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4DCT Overview

- Traditional radiographs: overlapping anatomy; difficult to assess subtle joint
abnormalities

* Three-dimensional imaging modalities (CT, MRI):
single time point; viewed as serial 2D images

* Dynamic instability challenges: may appear “normal” on traditional imaging
Why 4DCT?

- Certain instabilities and impingements only appear during motion demonstrating a need for
dynamic imaging

*4DCT (3DCT over time) offers the opportunity to visualize bones during motion

» Osteokinematics (bone motion) can be used to quantify bone biomechanics (or
arthrokinematics) during motions and functional tasks
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4DCT Overview
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Processing 4DCT

Autoscoper™
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4DCT Data upload

B 3D Siicer 5.8.1 l & SU 5

e Lun wew  pep

File Edit View Help

IR [ S | Modues: ®  Hwelcome to Slicer
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& 3D Slicer

[pATA DCH] m"; Modules: & @Welcome to Slicer

Welcome I< <| . l’ >|

3 Install Extensions »

£ Customize Slicer é 3 D S I i C e r

~ Feedback
it Welcome
enabled your research.

e s S v e e 0 S 0 W i e Add Data Add DICOM Data

» About

Add Data

» Documentation & Tutorials t Install Extensions ’ Download Samp'e Data

» Updates

RS ‘ﬁ' Customize Slicer 5 Explore Added Data
¥ Feedback

Share your stories with us on the Slic yrum and let us know about how 3D Slicer has
enabled your research.

We are always interested in improving 3D Slicer, to tell us about your problem or submit a bug report, open
Help -> Report a Bug.

» About

~ Data Probe

Show Zoomed Slice

» Documentation & Tutorials

» Updates

»  Acknowledgment
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4DCT Data upload

& 3D Slicer DICOM database

< -
» Help & Acknowledgement Patients: "\

Patient name
» Reload & Test

Import DICOM files Show DICOM database

& Import DICOM files from directory ...

< v N > Lopez, Cesar > Desktop > SAM_4DCT > SampleData C Search SampleData yel

Organize v New folder =« (7]
P Name v Date modified Type Size
o AXIAL_0_75_I70H_1_0003 8/7/2025 11:57 AM File folder |
v @ Cesar - Mayo Clinic
F_E_INTACT_0_6_I70F_3_10_-_95_%_0008 8/7/2 :00 PM File folder
> Apps
> Attachments

> . Flouro Data

> H_Mig
> Microsoft Copilot Chat Files
> Microsoft Teams Chat Files
> Recordings
> Whiteboards

@l Desktop

Folder: AXIAL_0_75_I70H_1_0003

Cancel

4
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4DCT Data upload

Fle Edt View Hep

mR O B | Modues: ® =2 AddDICOMData
I« <@ » D »l ’:..l © Select a SequenceBrowser

(& 3D Slicer DICOM database
2 X

e - :
» Help & Acknowledgement Patients: ™\ X Series: R

Patient name

Patient ID Birthdate  Sex  Studies Laststudydate Dateadded ™
R5130LEFT 19200327 O 4 201 7 2025-06...:48.067

» Reload & Test

Import DICOM files Show DICOM database

Study date “ Study ID Study description Series  Date added

Count  Date added

Series # “ Series

» DICOM networking
» DICOM database settings

» DICOM plugins Advanced

x
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4DCT Data upload

& 3D Siicer 5.8.1
File Edit View Help

O Gh mE Moddes: ® |2 AddoicoMData € 8 | 9 oo @) gR Moddes: ® 2 AddDICOMData - - S5

I« <« » > »l wvops = T
pmi 14 41 » > Pl wvos T T

¢ 3D Slicer R
& 3D Slicer

» Help & Acknowledgement
» Reload &Test
» Help & Acknowledgement

ipicou] &=  Import DICOM files Show DICOM database

Loaded data » Reload &Test
Node S 1
M RS5082LEFT~ZHAO (R5082LEFT)

~ B Private”~Zhao_Wrist_4Dseq (Adult) (20190502) —

F 3 Axial 0.75 70h 1 v %0+ &= Import DICOM files Show DICOM database

8: CTF_Eintact 0.6 I70f 3 10 - 95 % - 18 frames Volume Sequence by Ac.

Loaded data B: 8: CT F_E inta...sitionTime [0]

Node .
v RS5082LEFT~ZHAO (R5082LEFT) L4
v~ B Private”~Zhao_Wrist_4Dseq (Adult) (20150502) .
® 3: Axial 0.75 170h 1 =P

¥ 8: CTF_Eintact 0.6 I70f 3 10 - 95 % - 18 frames Volume Sequence by Ac... &®

-
g

L M| L: 12.8828mm

B: 8: CT F_E inta...sitionTime [0]

» DICOM networking

» DICOM database settings

» DICOM plugins

~ Data Probe

Show Zoomed Slice




4DCT Data upload
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https://docs.google.com/file/d/14qvFZ_S5dA6q7kavw79iLV1CQhi4QIbM/preview

mentation - Autoscoper"

File Edit View Help

File Edit ) EE  Modules: ® | & AutoscoperM

I 1« <« » I >l
& 3D Slicer

» Help & Acknowledgement

‘ _, 3 [ ¥ Reload & Test
Reload and Test Restart Slicer

Reload
Edit UI

T« 8: CTF_E intad

» Help & Ac Edit

Autoscoper Control Autoscoper Pre-processing

Subject hier

Output Directory: C:/Users/m158428/AppData/Local/slicer.org/Slicer fcache/SlicerIO\AutoscoperM-Pre-Processing

Volume Node: 3: Axial 0.75 I70h 1

~ Segmentation Generation

® Automatic Segmentation Threshold Value:
Margin Size:

OR

Segmentation from Model

¥ Partial Volume Generation

Segmentation Node: Segmentation_4
Generate Partial Volumes

Load Partial Volumes
» Default Subdirectories

¥ Generate Config
Config Trial Name:

Select Paired Camera Calibrations:

Populate From Camera Subdirectory
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Segmentation - Autoscoper"

+ 5
B0AT Modules: ® & AutoscoperM v - ‘ ’ L £l

I« <« » > Pl wofs

—

3D Slicer

}» Help & Acknowledgement

~ Reload & Test
Reload and Test Restart Slicer
Edit UL

Edit

utoscoper Control Autoscoper Pre-processing

Output Directory: C:/Users/m158428/AppData/Local/slicer.org/Slicer fcache [SlicerIO\AutoscoperM-Pre-Processing
B: 3: Axial 0.75 170h 1

3: Axial 0.75 I70h 1

Volume Node:
~ Segmentation Generation
® Automatic Segmentation Threshold Value: -
- Generate Segmentations
G |
® - Coronal ¥ 3:Axal 0.75 I70h 1

Margin Size:

OR
Import Models

Segmentation from Model
‘ iy

~ Partial Volume Generation
Select a Segmentation
Success!

Segmentation Node:
Generate Partial Volumes

Load Partial Volumes

» Default Subdirectories

~ Generate Config

Config Trial Name:
L: 6.9688mm

Select Paired Camera Calibrations:

v Sagittal ~ 3: Axial 0.75 I70h 1

Populate From Camera Subdirectory

Select Paired Radiograph Subirectories:

Populate From Radiographs Subdirectory

~ Data Probe

Show Zoomed Slice
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Segment Editor

File Edit View Help
m EE_U m" Modules: &

i« <« » D >l

& 3D Slicer
» Help & Acknowledgement

¥ Reload & Test
Reload

Edit

Autoscoper Control

g

Output Directory: C:/Users/m158428/A

Volume Node: 3: Axial 0.75 170h
¥ Segmentation Generation
® Automatic Segmentation Threshc

Margin ¢
OR
Segmentation from Model

~ Partial Volume Generation

Segmentation Node:

& AutoscoperM

Data
Add DICOM Data

" Markups

Models

y Scene Views

+ Segment Editor

" Segmentations

Autoscoper Pre¢ g

Transforms

. View Controllers

Volume Rendering
Volumes
Welcome to Slicer
Tracking

Wizards
Informatics
Registration
Segmentation
Quantification
Diffusion

Filtering

Surface Models
Converters
Endoscopy
Utilities
Developer Tools
Legacy

Testing

Edit UI

0.00 8:CTF Eint

Restart Slicer

O —

» O\AutoscoperM-Pre-Processing

»
»

»

Generate Segmentations
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Segment Editor

i Mm@ [ EE | Modues: ® /- SegmentEditor - €S

I« 41 » > »] wops = ,"_’. 0.00 8:CTF_Eintact 0.6 I70f 3 ..uence by AcquisitionTime browser

(’s 3D Slicer

» Help & Acknowledgement ] ® - Axial v 3:Axial 0.75 I70h 1

~ Reload & Test
Reload Reload and Test

Segmentation: Segmentation_5
Source volume: ' 3: Axial 0.75 I70h 1

Remove

Segment_1_2
Segment_1_3 B: 3: Axial 0.75 170h 1

Segment_1_4

Segment_1_5

Segment_1_6

Segment_1_7 ® v Coronal ~ 3:Axial 0.75 I70h 1
Segment_1.8 I i

Segment_1_9

Segment_1_10

X X
\
Segment_1_11 |
Segment_1_12 1
Segment_1_13 : ‘» i ( !
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: &
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B: 3: Axial 0.75 170h 1

S L:9.1563mm
® - sagittal v 3:Axial 0.75 I70h 1
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~ Data Probe

Show Zoomed Slice




Segment Editor
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: Reload Reload and Test
Segmentation: Segmentat
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Model Creation
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https://docs.google.com/file/d/1YedTfEIqOjfytLe7GEgbEfRjyC9QFDgt/preview

Saving NRRD, Volume Sequence, Model

1 Save Scene and Unsaved Data

(ca] ] £) <

2025-08-08-Scene.mrml

File Name

3 Axial 0.75 170h 1.nrrd

8 CTF_Eintact 0.6 170f 3 10 - 95 % - 18_5X00.seq.nrrd
8 CTF_Eintact 0.6 170f 3 10 -95 % - 18_QICW.nrrd
Segmentation_4.seg.nrrd

Cap.vtk

Rad.vtk

Scp.vtk

Lun.vtk

File Format

MRML Scene (.mrml)

NRRD (.nrrd)

Volume Sequence (.seq.nrrd)
NRRD (.nrrd)

Segmentation (.seg.nrrd)
VTK Polygon Mesh (.vtk)

VTK Polygon Mesh (.vtk)

VTK Polygon Mesh (.vtk)

VTK Polygon Mesh (. vtk)

Change directory for selected files

C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents
C:/Users/m158428/Documents

C:/Users/m158428/Documents

Directory

O X

Show options
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Saving NRRD, Volume Sequence, Model

Show options
File Name File Format Directory
2025-08-08-Scene.mrml MRML Scene (.mrml) C:/Users/m158428/Desktop/SAM _workshop
3 Axial 0.75 I70h 1.nrrd NRRD (.nrrd) C:/Users/m158428/Desktop/SAM _workshop
8 CTF_Eintact 0.6 170f 3 10 - 95 % - 18_5X00.seq.nrrd ' Volume Sequence (.seq.nrrd) C:/Users/m 158428 /Desktop/SAM _workshop
8 CTF_Eintact 0.6 170f 3 10 -95 % - 18_QICW.nrrd NRRD (.nrrd) C:/Users/m158428/Desktop/SAM _workshop
Segmentation_4.seg.nrrd Segmentation (.seq.nrrd) C:/Users/m158428/Desktop/SAM _workshop
Cap.stl Stereolithography Mesh (.stl) C:/Users/m158428/Desktop/SAM _workshop
Rad.stl Stereolithography Mesh (.st) C:/Users/m158428/Desktop/SAM _workshop
Scp.stl Stereolithography Mesh (.stl) C:/Users/m158428/Desktop/SAM _workshop

Lun.stl Stereolithography Mesh (.st) C:/Users/m158428/Desktop/SAM _workshop

Change directory for selected files } Cancel
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Saving NRRD, Volume Sequence, Model

SAM _workshop X +
< - N C (J > Desktop > SAM _workshop
® New TN Sort - = View aee
X Hoviie Name B Date modified Type
BJ Gallery D 3 Axial 0.75 170h 1l.nrrd 8/8/2025 10:54 AM NRRD File
D 8 CT F_E intact 0.6 I70f 3 10 - 95 % - 18_5X00.seq.nrrd 8/8/2025 10:54 AM NRRD File
v @ Cesar - Mayo Clinic
[ Capstl 8/8/2025 10:54 AM STL File
2 L D Lun.stl 8/8/2025 10:54 AM STL File
2 Attachments [ Rad.stl 8/8/2025 10:54 AM STL File
> - Flouro Data [ Scpstl 8/8/2025 10:54 AM STL File
| o H_Mig
| > Microsoft Copilot Chat Files
> Microsoft Teams Chat Files
> Recordings
> Whiteboards
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Hierarchical3DReaqistration

s

\7/

Autoscoper™
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Hierarchical3DRegistration

File Edit View Help

foATa] fsave] Modules: & QWelcome to Slicer

<« 4@ » P »l =

¢ 3D Slicer
Welcome

@0 Add Data ] Add DICOM Data

¥ Install Extensions & Download Sample Data

'C‘ Customize Slicer Explore Added Data

¥ Feedback

Share your stories with us on the
enabled your research.

We are always interested in improving 3D Slicer, to tell us about your problem or submit a bug report, open
Help -> Report a Bug.

and let us know about how 3D Slicer has

» About

» Documentation & Tutorials

» Updates

¥ Acknowledgment

Select a SequenceBrowser

¢

SAM _workshop

¢ r G
(‘E’ New }g ['_D
<% Home
P9 Gallery

v @ Cesar - Mayo Clinic

Apps
Attachments
Flourc Data

H_Mig

Microsoft Copilot Chat Files

Microsoft Teams Chat Files

> Desktop > SAM _workshop

O

@D = ] T Sort = View

Name '

[l 3 Axial 0.75 170h 1.nrrd

[ '] 8CTF_Eintact 0.6 I70f 3 10 - 95 % - 18_5X00.seq.nrrd
D Cap.stl

E] Lun.stl

|| Rad.stl

D Scp.stl

Date modified

8/8/2025 10:54 AM
8/8/2025 10:54 AM
8/8/2025 10:54 AM
8/8/2025 10:54 AM
8/8/2025 10:54 AM
8/8/2025 10:54 AM

Type
NRRD File
NRRD File
STL File
STL File
STL File

STL File

L: 0.0000mm
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Hierarchical3DRegistration
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https://docs.google.com/file/d/1GbFivLSKFEVBJ2HNOSvNJqmMUq-HLagd/preview

|erarch|caI3DRe 0

Hierarchical3DRegistration ™ - ‘ ‘

iIstration

I« <« » I» »l wos * T frame ——o—-————1 17.00 BCTF_Eintact 0.6 I70f 3 10 -95 % - 18_5X00 browser

& 3D Slicer

» Help & Acknowledgement

~ Reload & Test
Reload Reload and Test

Registering bone 'Cap’ in frame 17
~ Registration
Input CT Sequence: 8 CTF_Eintact 0.6 I70f 3 10 -95 % - 18_5X00
Source Volume: 3 Axial 0.75 170h 1
Hierarchy: # Rad
B: 8 CTF_E intac...95 % - 18_.

Frames: 0 v

Track Root Node Only Skip Initial Guess Adjustment r 1 = G g D
Abort Initialize Registration Set Initial Guess And Register \ { :

Import Transforms Export Transforms

B: 8 CT F_E intac...95 % - 18_5X00

- v B M L: 28.8203mm

~ Data Probe

Show Zoomed Slice

B: 8 CTF_E intac...95 %



Hierarchical3DRegistration

I« <« » I> pl [vopd] 3| T8 fwme——— 1700 BCTF.Emntact 0.6 I20f 3 10-95 % - 15_5100 browser

& 3D Slicer
b rep & Admowdedgement

~ Relosd & Test
Redoad

frame 17
~ Regstraton
Ingut CT Soquence: 8 CTF_E ntact 0.6 T70f 3 10 - 95 % - 18_5X00
Source Volume: JAxsl 0.75 170h 1
Herarchy: & rad
- B: 8 CT F_E intac...95 % - 18_5X00

Frames: 0
Track Root Node Only Skip Irital Guess Adystment
Abort Itvtislire Ragutraton

* 10
C: Users/m 153428 Desktop/SAM _workshop/Tracking
Tmport Transforms

B: B CTF_E intac...95 % - 18_5X00

L: 28.8203mm

B: 8 CTF_E inrac...95 % - 18_5X00



https://docs.google.com/file/d/1Ox0OJXRL6GqAhzbkrCTl0kZlpIvzWhYy/preview

Hierarchical3DRegistration — Saving Registration

SAM _workshop X + File Edit View Help
L ~ c O Tracking X e
(5 ' ™ C () > Desktop > SAM workshop > Trackin
P P g
@ New (}{) LD
® New T Sort = View - aes
<% Home
E_] Gallery B Lo Name Date modified Type Size
Ty - .
Cap-abs-RAS.tra 8/8/2025 1:40 PM TRA File
v @ Cesar - Mayo Clinic | Gallery L"{ 3 §
(& Lun-abs-RAS.tra 8/8/2025 1:40 PM TRA File
> Apps v C - Mayo Clini
e Ve M Q{ Rad-abs-RAS.tra 8/8/2025 1:40 PM TRA File
> Attachments > Apps
EE [;{ Scp-abs-RAS.tra 8/8/2025 1:40 PM TRA File
> . Flouro Data > Attachments
> H_Mig > . Flouro Data
> Microsoft Copilot Chat Files > H_Mig
> Microsoft Teams Chat Files > Microsoft Copilot Chat Files
> Recordings > Microsoft Teams Chat Files
> Whiteboards > Recordings

> Whiteboards

2 Desktop +
4 Downloads #
— Documents #
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ierarchical3DRegistration — Tracking file

T — e —— e

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 7 + v X
sHHER LA iRy x%x|BE EEGA= | ®|@® B &
[=] Lun-abs-RAStra 2> FBI

0.9919774746870167,0.031530537583941094,0.12241942212425522,29.830584246118093,-0.030309495751916275,0.9994706215295017,-0.011824177210123814,-2.344033420306724,-0.12272743858173478,0.008018846494323238,0.9924080178636542,-2.9457¢
.9997509931051946,0.02013373185541004,-0.009622090560350738,3.3940510428499095,-0.020318352595024604,0.9996035560563062,-0.01949090217027781,-3.560385436426054,0.009225851342906058,0.019681553829957895,0.9997637321416677,4.160854
.992527721870641,0.011015858603440315,-0.12152107709160673,-19.272963249838217,-0.01386712476434457,0.9996474497763564,-0.022642416090096186,-4.180812765778622,0.121228809154612,0.024158373597077162,0.992330564285963,6.458576445¢
.9711176509383214,0.02221452238699509,-0.237564776495073,-38.3520759825822¢64,-0.027268753589650186,0.9994658872023123,-0.01800986942099165,-3.9308267363202805,0.23703780946022784,0.023967797437643774,0.97120472€6909977,5.32857306%
.9656729878308767,0.023430577894492568,-0.25870193001467373,-41.93209306169781,-0.02830193810391565,0.9994850409628506,-0.015121282718419274,-3.4712347743411565,0.2582144087252863,0.02192398027317014,0.9658388365641704,4.3603527C
.9798613784948501,0.01186780903690432,-0.19932594924604127,-33.53194768516121,-0.016178842409693896,0.999668804171949,-0.020013171255621912,-4.036863069034503,0.19902242082854416,0.02283499€6695601524,0.97972885990638,5.750388998¢
.9975701011513235,0.00294992907257063,-0.0696074077049639,-11.695151567887€€67,-0.0038682522804813794,0.9999072088033264,-0.013061791892186089,-2.2418819010842075,0.06956241739066282,0.013299312072698712,0.9974889464977335,3.7358¢
.9978801198212718,0.01861896875259474,0.062358643892194004,15.922036312410619,-0.01806499€6459127826,0.9997922896913229,-0.009435749928426667,-1.6768321089020426,-0.06252137529209752,0.008289238588073435,0.9980092014381492,-0.410C
.9793078087534123,0.04327386925935864,0.19769569533480957,45.86080032620189,-0.04217123041147529,0.9990624696312798,-0.009786168802423096,-2.298142136657101,-0.1979338350059745,0.00124€6€6008066708539,0.980214590253713,-8.438976152
.9452178498967235,0.07209670726818064,0.3183791466753134,73.73078166039325,-0.07430782873731281,0.9972217326632768,-0.005211764806341531,-2.6237987742126547,-0.3178703553730058,-0.018731809980263484,0.9479491317944756,-21.681€727
.9214399468150437,0.08427835414389477,0.3792698029586384,87.01997265441098,-0.08977047897739339,0.9959572891297843,-0.00321548338799886€64,-3.0538775623903907,-0.3780075204511915,-0.031084357031236312,0.9252805397447272,-30.037302
.9422377747903053,0.07675666419973967,0.326031271903695,76.15192284509361,-0.0776591836068508,0.9969270979923561,-0.010267058490813313,-3.769556514250441,-0.3258174749146068,-0.015645312060318356,0.9453032303186114,-21.6261941354
.9792606916163€678,0.03931288412232563,0.1987536037334089,45.1805€6620560787,-0.038679937773424114,0.9992266556906134,-0.007067741590773533,-1.6981990202285255,-0.19887775207115665,-0.0007666155063054264,0.9800240058446454,-8.9659C
.9974705729194286,0.025673138125003218,0.06628232146357424,18.391711867555266,-0.024709695093209607,0.9995773561657282,-0.015314699119854664,-2.8415640505911854,-0.06664748403493354,0.013638145751735059,0.9976833735470712,0.66524
.9986142954342327,0.015545147083899032,-0.05027760293142569,-5.119017981646465,-0.016851383041812638,0.9995286411458323,-0.025661769594905393,-4.657116001650881,0.04985498815533171,0.026473457109033677,0.9984055469721335,6.450153
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SlicerAutoscoper™

 Community-driven

* Integration of BVR, 3DCT and 4DCT workflows into a single platform

» Standardization across institutions

* Promotes transparency and collaboration

* Faster learning curve: Improved accessibility for trainees and non-engineers

* Partial volumes? NOT A PROBLEM!!!!
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Extra

Image acquisition

* A third-generation, dual-source CT scanner (SOMATOM Definition Force, Siemens Healthcare)
is used to acquire neutral-static and dynamic CT scans
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Image adapted from the
American Association of
Physicists in Medicine

Temporal resolution: 66 ms
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Backaground — 4DCT Process

Data acquisition

> Convert to DICOM

> Export DICOM

> Segmentation

> Static-dynamic
image registration

>

Post-processing

Osteokinematic
Arthrokinematic
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Background

Image acquisition

 Static:

* Bilateral static (3D) CT volumes are acquired typically in neutral position using a routine CT scan
protocol (120 kV, 200 mAs/rotation, 1 second gantry rotation).

* Dynamic:

- Bilateral dynamic (4D) CT volumes are acquired using sequential, dual-source cardiac protocol
over a 1.5-second period

- Data collection was triggered via EKG simulator (30 bpm)

Auditory and visual cues were delivered to participants with a digital metronome (70 bpm) to
set the cadence such that a full motion cycle would be acquired during the scanning interval

* This yielded 17 sequential CT volumes evenly temporally-distributed across the motion cycle
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