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Introduction

Bre as t Cance r is  one  of th e  m os t com m on cance rs
w orldw ide . In 2010,ne arly 1.5 m illion w om e n w e re
diagnos e d w ith  bre as t cance r. Th e  h igh e s t incide nce
rate s  are  pre s e nt in UK , US, Aus tralia and Ne w -
Z e aland. Pak is tani w om e n h ave  a life  tim e  ris k  of
10%  of de ve loping bre as t cance r, i.e . e ve ry 1/9  fe m a-
le s  w ill de ve lop bre as t cance r in th e ir life tim e .1

Pak is tan h as  a s ignificant cance r burde n and a rapid
incre as e  in bre as t cance r incide nce  h as  be e n obs e r-
ve d in th e  las t five  ye ars . Th e  incide nce  rate  and th e
ris e  in th e  K arach i s outh  are  com parable  to th e
h igh e s t ris k  re gions  of th e  w orld.2 O ve r th e  las t 20
ye ars  re s e arch e rs  h ave  dis cove re d link s  be tw e e n
bre as t com pos ition (us ually te rm e d “bre as t de ns ity”)
and bre as t cance r ris k . In th is  re vie w  w e  e xplain
about th e  bre as t de ns ity, h ow  to m e as ure  it, and w h y
it is  im portant to us .

W h at is  bre as t de ns ity and h ow  is  it m e as ure d. Th is
im portant com pone nt is  re late d to bre as t cance r and
m am m ograph y. Radiograph ically, only tw o type s  of
tis s ue s  are  vis ible  in th e  bre as t; pare nch ym a and
s trom a. Fibroglandular (or “de ns e ”) tis s ue  appe ars
as  w h ite  and include s  th e  glandular as  w e ll as  e pi-
th e lial tis s ue . Th e  s trom a is  pre dom inantly fat and
s ince  it h as  low e r x-ray atte nuation coe fficie nt, app-
e ars  black  or trans pare nt on film  s cre e n m am m ogram .
Th e  de gre e  of w h ite ne s s  of an im age  is  te rm e d its
Mam m ograph ic De ns ity (MD).3 W om e n w ith  h igh  MD
h as  an incre as e d am ount of fibroglandular tis s ue
re lative  to fat. All around th e  w orld clinically a m am m o-
gram  is  re ad and s core d via th e  BI-RADS (bre as t
im aging re porting and data s ys te m ) s ys te m  from  th e
Am e rican Colle ge  of Radiology. W ith  th is  s ys te m  four
cate gorie s  of bre as t de ns ity h ave  be e n ide ntifie d
w h ich  are  as  follow s :4
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s tandard is  Cum ulus  w h ich  is  q uantitative  but s till re ade r s ubje ctive . In th e  re ce nt pas t m ore  s tre s s  is  on de ve loping
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H os pital in Toronto and Boyd re porte d th at th e  10%
of w om e n w ith  m ore  th an 75%  incre as e d bre as t
de ns ity h ad a 4-5 fold incre as e d ris k  as  com pare d
to w om e n w ith  no are as  of incre as e d bre as t de ns ity.
In all th e s e  m e th ods , us e r de fine d th re s h old m e th od
and th e  de ns ity calculation w as  are a bas e d.10 Th e re
w as  s ubje ctivity obs e rve d in th e s e  m e th ods  due  to
inte r and intra-obs e rve r variability, w h ich  can be
re duce d w ith  training.11,12

Since  Cum ulus  h as  be e n th e  Gold s tandard for bre as t
de ns ity m e as ure m e nt, ina re ce nt article , a com paris on
w as  done  be tw e e n th e  volum e tric bre as t de ns ity
m e th od (VolparaTM)) and Cum ulus . Th e  re as on for
th is  com paris on w as  to h igh ligh t th e  inte re s t in fully
autom ate d volum e tric m e as ure s  of bre as t de ns ity
w h ich  e lim inate  th e  us e r variability, tim e  factor and
m os t of all to inte rpre t th e  bre as t as  a 3D organ.In
th e ir re s ults  th e  auth ors  s h ow e d a s trong re lations h ip
be tw e e n VolparaTM BD%  and BI-RADS cate gorie s .
Th e re  w as  again a s trong re lations h ip be tw e e n Vol-
para BD%  and Cum ulus  and h e nce  th e y conclude d
th at s ince  VolparaTM corre late s  w e ll w ith  th e  Gold
s tandard m e as ure  of bre as t de ns ity it is  e xpe cte d
th at th e re  s h ould  be  a s trong re lations h ip be tw e e n
VolparaTM and bre as t cance r ris k .13 Th e re  are  diffe -
re nt m e th ods  of m e as uring volum e tric de ns ity w ith
pos itive  and ne gative  points .
Com pute d Tom ograph y: Th is  m e th od involve s
re cons tructing a th re e -dim e ns ional x-ray atte nuation
coe fficie nt of tis s ue s  in a s e rie s  of planar im age s .
Lim itations  of th is  m e th od include  th e  e xce s s ive
am ount of radiation and h igh  cos t. Furth e rm ore
be caus e  th e  patie nt is  prone  on th e  table  s om e  tis s ue
can be  m is s e d and th e re fore , th e  re cons truction is
adve rs e ly affe cte d.
In Tom os ynth e s is  th e  proje ction of im age s  are  at
diffe re nt angle s  about th e  bre as t on a s pe cializ e d
digital m am m ograph y s ys te m  and th e s e  im age s  are
re cons tructe d in q uas i th re e -dim e ns ional plane r
im age s  of th e  x-ray atte nuation co-e fficie nt of th e
bre as t tis s ue . Lim itations  of th is  m e th od again include
h igh  cos t, re q uire m e nt of traine d pe rs onne l and ins uf-
ficie nt data to tak e  on th is  m e th od for re s e arch  pur-
pos e s .
Anoth e r m e th od k now n as  Dual Ene rgy x-ray abs orp-
tiom e try involve s  trans m is s ion of rays  th rough  th e
bre as t. Trans m itte d rays  are  analyz e d in te rm s  of
e ffe ctive  th ick ne s s  of fibro glandular tis s ue  and fat.
A lim itation of th is  m e th od is  th at an e ntire ly diffe re nt

Bre as t De ns ity: BI-RADS type  1 Mos tly fat (fibroglan-
dular tis s ue  is  0-25%  of th e  bre as t)

Bre as t De ns ity: BI-RADS type  2 Scatte re d de ns ity
(fibroglandular tis s ue  is  25-50%  of th e  bre as t)

Bre as t De ns ity: BI-RADS type  3 H e te roge ne ous
de ns ity (fibroglandular tis s ue  is  be tw e e n 50-75%  of
th e  bre as t)

Bre as t De ns ity: BI-RADS type  4 e xtre m e ly de ns e
(fibroglandular tis s ue  is  m ore  th an 75%  of th e  bre as t).

Th e re  is  now  e xte ns ive  e vide nce  s upporting th e  fact
th at MD is  an inde pe nde nt ris k  factor for bre as t
cance r.5 W om e n w ith  h igh e r MD i.e . m ore  th an 75%
h ave  a 5-fold incre as e d ris k  of bre as t cance r,6,7

com pare d to w om e n w ith  th e  low e s t am ount of MD.

Methods of Measuring MD in
the past and present

Me th ods  for MD m e as ure m e nt w e re  s ubje ctive  and
q ualitative  but fortunate ly ne w e r m e th ods  h ave
re ce ntly be e n de ve lope d w h ich  are  m ore  obje ctive
and q uantitative .3 A re vie w  done  in 2008 clas s ifie d
MD m e as ure m e nt te ch niq ue s  into tw o groups :

1.Qualitative -W olfe  and BI-RADS
2.Quantitative -Cum ulus  (s e m i-autom ate d th re s -
h olding) volum e tric de ns ity as s e s s m e nts .

Each  of th e  above  m e ntione d m e th ods  h ave  th e ir
ow n lim itations . For e xam ple , th e  q ualitative  m e th ods
are  ve ry s ubje ctive  w h e re as  th e  q uantitative  s e m i-
autom ate d (Cum ulus ) is  an acce pte d m e th od, ye t,
re ade r s ubje ctive . Th e  fully autom ate d m e th od w ith
3D volum e tric as s e s s m e nt of th e  bre as t tis s ue  is  a
m ore  ide al m e th od. In volum e tric m e as ure m e nts , th e
actual ph ys ical com pos ition of th e  bre as t is  de te r-
m ine d and e vide nce  is  grow ing th at it is  a m ore
pow e rful bre as t cance r ris k  pre dictor th an th e  q uali-
tative  te ch niq ue s  and Cum ulus .8

Cum ulus  w as  de ve lope d by Byng e t al9  Sunnybrook
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ping to th e  BI-RADS de ns ity cate gorie s  is  e s s e ntial:
0%  - 4.5%  = BI-RADS - 1
4.5%  - 7.5%  = BI-RADS - 2
7.5%  - 15.5%  = BI-RADS - 3
> 15.5%  = BI-RADS - 4
Th e s e  pe rce ntage s  are  diffe re nt to th e  one s  s tate d
e arlie r be caus e  th e s e  are  volum e tric com pare d to
are a one s .

Digital Mammography

Conce pt of us ing x-ray to vis ualiz e  bre as t tis s ue  w as
firs t put forth  by Dr Albe rt Salom on, a Ge rm an s ur-
ge on in 19 13.
In 19 50’s  Jacob Ge rs h on be gan to advocate  w ide -
s pre ad us e  of x-rays  for s cre e ning purpos e .
In De ce m be r 2005 RSNA brings  digital m am m o-
graph y to USA.
In th is  proce s s  low  e ne rgy x-rays  (30 KV) are  us e d
on a digital m ode l m ach ine  w ith  an x-ray tube  com -
pris ing a Molybde num  anode  and Molybde num  filte r.
During th e  im age  acq uis ition proce s s  th e  bre as t is
com pre s s e d. Paralle l plate  com pre s s ion e ve ns  out
th e  th ick ne s s  of bre as t tis s ue  to incre as e  im age
q uality w h e n th e  x-rays  pas s  th rough  it, and re duce
both  th e  am ount of s catte re d radiation and re q uire d
radiation dos e . Additionally h olding th e  bre as t s till
h e lps  to pre ve nt m otion blur. Tw o s tandard vie w s  are
tak e n i.e . craniocaudal vie w  and Me diolate ral obliq ue .

proce dure  is  re q uire d in addition to a m am m ogram
w h ich  incre as e s  th e  cos t.14

What Is Digital Mammography?

In digital m am m ograph y th e  s cre e n-film  im age  re ce p-
tor is  re place d by a de te ctor th at produce s  an e le c-
tronic s ignal th at pre cis e ly targe ts  th e  x-rays  from
th e  bre as t ove r a w ide  are a. Th is  s ignal is  digitiz e d
and s tore d in th e  com pute r. Th e  gre ate s t advantage
of th is  te ch nology is  th at th e  im age  can b e
re produce d, m odifie d, e nh ance d and brigh te ne d for
furth e r e valuation. Th e  am ount of radiation us e d is
le s s  but patie nts  w ith  large  bre as ts  ne e d additional
e xpos ure .3,13

In 2001 a s tudy trial w as  conducte d calle d th e  ‘’Digital
Mam m ograph ic Im aging Scre e ning Trial (DMIST),
conducte d by th e  Am e rican Colle ge  of Radiology (ARC)
Im aging ne tw ork . Th e y de fine d th re e  cate gorie s :

1.  unde r age  50
2.  of any age  w ith  h e te roge ne ous  or e xtre m e ly de ns e
bre as t
3.  Pre  or Pe rim e nopaus al w om e n of any age  (de fine d
as  w om e n w h o h ad a las t m e ns trual pe riod w ith in
12 m onth s  of th e ir m am m ogram s .15

An im portant point to cons ide r is  th at th e re  are  tw o
bas ic type s  of digital m am m ograph y  im age s  produ-
ce d, one  is  k now n as  “For Proce s s ing” or “Raw
im age ” and th e  oth e r is  “For Pre s e ntation” or “Proce s -
s e d im age ”. Th e  raw  im age  is  de rive d from  th e  de te c-
tor s ignal com ing from  th e  bre as t and is  clos e ly
re late d to th e  bre as t com pos ition. Th e s e  im age s  un-
de rgo e xte ns ive  proce s s ing for dis play on a com pute r
s cre e n. It is  re com m e nde d th at de ns ity analys is  from
digital m am m ogram s  s h ould be  pe rform e d us ing th e
raw  data im age . To k e e p th e  inte r-and intra-obs e rve r
s ubje ctivity to a m inim um  and in th is  re gard th e
ch oice  w h ich  is  available  is  fully autom ate d s oftw are
VolparaTM w h ich  m e as ure s  fibroglandular tis s ue  in
3D and give s  a full volum e tric de ns ity w h ich  is
pe rce ntage  of th e  fibroglandular tis s ue . It is  a re al
ph ys ical m e a-s ure  and th e  form ula be ing us e d is :
Volumetric Breast Density= 100 x volume of

fibroglandular tissue (cm3)/volume of breast

tissue cm3)

To align w ith  th e  curre nt clinical s ys te m  and to
facilitate  th e  unde rs tanding of th e  radiologis ts , m ap-

Discussion

It h as  now  be e n e s tablis h e d th at MD is  a ris k  factor
for bre as t cance r and th at th e  dis e as e  s tarts  e arly
in life , prior to th e  age  at w h ich  m am m ograph y is  re -
com m e nde d. A lot of dis cus s ion is  on w h e th e r w om e n
in th e ir 40’s  s h ould h ave  annual or bi-annual m am m o-
gram s . According to W e b M e d16 Bre as t cance r ris k
in younge r w om e n is  h igh e r th an pre -vious ly th ough t
and s o is  th e  re curre nce  rate .
In a re ce nt article  a com paris on w as  m ade  be tw e e n
Cum ulus  and th e  ne w  volum e tric bre as t de ns ity
m e th od. VolparaTM, volum e tric bre as t de ns ity de s i-
gne d to be  run on Full Fie ld Digital M am m ograph ic
im age s  and w as  com pare d to bre as t de ns ity as  as s e -
s s e d from  are a-bas e d vis ual te ch niq ue , th e  s tandard
BI-RADS te ch niq ue  as  w e ll as  s e m i-autom ate d te ch -
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niq ue  Cum ulus . Th e  auth ors  conclude d th at VolparaTM

corre late s  w e ll w ith  th e  Gold s tandard m e as ure  of
bre as t de ns ity (Cum ulus )and th e y e xpe ct to find a
s trong re lations h ip be tw e e n th e  VolparaTM and bre as t
cance r ris k .
H ow e ve r, th e  inte ntion is  to prom ote  e arlie r m am m o-
gram s  in all fe m ale s  w h o h ave  a fam ily h is tory rath e r
th an w ait for th e  re com m e nde d age  for m am m o-
graph y. Mos t im portant factor is  to obtain a volum e tric
as s e s s m e nt of bre as t de ns ity th rough  a fully auto-
m ate d m e th od in young fe m ale s  and corre late  bre as t
de ns ity to bre as t cance r ris k .
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