
BONES – ANAT OMY AND PHYSI OL OGY
Bones are highly di verse forms of the con nec tive tis -

sue. They con sist of or ganic sub stances (os teo blasts,
os teo cytes, os teo clasts, and an in ter cel lu lar sub stance
con tain ing col la gen, elas tin, gly co pro teins, as well as ves -
sels and nerves which sup ply the bone), in or ganic min eral 
com pounds (70% of the to tal bone mass), and wa ter
[8,13]. The skele ton serves as a sup port for the mus cles,
pro tects in ter nal or gans and has a lo co mo tive func tion. It
also con tains bone mar row and stores 99% of to tal body
cal cium and phos pho rus re serves.

Bones are tis sues un der go ing con stant re sorp tion and
ref or ma tion, which en sures a struc tural ho meo sta sis of the
skele tal sys tem and a proper ex change of its com po nents
with body flu ids [7]. The bone’s or ganic part com prises os -
teo blasts (young os teo cytes), form ing the so- called os teoid. 
They aid in the cor rect cal ci fi ca tion of the bone, and par tici -
pate in the dif fer en tia tion and ac ti va tion of os teo clasts;
af ter be ing en cased by the bone tis sue, they be come os teo -

cytes. Os teo cytes (ma ture bone cells), de pend ing on their
stim uli, con trol the min er ali sa tion of the bone tis sue and the 
syn the sis of or ganic sub stance [8]. If needed, os teo cytes
can dis solve their near est bone, re leas ing cal cium and
phos pho rus to the ex tra cel lu lar fluid and blood [11]. Os teo -
clasts are bone- resorbing cells which, by cre at ing a highly
acidic en vi ron ment on the bone’s sur face, use en zymes to
dis solve the bone [17]. Phos pho rus and cal cium, in turn,
con sti tute the main min eral com pounds in bones, such as
tri cal cium phos phates, cal cium car bon ates and mag ne -
sium, and cal cium and mag ne sium fluo rides [13].

In the struc ture of bones, two types of os se ous tis sue
can be dis tin guished – the cor ti cal (com pact) and the tra -
be cu lar (can cel lous) tis sues. The cor ti cal bone is built
from in ter con nected plates and small rods, which con tain
he ma to poie tic or yel low bone mar row. This tis sue can be
found pri mar ily at the ends of long bones and in side flat
bones. The cor ti cal bone, on the other hand, con sists of a
dense, cylindrically- shaped tis sue (os teons), lo cated con -
cen tri cally around cen tral ca nals, or the so- called
Ha vers ian sys tems. These sys tems con tain blood ves sels,
lym phatic ves sels, nerves and the con nec tive tis sue,
which is pres ent in the shafts of long bones, forms the sur -
face of flat bones, and makes up nearly 90% of the
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ABSTRACT
Osteoporosis is an extensive disease of the skeletal system, causing a decrease in the mineral density of bones and a disruption of
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skele ton vol ume [1]. Bone den sity changes with age – dur -
ing child hood and ado les cence an in crease oc curs in the
bone mass and its vol ume, which is ac com pa nied by the
growth of bone min eral den sity (BMD) pro vided in grams
of cal cium per square cen ti me ter of bone (g/cm2). How -
ever, af ter reach ing 40 years of age, hu man body starts to
un dergo a con tinu ous de crease in bone den sity [14,17,19].

Both os teo gene sis and re sorp tion in volve sev eral sys -
temic hor mones, in clud ing para thor mone, triio do thy ronine,
the growth hor mone, glu co cor ti cos ter oids, 1.25 di hy droxy- 
vi ta min D, and sex ster oids (an dro gens and es tro gens) [1]. 
Vi ta mins A and C are re quired, in turn, for the cor rect col -
la gen syn the sis, while vi ta min D in creases the ab sorp tion
of cal cium and phos phates in in tes tines, strength ens the
re ab sorp tion of cal cium and phos phates in kid neys and
raises cal cium con cen tra tion in the blood se rum. It acts
syn er gis ti cally with cal ci tonin, which in ten si fies the os si -
fi ca tion pro cess by ac cu mu lat ing cal cium in the bones in
the form of hy droxya pa tites [13].

THE DEFI NI TION AND CAUSE 
OF OS TEO PO RO SIS

The term „os teo po ro sis” origi nates from two words:
os teo, de not ing bone, and po ro sis – bone de cay. Ac cord -
ing to the defi ni tion drawn up by the World Health
Or gani sa tion in Hong Kong in 1993, os teo po ro sis is
“a sys temic skele tal dis or der, char ac ter ised by low bone
min eral den sity (BMD), de te rio ra tion of the mi croar chi -
tec ture of bone tis sue, and sus cep ti bil ity to frac ture”. In
2001, re search ers from the Na tional Os teo po ro sis Foun -
da tion (NOF) and the Na tional In sti tute of Health (NIH)
of fered an other defi ni tion which states that os teo po ro sis
is “a skele tal dis or der char ac ter ised by com pro mised bone 
strength lead ing to an in creased risk of frac ture” [4,12,
14,18,23]. At the core of this dis ease there are bone frac tures
which can be caused even by mi nor in ju ries and don’t nor -
mally oc cur in a per son with a healthy bone mass.

Lit era ture pro vides the fol low ing no men cla ture to de -
scribe the level of osteoporosis- related risk: ad vanced
os teo po ro sis, os teo po ro sis, os teopenia, and nor mal bone
mass [8,4]. The dis ease can be bro ken down with re gard to 
lo ca tion – gen er al ised and lo cal ised os teo po ro sis – or
clinical as pects – pri mary and sec on dary os teo po ro sis. The
lo cal ised type, oc cur ring al ways as the sec on dary vari ant,
in cludes os teo po ro sis caused by in flam ma tory and rheu -
matic dis eases, or im mo bi li sa tion due to e.g. a plas ter cast.
Gen er al ised os teo po ro sis can be di vided into pri mary and
sec on dary types, and pri mary fur ther into idio pathic (ju ve -
nile and adult) and in vo lu tive (type I – post meno pausal
os teo po ro sis and type II – se nile os teo po ro sis).

The pri mary idio pathic type in cludes os teo po ro sis, the
causes of which can not be es tab lished. The sec on dary
type, in turn, re sults from other patho logi cal changes,
such as hor mo nal dis or ders mani fested in the course of the 

Cush ing’s syn drome, hy per thy roid ism, hy po gona dism,
pi tui tary hy po func tion, and dia be tes, as well as due to cer tain 
medi cines (cor ti cos ter oids, an ti con vul sants, cy to stat ics and
hepa rin) [3,10,17]. Sec on dary os teo po ro sis is di ag nosed
in con geni tal dis eases, e.g. the Turn er’s and Kline fel ter’s
syn dromes, in which the hor mone de fi ciency plays the
domi nant role. Nu tri tion dis or ders, such as nu tri ent
malab sorp tion and ano rexia ner vosa, may also lead to sec -
on dary os teo po ro sis [17].

This type of os teo po ro sis re sults from the lack of physi -
cal ac tiv ity, and is of ten in duced by preg nancy, dur ing
which a low level of vi ta min D3 in blood can be ob served,
in ad di tion to tem po rary hor mo nal dis or ders which pre -
pare the woman’s body for the fol low ing weeks of
preg nancy and lac ta tion [1]. Meno pause, i.e. the last men -
strua tion in a woman’s life, brings about a number of
bod ily changes. For in stance, es tro gen pro duc tion un der -
goes de crease prior to the meno pause and al most
com pletely stops af ter wards. In char ac ter is ing in vo lu tive
os teo po ro sis type I (i.e. post meno pausal), one should start 
from its main causal fac tor, that is ovar ian hy po func tion,
which in ten si fies in women af ter they reach 50 years of
age. This ini ti ates nu mer ous pro cesses lead ing to the re -
duc tion of bone mass. In this case, usu ally ob served are
ver te bral frac tures and the pe riph eral part of the ra dial
bone [2,10,12,13,15,17,18,23].

The cause of os teo po ro sis type II, also re ferred to as se -
nile os teo po ro sis, is a de crease in the number of cells in
the bone tis sue brought about by its in abil ity to re form, as
well as a re duced level of vi ta min D3, the lack of which
con trib utes to poorer ab sorp tion of cal cium in the in tes -
tines. This, in turn, low ers cal cium con cen tra tion in the
blood and stimu lates the se cre tion of para thor mone,
which in creases cal cium re sorp tion from bones. Thus,
frac tures of ver te bral bod ies, the femo ral neck, the hu -
merus, and the ra dius may oc cur [9,10, 12-14,19]. 

EPI DE MI OL OGY
Os teo po ro sis is the most fre quent meta bolic dis or der of 

bones. Ac cord ing to the es ti mates, ap proxi mately 100
mil lion peo ple suf fer from os teo po ro sis [10]. Glob ally
9 mil lion os teo porotic frac tures were re corded in 2000, of
which nearly 40% oc curred in Europe and in de vel oped
coun tries such as Swe den, Den mark, Nor way, the United
King dom and Ger many [22]. In the United States, os teo -
po ro sis oc curs in ap proxi mately 25 mil lion peo ple, which
ac counts for al most 10% of the popu la tion, caus ing
1.3 mil lion frac tures per year [10]. It should be borne in
mind that ap prox. 70% of spi nal frac tures are un dis closed, 
so sta tis tics may be slightly un der es ti mated. Os teo porotic
pro cesses af fect both women and men; how ever, it has
been proven that the risk of frac tures in women is con sid -
era bly higher. In women of the Cau ca sian race aged over
50, this risk reaches 32% for spi nal frac tures, 16-17.5%
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for the proxi mal part of the fe mur and 15% for fore arm
frac tures. In com pari son, the risk of proxi mal fe mur frac -
tures in men of simi lar age is only 6% [20]. In Po land, the
re sults of the re search car ried out show that over 25% of
women and 13-29% men suf fer from this dis ease [10]. On
the other hand, the in ci dence of fe mur frac tures as well as
in ter tro chanteric and sub tro chanteric frac tures among
Poles aged over 50 is as sessed at the level of 165/100 000
resi dents/year, and in the popu la tion of those aged over
85 this amounts to 1138/100 000 women/year and
666/100 000 men/year [22]. Ana lysis of the lit era ture on
the sub ject with re gard to os teo po ro sis in ci dence leads to
a con clu sion that among women pri mary os teo po ro sis is
found in 70% of cases. Among men sec on dary os teo po ro -
sis pre vails (54%), and pri mary os teo po ro sis is found in
46% of cases [1,3].

THE SYMP TOMS OF OS TEO PO RO SIS
Be fore em bark ing on the char ac teri sa tion of the clini -

cal symp toms of os teo po ro sis, it should be men tioned that 
this dis ease can re main as ymp to matic for years. Ini tially
pa tients do not ex pe ri ence any health prob lems. Fre -
quently the ini tial symp tom is chronic pain of the spine
and the skele tal sys tem dur ing move ment [23]. At first the 
pain sub sides af ter rest ing, but as the dis ease pro gresses, it 
be comes per ma nent, in ten si fy ing dur ing move ment and
re strict ing pa ti ent’s mo bil ity within par ticu lar sec tions of
the spine. An other symp tom, which is also a com pli ca tion
of os teo po ro sis, is bone frac tures [2,12,14,19]. The most
fre quent os teo porotic frac tures in clude those in the dis tal
part of the ra dial bone, the proxi mal end of the hu merus,
and ver te brae. As a con se quence, pa tients with frac tures
suf fer from pain, im mo bi li sa tion, a de cline in physi cal fit -
ness, and se ri ous com pli ca tions may even re sult in death
[5,6]. Acute pain in the dorso- lumbar or lum bar area of the 
spine while rest ing, per form ing daily ac tivi ties or turn ing
sud denly, may in di cate a ver te bral frac ture [11]. Such
frac tures lead to a de crease in height; in ex treme cases
costal mar gins rest on wings of ilia, which causes high-
 degree ky pho sis re ferred to as dowa ger’s hump. These
symp toms are ac com pa nied by prob lems with the res pi ra -
tory sys tem (low ered res pi ra tory ca pac ity, sus cep ti bil ity
to pneu mo nia), the gas tro in tes ti nal tract (hi atal her nia, di -
ges tion dis or ders) and dif fi cul ties with defe ca tion, as a
re sult of the change in the body pos ture [10,16]. As far as
os teo porotic frac tures of the spine are con cerned, three
types can be dis tin guished: bi con cave frac tures, wedge
frac tures and com pres sion frac tures of ver te bral bod ies
(ver te bra plana). These frac tures oc cur seven times more
of ten in women than men [10,21].
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