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doe s  not act as  a h om oge ne ous  abs orbe r; a s ingle
e ne rgy X-ray be am  cannot diffe re ntiate  am ong th e
diffe re nt com pone nts  s uch  as  fat m as s , le an m as s
and bone . For th is , dual e ne rgy X-ray te ch niq ue  w as
utiliz e d. Bone  m ine ral de ns ity m e as ure m e nt us ing dual
e ne rgy X-ray abs orptiom e try (DXA) h as  gre at clinical
s ignificance  in th e  e arly de te ction and diagnos is  of
os te oporos is . X-ray abs orption is  th e  bas ic m e ch anis m
for dis crim ination be tw e e n organs  in a body unde r X-
ray obs e rvation. Exactly h ow  m uch  X-ray is  abs orbe d
by diffe re nt tis s ue s  is  de te rm ine d by Lam be rt's  law
and is  give n by
I = I o e -µx

w h e re  I is  th e  X-ray inte ns ity e m e rging from  tis s ue , Io
is  th e  X-ray inte ns ity incide nt on th e  tis s ue , x is  th e
tis s ue  th ick ne s s  and µ is  th e  m as s  atte nuation
coe fficie nt.
Th e  DXA principle  is  bas e d on th e  fact th at m as s
atte nuation coe fficie nt (µm  ) for diffe re nt tis s ue s
de cre as e s  at diffe re nt rate s  w ith  incre as e  in X-ray
e ne rgy. At low  X-ray e ne rgy, m as s  atte nuation
coe fficie nt of bone  (µb ) is  ve ry h igh  com pare d to s oft
tis s ue  (µs  ); and at h igh  X-ray e ne rgy, 'µb ' is
approxim ate ly e q ual to th at of 'µs  ' as  s h ow n in (Fig.1).6

Os te oporos is  is  a ch ronic condition of m ultifactorial
e tiology involving s ys te m ic s k e le ton ch aracte riz e d by
de cre as e d bone  m as s  and de te rioration of bony
m icroarch ite cture . Th e  re s ult is  fragile  bone s  and an
incre as e d ris k  of fracture s , e ve n afte r s ubtle  traum a.
O s te oporos is  is  a s ignificant h e alth  proble m  and
approxim ate ly 10 m illion pe ople  in th e  Unite d State s
h ave  os te oporos is . An additional 33.6 m illion pe ople
h ave  low  bone  de ns ity of th e  h ip and are  at ris k  for
os te oporos is .1 Each  ye ar in th e  UK an e s tim ate d 260
000 os te oporotic fracture s  occur am ong w om e n age d
50 ye ars  and ove r, including ove r 70 000 cas e s  of h ip
fracture .2 H ip and ve rte bral fracture s  are  as s ociate d
w ith  s ignificant m orbidity and an incre as e d ris k  of
de ath .3 By th e  ye ar 2020 it is  proje cte d th at th e  UK
population age d ove r 85 ye ars  w ill double  from  1.2
m illion to 2.1 m illion, s o th e  pre ve ntion of fragility
fracture s  w ill as s um e  incre as ing im portance .4 Ability
for e arly de te ction of os te oporos is  be fore  fracture s
occur and us e  of e ffe ctive  th e rapy are  th e  re ce nt
advance m e nts . Es tim ation of bone  m ine ral de ns ity
(BMD) plays  a pivotal role  in th is  re gard.
In 19 87 e s tim ation of BMD us ing dual e ne rgy X-ray
abs orptiom e try (DXA) w as  introduce d for routine  clinical
us e  and in 19 9 4 W orld H e alth  Organiz ation de clare d
DXA as  th e  gold s tandard for BMD e s tim ation in its
te ch nical re port.5
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Bas ic Principle s  of DXA

W h e n a th re e -dim e ns ional abs orbe r (s uch  as  h um an
body) is  s canne d by X-ray, it produce s  tw o-dim e ns ional

flat im age  on th e  ph otograph ic film . Th e  h um an body

Figure  1: Th e  m as s  atte nuation coe fficie nt ve rs us  X-ray ph oton
e ne rgy



57PJR April - June 2009; 19(2)PAK ISTAN JOU RNAL  OF RADIOLOGY

Indications  for DXA

Bone  de ns ity te s ting is  indicate d for th e  follow ing
individuals : w om e n 65 ye ars  of age  and olde r,
pos tm e nopaus al w om e n unde r age  65 ye ars  w ith  ris k
factors , m e n 70 ye ars  of age  and olde r, adults  w ith
fragility fracture , adults  tak ing a m e dication or adults
w ith  a dis e as e  or condition as s ociate d w ith  low  bone
m as s  or bone  los s , any individual be ing tre ate d for low
bone  m as s  to m onitor tre atm e nt e ffe ct, and any
individual in w h om  e vide nce  of bone  los s  w ould affe ct
tre atm e nt de cis ions .7

output e ve n provide s  th e  diffe re nce s  in le an m as s  and
fat m as s  be tw e e n th e  le ft and righ t s ide s . Th is
inform ation can be  particularly im portant for ath le te s
w h o w is h  to de ve lop s ym m e trical bodie s  or w h o,
be caus e  of th e  nature  of th e  s port, ne e d to produce
th e  s am e  m us cular pow e r in e ach  le g or in e ach  arm .

Type s  of DXA Scanne rs

De pe nding upon re gions  to be  im age d, DXA s canne rs
are  of tw o type s .

1. Ce ntral Scanne rs : Ce ntral s canne r allow s
m e as ure m e nt of BMD of th e  h ip and s pine , w h ich  are
cons ide re d to be  th e  be s t s ite s  for m onitoring ove rall
BMD, and for pre dicting fracture . Large r w h ole  body
s canne rs  can als o be  us e d to m e as ure  body
com pos ition (fat m as s , le an body m as s , and bone
m as s ).
Ce ntral s canne rs  can be  s ubdivide d according to th e
s h ape  of th e  s canning x-ray be am . Th e s e  include
Pe ncil Be am , Narrow  Angle  Fan Be am , W ide  Angle
Fan Be am , and Flas h  Be am  s canne rs . Moving from
pe ncil be am  to flas h  be am ; in ge ne ral, th e  s can tim e
de cre as e s , but th e  patie nt dos e  and cos t incre as e s .
Pe ncil Be am  s canne rs  us e  a fine  pe ncil be am  of x-
rays  com bine d w ith  a s ingle  de te ctor. Th is  s cans  th e
patie nt in a ras te r fas h ion back  and forth  along th e
patie nt. Narrow  angle  fan be am  s canne rs  s can th e
patie nt in a s im ilar ras te r fas h ion, e xce pt th at th e  x-
ray be am  is  about 4cm  w ide  and is  de te cte d us ing an
array of de te ctors . Th e  patie nt is  th us  s canne d in a
s e rie s  of ribbons , w h ich  gre atly re duce s  s can tim e .
W ide  angle  fan be am  s canne rs  us e  a m uch  w ide r
be am  of x-rays  and a longe r array of de te ctors  w h ich
s cans  th e  patie nt in a s ingle  pas s  (i.e . th e re  is  no ne e d
for ras te r s canning back  and forth  acros s  th e  patie nt).
Th e  Digital Flas h  Be am  s canne r cons is ts  of a 2
dim e ns ion flas h  for a 1.5 s e cond e xpos ure . Th is  flas h
e lim inate s  th e  s canning proce s s  and is  th e re fore  th e
fas te s t type  of s canne r.

2. Pe riph e ral Scanne rs : Pe riph e ral s canne rs  are  s m all
portable  de vice s  w h ich  m e as ure  BMD in th e  h e e l or
fore arm . Th e s e  can be  us e d for s cre e ning to e s tim ate
ove rall fracture  ris k , but th e y are  le s s  accurate  th an
s tate  of th e  art h ip/s pine  s canne rs  and cannot be  us e d
for m onitoring th e rapy.

Es tim ation of Body Com pos ition

DEXA is  th e  late s t and m os t accurate  m e an of
de te rm ining body com pos ition. In addition to pre cis e
e s tim ation of , it als o e s tim ate s  body fat pe rce ntage ;
le an body m as s ; fat m as s ; and th e  dis tribution of fat
and le an tis s ue  in th e  arm s , trunk , and le gs . DEXA

Patie nt Pre paration

Patie nt s h ould w e ar com fortable  cloth ing w ith out m e tal
parts  lik e  buttons , buck le s  or clas ps  (no je ans ). Do not
w e ar je w e lry or any body pie rcings  at th e  tim e  of
e xam ination. In cas e  of m e tallic im plants  ove r h ips  or
s pine , le t th e  te ch nologis t k now  be fore  com m e ncing
th e  proce dure . If patie nt is  pre gnant or th ink  m ay be
pre gnant te s t s h ould be  cance lle d. DXA s h ould be
pe rform e d at le as t 14 days  afte r any barium  or oth e r
contras t x-rays  or s cans . Th e re  is  no re s triction to food
or drink . Calcium  or m ine ral s upple m e nts  are  advis e d
to s top 24 h ours  be fore  th e  te s t.

DXA Re s ults

Ce ntral dual-e ne rgy X-ray abs orptiom e try (DXA) is
th e  gold s tandard for non-invas ive  m e as ure m e nt of
bone  m ine ral de ns ity (BMD). Us ing th is  value  and
s ubje ct de m ograph ics , DXA s oftw are  calculate s
T-s core s  and Z -s core s . Profe s s ional s ocie ty guide line s
for th e  m anage m e nt of os te oporos is  are  bas e d on
T-s core s  and Z -s core s , rath e r th an on th e  actual BMD
value .
T-s core s  are  calculate d by tak ing th e  diffe re nce  be tw e e n
a patie nt’s  m e as ure d BMD and th e  m e an BMD in
h e alth y young adults , m atch e d for ge nde r and e th nic
group, and e xpre s s ing th e  diffe re nce  re lative  to th e
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Th e  W H O fracture  ris k  calculator us e s  Z -s core s  bas e d
on age  and ge nde r only; th e  H ologic m ach ine s  give
Z -s core s  for age , ge nde r and race , and th e  Lunar
m ach ine s  for age , ge nde r, race  and w e igh t.
For bone  de ns ity, th e  Z -s core  w ill te ll you if th e  bone
de ns ity is  clos e  to th e  ave rage  value  for th e  pe rs on's
ch aracte ris tics  s uch  as  age , race  and ge nde r, but th at
s till doe s  not te ll you if th e  bone  is  s trong. Elde rly w h ite
w om e n h ave  w e ak  bone s  e ve n if th e  bone  de ns ity is
ave rage .
H ip BMD is  th e  m os t re liable  m e as ure m e nt for
pre dicting h ip fracture  ris k 10  and of s pine  for m onitoring
tre atm e nt.11 In pos tm e nopaus al w om e n and in m e n
Age  50 and olde r, T-s core s  are  pre fe rre d for re porting
us ing W H O de ns itom e tric clas s ification Table  1. For
fe m ale s  prior to m e nopaus e  and in m ale s  younge r
th an age  50, Z -s core s , not T-s core s , are  pre fe rre d.7

young adult population s tandard de viation (SD):
                    

Me as ure d BMD – Young adult m e an BMD
T-Score  =   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
                   Young Adult population SD

Th e re  h as  be e n a cons e ns us  th at s pine  and h ip BMD
m e as ure m e nts  in pos tm e nopaus al w h ite  w om e n s h ould
be  inte rpre te d us ing th e  W H O T-s core  de finitions  of
os te oporos is  and os te ope nia Table  1.8

Follow  up DXA Study

Se rial BMD te s ting can be  us e d to de te rm ine  w h e th e r
tre atm e nt s h ould be  s tarte d on untre ate d patie nts ,
be caus e  s ignificant los s  m ay be  an indication for
tre atm e nt. Se rial BMD te s ting can m onitor re s pons e
to th e rapy by finding a re s ponde r (i.e . an incre as e  or
s tability of bone  de ns ity) or non-re s ponde r (los s  of
bone  de ns ity) s ugge s ting th e  ne e d for re e valuation of
tre atm e nt and e valuation for s e condary caus e s  of
os te oporos is . Inte rvals  be tw e e n BMD te s ting s h ould
be  de te rm ine d according to e ach  patie nt’s  clinical
s tatus : typically one  ye ar afte r initiation or ch ange  of
th e rapy is  appropriate , w ith  longe r inte rvals  once
th e rape utic e ffe ct is  e s tablis h e d. In conditions
as s ociate d w ith  rapid bone  los s , s uch  as  glucocorticoid
th e rapy, te s ting m ore  fre q ue ntly is  appropriate .7

A T-s core  of 0 m e ans  th at th e  patie nt h as  a BMD value

e q ual to th e  m e an for young adults . A T-s core  of -2.5

m e ans  th at th e  patie nt h as  a BMD value  th at is  2.5

s tandard de viations  be low  th e  m e an.

Re fe re nce  data bas e  for T-s core  us e  a uniform

Caucas ian (non-race  adjus te d) fe m ale  or m ale

norm ative  databas e  for w om e n or m e n of all e th nic

groups . H ow e ve r, National H e alth  And Nutrition

Exam ination Surve y III (NH ANES III) databas e  s h ould

be  us e d for T-s core  de rivation at th e  h ip re gions .

Z -s core s  are  calculate d by tak ing th e  diffe re nce

be tw e e n a patie nt’s  m e as ure d BMD and th e  m e an

BMD e xpe cte d for patie nt’s  pe e r, m atch e d for ge nde r

and e th nic group, and e xpre s s ing th e  diffe re nce  re lative

to th e  young adult population s tandard de viation (SD):

      
Me as ure d BMD–Age  m atch e d m e an BMD

Z -Score  = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

     Age  m atch e d population SD

Fracture  ris k  is  re liably pre dicte d by an inve rs e  re lation

w ith  BMD. For th is  purpos e  BMD is  conve rte d into

Z -s core  and fracture  ris k  incre as e s  e xpone ntially w ith

de cre as ing Z -s core . Re s ults  are  us ually in te rm  of

re lative  ris k  (RR), w h ich  is  de fine d as  th e  incre as e  ris k

of fracture  for e ach  unit de cre as e  in Z - s core .9

Radiation Dos e  to Staff and
Prote ctive  M e as ure s

Th e  dos e  to s taff in DXA facilitie s  is  ge ne rally s m all.
H ow e ve r, ne w  de ve lopm e nts  in DXA im aging
te ch nology (fan b e am , cone  b e am , C- arm
configurations ) can re s ult in large r s catte re d e xpos ure
le ve ls . In s om e  e xam inations  th e  ope rator m ay be
pre s e nt in th e  s canning room ; th us  th e  s catte re d
radiation from  th e  total annual patie nt w ork load m us t
be  cons ide re d w h e n as s e s s ing occupational dos e

Table  1. Th e  W orld H e alth  Organiz ation de finitions  of os te oporos is
and os te ope nia us e d to inte rpre t s pine , h ip and fore arm  DXA s can

re s ults  in pos tm e nopaus al w h ite  w om e n.

Te rm inology T-Score  De finition
Norm al T≥  -1.0
Os te ope nia -2.5 < T < -1.0
Os te oporos is T≤  -2.5
Es tablis h e d O s te oporos is T≤  -2.5 in th e  pre s e nce  of one

or m ore  fragility fracture s .
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le ve ls . Th e  re porte d s catte r dos e  rate s  at 1m  from  th e
ce ntral axis  of th e  patie nt table  range  from  fe w  te nth s
of a µSv/h  to 5 µSv/h , de pe nding of th e  s canne r m ode l.
From  th e s e  value s , re ce nt calculations  and
m e as ure m e nts  indicate  th at th e  annual dos e  for an
ave rage  w ork load (20 patie nts /day) at 1m  from  th e
s canne r w ill be  be tw e e n 0.1 and 1.5 m Sv de pe nding
th e  m ode l of th e  s canne r.12 In practical te rm s , th e
ope rators ’ de s k  s h ould be  pos itione d at le as t 1m  aw ay
from  a pe ncil be am , and at le as t 2m  from  a fan-be am
s ys te m . Som e  olde r m ode ls , th at are  not now  com m on,
re q uire  a dis tance  of 3.5 m . In th e  cas e  of fan-be am
and cone -be am  configurations  or if th e  dis tance s  above
cannot be  accom m odate d, th e  us e  of prote ctive  s cre e ns
m ay be  cons ide re d. W ith  th e s e  pre cautions  it is  probable
th at th e  ope rator dos e  w ill be  in th e  low e r range  of
acce ptable  occupational e xpos ure s .13

In practical te rm s , th e  ope rators ’ de s k  s h ould be
pos itione d at le as t 1m  aw ay from  a pe ncil be am , and
at le as t 2m  from  a fan-be am  s ys te m . Som e  olde r
m ode ls , th at are  not now  com m on, re q uire  a dis tance
of 3.5 m . In th e  cas e  of fan-be am  and cone -be am
configurations  or if th e  dis tance s  above  cannot be
accom m odate d, th e  us e  of prote ctive  s cre e ns  m ay be
cons ide re d. W ith  th e s e  pre cautions  it is  probable  th at
th e  ope rator dos e  w ill be  in th e  low e r range  of
acce ptable  occupational e xpos ure s .12,13  Th us , radiation
prote ction can be  ach ie ve d by h aving ade q uate  dis tance
be tw e e n th e  ope rator and th e  patie nt or us ing a fixe d
/ m obile  le ad-acrylic s cre e ns , or a com bination of both .
Re gardle s s  of s h ie lding re q uire m e nts , s taff s h ould
adh e re  to good radiation prote ction practice  by
m inim iz ing th e  tim e  s pe nt clos e  to th e  DXA s canne r
and patie nt during e xpos ure s . If th e re  is  doubt, th e
advice  of a radiation prote ction e xpe rt s h ould be  s ough t.
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