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Summary	
  and	
  Goals	
  

The	
  main	
  goal	
  of	
  this	
  project	
  is	
  to	
  improve	
  and	
  automate	
  the	
  statistical	
  atlas	
  building	
  pipeline	
  
developed	
  by	
  Gouthami	
  Chintalapani	
  at	
  the	
  Johns	
  Hopkins	
  University.	
  The	
  current	
  pipeline	
  has	
  several	
  
limitations.	
  It	
  requires	
  manual	
  segmentation	
  to	
  create	
  the	
  template	
  mesh	
  and	
  the	
  pipeline	
  is	
  not	
  
automated.	
  The	
  registration	
  algorithm	
  used	
  in	
  the	
  pipeline,	
  Mjolnir,	
  is	
  not	
  open	
  source,	
  and	
  thus	
  offers	
  
limited	
  opportunity	
  for	
  improving	
  the	
  registration	
  process.	
  Our	
  goals	
  are	
  to	
  make	
  the	
  segmentation	
  
semi-­‐	
  or	
  fully-­‐	
  automated,	
  to	
  develop	
  a	
  3D-­‐3D	
  model-­‐based	
  registration	
  algorithm,	
  and	
  to	
  automate	
  the	
  
pipeline.	
  Once	
  these	
  improvements	
  are	
  achieved,	
  we	
  will	
  build	
  a	
  statistical	
  atlas	
  of	
  the	
  knee	
  using	
  CT	
  
images	
  and	
  use	
  this	
  statistical	
  atlas	
  for	
  post-­‐operative	
  evaluations	
  of	
  anterior	
  cruciate	
  ligament	
  (ACL)	
  
surgeries.	
  

Motivation	
  and	
  Significance	
  

	
   Currently,	
   statistical	
   atlas	
   building	
  methods	
   depend	
   largely	
   on	
  manual	
   segmentation.	
  Manual	
  
segmentation	
  requires	
  a	
  lot	
  of	
  time	
  and	
  anatomical	
  knowledge.	
  By	
  minimizing	
  the	
  human	
  factor	
  through	
  
the	
   implementation	
  of	
   a	
   semi-­‐	
  or	
   fully-­‐automated	
   segmentation	
  algorithm,	
   the	
   segmentation	
  process	
  
will	
   be	
   more	
   standardized,	
   less	
   prone	
   to	
   human	
   error	
   and	
   the	
   required	
   time	
   will	
   be	
   significantly	
  
shortened.	
  Automating	
  the	
  current	
  statistical	
  atlas	
  building	
  pipeline	
  will	
  make	
  the	
  atlas	
  building	
  process	
  
more	
  accessible	
  to	
  those	
  with	
  little	
  or	
  no	
  programming	
  experience.	
  

Statistical	
  atlases	
  have	
  a	
  wide	
  range	
  of	
  applications,	
   including	
  monitoring	
  disease	
  progression,	
  
accounting	
   for	
   anatomical	
   variation	
   in	
   large	
   populations	
   and	
   surgical	
   planning.	
   Obtaining	
   a	
   statistical	
  
atlas	
  of	
  the	
  knee	
  will	
  facilitate	
  post-­‐operative	
  evaluations.	
  In	
  this	
  project,	
  the	
  specific	
  application	
  of	
  the	
  
knee	
  atlas	
  will	
  be	
  to	
  estimate	
  the	
  bone	
  tunnel	
  locations	
  after	
  ACL	
  surgeries.	
  

Background	
  

	
   A	
  statistical	
  atlas	
  is	
  a	
  model	
  of	
  an	
  organ	
  that	
  captures	
  the	
  inherent	
  anatomical	
  variability	
  in	
  the	
  
given	
  training	
  population.	
  The	
  anatomical	
  properties	
  used	
  to	
  build	
  these	
  atlases	
  include	
  organ	
  shape	
  
and	
  appearance,	
  which	
  are	
  extracted	
  from	
  scans	
  obtained	
  from	
  imaging	
  modalities	
  such	
  as	
  CT	
  or	
  MRI.	
  
The	
  organ	
  shape	
  is	
  defined	
  as	
  the	
  boundary	
  of	
  the	
  organ,	
  and	
  the	
  appearance	
  is	
  the	
  texture	
  or	
  intensity	
  
values.	
  Statistical	
  models	
  that	
  only	
  represent	
  the	
  shape	
  variations	
  are	
  called	
  statistical	
  shape	
  models	
  
(SSM)	
  and	
  the	
  atlases	
  that	
  represent	
  both	
  shape	
  and	
  intensity	
  are	
  called	
  appearance	
  models.	
  For	
  this	
  
project,	
  will	
  focus	
  on	
  building	
  a	
  statistical	
  shape	
  model	
  of	
  the	
  knee.	
  [1]	
  



	
   There	
  are	
  three	
  steps	
  to	
  statistical	
  atlas	
  construction:	
  

1) Model	
  Representation	
  /	
  Parameterization:	
  The	
  training	
  images	
  are	
  parameterized	
  according	
  to	
  a	
  
representation	
  of	
  anatomical	
  properties.	
  Landmark	
  based	
  and	
  parametric	
  models	
  are	
  some	
  
examples	
  to	
  parameterization	
  methods.	
  

2) Model	
  Correspondence	
  /	
  Alignment:	
  A	
  reference	
  image	
  is	
  selected	
  from	
  the	
  training	
  data	
  set	
  and	
  
the	
  rest	
  of	
  the	
  images	
  are	
  registered	
  onto	
  it.	
  Different	
  methods	
  used	
  for	
  this	
  step	
  are	
  iterative	
  
closest	
  point	
  algorithm,	
  Procrustes	
  algorithm,	
  thin	
  plate	
  spline	
  and	
  mesh-­‐based	
  registration.	
  	
  

3) Statistical	
  Analysis:	
  This	
  step	
  is	
  used	
  to	
  create	
  a	
  statistical	
  model	
  which	
  represents	
  the	
  anatomical	
  
variability	
  in	
  the	
  training	
  population.	
  The	
  methods	
  include	
  principal	
  component	
  analysis	
  (PCA),	
  
independent	
  component	
  analysis	
  (ICA),	
  kernel	
  PCA	
  and	
  principal	
  geodesic	
  analysis	
  (PGA).	
  	
  

 

Figure. Basic atlas building process [1] 

Technical	
  Approach	
  

	
   Before	
  working	
  on	
  automating	
  the	
  atlas-­‐building	
  pipeline	
  and	
  the	
  segmentation/registration	
  
process,	
  it	
  is	
  necessary	
  to	
  understand	
  each	
  component	
  of	
  the	
  current	
  implementation	
  and	
  how	
  they	
  
interact	
  with	
  each	
  other.	
  The	
  first	
  step	
  will	
  be	
  to	
  gather	
  all	
  the	
  programs	
  and	
  scripts	
  required	
  for	
  the	
  
pipeline,	
  and	
  to	
  run	
  the	
  whole	
  process	
  using	
  sample	
  data.	
  Having	
  a	
  statistical	
  atlas	
  of	
  the	
  knee	
  
constitutes	
  the	
  first	
  milestone	
  of	
  the	
  project.	
  

	
   The	
  second	
  step	
  will	
  be	
  to	
  replace	
  Analyze.	
  ITK-­‐SNAP,	
  which	
  is	
  free	
  software,	
  can	
  be	
  substituted	
  
for	
  Analyze	
  to	
  perform	
  the	
  preprocessing	
  and	
  the	
  segmentation	
  of	
  the	
  training	
  images.	
  Analyze	
  is	
  also	
  
used	
  for	
  other	
  image	
  processing	
  tasks	
  in	
  the	
  current	
  pipeline,	
  and	
  MATLAB	
  scripts	
  can	
  be	
  used	
  instead	
  
for	
  those	
  functions.	
  

	
   The	
  third	
  step	
  is	
  automating	
  the	
  segmentation	
  of	
  the	
  knee	
  so	
  that	
  it	
  requires	
  minimal	
  user	
  
interaction,	
  if	
  not	
  none.	
  Obtaining	
  a	
  semi-­‐automated	
  segmentation	
  method	
  constitutes	
  the	
  second	
  
milestone	
  of	
  the	
  project.	
  We	
  will	
  evaluate	
  the	
  performance	
  of	
  the	
  semi-­‐automated	
  segmentation	
  

Bootstrapping	
  



method	
  against	
  that	
  of	
  the	
  manual	
  method	
  by	
  comparing	
  the	
  segmentation	
  accuracies	
  and	
  the	
  amount	
  
of	
  time	
  it	
  takes	
  per	
  dataset	
  to	
  perform	
  segmentation.	
  

	
   The	
  fourth	
  step	
  is	
  to	
  write	
  a	
  shell	
  script	
  that	
  will	
  automatically	
  guide	
  the	
  user	
  through	
  the	
  
various	
  steps	
  of	
  statistical	
  atlas	
  building.	
  A	
  fully	
  automated	
  pipeline	
  is	
  the	
  third	
  milestone.	
  

We	
  will	
  then	
  build	
  the	
  atlas	
  of	
  the	
  knee	
  using	
  the	
  improved	
  pipeline	
  and	
  use	
  the	
  obtained	
  atlas	
  
to	
  estimate	
  the	
  bone	
  tunnel	
  locations	
  using	
  the	
  CT	
  scans	
  of	
  patients	
  who	
  had	
  ACL	
  surgery.	
  

	
   An	
  extension	
  of	
  the	
  project	
  is	
  to	
  develop	
  a	
  model-­‐based	
  3D-­‐3D	
  registration	
  algorithm	
  that	
  can	
  
be	
  used	
  as	
  an	
  alternative	
  to	
  Mjolnir,	
  the	
  registration	
  algorithm	
  currently	
  used	
  in	
  the	
  pipeline.	
  Depending	
  
on	
  the	
  quality	
  of	
  the	
  statistical	
  atlases	
  produced	
  by	
  the	
  pipeline	
  leading	
  up	
  to	
  this	
  step,	
  this	
  algorithm	
  
might	
  be	
  used	
  only	
  for	
  the	
  bootstrapping	
  portion	
  of	
  the	
  atlas	
  building.	
  

Deliverables	
  

• Minimum	
  
o Replace	
  Analyze	
  in	
  the	
  pipeline	
  (used	
  for	
  preprocessing	
  of	
  images)	
  with	
  ITK-­‐SNAP	
  
o Replace	
  Analyze	
  with	
  MATLAB	
  to	
  perform	
  other	
  image	
  processing	
  tasks	
  
o Automate	
  the	
  pipeline	
  developed	
  by	
  Gouthami	
  Chintalapani	
  
o Build	
  a	
  statistical	
  atlas	
  of	
  the	
  bone	
  structures	
  of	
  the	
  knee	
  

• Expected	
  
o Develop	
  a	
  semi-­‐automated	
  method	
  for	
  segmentation	
  of	
  the	
  knee	
  
o Prepare	
  detailed	
  documentation	
  of	
  the	
  improved	
  pipeline	
  
o Estimate	
  bone	
  tunnel	
  locations	
  using	
  post-­‐operative	
  CT	
  scans	
  of	
  ACL	
  surgery	
  patients	
  

• Maximum	
  
o Develop	
  a	
  fully	
  automated	
  method	
  for	
  segmentation	
  of	
  the	
  knee	
  
o Develop	
  a	
  3D-­‐3D	
  model-­‐based	
  registration	
  algorithm	
  

Dependencies	
  &	
  Plan	
  for	
  resolving	
  

• Knee	
  or	
  leg	
  CT	
  image	
  datasets	
  
o Post-­‐operative	
  CT	
  scans	
  (Hong	
  Kong	
  dataset	
  provided	
  by	
  Ben)	
  
o Whole	
  leg	
  CT	
  (Hopkins	
  dataset,	
  pending	
  IRB	
  approval)	
  

• Computer	
  for	
  software	
  development	
  
o Lab	
  desktop:	
  femur.compscidhcp.jhu.edu	
  
o Personal	
  computers	
  

• Software	
  required	
  for	
  the	
  atlas	
  building	
  pipeline	
  
o MATLAB	
  

 Licensed	
  software	
  obtained	
  from	
  IT	
  @	
  JHU	
  
o Analyze	
  
o Insight	
  Toolkit	
  (ITK),	
  ITK-­‐SNAP	
  
o Gouthami’s	
  scripts	
  

• Linux	
  account	
  on	
  the	
  Stomach	
  server	
  



• Understanding	
  of	
  Gouthami’s	
  atlas	
  building	
  pipeline	
  
o Written	
  reference	
  documentation	
  
o Gouthami’s	
  PhD	
  dissertation	
  obtained	
  from	
  CS	
  department	
  

• Poster	
  printing	
  budget	
  
o For	
  a	
  2x3	
  feet	
  matte	
  print	
  at	
  Digital	
  Media	
  Center:	
  $32.55	
  (or	
  $42.00	
  if	
  paid	
  using	
  budget	
  

code)	
  
• People	
  

o Ben	
  and	
  Dr.	
  Taylor	
  for	
  continued	
  help	
  and	
  guidance	
  

Management	
  Plan	
  &	
  Assigned	
  responsibilities	
  

• Regular	
  weekly	
  meetings	
  with	
  Ben	
  

• Attend	
  SARR	
  meeting	
  

• If	
  IRB	
  approval	
  cannot	
  be	
  obtained	
  for	
  the	
  Hopkins	
  dataset,	
  focus	
  efforts	
  on	
  the	
  Hong	
  Kong	
  
dataset	
  

• We	
  will	
  collaborate	
  on	
  each	
  task	
  and	
  share	
  responsibility	
  equally.	
  

• There	
  are	
  four	
  main	
  milestones	
  in	
  this	
  project	
  that	
  we	
  will	
  use	
  to	
  track	
  progress:	
  

1) Build	
  a	
  statistical	
  atlas	
  of	
  the	
  knee	
  using	
  the	
  current	
  pipeline	
  (by	
  end	
  of	
  February)	
  

2) Develop	
  a	
  semi-­‐automated	
  segmentation	
  algorithm	
  (by	
  Spring	
  break)	
  

3) Automate	
  the	
  pipeline	
  

4) Estimate	
  the	
  position	
  of	
  the	
  ACL	
  tunnel	
  from	
  post-­‐operative	
  CT	
  scans	
  

We	
  will	
  then	
  assess	
  our	
  progress	
  and	
  revise	
  our	
  goals	
  for	
  the	
  remainder	
  of	
  the	
  semester	
  
depending	
  on	
  the	
  limitations	
  of	
  the	
  atlas	
  obtained	
  using	
  the	
  pipeline.	
  Several	
  possible	
  points	
  of	
  focus	
  
might	
  be	
  addressing	
  some	
  of	
  the	
  limitations	
  of	
  the	
  atlas	
  obtained	
  through	
  the	
  pipeline	
  (ex.	
  using	
  
another	
  3D-­‐3D	
  registration	
  algorithm),	
  implementing	
  a	
  bootstrapping	
  mechanism	
  in	
  the	
  pipeline,	
  or	
  
further	
  automating	
  the	
  segmentation.	
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