Jakiel G.: Osteoporoza —
obraz Kkliniczny, czynniki ryzyka i diagnostyka. Przeglgd
Menopauzalny, 2, 114, 2010.

26. Tkaczuk-Wlach J., Sobstyl M., Jakiel G.: Osteoporoza - za-
pobieganieileczenie. Przeglad Menopauzalny, 4, 284, 2010.

27. Warenik-Szymankiewicz A., Stopien R.: Miejsce estrogenow
w leczeniu osteoporozy. Terapia, 8, 44, 2005.

28. Zaba R.: Miejscowa kortykoterapia a ryzyko osteoporozy.
Terapia, 2, 30, 2005.

Current Issues in Pharmacy & Medical Sciences



