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The skeleton has a number of functions in 
the body: it supports, moves, protects (vital or‑
gans), and provides a supply of minerals neces‑
sary to maintain mineral homeostasis. The hu‑
man skeleton consists of 213 properly formed 
bones, which, in order to fulfill their role, have 
to be light, rigid, elastic, and durable.

Modeling processes are essential in bone for‑
mation. Each bone undergoes a constant renew‑
al with a major contribution of reconstruction 
processes. Remodeling is necessary to maintain 
the mechanical properties of the bone through 
replacement of an old, worn bone with a new, 
resistant one. Remodeling is initiated and regu‑
lated by osteocytes within the remodeling units 
with a major impact of sequentially functioning 
osteoclasts and osteoblasts.1

Bone remodeling takes place in a cell cluster 
termed the bone remodeling unit. The process 
can be divided into 4 phases: activation, resorp‑
tion, reversal, and formation. It is thought that 
mechanical loading regulates the mechanism of 
negative feedback between bone formation and 
resorption. Osteoclasts are activated in response 

to lower loading, while osteoblasts are stimulat‑
ed by increased loading.1‑3

Numerous unfavorable factors that disturb 
the balance between bone resorption and for‑
mation, or inefficient osteoid mineralization, in‑
fluence the mechanical strength of bones. Bone 
strength is also affected by mechanical loading 
(body mass and muscle tension) and risk factors 
for osteoporosis.

Loading that can be applied to the bone is lim‑
ited by its structure. At the same time, loading 
that is applied to the bone conditions its struc‑
ture. Cellular modeling and remodeling mecha‑
nisms, termed adaptation, account for this phe‑
nomenon. The shape and size of the bone are 
adapted in response to mechanical loading. Me‑
chanical bone adaptation is observed in a model‑
ing process. Bone modeling involves deposition 
of bone tissue without earlier resorption, while 
bone remodeling involves resorption and subse‑
quent bone formation.4‑6

Recently, it has been hypothesized that 
structural strength of the bone (starting from 
the growth period, through adolescence, to aging) 
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AbsTRACT

Numerous unfavorable factors that disturb the balance between resorption and bone formation affect 
bone mechanical strength. Also mechanical loading (body mass and muscle tension) and risk factors 
for osteoporosis affect bone strength.
Loading that can be applied to the bone is limited by bone structure. At the same time, loading ap‑
plied to the bone may condition its structure. This is possible thanks to the cellular mechanisms of 
bone modeling and remodeling called adaptation.
Physical therapy affects bone mechanical strength by stimulating bone cells. Movement increases 
muscle strength and restores muscle cooperation, thus improving functional state and movement activ‑
ity, which, in turn, indirectly increase bone strength. The analysis of the studies on bone mechanical 
strength confirms the efficacy of physical exercise, which is an important element of comprehensive 
management. A lower risk of falls and fractures has been observed in patients who had received 
physical therapy apart from pharmaco logical treatment. It has also been observed that an increase 
in bone mechanical strength is not necessarily reflected in densitometric evaluation.
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Excess apoptosis of osteocytes caused by estro‑
gen deficiency or corticosteroid treatment accel‑
erates the rate of remodeling. Apoptosis occurs 
during aging. The conditions for bone modeling 
and remodeling deteriorate, which negatively af‑
fects the bone’s architecture. In postmenopaus‑
al women, the rate of bone remodeling increases 
as a result of constant resorption and decreased 
bone formation. Shorter life of osteoblasts and 
apoptosis of osteocytes impair the ability to re‑
pair microdamage. This leads to bone loss and de‑
terioration of bone structure, which, in turn, re‑
duces its mechanical strength.17,18

Accumulation of microdamage significantly 
weakens the bone, leading to fractures even in 
the case of minor injuries.19,20

Activation of bone cells (osteocytes, osteo‑
blasts, and osteoclasts) depends on the pres‑
ence or lack of loading. Progression of remodel‑
ing is also regulated by loading that results from 
physical activity.

To maintain proper bone structure, loading 
and movement should be applied with caution. 
Loading is adequate when it does not exceed bone 
strength, i.e., when the acting forces are lower 
than the strength of structures. If the forces are 
equal to or exceed the strength of anatomical 
and functional structures, overload occurs, which 
leads to bone damage.21

Every day, the skeleton is subjected to compres‑
sive, tensile, shearing, and torsion forces, which 
are part of the normal functioning of the human 
body. If the limit values of these forces are ex‑
ceeded, fatigue fractures of the trabecular bone 
and disorders of the compact bone structure oc‑
cur, and as a result, the bone’s inter nal structure 
is impaired. If bone meta bolism is normal, such 
fractures are efficiently removed. Reconstruction 
is triggered in normal bone, and the system of 
bone trabeculae is oriented according to the di‑
rection of the acting forces.20

The composition and structure of bone are 
adapted to loading. Bone brittleness is a result 
of material failure and/or structural adaptation. 
Not all fractures have the same etiopathogenesis 
and manifest with the same disturbances of bone 
structure, and not all occur with decreased bone 
mineral density (BMD). Similarly, fractures occur 
in people with different bone turnover, wheth‑
er normal, high, or low. This proves that there 
are numerous factors that reduce bone mechan‑
ical strength, and therefore different methods of 
pharmaco logical treatment are suggested.

If bone loss is associated with higher bone re‑
sorption, antiresorptive drugs are indicated (e.g., 
bisphosphonates). In patients with inhibited bone 
formation, anabolic drugs are used (e.g., para‑
thormone used cyclically), and in those with de‑
creased meta bolism, drugs with both anabolic 
and antiresorptive properties should be used (e.g., 
strontium).22,23

Supplementation with vitamin D (acts on mus‑
cles by increasing the number and strength of 

is conditioned mainly by effective mechanisms of 
structural modeling and remodeling.

During the growth period and adulthood, 
the bone adapts to mechanical loading that is 
applied to it. Mainly modeling processes are 
observed, by which the shape of the bone is 
changed.

In the adult body, as a result of repeated 
load‑bearing, the energy is accumulated and mi‑
crofractures occur, thus reducing bone strength. 
Detection and removal of damage is vital for bone 
strength, which is maintained by the proper func‑
tion of osteocytes.7

Osteoclasts, osteoblasts, and osteocytes partic‑
ipate in bone remodeling. It is hypothesized that 
osteocytes are the “brain” of the bone, and thanks 
to their numerous processes, they form a commu‑
nication network. In this way, information about 
the surrounding environment is conveyed.

Osteocyte‑canalicular system helps initiate 
repair remodeling through adaptative remodel‑
ing and removal of damage. Bone microfractures, 
which occur as part of normal functioning, if ac‑
cumulated, can decrease bone strength and must 
be removed. Osteocytes detect damage, trigger 
modeling and remodeling, and adapt the bone to 
mechanical loading. Adaptation may be thus per‑
ceived as a mechanism that prevents damage.8,9

Osteocytes also participate in bone adapta‑
tion to loading by changing the size and shape 
of bones, and by adequate deposition of bone 
mass.10

In a cross section of long bones at different lev‑
els, different diameter of the marrow canal and 
different thickness of the cortical bone (caused 
by irregular deposition of bone mass) can be ob‑
served. Such bone structure shows that model‑
ing and remodeling processes are diversified, de‑
pending on the needs. Deposition of bone mass 
is not only conditioned genetically, but also de‑
pends on dominating stress, which accounts for 
varied shape and structure of the bone in the hu‑
man body.11,12

By modifying the bone structure, loading may 
contribute to differences in size, shape, and bone 
mass deposition without changing bone mass, as 
observed in tennis players within the humerus 
bone of the active hand. If no loading is applied 
to the skeleton, a rapid bone loss occurs, as ob‑
served in bed‑ridden patients or astronauts dur‑
ing spaceflight.13‑15 This proves that bone strength 
does not have to be associated with increased 
bone mass, but rather results from the modifi‑
cation of the size and shape of the skeleton and 
the distribution of bone mass under the influ‑
ence of loading, at the minimal growth of a new 
bone.16 Significance of osteocytes in the process 
of bone adaptation is associated with the release 
of sclerostin, produced by the Sost gene. Increased 
bone loading enhances the expression of Sost in 
a given site, which influences osteogenesis. Bone 
formation is inhibited in the sites where no load‑
ing is applied.1
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general fitness, and coexistent diseases that af‑
fect the musculoskeletal system.

In patients with reduced bone strength, 
the management that aims to improve the general 
fitness is both prophylactic and therapeutic, and 
involves various forms of bone stimulation.30‑32

Prophylaxis should involve daily physical activ‑
ity and instructions on how to properly perform 
everyday tasks.30 Physical activity includes vari‑
ous forms of gymnastics. The following types of 
exercise are recommended: dynamic, weight‑bear‑
ing exercises, which stimulate bone cells (e.g., 
walking, running, jumping, weight‑lifting, danc‑
ing); less dynamic exercises without mechanical 
loading, which restore the balance of muscle ten‑
sion, increase muscle strength, improve balance 
and general condition (e.g., isometric exercises, 
cycling, swimming).33

Physical activity and mechanical loading reg‑
ulate the activity of bone cells, thus stimulating 
bone formation. An increase in bone mechanical 
strength does not have to be reflected in increased 
BMD. Studies on the effect of different forms of 
exercises promoting bone strength do not defin‑
itively determine the amount of loading that is 
beneficial for the musculoskeletal system.34

Already during the growth period, physical ac‑
tivity that involves resistance and aerobic exer‑
cise helps achieve high peak bone mass, which 
was demonstrated by comparing the BMD of 
physically active children with those who are 
not active.35‑37

In adults, resistance and aerobic exercise does 
not always increases the bone mass, but it pre‑
vents bone mass loss.38

In postmenopausal women, bone mass can be 
maintained by weight‑bearing exercise with addi‑
tional resistance, as well as aerobic exercise.

In the case of osteoarthritis associated with ag‑
ing, marching with the elimination of the weight 
of lower limbs is recommended.

It has been noted that simultaneous applica‑
tion of resistance exercise and walking for 1 hour 
4 times a week facilitates bone turnover and an in‑
crease in bone mass in the lumbar area of the ver‑
tebral column.39

Stengel et al.40 reported that comprehensive 
physical training for 2 years led to an increase in 
BMD in postmenopausal women. The authors 
assessed the effect of loading on BMD in post‑
menopausal women with osteopenia. Only very 
intensive exercise with high mechanical loading 
increased BMD in the lumbar area of the verte‑
bral column and proximal epiphysis of the fem‑
oral bone.

One of the forms of exercise, especially in peo‑
ple who experience fatigue and lack of motiva‑
tion, are vibrations of the whole body on a spe‑
cial platform. They increase muscle strength and 
increase BMD in the neck of the femoral bone. 
The method has been observed to improve bal‑
ance and body position, which reduced the risk 
of a fall and was more acceptable by older people 
than the conventional methods.41,42

muscle fiber) and calcium prevents a decrease in 
bone mechanical strength.23

Recently, the role of comprehensive treatment 
of osteoporosis has been stressed in patients, in 
whom the use of effective drugs in combination 
with calcium, vitamin D, and physical exercise 
promotes an increase in BMD and gives hope for 
a reduced risk of fractures.24,25

Primary muscle atrophy (sarcopenia) or sec‑
ondary muscle atrophy (caused by lack of exer‑
cise) results in reduced muscle and bone mass.26 
It has been proved that muscle atrophy reduces 
muscle strength, but, what is even more impor‑
tant, it inhibits periosteal bone growth. Because 
women have lower bone mass than men, it may 
be one of the reasons why fractures are more com‑
mon in women.27 Muscle atrophy and decreased 
muscle strength disturb the dynamic and static 
balance of the body.28 Sarcopenia reduces mus‑
cle mass and strength in elderly people, leading 
to balance and gait disorders.

Efficient muscle system, controlled by the cen‑
tral and peripheral nervous system, protects 
bones and joints. If bone structure is weak, 
lack of muscle protection can cause pain and 
microfractures.

Falls, which usually occur because of balance 
disorder, result in fractures at the sites typically 
associated with osteoporosis. Rizolli et al.23 an‑
alyzed the studies published between 1985 and 
2009 and suggested that the balance between 
bone strength and disposition to falls that end 
in fracture is a combination of bone disease and 
central nervous system disorders.

Disturbed stimulus transmission between 
the nerves and muscles (resulting from involu‑
tion of the central nervous system), muscle fail‑
ure, and structural changes in the vertebral col‑
umn (birth defects, degenerative disease) lead to 
the development of bad posture, including more 
pronounced curvatures of the vertebral column. 
Thoracic kyphosis triggers forces that lead to even 
greater kyphosis. Thus, an abnormal movement 
pattern is formed, which affects trunk, upper and 
lower limb muscles, and may lead to slow frac‑
tures of the vertebral bodies.

Bad movement patterns result in balance dis‑
orders and falls, which, in turn, will cause osteo‑
porotic fractures, if bone mechanical strength 
is reduced.

Reduced bone strength leads to fractures, and 
osteoporotic fractures significantly increase 
the risk of future fractures. Therefore, apart 
from pharmaco logical treatment, proper man‑
agement should also involve physical activity and 
rehabilitation.

There is ample evidence to show that lack 
of movement (e.g., astronauts, bed‑ridden pa‑
tients) reduces bone mass and weakens mus‑
cles, and as a result, bone mechanical strength 
is reduced.27,29

Nowadays, it cannot be questioned that pa‑
tients have to take regular, properly selected 
physical exercises. The selection depends on age, 
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Progressive thoracic kyphosis caused by com‑
pressive fractures of the vertebral bodies, reduces 
the general fitness. Prolonged lack of physical ac‑
tivity reduces BMD and muscle strength. In such 
cases, aerobic exercises are an inevitable part of 
a comprehensive rehabilitation program.46

Exercises that prevent or reduce thoracic 
kyphosis are a typical element of the manage‑
ment plan. In the case of compression fractures 
of the vertebral bodies, exercises for kyphosis 
should be performed in a horizontal, not verti‑
cal, position.47

In individual patient management, methods 
of manual therapy (postisometric relaxation, soft 
tissues technique) and neurostimulation should 
also be considered.

Patients with osteoporotic fractures pose a sig‑
nificant challenge. Currently, all methods of or‑
thopedic treatment aim at early mobilization of 
the patient. These include stabilization of periph‑
eral bone fractures, hip replacement, or orthope‑
dic corsets in vertebral fractures.40

Early mobilization of the patient will facili‑
tate bone healing and prevent muscle atrophy. 
The next stage is a precise functional analysis of 
the patient in order to restore proper movement 
patterns and teach proper behavior in everyday 
life. Such management will reduce forces that 
exceed bone mechanical strength, and thereby, 
the risk of future fractures.

To summarize, reduced bone mechanical 
strength results in osteoporotic fractures. Move‑
ment, axial load, and proper muscle activity in‑
crease bone mechanical strength. Mechanical 
loading applied to bones maintains their strength 
and reduces the risk of fractures. An increase in 
bone mechanical strength does not have to be re‑
flected in densitometric evaluation.

REfEREnCEs

Dempster DW. [Structure and function of the skeletal system in adults]. 1 
Medicographia. 2009; 22: 18‑24. Polish.

Smit TH, Burger EH, Huyghe JM. A case for strain‑induced fluid flow 2 
as a regular of BMU‑coupling and osteonal alignment. J Bone Miner Res. 
2002; 17: 2021‑2029.

Brandi ML. Microarchitecture, the key to bone quality. Rheumatology 3 
(Oxford). 2009; 48 Suppl 4: iv3‑iv8.

Currey JD. Bones: structure and mechanics. Princenton, New York: 4 
Princenton University Press; 2002: 1‑380.

Seeman E. [Osteocyte as the key element of adaptation and recon‑5 
struction processes in bone remodeling]. Medicographia. 2009; 22: 10‑17. 
Polish.

Rubin J, Rubin C, Jacobs CR. Molecular pathways mediating mechan‑6 
ical signaling in bone. Gene. 2006; 367: 1‑16.

Mashiba T, Hirano T, Turner CH, et al. Suppressed bone turnover by 7 
bisphosphonates increases microdamage accumulation and reduced 
some bio mechanical properties in dog rib. J Bone Miner Res. 2000; 15: 
613‑620.

Bakker A, Klein‑Nulend J, Burger E. Shear stress inhibits while disuse 8 
promotes osteocyte apoptosis. Biochem Biophys Res Commun. 2004; 20: 
1163‑1168.

Aarden EM, Burger EH, Nijweide PJ. Function of osteocytes in bone. 9 
J Cell Biochem. 1994; 55: 287‑299.

Warden SJ, Hurst JA, Sanders MS, et al. Bone adaptation to a me‑10 
chanical loading program significantly increases skeletal fatigue resistance. 
J Bone Miner Res. 2005; 20: 809‑816.

Ruff CB, Hayes WC. Sex differences in age‑related remodeling of 11 
the femur and tibia. J Orthop Res. 1988; 6: 866‑896.

Physical exercises increase muscle strength 
and mass, which positively affects bone strength. 
They also help maintain the function of muscles 
that are responsible for body balance and move‑
ment coordination.38,39

Weak muscles and lack of muscle cooperation 
may cause falls that result in fractures, especially 
in people aged 65 years or older. Rizolli et al.23 con‑
ducted the analysis of 44 studies including 9603 
participants, which showed a significantly low‑
er ratio of falls in people who did various types 
of physical exercise compared with people who 
were not physically active. Intensive exercises 
(about 50 hours during the observation period) 
as well as balance exercises were particularly im‑
portant. In people aged 65 years or older, walk‑
ing as a recommended form of physical activity 
may be a risk factor for falling. In postmenopaus‑
al women, walking prevents bone mass loss, but 
also improves cardiovascular function, the distur‑
bance of which is a risk factor for falling.

Tai chi is one of the types of balance exercise 
used in patients. Li et al.43 observed a significant‑
ly lower number of falls in people at the mean 
age of 77.5 years, who had practiced tai chi for 
6 months, compared with those who practiced 
only stretching.

Balance disorder is often a cause of falls and 
fractures in people with osteoporosis. Madurei‑
ra et al.44 evaluated the effect of balance exercis‑
es on the static and dynamic balance, ability to 
move, and the rate of falls in patients with os‑
teoporosis. After 12 months of regular exercise 
(once a week assisted by a physical therapist, and 
3 times a week alone at home according to an es‑
tablished training program), the authors observed 
improved static and dynamic balance and a re‑
duced number of falls compared with controls 
who did not practice.

The necessity of supervising patients while do‑
ing the exercise is stressed. A therapist needs to 
provide instructions on how to do a particular ex‑
ercise and explain its purpose, so that patients are 
able to continue on their own at home. Adjusting 
the level of difficulty and type of exercise to in‑
dividual needs may bring positive effects. Phys‑
ical therapy aims to prevent deformities by im‑
proving balance, strengthening muscles, teach‑
ing new movement patterns, and, if necessary, 
relieving pain.31,45

After the analysis of muscle strength and ac‑
tivity in the musculoskeletal system, a therapist 
should aim to restore proper muscle tension 
and muscle cooperation rather than just work 
to strengthen individual muscles. Proper muscle 
elasticity helps achieve proper muscle tonus, i.e., 
muscle tension at rest. We should restore mus‑
cle elasticity, without disturbing their length or 
rigidity, to avoid contractions. Contractions dur‑
ing everyday tasks may cause unfavorable levers, 
balance disorder, falls, and fractures.

Comprehensive rehabilitation therapy should 
include strengthening, coordination, balance, flex‑
ibility, and breathing exercises.



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ 2010; 120 (9)372

Stengel SV, Kemmler R, Pintag R, et al. Power training is more effec‑40 
tive than strength training for maintaining bone mineral density in post‑
menopausal women. J Appl Physiol. 2005; 99: 181‑188.

Delecluse C, Roelants M, Verschaeren S. Strength increase after 41 
whole‑body vibration compared with resistance training. Med Sci Sports 
Exerc. 2003; 35: 1033‑1041.

Gusi N, Raimundo A, Leal A. Low‑frequency vibratory exercise reduc‑42 
es the risk of bone fracture more than walking: a randomized controlled trial. 
BMC Musculoskelet Disord. 2006; 7: 92.

Li F, Harmer P, Fischer KJ. Tai Chi and fall reductions in older adults: 43 
a randomized controlled trial. J Gerontol A Biol Sci Med Sci. 2005; 60: 
187‑194.

Madureira MM, Takayama L, Gallinaro AL, et al. Balance Training pro‑44 
gram in highly effective in improving functional status and reducing the risk 
of falls in elderly women with osteoporosis: a randomized controlled trial. 
Osteoporos Int. 2007; 18: 419‑425.

Bonaiuti D, Arigoli G, Diana G, et al. SIMFER Rehabilitation treatment 45 
guidelines in postmenopausal and senile osteoporosis. Eura Medicophys. 
2005; 41: 315‑337.

Ordu Gokkaya NK, Koseoglu F, Albayrak N. Reduced aerobic capacity 46 
in patients with severe osteoporosis: a cross sectional study. Eur J Phys 
Rehabil Med. 2008; 44: 141‑147.

Sinaki M. The role of physical activity in bone health: a new hypothe‑47 
sis to reduce risk of vertebral fracture. Phys Med Rehabil Clin N Am. 2007; 
18/3: 593‑608, xi‑xii.

Hazenberg JG, Freeley M, Foran M, et al. Microdamage: a cell trans‑12 
ducing mechanism based on ruptured osteocyte processes. J Biomech. 
2006; 39: 2096‑2103.

Haapasalo H, Kontulainen S, Sievanen H, et al. Exercise‑induced bone 13 
gain is due to enlargement in bone size without a change in volumetric 
bone density: a peripheral quantitative computed tomography study of 
the upper arms of male tennis players. Bone. 2000; 27: 351‑357.

Bass SL, Saxon L, Daly R, et al. The effect of mechanical loading on 14 
the size and shape of bone in pre‑, peri‑ and post‑puberal girls, a study in 
tennis players. J Bone Miner Res. 2002; 17: 2274‑2280.

Haapasalo H, Kontulainen S, Sievanen H, et al. Exercise‑induced bone 15 
gain is due to enlargement in bone size without a change in volumetric 
bone density, a peripheral quantitative computed tomography study of 
the upper arms of male tennis players. Bone. 2000; 27: 351‑357.

Zebaze RM, Jones A, Kanackstedt M, et al. Construction of the fem‑16 
oral neck during growth determines its strength in old age. J Bone Miner 
Res. 2007; 22: 1055‑1061.

Qui S, Rao RD, Saroj I, et al. Reduced iliac cancellous osteocyte densi‑17 
ty in patients with osteoporotic vertebral fracture. J Bone Miner Res. 2003; 
18: 1657‑1663.

Seeman E, Delmas PD. Bone quality – the mineral and structural basis 18 
of bone strength and fragility. N Engl J Med. 2006; 354: 2250‑2261.

Carter DR, Spengler DM. Mechanical properties of cortical bone. Clin 19 
Orthop Relat Ref. 1978; 138: 192‑217.

Jabłoński M, Furmaga‑Jabłońska W. [Mechanical capacity of the bone 20 
– factors influencing bone mechanical strength]. In: Badurski J, ed. [Meta‑
bolic bone diseases]. Warszawa, Poland: Borgis; 2005: 61‑73. Polish.

Shipp KM. Exercise for people with osteoporosis: translating the sci‑21 
ence into clinical practice. Curr Osteoporos Rep. 2006; 4: 129‑133.

Rotkegel S, Więcek A. [Osteoporosis treatment in evidence‑based 22 
medicine]. Terapia. 2006; 3: 21‑29. Polish.

Rizzoli R, Bruyere O, Cannata‑Andia JB, et al. Management of osteo‑23 
porosis in the eldery. Cur Med Res. 2009; 10: 2373‑2387.

Lespessailles E, Prouteau S. Is there a synergy between physical ex‑24 
ercise and drug therapies for osteoporosis? Clin Exp Rheumatol. 2006; 24: 
191‑195.

Going S, Lohman T, Houtkooper L, et al. Effects of exercise on bone 25 
mineral density in calcium‑replete postmenopausal women with and with‑
out hormone replacement therapy. Osteoporos Int. 2003; 14: 637‑643.

Rittweger J. What is new in neuro‑musculoskeletal inter actions: 26 
mechanotransduction, microdamage and repair? J Musculoskelet Neuronal  
Interact. 2007; 7: 191‑193.

Taaffe DR, Duret C, Wheeler S, et al. Once‑weekly resistance exercise 27 
improves muscle strength and neuromuscular performance in older adults. 
J Am Geriatr Soc. 1999; 47: 1208‑1214.

Szulc P, Beck TJ, Marchand F, et al. Low skeletal muscle mass is asso‑28 
ciated with poor structural para meters of bone and impaired balance in el‑
derly men – the MINOS study. J Bone Miner Res. 2005; 20: 721‑729.

Lloyd T, Petit MA, Lin HM, Beck TJ. Lifestyle factors and develop‑29 
ment of bone mass and bone strength in young women. J Pediatr. 2004; 
144: 776‑782.

Bonner FJ, Sinaki M, Grabois M, et al. Health Professional’s Guide to 30 
Rehabilitation of the Patient with Osteoporosis. Osteoporos Int. 2003; 14 
Suppl 2: S1‑22.

Księżopolska‑Orłowska K. [Fall prevention and rehabilitation]. Med 31 
Dypl. 2004; 50‑53. Polish.

Lange U, Teichmann J, Uhlemann C. Current knowledge about physio‑32 
therapeutic strategies in osteoporosis prevention and treatment. Rheumatol 
Int. 2005; 26: 99‑106.

Pfeifer M, Sinaki M, Geusenes P, et al. Musculoskeletal rehabilitation 33 
in osteoporosis: a review, J Bone Miner Res. 2004; 19: 1208‑1214.

Rittweger J. Can exercise prevent osteoporosis? J Musculoskelet 34 
Neuronal Interact. 2006; 6: 162‑166.

Linden C, Ahlborg HG, Bejsakov J, et al. A school curriculum‑based 35 
exercise program increases bone mineral accrual and bone size in prepu‑
bertal girls: two‑year data from the pediatric osteoporosis prevention (POP) 
study. J Bone Miner Res. 2006; 21: 829‑835.

Bass SL, Naughton G, Saxon L, et al. Exercise and calcium combined 36 
results in a greater osteogenic effect than either factor alone, a blinded 
randomized placebo‑controlled trial in boys. J Bone Miner Res. 2007; 22: 
458‑464.

Wang O, Alén M, Nicholson P, et al. Weight‑bearing, muscle loading 37 
and bone mineral accrual in pubertal girls, a 2‑year longitudinal study. Bone. 
2007; 40: 1196‑1202.

Engelke K, Kemmler W, Lauber D, et al. Exercise maintains bone den‑38 
sity at spine and hip EFOPS: a 3‑year longitudinal study in early postmeno‑
pausal women. Osteoporos Int. 2006; 17: 133‑142.

Bonaiuti D, Shea B, Iovine R, et al. Exercise for preventing and treat‑39 
ing osteoporosis in postmenopausal women. Cochrane Database Syst Rev, 
2002; 3: CD00 333.



ARTyKUŁ PoGLĄdoWy Zmiany wytrzymałości mechanicznej kości w terapii ruchem 373

ARTyKUŁ PoGLĄdoWy

Zmiany wytrzymałości mechanicznej kości 
w terapii ruchem

Krystyna Księżopolska‑Orłowska
Klinika Rehabilitacji Reumato logicznej, Instytut Reumato logii, Warszawa

Adres do korespondencji:
dr hab. med. Krystyna 
Księżopolska‑Orłowska, Klinika 
Rehabilitacji Reumato logicznej, 
Instytut Reumato logii, 
ul. Spartańska 1, 02‑637 Warszawa,  
tel./fax: 22‑844‑91‑91,  
e‑mail: kko@post.pl
Praca wpłynęła: 02.03.2010.
Przyjęta do druku: 30.04.2010.
Nie zgłoszono sprzeczności  
inter esów.
Pol Arch Med Wewn. 2010; 
120 (9): 368‑373
Copyright by Medycyna Praktyczna, 
Kraków 2010

sTREszCzEnIE

Na wytrzymałość mechaniczną kości ma wpływ wiele niekorzystnych zdarzeń prowadzących 
do zaburzeń między procesem resorpcji i tworzenia kości. Na wytrzymałość kości oddziałują także 
obciążenia mechaniczne (masa ciała i napięcia mięśni) oraz czynniki predysponujące do wystąpienia 
osteoporozy.
Struktura kości ogranicza obciążenia, jakie mogą wytrzymać kości, a jedno cześnie obciążenia działające 
na kość warunkują jej strukturę. Jest to możliwe dzięki komórkowym mechanizmom modelowania 
i przebudowy kości, zwanymi adaptacją.
Terapia ruchem ma wpływ na wytrzymałość mechaniczną kości poprzez stymulację komórek kostnych. 
Ruch zwiększa siłę i przywraca współ pracę mięśni, przez co poprawia się stan funkcjonalny i zwiększa 
się aktywność ruchowa, co w sposób pośredni działa na zwiększenie wytrzymałości kości.
Analiza opublikowanych prac na temat wytrzymałości mechanicznej kości potwierdza skuteczność 
ćwiczeń jako ważnego elementu kompleksowego postępowania. Obserwowano zmniejszenie ryzyka 
upadków i złamań u osób, u których obok leczenia farmako logicznego stosowano terapię ruchem. 
Zaobserwowano także, że zwiększenie wytrzymałości mechanicznej kości nie musi mieć odzwiercie‑
dlenia w ocenie densytometrycznej.

sŁoWA KLUCzoWE
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Erratum
Wrigley BJ, Tapp LD, Shantsila E, Lip GYH. Antithrombotic therapy in anticoagulated patients with atrial fibrillation present‑
ing with acute coronary syndromes and/or undergoing percutaneous coronary intervention/stenting. Pol Arch Med Wewn. 
2010; 120 (7‑8): 290‑293.
In the Table on page 291, the dose of acetylsalicylic acid should be stated as “ASA ≤100 mg/day”. 


