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Introduction

Os te oporos is  is  th e  m os t com m on m e tabolic bone
dis e as e  in w h ich  incre as e d bone  fragility pre dis pos e s
to th e  occurre nce  of fracture  w ith  m inim al traum a.1

Pos t-m e nopaus al w om e n are  th e  m os t com m on h igh
ris k  group.2 Dual e ne rgy X-ray abs orptiom e try (DXA)
is  th e  gold s tandard of m e as uring bone  m ine ral
de ns ity (BMD).3 BMD m e as ure d by DXA is  s tatis tically
e xpre s s e d as  T-s core  th at indicate s  diffe re nce  in
te rm s  of s tandard de viation (SDs ), be tw e e n patie nt’s
BMD and m e an bone  m ine ral de ns ity of th e  s e x and

race  m atch e d norm al re fe re nce  population be tw e e n
age s  20-30.4-5 Th us , th e  W H O diagnos tic crite ria for
os te oporos is  de fine  os te oporos is  in te rm s  of a T-
s core  be low  - 2.5 and os te ope nia w h e n T-s core  is
be tw e e n - 2.5 and -1.4-6 (Tab. 1) s h ow s  W H O w ork ing
group’s  T-s core  bas e d clas s ification s ys te m .
O s te oporos is  is  a s ys te m ic dis orde r and in m os t of
th e  cas e s , BMD at diffe re nt anatom ic re gions  is
corre late d, h ow e ve r th e  rate  of bone  los s  in diffe re nt
anatom ical s ite s  could be  diffe re nt.7-8 K e e ping in
m ind  intras ite  variation of BMD, T-s core s  are  us ually
calculate d for tw o s tandard s ite s  of lum bar ve rte brae
and fe m oral ne ck .7-8
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AIMS: Diagnos tic dis cordance  for os te oporos is  is  th e  obs e rvation th at T-s core  of an individual patie nt varie s
be tw e e n s k e le tal s ite s , falling into tw o diffe re nt diagnos tic cate gorie s  de fine d by th e  W orld H e alth  Organiz ation
(W H O) clas s ification s ys te m . Th e  principle  aim  of th e  s tudy w as  to e xam ine  th e  fre q ue ncy of T-s core  dis cordance
be tw e e n th e  h ip and lum bar s pine  us ing dual e ne rgy X-ray abs orptiom e try (DXA). METHODS: Th is  is  a cros s -
s e ctional s tudy conducte d from  14th  July 2008 till 14th  January 2009  at National Guards  H e alth  Affairs  H os pital,
K ing Abdulaz iz  M e dical City, Saudi Arabia. BMD im age s  for 69 2 fe m ale  patie nts  w e re  s e arch e d for various
com binations  of T-s core s  re fle cting th e  nine  pos s ible  dis cordant and concordant pre m utations  of norm al,
os te ope nia, and os te oporos is . Th e  W H O diagnos tic clas s ification s ys te m  for os te oporos is  cate goriz e s  patie nts
into th re e  diagnos e s ----norm al, os te ope nia, or os te oporos is ----bas e d on th e ir T-s core s . Concordance  w as  de fine d
as  pre s e nt w h e n th e  s pine  and h ip T-s core  place d th e  patie nt in th e  s am e  diagnos tic clas s . M inor dis cordance
w as  de fine d as  pre s e nt w h e n th e  diffe re nce  be tw e e n tw o s ite s  is  no m ore  th an one  W H O diagnos tic clas s . Major
dis cordance  w as  de fine d as  pre s e nt w h e n one  s ite  is  os te oporotic and th e  oth e r s ite  is  norm al. RESULTS: Out
of 69 2 participants  (m e an age  57.6 ± 9 .9 2 ye ars ), m ajor dis cordance , m inor dis cordance , and concordance  of
T-s core s  w e re  s e e n in 4.5% , 39 %  and 56.5% , re s pe ctive ly. Mos t com m on m ajor dis cordance  obs e rve d w as
os te oporos is  of s pine  and norm al h ip T-s core s  w h ile  m os t com m on m inor dis cordance  w as  os te ope nia of s pine
and norm al total h ip T-s core s . CONCLUSION: T-s core  concordance  be tw e e n th e  h ip and PA L1-L4 s pine
m e as ure m e nt is  th e  m os t lik e ly finding, dis cordance  is  als o a com m on occurre nce . Th is  ph e nom e non of T-s core
dis cordance  s h ould be  re garde d as  a re al and pre vale nt finding.
Key words:  Dual X-ray abs orptiom e try; bone  m ine ral de ns ity; concordance ; dis cordance ; os te oporos is ; os te ope nia.
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Dis cordance  in th e  diagnos is  of os te oporos is  is  de fi-
ne d as  pre s e nce  of diffe re nt cate gorie s  of T-s core
(os te oporos is , os te ope nia, and norm al) in tw o s k e le tal
s ite s  of an individual patie nt.9  Furth e rm ore , dis cor-
dance  h as  be e n clas s ifie d by de gre e  into e ith e r m inor
or m ajor cate gorie s . M inor dis cordance  is  de fine d
as  be ing pre s e nt w h e n th e  T-s core  diffe re nce  be tw e e n
tw o s ite s  is  no m ore  th an one  W H O diagnos tic clas s i-
fication: in oth e r w ords , w h e n one  s ite  is  os te ope nic
w h e re as  th e  oth e r is  os te oporotic, or w h e n one  s ite
is  norm al and th e  oth e r is  os te ope nic. Major dis cor-
dance  is  de fine d as  be ing pre s e nt w h e n one  s ite  is
norm al and th e  oth e r s ite  is  os te oporotic.10-15

All ins tance s  of dis cordance  h ave  a caus e  th at pe rm its
th e ir furth e r clas s ification into s e ve ral ge ne ral e tiologic
type s  w h ich  include  ph ys iologic, path ologic, anatom ic,
artifactual, and te ch nical re as ons .10-12

Various  s tudie s  h ave  analys e d th e  pre vale nce  of T-
s core  dis cordance  in th e  diagnos is  of os te oporos is
s h ow ing alm os t s im ilar re s ults .10-14 Fe w  s tudie s  h ave
focus e d on e valuating ris k  factors  and prote ctive
factors  for th is  com m only obs e rve d ph e nom e non.
Th e  m os t im portant ris k  factors  re cogniz e d caus ing
m ajor dis cordance  w e re  old age , obe s ity and m e no-
paus e .10,12,14-15

Th e re  is  lack  of any publis h e d data addre s s ing th e
pre vale nce  of variation of BMD value s  at diffe re nt
s k e le tal s ite s  in Saudi Arabian population. Re porte d
BMD m e as ure m e nts  in Saudi fe m ale s  are  s ignificantly
low e r th an in th e ir Caucas ian and Am e rican counte r-
parts .16-17 Th is  m ay be  due  in part to incre as e d
num be r of pre gnancie s  and longe r duration of lac-
tation toge th e r w ith  h igh  incide nce  of vitam in D
de ficie ncy.18-19  Give n th is  back ground and cons ide ring
h igh  incide nce  of os te oporos is  in Saudi Arabia, th is
s tudy w as  conducte d to as s e s s  th e  fre q ue ncy of nine
pos s ible  diagnos tic com binations  of lum bar s pine
and h ip dis cordant and concordant  T-s core  value s
in th e  local population re fe rre d to our ce ntre .

Diagnosis T-score

Norm al

Os te ope nia

Os te oporos is

Se ve re  Os te oporos is

> - 1.0

< - 1.0, > - 2.5

< - 2.5

< - 2.5 plus  fragility Fracture s

Table 1: W H O  Os te oporos is  Clas s ification Sys te m

Methods and Materials

Th is  w as  a re tros pe ctive  de s criptive  analytical s tudy
and data w as  re corde d from  patie nts  h os pital ch arts .
A total 69 2 pos tm e nopaus al w om e n and w om e n ove r
th e  age  50 (m e an age , 55.6 yr) w e re  re cruite d in th e
s tudy re fe rre d by th e  Endocrinology clinic for bone
m ine ral de ns ity e valuation us ing dual e ne rgy X-ray
abs orptiom e try (DXA).
Patie nts  w h o h ad unde rgone  lam ine ctom y or h ip
s urge ry, re ce nt bone  s cans  and contras t s tudie s  and
patie nts  w ith  lum bar s pine  and h ip fracture s  w e re
e xclude d from  th e  s tudy. Patie nts  w ith  incom ple te
data w e re  als o e xclude d.
BMD w as  m e as ure d at th e  lum bar s pine  and h ip w ith
dual X-ray abs orptiom e try (DXA) us ing a Lunar
Prodigy GE M ode l SA 1058 X RO I, by a traine d
ope rator according to th e  m anufacture r’s  ins tructions .
BMD (g/cm 2), T-s core  and Z -s core   w e re  de te rm ine d
us ing LUNAR®  and NH ANES III databas e s . BMD
findings  w e re  inte rpre te d bas e d on W H O diagnos tic
clas s ification by tw o e xpe rie nce d nucle ar ph ys icians
w ith  th e  k now le dge  of th e  patie nt’s  h is tory as  w e ll
as  clinical findings .
De m ograph ic data, patie nt’s  h e igh t, w e igh t and de ns i-
tom e tric finding w e re  e nte re d into th e  s tandardiz e d
Pe rform a. Th e  data w as  s e arch e d us ing SPSS ve rs ion
15.0 to de te rm ine  th e  re lative  fre q ue ncy of m ajor
and m inor dis cordance  and 9 5%  confide nce  inte rval
w as  com pute d for all com binations  of dis cordance
and concordance . Concordance , m inor dis cordance
and m ajor dis cordance  w e re  obs e rve d according to
th e  de finition give n in th e  introduction and re corde d
for th e  PA L1-L4 s pine  and h ip. (Tab. 2) lis ts  th e  nine
pos s ible  diagnos tic com binations  of norm al, os te o-

No Discordance
Minor

Discordance
Major

Discordance

Norm al Spine ,
Norm al H ip

Os te ope nia Spine  ,
O s te ope nia H ip

Os te oporos is  Spine ,
O s te oporos is  H ip

Os te ope nia Spine ,
Norm al H ip

Os te ope nia H ip,
Norm al Spine

O s te ope nia Spine ,
O s te oporos is  H ip

Os te ope nia H ip ,
O s te oporos is  Spine

Norm al Spine ,
O s te oporos is  H ip

Norm al H ip,
O s te oporos is  Spine

Table 2: Nine  pos s ible  diagnos tic com binations  of norm al BMD,
Os te ope nia and Os te oporos is  bas e d on T-s core



Prevalence of Osteoporosis, Osteopenia and Normal BMD

Os te oporos is

O s te ope nia

Norm al

No.

Table 3: Pre vale nce  of Os te oporos is , O s te ope nia and Norm al
BMD according to W H O diagnos tic crite ria

Lumbar Spine Total Hip

% 9 5% Confide nce
Inte rvals

No. % 9 5% Confide nce
Inte rvals

121

29 0

281

17.5

41.9

40.6

14.7-20.3

38.2-45.6

35.4-42.6

48

260

384

6.9

37.5

55.5

5.1-8.8

34-41.2

51.8-59 .2

Frequency % 95% Confidence
Interval

Major Discordance

Norm al Spine  and

Os te oporos is  H ip

Os te oporos is  Spine  and

Norm al H ip

Minor Discordance

Norm al Spine  and

Os te ope nia H ip

Os te ope nia Spine  and

Norm al H ip

Os te ope nia Spine  and

Os te oporos is  H ip

Os te oporos is  Spine  and

Os te ope nia H ip

No Discordance

Norm al Spine  and Norm al H ip

Os te ope nia Spine  and

Os te ope nia H ip

Os te oporos is  Spine  and

Os te oporos is  H ip

31

2

29

270

57

133

17

63

39 1

222

140

29

4.5

0.3

4.2

39 .0

8.2

19 .2

2.5

9 .1

56.5

32.1

20.2

4.2

2.9 4 - 6.02

 - 0.11 - 0.69

2.7 - 5.7

35.4 - 42.7

6.2 - 10.3

16.3 - 22.2

1.3 - 3.6

7.0 - 11.3

52.8 - 60.2

28.6 - 35.6

17.3 - 23.2

2.7 - 5.7

Table 4: Dis tribution of diagnos tic dis cordance s  and concordance s
according to W H O crite ria
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pe nia and os te oporos is  be tw e e n tw o k e y m e as ure -
m e nt s ite s  de pe nding on T-s core  value s .

lum bar s pine  w as  m ore  pre vale nt. Dis tribution and
patte rn of T-s core  dis cordance s  and concordance s
is  de picte d in (Tab. 4).

Results

Patie nts  w e re  diagnos e d as  h aving norm al BMD
value s , os te ope nia and os te oporos is  bas e d on W H O
T-s core  clas s ifications  s ys te m .
Totally, 48 (6.9 % ) participants  w e re  diagnos e d in
os te oporotic range  in th e  h ip are a and 121 (17.5% )
participants  in th e  lum bar are a. O s te ope nia th at is
cons ide re d a pre -condition to os te oporos is  w as  note d
involving s pine  in 29 0 (41.9 % ) of th e  participants
and e ffe cte d h ip in 260 (37.5% ) of th e  participants
(Tab. 3).

Concordant T-s core  value s  be tw e e n h ip and lum bar
s pine  w e re  s e e n in 39 1(56.5% ) participants . Major
dis cordance  w as  obs e rve d in BMD re s ults  of 31
(4.5% ) participants  and m inor dis cordance  w as
obs e rve d in 270 (39 % ) participants  as  de picte d in
(Fig. 1).

Th e  m os t com m on m ajor dis cordance  obs e rve d w as
os te oporos is  of s pine  and norm al h ip and th e  m os t
com m on m inor dis cordance  w as  os te ope nia of th e
s pine  and norm al h ip  s h ow ing th at in both  th e  m inor
and m ajor cate gory of dis cordance , low e r BMD for

Figure 1: Fre q ue ncy of T-s core  dis cordance  and concordance  in
our s tudy

Discussion

Th is  data analys is  re ve ale d th at, us ing W H O crite ria
for de finition of os te oporos is  and os te ope nia,
s im ultane ous ly m e as ure d T-s core  at th e  PA L1-L4
s pine  and total h ip s h ow e d th at m os t of th e  pos t-
m e nopaus al w om e n (59 .4% ) h ad os te ope nia or
os te oporos is .
Concordant T-s core  value s  be tw e e n h ip and lum bar
s pine  w as  th e  m os t com m only obs e rve d finding,
h ow e ve r, a s ignificant num be r of patie nts  s h ow e d
dis cordant T-s core  value s , m ajority of th e m  from
m inor cate gory.
Minor dis cordance , pre s e nt w h e n th e  PA L1-L4 total
s pine  and total h ip BMD value s  diffe r by only one
W H O diagnos tic clas s , s h ow ing s ligh t diffe re nce s  in
T-s core  be tw e e n tw o s ite s , w as  found in 39 %  of
patie nts . M ajor dis cordance , pre s e nt w h e n one  s ite
is  os te oporotic and th e  oth e r is  norm al, w as  obs e rve d
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in only 4.5%  of th e  participants . Th e  pre vale nce  of
both  type s  of dis cordance  obs e rve d in our s tudy is
in clos e  agre e m e nt w ith  th e  re s ults  of th e  s im ilar
s tudie s .10-13 De rak h s h an e t al. re porte d  low e r fre -
q ue ncy of m ajor dis cordance  (1.8% ) in com paris on
to th e  re s t of th e  publis h e d data.14

Th e  m os t com m on m inor dis cordance  obs e rve d w as
“os te ope nia of s pine  and norm al h ip” follow e d by th e
com bination of “norm al s pine  and os te ope nia of h ip”.
Pre s e nce  of m inor dis cordance  could be  due  to
ph ys iological diffe re nce s  be tw e e n tw o s ite s  or m inor
variations  in proce dure  te ch niq ue s . Minor dis cordance
ge ne rally doe s  not alte r th e  probable  cours e  of th e
dis e as e  and th e rape utic plan; h ow e ve r, follow  up
w ould be  advis able  to pre ve nt furth e r progre s s ion of
dis e as e  and future  ris k  of fracture .20

In our s tudy and th e  oth e r tw o s tudie s  by Moayye ri
e t al.11 and El Magh raoui e t al.12 low e r BMD for
lum bar s pine  w as  m ore  pre vale nt in both  m ajor and
m inor dis cordance . Variation in rate  of bone  los s
be tw e e n diffe re nt anatom ical s ite s   could be  th e  m ain
re as on.21-22 Rapid los s  of bone  m ine ral de ns ity
obs e rve d in pe ri-m e nopaus al and pos t-m e nopaus al
ye ars  is  pre dom inantly s e e n involving trabe cular
bone , and th us  th e  axial s k e le ton is  th e  prim ary
targe t.23-25 Re porte d rate  of bone  de privation in
pos t–m e nopaus al s tage  is  fas te r (1.8-2.3%  pe r ye ar)
in th e  lum bar s pine   w h ich  is  rich  in trabe cular bone
com pone nt in com paris on to  th e  h ip and fe m ur w ith
h igh e r proportion of  cortical bone  conte nt (1.0-1.4%
pe r ye ar).26 Se condary os te oporos is  (s uch  as  gluco-
corticoid e xce s s , h ype rth yroidis m , live r dis e as e , and
rh e um atoid arth ritis ) als o affe ct s pinal colum n be fore
oth e r s k e le tal s ite s .27-28 In addition, w e igh t be aring
can caus e  ris e  in bone  de ns ity e s pe cially in th e  h ip
and fe m ur re gions .29

In com paris on to our s tudy, W oods on’s  data analys is 10

s h ow e d th at w h e n m ajor dis cordance  occurre d, th e
patte rn of th e  os te oporotic h ip w ith  th e  norm al s pine
w as  about tw ice  as  lik e ly an os te oporotic s pine  w ith
a norm al h ip. One  pos s ible  e xplanation could be
fals e ly e le vate d BMD value s  due  to path oph ys iologic
factors  (ve rte bral os te oph ytos is , e nd plate  s cle ros is
and com pre s s ion fracture s ) w h ich  m ore  com m only
affe ct th e  s pine  th an th e  h ip.30-31 It is  lik e ly th at
de s pite  th e  q uality control, s om e  data containing
th e s e  abnorm alitie s  w e re  not e xclude d.
Alth ough  th is  tas k  is  be yond th e  s cope  of th is  article

to de te rm ine  th e  unde rlying e tiological factor
contributing to dis cordant T-s core  value s , s om e  of
th e  fe ature s  of e ach  of th e  five  caus e s  m e ntione d
for dis cordance  be tw e e n th e  s pine  and th e  h ip s ite s
are  dis cus s e d h e re in.

1.

2.

3.

4.

5.

Ph ys iologic dis cordance  is  due  to s k e le ton's  natural
adaptive  re s pons e  to m e ch anical factors . W e igh t
be aring plays  a k e y role  in th is  k ind of dis cordance
caus ing diffe re nce  in bone  de ns ity be tw e e n
dom inant and non-dom inant h ip.22,29  Ph ys iological
caus e s  are  us ually age  re late d and de pe nd on
factors  e ffe cting grow th  and de ve lopm e nt.
Path oph ys iologic dis cordance  is  s e e n s e condary
to a dis e as e  or due  to m e dication us e . Com m on
e xam ple s  include  ve rte bral os te oph ytos is , ve rte bral
com pre s s ion fracture , ve rte bral e nd plate  and
face t s cle ros is , os te och ondros is , and aortic
calcification.30-31 Anoth e r caus e  in younge r patie nts
is  ank ylos ing s pondylos is  s ynde s m oph yte s .27,28

Anatom ic dis cordance  is  ow ing to th e  proportion
of trabe cular and cortical bone  com pone nts  at th e
s ite  of BMD m e as ure m e nt. An e xam ple  is  th e
diffe re nce  in T-s core s  found for th e  PA lum bar
s pine  and th e  s upine  late ral lum bar s pine  in th e
s am e  patie nt.
Artifactual dis cordance  occurs  w h e n de ns e  s yn-
th e tic s ubs tance s  s uch  as  m e tallic obje cts  or
barium  s ulph ate  are  w ith in th e  fie ld of re gion of
inte re s t.
Te ch nical dis cordance  occurs  due  to im prope r
patie nt pos itioning, te ch nician’s  variability, patie nt’s
 m ove m e nt or th e  h ardw are  or s oftw are  re late d
e rrors .32,33

Ge ne rally, th e  above  m e ntione d caus e s  provide  an
e xplanation for m os t of th e  cas e s  of dis cordance
obs e rve d in clinical practice . It is  im portant th at DXA
re ade rs  be com e  w e ll fam iliar w ith  th is  condition and
e s tablis h  a particular s trate gy for re porting dis cordant
re s ults . De ns itom e tris ts  and clinicians  s h ould try to
look  for th e  unde rlying ae tiology of th is  ph e nom e non;
h ow e ve r, th e y s h ould be  pre pare d to acce pt th e  fact
th at th e y m igh t not alw ays  h ave  an obvious  e xpla-
nation for it.
Th is  s tudy h ow e ve r, h ad its  lim itations  as  w e  could
not e xclude  th e  pos s ibility of re fe rral bias . Patie nts
re fe rre d to us  alre ady h ad h igh  s us picion of h aving
os te oporos is . Th e re  is  a ne e d to e valuate  ge ne ral
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population w h ich  w ill give  norm ative  data as  w e ll as
true  pre vale nce  of dis cordance . Diffe re nt Te ch nolo-
gis ts  ope rating th e  s am e  m ach ine  m igh t h ave  caus e d
variation in patie nt pos itioning and variable  RO I for
analys is . Morbid obe s ity is  ve ry com m on in Saudi
fe m ale  population due  to s e de ntary life s tyle  and
e ating h abits . Exce s s ive  and non-uniform  dis tribution
of fat s urrounding th e  bone s  m igh t le ad to e rrors  in
e valuation of BMD value s .
Cons ide ring th e  h igh  pre vale nce  T-s core  dis cordance
in our s tudy population, th e re  is  a ne e d to furth e r
as s e s s  th e  pre vale nce  and as s ociation of ris k  factors
for T-s core  dis cordance .  Evaluation of th e  clinical
and bioch e m ical variable s  as s ociate d w ith  th e
dis cordant bone  m ine ral de ns ity at various  s k e le tal
s ite s  in a large r patie nt population w ith  longe r follow -
up de s igns  m igh t h e lp to de te rm ine  th e  caus e s  of
th is  s k e le tal fe ature .

Conclusion

In s um m ary, our s tudy data s h ow e d th at 44%  of th e
participants  h ad T-s core  dis cordance  be tw e e n lum bar
s pine  and h ip m e as ure m e nt s ite s , m ajority of th e m
from  m inor clas s  and only 4.5%  h ad m ajor dis cor-
dance . M inor dis cordance  ge ne rally doe s  not influ-
e nce  th e  diagnos is  or ove rall prognos is  of patie nts .
Major dis cordance  th ough  not ve ry com m on, can
caus e  proble m s  in inte rpre tation of th e  de ns itom e try
re s ults , e ffe cting diagnos is  and th e rape utic plan. W e
re com m e nd us ing DEXA to m e as ure  BMD in both
h ip and s pine  and clas s ifying th e  patie nt bas e d on
th e  low e s t T-s core  of th e s e  m e as ure m e nts .
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