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ABSTRACT

O steoporos is  represents the m ost com m on form  of 
m e ta b o lic  bone  d isease . Its ep idem io logy , 
pa thogenes is , c lin ica l m an ifesta tions, rad iograph ic 
and labora to ry features, bone density  m easurem ents, 
and trea tm ent are d iscussed.
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INTRODUCTION

O steoporosis  is the m ost com m only encountered bone 
d isease. It is a m ajor risk factor fo r fracture and leads 
to cons iderab le  m orb id ity, m orta lity and expense. This 
ske le ta l d iso rder is characterized by tw o e lem ents that 
d istinguish  it from  other causes of osteopenia such as 
osteom alacia  and hyperpara thyro id ism  : low bone 
m ass and m icroarch itectura l d isruption.

Low  bone  m ass is a c h a ra c te ris tic  find ing  in 
osteoporosis. The bone that is present is norm ally 
m inera lized, w hich d is tinguishes osteoporosis from 
osteom alacia  (1).T here  is d isruption of the norm al 
a rc h ite c tu re .F e w e r bony sp icu les  are  seen in 
osteoporo tic  bone and they are th inner than norm al ; in 
add ition ,there  are horizonta l “s tru ts” that do not jo in up 
to  any o th e r s tru c tu re , and th e re b y  p rov ide  no 
structura l support. This m icroarch itectura l d isruption 
leads to ske le ta l frag ility  (2,3).

T h is  s tr ic t d e fin it io n , o f o s te o p o ro s is  is la rge ly  
h is to lo g ic . In p ra c tice , one dea ls  m a in ly  w ith  
de c re a se d  bone  de n s ity , or o s teopen ia , w ithou t 
exam in ing bone h isto logy. O steopen ia  (thin bones) is 
due in large part to osteoporosis  as defined above, 
a lthough there  are o ther contribu tors such as mild 
vitam in D de fic iency o r hyperthyro id ism .

EPIDEMIOLOGY
It is estim ated tha t over 1.3 m illion osteoporotic 
frac tu res  occu r each yea r in the  United States. 
Approxim ate ly one-ha lf o f these fractures are vertebral 
fractures, one-quarter are hip fractures, and one- 
qua rte r are C o lle s ’ frac tu res  (2). Pelvic and hip 
fractures are associa ted w ith increased m ortality, 
although cond itions o ther than the fracture itself may 
account fo r m ost o f the deaths (4).The risk of all 
fractures rises dram atica lly  w ith age but osteoporotic 
fractures are not lim ited to the elderly.

The num ber of w om en at risk fo r fracture  because of 
rad iographic osteoporosis  (defined as bone m ineral 
density m ore than 2 SD below  the m ean of young 
w om en) is m uch h igher than the num ber of wom en 
who actua lly have fractu res.A pproxim ate ly  30 percent 
of w om en over the age of 50 have low bone mass, and 
the num bers increase w ith age.Low  lum bar spine bone 
m ineral density is present in 15 percent of w om en in 
the sixth decade, and in nearly one-half of all wom en 
in the eighth and ninth decades.W hen a m ore strict 
defin ition of osteoporosis  (2.5 SD below  the mean of 
young w om en) is used, the preva lence is 13 to 18 
percent in w om en above age 50 years, and 3 to 6 
percent in men above age 50 years (5).

The burden of osteoporosis  is borne disproportionally 
by w om en. A fter age 50, a w om an is three tim es more 
likely than a man to have a vertebra l or hip fracture 
(16 to 18 versus 5 to 6 %) and six tim es more likely to 
have a C o lies ’ fracture (6). It has been estim ated that 
as m uch as 75 percent o f bone lost in the years after 
m enopause m ay be re la ted to estrogen deficiency 
ra ther than age (7).

PATHOGENESIS
O steoporosis is the end resu lt of years of bone loss, 
w hich is a lways due to a m ism atch between bone 
resorption and bone form ation. Both bone resorption 
and fo rm a tion  are inc reased  in postm enopausa l
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w om en (8 ,9 ), h y p e rp a ra th y ro id ism  (10), 
h ype rthy ro id ism  (11), and m a ln u tritio n . H ow ever, 
resorp tion  ou tpaces fo rm ation  in these  d isorders, 
resu lting in h igh -tu rnove r osteoporosis. Patients w ith 
anorexia  nervosa, fo r exam ple, tend to have low  bone 
density, w hich is m ore than tw o standard dev ia tions 
below  norm al in 50 %  (12). The bone loss is caused by 
low production  of both estrogen (13) and insu lin -like  
grow th factor-1 (14,15). Exercise appears to m in im ize 
the bone loss in these  patien ts and bone density 
im proves w ith recovery and resum ption  of norm al 
m enses (13). The m echanism  by w hich estrogen lack 
leads to increased bone loss is not well understood. 
Both d irect e ffects on osteoc last function  and changes 
in the re lease of certa in  cytok ines appear to  contribute. 
Bone resorption and fo rm ation  are reduced in patients 
w ith liver d isease; how ever, fo rm ation  is im paired to a 
g re a te r e x te n t than  re so rp tio n , resu lting  in low- 
tu rn o ve r o s te o p o ro s is  (16). B one  re so rp tio n  is 
a cce le ra te d  and fo rm a tio n  is s low ed  by excess  
g lu co co rtico id s . T h is  c o m b in a tio n  can lead to 
extrem ely rapid bone loss. C erta in  drugs such as 
heparin, cyc losporin , m edroxyprogeste rone  acetate, 
vitam in A, certa in  syn the tic  re tino ids and perhaps 
w arfarin , can also cause bone loss. M ost patien ts w ith 
osteoporosis, how ever, do not have any of these  
prim ary d iseases, and the ir bone loss is large ly due to 
tw o factors: age-re la ted  bone loss and m enopause- 
related bone loss.

Age-related bone loss -  A ge-re la ted  bone loss 
begins in the  fourth  or fifth decades, and results in a 
s low  loss of cortica l and trabecu la r bone in both men 
and w om en (17). Th is loss m ay be partia lly  due to 
decreased ca lc ium  absorp tion , and may be som ew hat 
a ttenuated by ca lc ium  supp lem enta tion  (18).

Menopause-related bone loss -  M enopause re la ted 
bone loss begins soon a fte r the  onset o f estrogen 
de fic iency . A rap id  a cce le ra tion  o f bone loss is 
particu larly seen in trabecu la r bone (17). A fte r the 
m enopause, the ovaries in m any w om en con tinue  to 
secrete a sm all am ount o f estradio l, w h ile  in others 
there is no estrad io l secretion. W hen these tw o groups 
w ere  co m pared  abo u t tw e n ty  ye a rs  a fte r the  
m enopause, those  w ith  unde tectab le  concen tra tions of 
serum  estrad io l had m ore bone loss (19) and a re la tive 
risk of vertebra l and hip fractu re  of 2.5 com pared to 
w om en who had m easurable  serum  estrad io l (20). 
E strogen  re p la c e m e n t the rapy , o ro g e s tin s  and 
b isphosphonates can a ttenua te  th is loss (8 ,21-23). 
M enopause-re la ted bone loss lasts fo r about 10 years. 
A fte r th is tim e, the rate of bone loss is d im in ished  to 
near the rate of aging (17).

Osteoporosis in men -  G onadal fa ilure and androgen 
insensitiv ity  are also risk factors fo r osteoporosis  in 
men (24-26). All men w ith o therw ise  unexpla ined

osteoporos is  shou ld  be asked abou t sym ptom s of 
h yp o g o n a d ism  (d e c re a s e d  lib ido , im p o te n ce  and 
te s tic u la r a tro p h y) and  the  se rum  te s to s te ro n e  
concen tra tion  shou ld  be m easured. In add ition  to 
tes toste rone , es trogen has an im portan t e ffect upon 
bone m etabo lism  in men. In one  study, bone dens ity  at 
all ske le ta l s ites in m en ove r the  age of 65 was 
p o s itive ly  co rre la te d  w ith  h ig h e r se rum  es tra d io l 
concen tra tions, even a fte r ad jus tm en ts  fo r w e igh t and 
serum  sex-horm one b ind ing  g lobu lin  concen tra tions
(27). Low  bone dens ity  has also been described  in 
pa tien ts w ith m arked estrogen  de fic iency  due  to a 
de fec t in the estrogen recep to r gene, and estrogen 
de fic iency due to a loss-o f-function  m uta tion  in the 
a ro m a ta se  gen e  (2 8 ,2 9 ). S im ila rly , s tu d ie s  in 
p o s tm e n o p a u sa l w om en  su g g e s t th a t low  serum  
androgen concen tra tions  m ay con tribu te  to the bone 
loss assoc ia ted  w ith estrogen  de fic iency  (30).

Genetic factors -  G ene tic  factors m ost like ly play a 
con tribu to ry  role in bone dens ity  sta tus. A m ong the 
genes tha t have been stud ied  is the  v itam in  D receptor 
gene. A lle lic  va ria tion  in th is  gene  cou ld  theore tica lly  
a ffect the ab ility  to bind v itam in  D ( d irec tly  or due  to 
va ria tio n  in the  n u m b e r o f re ce p to rs ), th e re b y  
pred isposing  som e pa tien ts  to reduced  bone m inera l 
density  and la te r,os teoporos is  (31). A no the r gene that 
has been associa ted w ith  bone dens ity  is C O LIA 1, the 
gene fo r co llagen type  la lp h a l, a bone m atrix prote in . 
COLIA1 po lym orph ism  has been de tected  in 1700 
postm enapausa l w om en  w ith  reduced bone density
(32).

An increased frac tu re  risk m ay a lso be due to prev ious 
fra c tu re s , c ig a re tte  sm o k in g , m a la b so rp tive  
g a s tro in te s tin a l d ise a ses  in c lu d in g  cys tic  fib ros is , 
prev ious hyperthyro id ism , seden ta ry  life sty le , low 
body  w e ig h t o r w e ig h t loss, and  a n x io ly tic , 
an ticonvu lsan t, o r neuro lep tic  d rugs (33-36).

TYPES OF OSTEOPOROSIS

The b im odal nature  of pos tm enapausa l bone loss 
w a rra n ts  a d is tin c tio n  b e tw e e n  tw o  d iffe re n t 
syndrom es: type  I and type  II os teoporos is . Type  I 
os teoporos is  is due  to rap id  trabecu la r bone loss after 
m enapause. Its p rim ary  c lin ica l m an ifes ta tions are 
d is ta l fo rea rm  and pa in fu l ve rte b ra l com press ion  
frac tu res 10 to 20 yea rs  a fte r m enapause . S low  
cum u la tive  loss o f both cortica l and trabecu la r bone 
causes type  II os teoporos is . Its p rim ary  m an ifesta tions 
are  h ip  fra c tu re s  and p a in le s s  ve rte b ra l w edge  
fractu res at the ages o f 70 to 90. The vertebra l w edge 
fractu res are pa in less because  bone loss is s low  and 
the  fractu res are g radua l. M any pa tien ts  m ay be hard 
to c lassify.
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CLINICAL MANIFESTATIONS

O steoporos is  has no clin ical m anifesta tions until there 
is a fracture . In com parison, pain is com m on in 
osteom alacia . Vertebra l fracture  is the m ost com m on 
clin ica l m an ifesta tion  of osteoporosis. About tw o-th irds 
of these  frac tu res are asym ptom atic  and they are 
d iagnosed as an incidenta l finding on chest x-ray. 
O steoporo tic  fractu re  can lead to the acute onset of 
pain, typ ica lly  occuring  during  routine activities, such 
as bending and pulling. The acute pain d im in ishes in 
several w eeks and is rep laced by a chronic dull pain 
w hich can pers is t fo r a pro longed tim e in som e 
pa tie n ts . S u cce ss ive  crush  fra c tu re s  can cause  
thoracic  (dorsal) kyphosis w ith height loss and the 
dow age r’s hum p (3). Patients note that they no longer 
have a w aist. They m ay com pla in  of m uscular neck 
pain, s ince they have to extend the ir necks in order to 
look forward. M ultip le  vertebra l com pression fractures 
lead to d iscom fort in the  hips, especia lly in the area of 
the superio r iliac crest. This sym ptom  is due to a 
reduction in the  norm al d is tance betw een the bottom  of 
the  rib cage and the top  o f the iliac crests; the rib cage 
may bounce on the iliac crests causing pain. Dyspnea 
and g a s tro in te s tin a l co m p la in ts  (early  
sa tie ty ,constipa tion ) m ay arise.

Hip fractu res are re la tive ly  com m on in osteoporosis, 
a ffecting 15 % of w om en and 5 %  of men by 80 years 
of age. D istal rad ius fractu res (Colles) may also occur 
(37).

RADIOGRAPHIC FEATURES

Plain rad iographs show  detectab le  changes when 
bone loss exceeds 30 percent. The vertebral bodies 
m ay appear as em pty shells. Thinn ing and loss of 
trabecu la r pattern a lso occurs in the fem oral neck.

In the spine, an early  m anifesta tion  is “cod fish ing” ; this 
occurs w hen the in tervertebra l d isc causes a centra l 
depression in the m idd le  of the vertebra l body. Spinal 
os teoporosis  can also lead to com pression fractures or 
w edge  fra c tu re s . A n te rio r w edg ing  is usual and 
poste rio r w edg ing  is uncom m on. W edge fractures may 
cause fo rw ard-th rusting  thoracic  kyphosis. Thoracic 
kyphosis can also resu lt from  m isa lignm ent of perfectly 
rectangular, nonosteoporo tic  vertebra l bodies. This 
im portant d is tinction  is m ade by lateral spine or chest 
x-ray (17).

LABORATORY STUDIES

E va lu a tio n  shou ld  in c lude  a ch e m is try  p ro file , 
com ple te  b lood count, and serum  thyro trop in  (TSH) 
m easurem ent. Norm al serum  b icarbonate, calcium ,

TSH and c re a tin in e  va lues  exc lude  po ten tia lly  
trea tab le  cond itions  such as m e tabo lic  acidosis , 
hype rpa ra thy ro id ism , h yp e rthy ro id ism  and renal 
insu ffic iency . N orm al serum  ca lc ium , phosphate , 
a lbum in and a lka line phosphatase values m itigate 
against osteom alacia , w hile a norm al blood count and 
calcium  concentration m akes m yelom a unlikely. The 
serum alkaline phosphatase concentration may be 
high in patients w ith recent healing fractures. Thus, an 
isolated high value in a patient w ith a recent fracture is 
of lim ited significance.

The serum  tes tos te rone  concen tra tion  should be 
m easured in men w ith osteoporosis, particularly if 
there is d im in ished libido, im potance, or testicular 
a trophy (38).

The serum concentration of 25-hydroxyvitam in D and 
parathyroid horm one (PTH) should be m easured if the 
patient is e lderly w ith poor vitam in D intake or if there 
is a h istory of gas tro in tes tina l d isease  (such as 
m a labso rp tion  or g as trec tom y), live r d isease, or 
a n tico n vu lsa n t the rapy . V itam in  D de fic ie ncy  is 
associated with low serum  25-hydroxyvitam in D and 
high serum PTH concentra tions due to secondary 
hyperparathyro id ism .

U rina ry  co rtiso l e xc re tio n  or an ove rn igh t 
dexam ethasone suppression test should be perform ed 
if C ush ing 's  syndrom e is suspected.

The serum  PTH concentra tion  should be m easured in 
the presence of hyperca lcem ia  or hypercalciuria. A 
serum  and urine prote in  e lectrophoresis  m ust be 
obtained if m ultip le  m yelom a is being considered (37).

The W orld Health O rgan iza tion  has defined norm al 
bone density as a va lue w ith in one standard deviation 
of the young adult mean. Bone m ineral density (BMD) 
in any adult tha t is betw een 1 and 2.5 standard 
devia tions be low  the m ean is defined as osteopenia, 
and va lues m ore than 2.5 standard devia tions below 
the m ean is defined as osteoporosis  and is associated 
w ith  ske le ta l frag ility ; th is  leve l is cons idered  to 
represent the fracture  th resho ld . The lower the bone 
mass, the g reater is the tendency to fracture (2).

There are several d iffe rent m ethods used to assess 
bone density: single and dual photon absorptiom etry, 
dual x -ray  a bso rp tiom e try , q u an tita tive  com puted 
tom og raphy , u ltra so n o g ra p h y  and rad iog raph ic  
a b so rp tio m e try  are  such m ethods. Dual x-ray 
absorp tiom etry (DXA) g ives an accurate and precise 
estim ate of BMD, and is there fore  the method of 
choice (39).

MEASUREMENT OF BONE DENSITY
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B one d e n s ito m e try  is in d ic a te d  w h e n e v e r a 
de te rm ination  of bone  dens ity  w ill he lp  gu ide the  
the rapeu tic  dec is ion -m ak ing  process. Th is  can occur 
in severa l se ttings :

' I t  can be perfo rm ed  a round  the  tim e  of m enopause  to 
help gu ide a dec is ion  about es trogen  rep lacem ent 
therapy.

'P a t ie n ts  ta k in g  lo n g -te rm  g lu c o c o rtic o id  th e ra p y  
shou ld  have base line  and seria l m easurem ents  of 
bone dens itom etry  to  he lp  gu ide the rapeu tic  options.

'P a t ie n ts  w ith  a s y m p to m a tic  p rim a ry  
hyperpara thyro id ism  w ho m igh t be m anaged m ed ica lly  
shou ld  have in itia l and seria l m easurem ents.

MEDICAL THERAPY

O ral ca lc ium  su p p lem e n ts , ho rm o n e  re p la ce m e n t 
th e ra p y , s e le c tiv e  e s tro g e n  re c e p to r m o d u la to rs  
(SERM s), ca lc iton in , ca lc itrio l, b isphosphona tes and 
sodium  fluo ride  have all been used in the  trea tm en t of 
osteoporosis .

Calcium Supplements -  T he  e ffe c t o f ca lc iu m  
supp lem enta tion  on bone m ass and vertebra l frac tu re  
rate in estab lished  osteoporo tic  s ta tes is not well 
s tud ied . S om e s tu d ie s  su g g e s t th a t ca lc iu m  
supp lem en ta tion  in p e rim enopausa l fem a les  does 
decrease  the  rate of bone loss w hen g iven in doses of 
1000-1500 m g/day, espec ia lly  in sub jects  w ith  low 
ca lc iu m  in ta ke s  (40). A  co m b in a tio n  o f ca lc iu m  
supp lem ents and exerc ise  has also proven e ffective  in 
reducing ske le ta l bone  loss ra tes in pos tm enopausa l 
fem ale  popu la tions.

Hormone replacement therapy -  E strogen is an 
“an tireso rp tive ” agent w h ich  inh ib its  bone resorp tion  by 
decreasing  the  frequency  o f activa tion  of the  bone 
rem odeling  cycle . In the  early  stages of m enopause, 
w hen bone tu rnove r is increased, it is expected to  be 
m ost e ffic ien t. T he  usual s ta rting  dose  is 0 .625  mg of 
con juga ted  equ ine  estrogen  o r 0 .05 mg o f transderm a l 
estrogen, and they  m ay be g iven in com b ina tion  w ith 
p ro g e s te ro n e . U n w a n te d  sym p to m s  (b re a s t 
te n d e rn e s s ,s p o ttin g ,p e lv ic  d is c o m fo rt and  m ood  
changes) re la ted to  H RT have lim ited  the num ber of 
persons w ho experience  its bone-sparing  e ffects (41).

Selective Estrogen Receptor Modulators (SERMs)
These com pounds in te ract w ith  the  estrogen  recep to r 
bu t have  t is s u e -s p e c if ic  a c tiv itie s . F o r e xa m p le , 
ra loxifene, w h ich  is a m em ber of th is  fam ily, acts as an 
estrogen an tagon is t on the uterus and b reast but 
d isp lays estrogen -agon is tic  ac tiv ities  on bone  m ass 
and lipids. Th is c lass of d rugs m ay inc lude  1) va rious

agents  p rev ious ly  know n as an ties trogens , such as 16- 
e p ie s tr io l, e th a m o x y tr ip h e to l, c lo m ip h e n e , and 
ta m o x ife n  ; 2) a 19 -n o r te s to s te ro n e  d e r iv a tiv e , 
tibo lone ; 3) ra lox ifene  and its ana logs, such as LY 
117018 ; and 4) new er tr ip h e n y le th y le n e  deriva tives, 
such  as d ro lo x ife n e , to re m ife n e , id o x ife n e , and 
levo rm e lo x ife n e . V a rio u s  d o se s  o f ra lo x ife n e  and 
e lem en ta l ca lc ium  have  dec reased  bone  tu rnove r 
m arke rs  and s ig n ifica n tly  inc reased  bone  m inera l 
dens ity  (42).

Calcitonin -  L ike es trogen , ca lc iton in  inh ib its  bone 
reso rp tion  and s low s dow n the  ra te  o f bone  loss. In 
pa tien ts  w ith  increased  bone  tu rnove r, the  response  is 
b e tte r th a n  p a tie n ts  w ith  low  tu rn o v e r. T he  
recom m ended  dose  is 100 U subcu taneous ly  da ily. 
In te rm itten t p u lse -dose  reg im ens have  a lso been used 
w ith  docum en ta tion  o f increased  bone  m ass and 
decreased  frac tu re  inc idence . C a lc iton in  has inheren t 
ana lges ic  p rope rties  and can be recom m ended  in the 
early  pos tfrac tu re  period  because  of th is  e ffect. S ide 
e ffec ts  (flush ing, nausea) and the  d e ve lopm en t of 
an tibod ies  m ay lim it its use (43).

Calcitriol -  C a lc itrio l, in a dose  of 0 .25  (g /day, has 
been show n to reduce  the  ve rteb ra l frac tu re  rate 
com pared  w ith  a g roup  o f pa tien ts  tak ing  ca lc ium  
a lone. In som e ins tances, inc rem en ts  in bone m ass of
1-2 % /annum  have been  recorded. It has a lso been 
used in the  trea tm en t o f s te ro id -induced  osteoporos is . 
B ecause  ca lc itrio l is the  m ost po ten t m etabo lite  of 
v ita m in  D, it d o e s  in c re a s e  in te s tin a l ca lc iu m  
abso rp tion , o ften  resu lting  in hype rca lc iu ria  and /o r 
hype rca lcem ia . P a tien ts  shou ld  be m on ito red  eve ry  6- 
8 w e e k s  fo r d e v e lo p m e n t o f th e s e  b io ch e m ica l 
abnorm a lities  (44).

Bisphosphonates -  T h is  g ro u p  o f c o m p o u n d s  
in c lu d e s  e tid ro n a te , a le n d ro n a te , p a m id ro n a te , 
tilud rona te , rised rona te  and ibandrona te . E fficacy of 
e tid rona te  (400 m g/day, fo r tw o  w eeks  eve ry  3 m onths, 
w ith  supp lem en ta l ca lc ium ) has been  dem onstra ted  in 
p o s tm e n o p a u s a l w o m e n  and  p a tie n ts  w ith  
g lucoco rtico id -induced  os teopo ros is . C yc lic  e tid rona te  
has a lso been used in com b ina tion  w ith  estrogen  for 
both p reven tion  and tre a tm e n t of os teopo ros is  (45). 
The  long-te rm  e fficacy o f a lend rona te  (10 m g/day) has 
been docum en ted  in p os tm enopausa l os teoporos is . A 
m e ta -ana lys is  has show n a reduction  in ve rtebra l and 
nonvertebra l frac tu re  inc idence  (46). A lend rona te  is 
usua lly  w e ll to le ra ted , bu t eso p h a g itis  and esophagea l 
u lcers can occur.

Sodium fluoride -  Th is  com pound  is used in doses 
b e tw e e n  5 0 -7 5  m g /d a y  fo r th e  tre a tm e n t o f 
pos tm enopausa l os teoporos is . A lthough  the  increase  
in sp ina l bone m ass app ro x im a te s  8% /year, the re  is 
little  e v id e n ce  th ^ t th is  in c re a s e  tra n s la te s  to a
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red u c tio n  in v e rte b ra l fra c tu re s . M orover, it is 
associa ted w ith  s ign ifican t gastro in testina l d istress 
and a pa in fu l low er extrem ity  syndrom e. Because of 
these factors, it has not been very popular in the 
trea tm ent of osteoporosis  (37).

Various com bina tions and trea tm ent regim ens of these 
drugs, as well as new er com pounds such as synthetic 
p a ra th y ro id  ho rm one , are  cu rre n tly  undergo ing  
extensive  c lin ical tria ls. If the ir safety and efficacy are 
estab lished, the ir use will be w idespread.
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