
Musculoskeletal Challenges of Osteoporosis:
Therapeutic Exercise/Strength Training A Review

Osteoporozun Kas ve ‹skelet Sistemi Sorunlar›: 
Tedavi Edici ve Kuvvetlendirme Egzersizleri. Bir Derleme

Combining pharmacotherapy with non-pharmacotherapy is fundamental to the successful management of osteopenia and osteo-
porosis. The choice of pharmacotherapy depends on the patient’s age, bone mineral density and serum biochemical markers of bone.
HRT should not be used for treatment of osteoporosis. As with pharmacotherapy, rehabilitation management is challenging and
innovative. Non-pathologic spontaneous vertebral fractures that occur at the level of the spine are purely osteoporosis-related.  On
the other hand, the majority of non-vertebral fractures that are of special clinical significance are fall-related.  Therefore, reducing
the risk for fracture through the prevention of falls is as important as increasing bone mass. (From the World of Osteoporosis
2009;15:52-8)
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Farmakoterapi ile nonfarmakolojik tedavilerin kombine edilmesi osteopeni ve osteoporoz tedavisinin baflar›s› için esast›r.
Farmakoterapinin seçimi hastan›n yafl›, kemik mineral yo¤unlu¤u ve biokimyasal kemik belirleyicilerine göre yap›l›r. HRT osteoporoz
tedavisi için kullan›lmamal›d›r. Farmakoterapi gibi, rehabilitasyon uygulamalar› da zorluklarla karfl›laflabilir ve yeni yaklafl›mlar
gerekebilir. Omurga düzeyinde oluflan travmatik olmayan spontan vertebra k›r›klar› osteoporoza ba¤l›d›r. Di¤er yandan özel klinik
önemi olan vertebra d›fl› k›r›klar›n ço¤unlu¤u düflme ile iliflkilidir. Bu nedenle düflmeleri önleyerek k›r›ktan korunmak kemik kütlesi-
ni art›rmak kadar önemlidir. (Osteoporoz Dünyas›ndan 2009;15:52-8)
Anahtar kelimeler: Osteoporoz, nonfarmakolojik, tedavi, egzersiz
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“Bone, to be maintained, needs to be mechanically
strained-within its biomechanical competence”.

Mehrsheed Sinaki, M.D.

Combining pharmacotherapy with non-pharmacotherapy
is fundamental to the successful management of osteope-
nia and osteoporosis (1,2). The musculoskeletal and
psychological benefits provided by rehabilitation measures
are of great importance for improvement of the patient’s
quality of life. Musculoskeletal rehabilitation and nonp-

harmacologic interventions consist of exercise, physical
management of pain, proper use of orthotics, and preven-
tion of falls and fractures (1,2). Bone mass is frequently
considered to be the most important determinant of fragi-
lity, but it explains only less than half of the observed frac-
ture risk at the level of the spine.  Non-pathologic sponta-
neous vertebral fractures that occur at the level of the spi-
ne are purely osteoporosis-related. On the other hand, the
majority of non-vertebral fractures that are of special clini-
cal significance are fall-related.  Therefore, reducing the



risk for fracture through the prevention of falls is as im-
portant as increasing bone mass.  However, the preven-
tion of falls is more challenging than improving bone
mass. Falls are multifactorial, and prevention or reducti-
on of falls requires a combination of pharmacologic and
nonpharmacologic interventions.  Risk of falls can be ex-
trinsic, i.e. related to environmental factors, or intrinsic,
i.e. related to musculoskeletal and neuromuscular health
of the individual. Table 1 shows factors that increase risk
of falls (3).
In men and women, the combination of age-related sar-
copenia and reduction of physical activity can affect mus-
culoskeletal health and contribute to the development
of bone fragility and falls  (4). Musculoskeletal-wise, wo-
men are more challenged than men since they start
adulthood with lower muscle strength (5) and lower bo-
ne mass than men. Reduction in the biomechanical com-
petence of the axial skeleton can result in challenging
complications (6). Complications of osteoporosis can vary
from “silent” compression fractures of vertebral bodies
to sacral insufficiency fractures to “breath-taking” frac-
tures of the spine or femoral neck. The exponential loss
of axial bone mass at the postmenopausal stage is not ac-
companied by an incremental loss of muscle strength.
Loss of muscle strength follows a more gradual course
and is not affected significantly by a sudden hormonal
decline, as is the case with bone loss.  With increasing
age, axial loss of muscle strength is more significant in
women than appendicular muscle loss (7). This muscle
loss may contribute to osteoporosis-related axial disfigu-
rations as well as increased incidence of falls. 

Skeletal structures are physically and kinematically acted
upon by muscles. Axial and appendicular muscle strength
in boys and girls is about the same until age 10 when a
disparity begins to develop (5). Muscle strength decrea-
ses with age in men and women (Fig 1) (4).
Kyphosis commonly occurs with reduced back muscle
strength, vertebral bone loss or fracture.  Hyperkyphosis
results in back pain, decreased vital capacity, and increa-
sed risk of further vertebral fractures and unsteadiness of
gait (8). In many individuals, it also creates a negative
self-image (9). In severe kyphotic posture, pressure of the
lower part of the rib cage over the pelvic rim causes sig-
nificant flank pain, tenderness and compromises breat-
hing (2). In healthy posture, there is sufficient space bet-
ween the lower ribs and the iliac crest so that no contact
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FFiigguurree  11.. BBaacckk  eexxtteennssoorr  ssttrreennggtthh  iinn  mmeenn  aanndd  wwoommeenn  dduurriinngg
tthhee  tthhiirrdd  tthhrroouugghh  nniinntthh  ddeeccaaddeess
(From Sinaki M, Nwaogwugwu NC, et al. Am J Phys Med. 80(5): 330-38, 2001)

TTaabbllee 11..  Contributing factors in risk for falls 

Extrinsic
Environmental

Obstacles, slippery floors, uneven surfaces, poor illumination, stairs
not well defined,  pets, icy sidewalks

Extraskeletal – inappropriate footwear, obstructive clothing
Intrinsic

Intraskeletal – lower extremity weakness (neurogenic or myopathic)
Balance disorder (vestibular, peripheral neuropathy, hyperkyphosis)
Visual impairment, bifocals
Vestibular changes
Cognitive decline
Decreased coordination (cerebellar degeneration)
Postural changes, imbalance, gait unsteadiness
Gait apraxia
Reduced muscle strength
Reduced flexibility
Respiratory (orthopnea)
Postural hypotension
Cardiovascular deconditioning
Iatrogenically reduced alertness

Modified from Sinaki M: Prevention of Hip Fracture: Physical Activity. IN: Senile Osteoporosis.  J. D. Ringe and J. P. Meunier (eds); pp 99-115, 1996  and Sinaki M.
Falls, Fractures and Hip Pads. Current Osteoporosis Reports: Evaluation and Management. 2(4):131-137. December, 2004
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occurs, even on lateral bending of the trunk.  In cases of
severe osteoporosis with compression fractures, dorsal
kyphosis, loss of height, and iliocostal contact occurs (2).
The latter can result in iliocostal friction syndrome and
flank pain.  Fortunately, kyphotic posture and vertebral
fractures are no longer disorders about which nothing
can be done. Scapular retraction and dynamic back
strengthening can decrease thoracic hyperkyphosis at
any age  (10). Helping the patient to decrease kyphotic
posturing through recruitment of back extensors for pro-
vision of better dynamic/static posturing can reduce pa-
in, increase mobility, reduce depression and improve the
patient’s quality of life.  The author’s Spinal Propriocep-
tive Extension Exercise Dynamic (SPEED) program can
help to decrease thoracic hyperkyphosis and risk of falls
(11). Bracing, unless geared to a posture training type of
program, can decrease back extensor strength. (Fig 2 a,
b, c, d, e, f, g)  (12). In fact, the use of rigid back supports
can result in selective weakness in back extensors, the
major supportive muscles of the back (Fig 3). To be help-
ful, spinal orthotics need to decrease pain and expedite
ambulation and mobility. Orthotics that function thro-
ugh increment in intra-abdominal pressure, however, are
contraindicated in cases of a) hiatal hernia; b) iliocostal
friction syndrome; c) severe kyphosis; d) COPD; and e) sig-
nificant loss of height (2).
Osteoporosis remains asymptomatic until fracture occurs.
Back pain is usually the osteoporotic patient’s main
complaint.   Vertebral compression fractures often occur
in the mid-thoracic and upper lumbar vertebral bodies
(Fig 4), followed in order of frequency by low thoracic
and lower lumbar vertebral bodies.  The cervical and up-
per thoracic vertebrae are rarely, if ever, involved (13).
Back pain is a major cause of depression and disability in
osteoporotic patients (14). Osteoporosis-related back pa-
in is of two types - acute and chronic (Tables 2 and 3).
Management of acute back pain differs from that of
chronic back pain.  Proper management of pain related
to acute vertebral compression fractures can reduce the
risk of developing chronic pain syndrome.  Limited bed
rest (1-2 days), non-codeine derivative analgesics, sedati-
ve physical therapy and proper bracing are some of the
helpful measures. Calcitonin has both antiresorptive and
analgesic effect and may be used for a few months (15).
Back pain and immobility can decrease with the use of
spinal orthoses.  However, continuous use of spinal ort-
hotics can result in truncal muscular weakness and furt-
her complicate the musculoskeletal challenges related to
osteoporosis (Fig 3) (16). Sacral insufficiency fractures re-
quire sedative physical therapy and reduction of weigh-
tbearing with use of gait aids and orthoses (17). One of
the major musculoskeletal challenges of osteoporosis is
spinal disfiguration such as kyphoscoliosis which results
in chronic back pain and also can contribute to falls and
further fracture (16,17).
Proper exercise and rehabilitative measures have the po-
tential to build bone mass and decrease the rate of bone
loss.  Not all types of physical exercises are osteogenic.
Stronger back extensors have been proven to correlate
with reduced kyphosis and a lower number of vertebral
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FFiigguurree  22..  AA,,  BB::    RRaaddiiooggrraapphh  aanndd  pphhoottoo  ooff  aann  8866--yyeeaarr--oolldd  
wwoommaann  wwiitthh  sseevveerree  oosstteeooppoorroossiiss  tthhaatt  mmaaddee  hheerr  aammbbuullaattiioonn
ddiiffffiiccuulltt  
CC::  TThhee  ssaammee  wwoommaann  wweeaarriinngg  aa  wweeiigghhtteedd  kkyypphhoo--oorrtthhoossiiss..    
DD::  LLoonngg--tteerrmm  ffoollllooww--uupp  ((66  yyeeaarrss  llaatteerr  aatt  aaggee  9922))  ppaattiieenntt’’ss
ppoossttuurree  ssiiggnniiffiiccaannttllyy  iimmpprroovveedd..    ((FFrroomm  SSiinnaakkii  MM..  RReehhaabbiilliittaa--
ttiioonn  ooff  OOsstteeooppoorroossiiss,,  PPhhyyssiiccaall  MMeeddiicciinnee  aanndd  RReehhaabbiilliittaattiioonn,,
SSttaattee  ooff  tthhee  AArrtt  RReevviieewwss,,  11999955))  
EE::    RRiiggiidd  bbaacckk  ssuuppppoorrtt--bbiivvaallvveedd  bbooddyy  jjaacckkeett..    BBrraaccee  iiss  mmaaddee
ooff  ppoollyypprrooppyylleennee  aanndd  iiss  ccuussttoomm--ffiitttteedd..  ((FFrroomm  SSiinnaakkii  MM..  PPrree--
vveennttiioonn  ooff  hhiipp  ffrraaccttuurree::  pphhyyssiiccaall  aaccttiivviittyy..    IInn::  RRiinnggee  JJDD,,  MMee--
uunniieerr  PPJJ,,  eeddiittoorrss..    OOsstteeooppoorroottiicc  ffrraaccttuurreess  iinn  tthhee  eellddeerrllyy::  cclliinnii--
ccaall  mmaannaaggeemmeenntt  aanndd  pprreevveennttiioonn..    SSttuuttttggaarrtt::  GGeeoorrgg  TThhiieemmee
VVeerrllaagg::  11999966..  pp..  9999--111155))
FF::  TThhoorraaccoolluummbbaarr  ssuuppppoorrtt  wwiitthh  rriiggiidd  oorr  sseemmiirriiggiidd  ssttaayyss..    AAdd--
ddiittiioonn  ooff  sshhoouullddeerr  ssttrraappss  ffuurrtthheerr  ddeeccrreeaasseess  kkyypphhoottiicc  ppoossttuurree
oorr  rreemmiinnddss  tthhee  ppaattiieenntt  ttoo  aavvooiidd  sseevveerree  ssttooooppiinngg..    PPaaddddiinngg
ccaann  bbee  aaddddeedd  ttoo  tthhee  sshhoouullddeerr  ssttrraappss  ttoo  ddeeccrreeaassee  pprreessssuurree
oovveerr  bboonnyy  pprroommiinneenncceess..  ((FFrroomm  SSiinnaakkii  MM..  EExxeerrcciissee  aanndd  pphhyyssii--
ccaall  tthheerraappyy..    IInn::  RRiiggggss  BBLL,,  MMeellttoonn  LLJJ  IIIIII,,  eeddiittoorrss..    OOsstteeooppoorroo--
ssiiss::  EEttiioollooggyy,,  ddiiaaggnnoossiiss,,  aanndd  mmaannaaggeemmeenntt..    NNeeww  YYoorrkk::  RRaavveenn
PPrreessss;;  11998888..  pp..  445577--7799))
GG::    JJeewweetttt  bbrraaccee  uusseedd  ttoo  pprreevveenntt  lluummbbaarr  aanndd  tthhoorraacciicc  fflleexxii--
oonn  wwhheenn  ppaattiieenntt  hhaass  aaccuuttee  ppaaiinn  ccaauusseedd  bbyy  rreecceenntt  ccoommpprreessssii--
oonn  ffrraaccttuurree  ooff  ssppiinnee..    PPrrooppeerr  ffiittttiinngg  rreeqquuiirreess  pprrooppeerr  ccoonnttaacctt
aatt  bbaassee  ooff  sstteerrnnuumm  aanndd  oovveerr  ppuubbiicc  bboonnee  
(From Sinaki M. Exercise and physical therapy.  In: Riggs BL, Melton LJ III, edi-
tors.  Osteoporosis: Etiology, diagnosis, and management.  New York: Raven
Press; 1988. p. 457-79)

OOsstteeooppoorroossiiss  aanndd  SSppiinnaall  OOrrtthhoottiiccss
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fractures (Fig 5) (18). Research studies show that spinal
extensor exercises are the preferred choice for strengthe-
ning back extensors (Fig 6) (13,19). The author has hypot-
hesized that back exercises performed in a prone positi-
on, rather than in a vertical position, may have a greater
effect on decreasing risk for vertebral fractures without
resulting in compression fracture. One can theorize that
the risk for vertebral fracture can be reduced through
improvement in the horizontal trabecular connection of
vertebral bodies (Fig 7) (20). Through understanding
both the benefits and shortcomings of exercise, we can
prescribe the proper program for prevention and treat-
ment of osteoporosis and reduction of falls.  To be oste-
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FFiigguurree  33.. CCoonnttrrooll  ggrroouupp  ppeerrffoorrmmeedd  eexxeerrcciissee  oonnllyy;;    PPoossttuurree
TTrraaiinniinngg  SSuuppppoorrtt  ((PPTTSS))  ggrroouupp  uusseedd  PPTTSS  aanndd  pprroopprriioocceeppttiivvee
ddyynnaammiicc  ppoossttuurree  ttrraaiinniinngg;;  TThhoorrooccoolluummbbaarr  ggrroouupp  uusseedd  TT--LL
bbrraaccee  aanndd  eexxeerrcciissee
(data from Kaplan RS, Sinaki M, Hameister MD. Mayo Clin Proc 1996;
71:235-241)

FFiigguurree  44.. OOsstteeooppoorroossiiss--rreellaatteedd  iinncciiddeennccee  ooff  wweeddggiinngg  aanndd
ccoommpprreessssiioonn  ffrraaccttuurreess  aatt  vvaarriioouuss  lleevveellss  ooff  tthhee  ssppiinnee  oonn  rraaddii--
ooggrraapphhiicc  eevvaalluuaattiioonn
(From Sinaki M, Mikkelsen BA. Arch Phys Med Rehabil, 1984; 65(10):593-6)

FFiigguurree  55.. AAtt  1100--yyeeaarr  ffoollllooww--uupp,,  tthhee  nnuummbbeerr  ooff  vveerrtteebbrraall
ccoommpprreessssiioonn  ffrraaccttuurreess  ((CCoommpp  ffxx))  wwaass  1144  iinn  332222  vveerrtteebbrraall
bbooddiieess  eexxaammiinneedd  ((44..33%%))  iinn  tthhee  ccoonnttrroollss  ((CC))    aanndd  66  ffrraaccttuurreess
iinn  337788  vveerrtteebbrraall  bbooddiieess  eexxaammiinneedd  ((11..66%%))  iinn  tthhee  bbaacckk  eexxeerrcciissee
((BBEExx))  ggrroouupp  ((©©22 tteesstt,,  pp==00..002299))
(From:  Sinaki M.  Op Int.  Aug. 2003)

TTaabbllee 22..  Short-term management of acute pain in patients with osteoporosis

Bed rest (2 days).  Significant bone loss is not likely to occur with 2 days of bed rest
Analgesics (avoid codeine derivatives)
Physical therapy:  initially cold packs, then mild heat and stroking massage 
Avoidance of constipation
Avoidance of exertional exercises
Lifting and standing  principles to avoid strain on spine
Back support to decrease pain and expedite ambulation
Gait aids if needed

Modified from Sinaki M:  Metabolic Bone Disease, Chap. 16, IN:  Basic Clinical Rehabilitation Medicine, 
2nd Ed.; edited by M. Sinaki, Mosby Year Book, Inc., Chicago, IL  1993.  pp. 209-236

TTaabbllee 33..  Long-term management of chronic pain in patients with osteoporosis

Improve faulty posture, may need Posture Training Support (PTS) 
Manage pain (ultrasound, massage, or transcutaneous electrical nerve stimulation)
If beyond correction, apply back support to decrease painful stretch of ligaments
Avoid physical activities that exert extreme vertical compression forces on vertebral bones
Prescribe a sound therapeutic exercise program
Start appropriate pharmacologic intervention

Modified from Sinaki M:  Metabolic Bone Disease, Chap. 16, IN:  Basic Clinical Rehabilitation Medicine, 2nd 
Ed.; edited by M. Sinaki,  Mosby Year Book, Inc., Chicago, IL  1993
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ogenic, the exercise stimulus must be loading type, not
supportive (21,22). Devising an exercise program for the
prevention and treatment of bone loss requires conside-
ration of the subject’s bone density, muscle strength,
cognition, coordination, balance and cardiovascular he-
alth.  Kyphoplasty and vertebroplasty can significantly
decrease pain related to vertebral fracture. Our recent
retrospective study showed that Rehabilitation of Oste-
oporosis Program–Exercise (ROPE) after vertebroplasty
significantly decreased incidence of fracture recurrence
(P=.001) (Fig. 8). In addition, pharmacotherapy combined
with rehabilitation of osteoporosis program is more ef-
fective than pharmacotherapy alone (24). 
Before prescribing an exercise program for osteoporotic
individuals older than 65 years of age, several factors ne-
ed to be considered: 1) the objective of the exercise prog-
ram; 2) the biomechanical competence of the spine and
musculoskeletal health in general; 3) the status of neuro-
muscular health; 4) cardiovascular fitness; 5) past history
of sports activities and interest; and 6) the patient’s envi-
ronment (6).
Calcium and vitamin D are basic therapeutic options for
osteoporosis prevention and management. Until recently,
estrogen was commonly prescribed for postmenopausal
syndrome and bone health.  However, the Women’s He-
alth Initiative study concluded that the benefits of HRT do
not outweigh the risks of long term treatment (25). At
present, some of the benefits of HRT include reduction of
hip fractures, colorectal cancer, and reduction of cogniti-
ve impairment.  On the other hand, risks include an in-
creased chance of breast cancer, coronary artery disease,
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FFiigguurree  66.. NNoonnssttrreennuuoouuss  eexxeerrcciisseess  ffoorr  ppaattiieennttss  wwiitthh  sseevveerree
oosstteeooppoorroossiiss..  ((AA))  BBaacckk  eexxtteennssiioonn  eexxeerrcciissee,,  iinn  ssiittttiinngg  ppoossiittiioonn..
TThhiiss  ppoossiittiioonn  aavvooiiddss  oorr  mmiinniimmiizzeess  ppaaiinn  iinn  ppaattiieennttss  wwiitthh  sseevveerree
oosstteeooppoorroossiiss..  ((BB))  DDeeeepp  bbrreeaatthhiinngg  eexxeerrcciissee  ccoommbbiinneedd  wwiitthh  ppeecc--
ttoorraall  ssttrreettcchhiinngg  aanndd  bbaacckk  eexxtteennssiioonn  eexxeerrcciissee..  PPaattiieenntt  ssiittss  oonn  aa
cchhaaiirr,,  ppllaacceess  hhaannddss  aatt  tthhee  lleevveell  ooff  hheeaadd,,  aanndd  iinnhhaalleess  ddeeeeppllyy
wwhhiillee  ggeennttllyy  eexxtteennddiinngg  tthhee  eellbboowwss  bbaacckkwwaarrdd..  WWhhiillee  eexxhhaalliinngg,,
ppaattiieenntt  rreettuurrnnss  aarrmmss  ttoo  tthhee  ssttaarrttiinngg  ppoossiittiioonn..  TThhiiss  iiss  rreeppeeaatteedd  1100
ttoo  1155  ttiimmeess..  ((CC))  EExxeerrcciissee  ttoo  ddeeccrreeaassee  lluummbbaarr  lloorrddoossiiss  wwiitthh  iissoo--
mmeettrriicc  ccoonnttrraaccttiioonn  ooff  lluummbbaarr  fflleexxoorrss..  ((DD))  TTeecchhnniiqquuee  ooff  iissoommeett--
rriicc  eexxeerrcciissee  ttoo  ssttrreennggtthheenn  aabbddoommiinnaall  mmuusscclleess..  ((EE))  EExxtteennssiioonn
eexxeerrcciisseess  iinn  pprroonnee  ppoossiittiioonn  wwiitthh  ppiillllooww  uunnddeerr  aabbddoommeenn  ((aavvooiidd
hhyyppeerreexxtteennssiioonn))..  ((EE33))  TToo  iinnccrreeaassee  tthhee  eeffffeecctt  ooff  bbaacckk  eexxtteennssiioonn
ssttrreennggtthheenniinngg,,  wweeiigghhtt  iiss  aaddddeedd..  ((FF))  EExxeerrcciissee  ffoorr  iimmpprroovviinngg
ssttrreennggtthh  iinn  lluummbbaarr  eexxtteennssoorrss  aanndd  gglluutteeuuss  mmaaxxiimmuuss  mmuusscclleess..  ((GG))
SSppeecciiffiicciittyy  ooff  eexxeerrcciisseess::  mmuussccllee--ssttrreennggtthheenniinngg  aanndd  wweeiigghhtt--llooaadd--
iinngg  eexxeerrcciisseess  tthhaatt  mmaayy  ddeeccrreeaassee  bboonnee  lloossss..  ((TThheessee  eexxeerrcciisseess  wweerree
ddeevveellooppeedd  ffoorr  tthhee  oosstteeooppeenniicc  ssppiinnee  bbyy  MM..  SSiinnaakkii  tthhrroouugghh  aa
ggrraanntt  ffrroomm  tthhee  RReettiirreemmeenntt  RReesseeaarrcchh  FFoouunnddaattiioonn..  TThheessee  tteecchh--
nniiqquueess  aarree  ddeessiiggnneedd  ttoo  ddeeccrreeaassee  ssttrraaiinn  oonn  tthhee  ssppiinnee  ddeessppiittee
wweeiigghhtt  lliiffttiinngg..))  ((GG  II))  SShhoouullddeerr  eexxtteennssoorrss  ccoonnttrriibbuuttee  ttoo  rreedduuccttiioonn
ooff  kkyypphhoottiicc  ppoossttuurriinngg..  SShhoouullddeerr  eexxtteennssoorrss  ccaann  bbee  ssttrreennggtthheenneedd
wwiitthh  aa  pprrooppeerr  ccoommbbiinnaattiioonn  ooff  wweeiigghhttlliiffttiinngg  aanndd  wweeiigghhtt  bbeeaarr--
iinngg  eexxeerrcciisseess  wwhhiillee  bbaallaannccee  iiss  mmaaiinnttaaiinneedd..  OOnnee  kknneeee  iiss  bbeenntt  ttoo
aavvooiidd  lluummbbaarr  ssttrraaiinn..  TToo  aavvooiidd  ssttrraaiinniinngg  tthhee  ssppiinnee  aanndd  ttoo  mmaaiinn--
ttaaiinn  bbaallaannccee,,  lleeaanniinngg  oorr  hhoollddiinngg  oonnttoo  aa  sstteeaaddyy  oobbjjeecctt  ffoorr  ssuupp--
ppoorrtt  iiss  rreeccoommmmeennddeedd..  NNoottee::  TThhee  aammoouunntt  ooff  wweeiigghhtt  lliifftteedd  iiss
aabboouutt  II  ttoo  22  ppoouunnddss,,  nnoott  ttoo  eexxcceeeedd  55  ppoouunnddss..  TThhee  aammoouunntt  ooff
wweeiigghhtt  nneeeeddss  ttoo  bbee  pprreessccrriibbeedd  aaccccoorrddiinngg  ttoo  tthhee  ppaattiieenntt''ss  bboonnee
mmiinneerraall  ddeennssiittyy  ((ssttaattuuss  ooff  oosstteeooppoorroossiiss))  aanndd  tthhee  ccoonnddiittiioonn  ooff
tthhee  uuppppeerr  eexxttrreemmiittiieess..  ((GG22))  BBiillaatteerraall  oorr  uunniillaatteerraall  ssppiinnee  aanndd  hhiipp
wweeiigghhtt--llooaaddiinngg  eexxeerrcciissee..  WWhheenn  wweeiigghhtt  iiss  lliifftteedd  aabboovvee  tthhee  hheeaadd,,
kknneeeess  sshhoouulldd  bbee  bbeenntt  sslliigghhttllyy  ttoo  aavvooiidd  ssttrraaiinniinngg  tthhee  lluummbbaarr
ssppiinnee..  NNoottee::  TThhee  aammoouunntt  ooff  wweeiigghhtt  lliifftteedd  iiss  aabboouutt  II  ttoo  22  ppoouunnddss
iinn  eeaacchh  hhaanndd,,  nnoott  ttoo  eexxcceeeedd  55  ppoouunnddss  iinn  eeaacchh  hhaanndd..  TThhee
aammoouunntt  ooff  wweeiigghhtt  nneeeeddss  ttoo  bbee  pprreessccrriibbeedd  aaccccoorrddiinngg  ttoo  tthhee
ppaattiieenntt''ss  bboonnee  mmiinneerraall  ddeennssiittyy  ((ssttaattuuss  ooff  oosstteeooppoorroossiiss))  aanndd  tthhee
ccoonnddiittiioonn  ooff  tthhee  uuppppeerr  eexxttrreemmiittiieess
(Al through B2, F, and G from Sinaki M. Metabolic bone disease. In: Sinaki M,
editor. Basic Clinical Rehabilitation Medicine. 2nd edition. St. Louis: Mosby
Year Book, 1993; p. 209-36. C,D, and E1,2 from Sinaki M. Exercise and physi-
cal therapy. In: Riggs BL, Melton U 111, editors. Osteoporosis: etiology, diag-
nosis, and management. New York: Raven Press; 1988. p. 457-79. E3 from
PTS: Posture Training Support. Brochure Y32905. Jackson (Ml): CAMP
Healthcare; 1998)

RROOPPEE::    BBaacckk  eexxtteennssiioonn  eexxeerrcciissee  pprrooggrraamm

FFiigguurree  77.. MMooddeell  ddeemmoonnssttrraattiinngg  bbaacckk--ssttrreennggtthheenniinngg  eexxeerrcciissee
wwiitthh  aa  bbaacckkppaacckk  ccoonnttaaiinniinngg  ssaannddbbaagg  wweeiigghhttss  
(From Sinaki M, et al. (1989) Mayo Clin Proc. 64:762-769

FFiigguurree  88.. SSuurrvviivvaall  pplloott  sshhoowwiinngg  tthhee  ppeerrcceennttaaggee  ooff  ppaattiieennttss
iinn  eeaacchh  ggrroouupp  wwiitthh  nnoo  rreeffrraaccttuurree  aatt  vvaarriioouuss  ttiimmee  ppooiinnttss
((PP<<..000011))..    PPVVPP==ppeerrccuuttaanneeoouuss  vveerrtteebbrrooppllaassttyy;;    RROOPPEE==RReehhaabbii--
lliittaattiioonn  ooff  OOsstteeooppoorroossiiss  PPrrooggrraamm--EExxeerrcciissee  
(From Huntoon EA, et al.  Mayo Clin Proc.  January 2008:83(1):54-57
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stroke, deep venous thrombosis, and cholecystitis. The ef-
fect of HRT on cardiovascular disease depends on the age
of women. Recent reports indicate that women younger
than age 60 who took hormones had a 39% reduction in
total mortality as compared to women of a similar age
who did not take the drug. Additional pharmacotherapy
options include antiresorptive agents such as bisphospho-
nates in the form of alendronate or risedronate and bo-
ne-forming agents such as teriparatide. The choice of
pharmacotherapy depends on the patient’s age, bone mi-
neral density and serum biochemical markers of bone.
HRT should not be used for treatment of osteoporosis.
Bone loss and osteoporosis cause an imbalance in muscu-
loskeletal stability.  Increased bone porosity decreases
the biomechanical competence of bone.  Trauma to the
skeletal structure can vary from gravity alone to the high

impact of a moving, energized body part to the floor.
The point of no return from fracture is defined by bone
mass and resilience (16).
Prevention of falls and decreasing risk of fracture is im-
portant for managing osteoporosis (3). A significant re-
duction in back pain and risk of falls and improvement in
the level of physical activity have been achieved through
the SPEED program (p<0.05).  Subjects who performed
the SPEED program decreased their fear of fall and Com-
puterized Dynamic Posturography and gait lab analysis
demonstrated reduced risk of falls (Fig 9 and 10), (11).
In summary, as with pharmacotherapy, rehabilitation
management is challenging and innovative. To comple-
ment pharmacotherapy, individualized osteogenic exer-
cises and rehabilitative measures need to be provided to
the patient.  Loading exercises are preferred to enduran-
ce exercises for improvement of bone mass and reducti-
on of bone loss.  Strengthening of axial muscle support
can improve mobility in older individuals and decrease
kyphosis and risk of vertebral fractures.  Studies have
shown that even if exercise does not increase bone mass,
it can still be beneficial for reducing vertebral fracture,
improving dysequilibrium and decreasing the risk of falls
and appendicular fractures.
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FFiigguurree  99.. AAnntteerrooppoosstteerriioorr  vveelloocciittyy  iinn  ssuubbjjeeccttss  wwiitthh  oosstteeooppoorroo--
ssiiss--kkyypphhoossiiss  aatt  bbaasseelliinnee  aanndd  ffoollllooww--uupp..    AAfftteerr  aa  44--wweeeekk  ttrriiaall  ooff
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pprrooggrraamm  aanndd  ssppiinnaall  wweeiigghhtteedd  kkyypphhoo--oorrtthhoossiiss,,  lleevveell  wwaallkkiinngg
aanndd  55%%  oobbssttaaccllee  wwaallkkiinngg  iimmpprroovveedd..    EErrrroorr  bbaarrss  ==  11  SSDD
(From Sinaki M, et al. (2005);80(7):849-855)

FFiigguurree  1100.. CCoommppoossiittee  ssccoorree  ooff  ccoommppuutteerriizzeedd  ddyynnaammiicc  ppoossttuurr--
ooggrraapphhyy  iinn  ccoonnttrrooll  ssuubbjjeeccttss  aanndd  ssuubbjjeeccttss  wwiitthh  oosstteeooppoorroossiiss--
kkyypphhoossiiss  aatt  bbaasseelliinnee  aanndd  ffoollllooww--uupp..    KKyypphhoottiicc  ssuubbjjeeccttss
iimmpprroovveedd  ssiiggnniiffiiccaannttllyy  aafftteerr  aa  44--wweeeekk  ttrriiaall  ooff  aa  ssppiinnaall  pprroopprrii--
oocceeppttiivvee  eexxtteennssiioonn  eexxeerrcciissee  ddyynnaammiicc  ((SSPPEEEEDD))  pprrooggrraamm  aanndd
ssppiinnaall  wweeiigghhtteedd  kkyypphhoo--oorrtthhoossiiss..    DDaattaa  aarree  mmeeaann  ±±  SSDD    
(From Sinaki M, et al. (2005);80(7):849-855) 
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