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ABSTRACT 

and  malignant  breast  disease  was  quantified  from ul- 
Palpated  tissue  motion  in  patients  with  both  benign 

trasound  B-mode  video  images  using  ultrasonic  speckle 
tracking.  The  displacement  response of tissues  sur- 
rounding  benign  and  malignant  breast  lesions  was  com- 
pared  taking  advantage of the  altered  mechanical  prop- 
erties  and  thus  motion  signatures of many  tumors rel- 
ative to their  host  tissue.  Preliminary  results  indicate 
that  malignant  masses  drag  surrounding  tissues  when 
palpated,  suggesting  infiltration  by  the  tumor  into  SUE- 
rounding  tissues.  Benign  breast  masses  however,  ex- 
hibited  no  such  dragging.  Sample  results  taken  from 8 
patients  with  sonographically  apparent  breast  masses 
are  used  to  demonstrate  the  method. 

1. INTRODUCTION 

of every 8 women  in  the  United  States  [l].  Early  de- 
Recent  studies  indicate  that  breast  cancer  affects l out 

tection  can  greatly  improve a woman’s  chances for sur- 
vival.  I t  is estimated  that  approximately 20 percent 
of breast  cancers  are  missed in conventional  rnarnme 
graphic  screening [Z]. Several  risk  factors  for  breast 
cancer  have  been  identified.  These  include  family his- 
tory,  nutrition  and  exposure to radiation. Yet  in almost 

factors  are  present [3]. The  presence of a stellate  mass 
75  percent of women  with  breast  cancer,  none of these 

in the  breast  is  one of the  most  distinct  mammographic 
characteristics of a breast  malignancy [4] 

Carcinoma  cells  grow  in  the  path of least  resis- 
tance.  When  the  surrounding  tissues  are  firm  and  have 
a mostly  glandular  constituency as found in younger 
women,  the  tumor  cells  tend to grow in clefts  between 
fibrous  regions.  When  the  surrounding  tissues  are  soft 
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Figure 1: Textbook  drawings of malignant  and  benign 
tumors 

and  have a more  fatty  consistency,  tumor  cells  grow 
in all  directions.  Many  primary  malignancies  exhibit 
a stellate  (star  shaped)  pattern  or  spiculated  appear- 
ance  [5].  The  spiculated  appearance of many  malignant 
masses  in  the  breast,  with  tentacles  radiating  outward 
from  the  tumor  into  surrounding  tissues is well docu- 
mented  in  the  literature [6] 

The  infiltrative  malignant  mass  (Fig. 1 ,  adapted 
from [7]) is characterized  by a stellate  configuration 
with  spicule  and  is  reasonably  typical of invasive  duc- 
tal  carcinoma. In other  cases  the  invasion  may  have 
longer  stellate  radial  arms  due to desmoplastic  reac- 
tion  between  the  surrounding  tissue  and  the  tumor  and 
may  include  invasion  along  ducts  and  other  connective 
tissue  surfaces. 
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Figure 2 :  B-scan of benign  tumor  before  palpation 

2.  TWO-DIMENSIONAL  SPECKLE 
TRACKING 

Tissue  speckle  tracking  has  been  demonstrated to be  
fea3ible Lo both  accurately  and  precisely  measure lo- 
cal  tissue  motion (81, thus  providing a way to  compare 
normal  and  malignant  breast  tissue  motion  hot,ll  quan- 
titatively  and  qualitatively. 

this  study  estimates  tissue motion by  first  selecting a 
The  2-D tissue  speckle tracking procedure  used  in 

window of data   f rom an  initial  ultrasound  scan of the 
tissue  that  corresponds  to  the  region of interest.  This 
window of da ta  is compared  with different. windows of 
da ta  in a successive  scan of the  tissue  until a hest  match 
is  found as defined  by a statistical  correlation coeffi- 
cient.  After a best  mat,ch is found  the  position of the 
windows i n  both  scans is used to  determine  local  tissue 
displacement. A more  detailed  description of the  2-D 
correlation  based  tissue  tracking  technique is provided 
in several  earlier  references [g]. 

and  an  incremental  tracking  strategy  developed  previ- 
Application of the 2-D correlation  search  algorithm 

ously [S] have  enabled  us to track  regions of tissue as 
small as 1.0 mm  through  displacements as large as 20.0 

ultrasonic  displacement,  tracking  have also been  stud- 
m m .   T h e  effect of 6 different  imaging  parameters  on 

ied [g]. 

3. METHOD 

nign  breast  masses were acquired  from  patients seen 
High  frequency  ultrasonic  images  of  malignant  and  be- 

in  the  Department of Radiology at the  University of 
Michigan  Hospital.  Patients  were  scanned  using a 7.5 
MHz linear  array  transducer  (Acoustic  Imaging,  Phoenix, 
Arizona).  Breast  masses were palpated  and  continu- 
ous ultrasonic  scans of the  resulting  breast  tissue mo- 

Figure 3: B-scan of tumor  after  palpation 

tion were recorded  on  standard VIIS videotape.  The 
transducer  was  used to perform  palpation  with  the  pa- 
tient  supine  and  the  breast  stationary. In each  case 

side scanned. In  this  paper,  the  term palpation is used 
the patient's a rm was  placed  above the  head on the 

to  denote a translational  motion of the  imaging  trans- 
ducer  over  the  breast  accompanied  by a hand-rocking 
motion by the  physician. 

rection of palpation,  imparting a small  shearing  force 
The  transducer  was  translated  opposite to the  di- 

on  the  parenchymal  tissue  directly  above  mass. We 

parenchymal  tissue  adjacent to and  above  masses  to 
were particularly  interested  in  tracking  the  motion of 

see if tlris could  provide a motion  signature  for  each 
mass.  We  specifically  examined  the  interface  between 
masses  and  adjacent  tissue in terms of a motion  gra- 
dient as a possible  means to separate  infiltrative  and 
non-infiltrative  abnormalities. 

gle  palpation  cycle were digitized  using a commercially 
Serial  frames  of breast  tissue  motion  through a sin- 

available  Targa  version  2.0  frame  grabbing  system  (True- 
vision  1991).  The  digitized  gray  scale  images were 
ported  to a Sun  Sparc2  workstation  for  analysis. A 2-D 
correlation  search  algoritllnl was used  to  ultrasonically 
track  tissue  displacements [g]. The  correlation  search 
algorithm  matches  the  speckle  patterns  in  the  region of 
interest (R01) with  the  speckle  patterns  found  in  other 
images  in  the  sequence. 

angular  grid of points  was  placed over  the  desired  area 
To ohtaiu a color map  of tissue displacement a rect- 

of tissue  in  the  first  frame  of  the  image  sequence. A 
rectangular  kernel  region waq centered on each  grid 
point  and  the  lateral  displacement of each  kernel re- 

studies  only  the  lateral  component of motion was es- 
gion was tracked  through  the  image  sequence.  In  these 

timated  to  reduce  computation  time  and  simplify  the 
display of displacement  fields. 

1178 - 1995 IEEE ULTRASONICS SYMPOSIUM 



4. RESULTS 

Sample  results  from 2 patients  are presented to demon- 
strate  the technique. 

Fig. 2. shows a  diagnostic  ultrasound B-scan of 
normal  breast  tissue  containing  a benign  breast lesion 

graphically.  The  cyst is well marginated,  anechoic, 
(highlighted).  The  benign lesion is a simple  cyst sono- 

with well defined  posterior  margin  enhanced  through 
transmission.  These  are  all classic sonographic  features 
of a benign  lesion. 

at the  end of palpation  by  the  physician. Tbe position 
Fig, 3 is a B-scan of the  same  plane of the  breast 

of the lesion pinpointed by the  correlation  search al- 
gorithm  is  highlighted. Motion of a cyst  can  be seen 
in ultrasound B-scan  images if the cyst  is palpated by 
standard  hand techniques. 

mor  and a region of adjacent tissue  directly above  the 
Fig. 4. shows the overlayed  positions of the  tu- 

tumor, before and  after  palpation. From  Fig. 4 it is 
apparent  that  there is significant  displacement  of  the 
tumor  due  to  palpation,  but only minimal  displacement 
of the  adjacent  parenchymal tissue  directly  above  the 
tumor.  This suggests a benign tumor with  no  infiltra- 
tion  into  the  surrounding  tissues.  This  result was later 
confirmed with biopsy  results. 

The  orientation of the  displacement  maps is the 
same as used in  the  diagnostic  ultrasound  scans  with 
top  to  bottom corresponding to  depth or  axial  distance 
from  the  transducer  and  left  to  right  corresponding  to 
the direction  lateral to  the  beam  axis. All palpations 
were from  the  left to right  direction. Based  on the  pal- 

over breast  masses),  three  types of motions were ob- 
pation  applied  (translational  motion of the  transducer 

served and  these  included: 1) slip  motion  (shear  motion 
of adjacent  tissue  above  mass,  opposite to  the direction 

jacent  tissue in the  direction of palpation)  and 3) fixed 
of palpation), 2) slight  drag  (small  displacement of ad- 

translation (en  bloc  displacement of mass  and  adjacent 
parenchyma).  Two  examples  are  provided  to  illustrate 
the  results.  Fig. 5 shows the  displacement field  for a 
patient  with  a  benign  mass, while Fig. 6 shows the 
displacement field  for a patient  with a malignant  mass. 

gions of red then yellow then  blue when looking  across 
In Figures 5-6 both  displacement fields  exhibited re- 

the color map  from left to  right.  This  indicates  that 
the  largest tissue displacement occured for tissues  on 
the left  side of tumors  and  that  small  displacements 
occured in the tissues on  the  right  side of tumors.  This 
is consistent  with  the  left  to  right  palpation  and  the 
fact  that tissues closest, to  the  point of palpation con- 
tact should  translate  the  most, while  tissues  farthest 
away  should  translate  the  least. A red-blue  border was 

Figure 4: Best correlated  position of tumor before  and 
after  palpation 

visible  in  Fig. 5 indicating  discontinuous  motion  and 
consistent  with  a  slip  boundary.  The  patient in  Fig. 5 .  
was later  determined  to have a benign  mass based on 
histology  and needle aspiration biopsy results.  Fig. 6 
depicts fixed translational  motion,  with en bloc motion 
of adjacent  parenchyma as the  mass is palpated  and 
suggestive of an  infiltrative  component  to  the  mass. 
This w a s  consistent  with histology results which  indi- 
cated invasive ductal  carcinoma  and was also  compat- 
ible  with  margins seen on  mammography. 

5. DISCUSSION 

The  limited  resolution of ultrasound  does  not allow 
imaging of any possibly  invasive tentacles  extending 
from a tumor  site. However, imaging of tissue motion 
can  provide important clues in the  early  detection of 
invasive tumor growth  into  surrounding  tissues.  The 
cystic  mass  in  Fig. 2 displayed  discontinuous  motion 
between the  mass  and  adjacent  tissue. Such a feature 
would be  typical of a  slip  boundary  and was  present in  
all  cases of fibrocystic  disease. 

kernel  dimensions  provides more localized motion infor- 
For color mapsof tissue displacement  selecting  small 

mation. However, the  accuracy of correlation  tracking 
is  inversely proportional  to  the kernel  size. Thus res- 
olution or localization  of  motion  information is traded 
off against  accuracy  of  results  as kernel  dimensions  are 
adjusted. 

Our  preliminary  results  suggest  that tissues  near 
the  periphery of malignant  breast lesions  undergo a 
dragging  motion  suggesting  that  they  are  being pulled 

This is  consistent  with  the  notion that  many malig- 
i n  the  direction of motion when the  tumor is palpated. 

nant  tumors grow in a stellate  configuration  and pro- 
duce  spiculated  roots  extending  from  the  invaded  area. 
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Figure 5: Displacement field for  benign tumor 

Figure 6: Displacement field for malignant  tumor 

Perilesional  tissues in benign  breast tumors displayed 
a shear  motion  opposite  to Lhe direction of palpation 
suggesting a slip  boundary  and  the  absence of stellate 
roots. 

The  main conclusions  from  our  present work are: 

of the  most  distinct  mammographic  features of a  breast 
1) The presence of a stellate or star  shaped  mass is  one 

malignancy. 
2) Stellate  neoplasms  alter  tumor  and  connective 

invaded  tissues. 
tissue  responses  due to  palpation  compared to non- 

3)  Ultrasound  provides  a  means for accurate real- 
time  imaging of local  tissue  displacements. 

4) Altered tumor  and connective  tissue  responses 
can  he  quantified  and  potentially used for  early detec- 
tion  and classification of breast  cancers. 
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