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HOW TO RUN OTM?

I.  MAKE SURE THAT THE FOLLOWING .DAT FILES ARE IN

THE SAME DIRECTORY AS THE OTM APPLICATION
(.EXE FORMAT) :

*  CARDIACRESTINGPARAMETERS.DAT

*  SKELETALRESTINGPARAMETERS.DAT

2. DOUBLE CLICK ON THE OTM APPLICATION THEN WAIT
FOR THE PROGRAMME WINDOW TO LOAD UP.

= | application Application...

ame Share View Manage

< OM ~ 4 « OTM » application

Application
\H.—:mE
7 Quick access

OTM 1.0
[ Desktop ‘ — .
CardiacRestingParameters.dat
Downloads - -
3 ownioal SkeletalRestingParameters.dat
= Documents M defautt_icon

= Pictures & splash

Application
DAT File




DIRECTORY ASSIGNMENT

&« Oxygen Transport Modeller

File

._5 d ‘b RS w», @ \“L‘l D

3. THE OTM USER INTERFACE WINDOW (OXYGEN
TRANSPORT MODELLER) WILL POP UP IN ABOUT 10-30 Cogen Trameocrt Monieter
S ECO N DS A A Al-Shammari & E. A. Gaffney 2013

4. LOCATE THE DIRECTORY ENCLOSING THE DATA OUTPUT
FROM THE DTECT PROGRAMME (.MAT FORMAT) BY
CLICKING ON BROWSE AND SEARCHING FOR THAT
DIRECTORY ON YOUR HARD DRIVE.

The present working directory is:

C:\Users\Guest User\Documents\OTM\application

Below, click on "browse" to locate the directory of your data on your hard drive.

Browse

5. THEN PROCEED TO THE NEXT WINDOW BY CLICKING ON
CONT'NUE. Continue




TYPE OF O, ANALYSIS

4 Tissue Type

File

Sde RKKROL®L |0

IN THE TISSUE TYPE WINDOW, YOU CAN CHOOSE Type of lisstie Geometry
BETWEEN THREE TYPES OF OXYGEN SUPPLY ANALYSES o i : .
The user is required to provide information about the type of tissue geometry
BY CLICKING ON THE APPROPRIATE PUSHBUTTON: to be processed. The current image segmentation algorithms can process
three types of images: (1) a capillaries only image, (2) a capillaries-fibres
CI) CAPILLARIES ONLY image, and (3) a capillaries-fibre image along with fibre type images.
Choose between the geometries by pressing the appropriate pushbutton
) CAPILLARIES AND FIBRE OUTLINES ONLY. below.

Cc) CAPILLARIES AND FIBRE TYPES.

Capillaries Only Capillaries & Fibres Only Capillaries & Fibre Types
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O, ANALYSIS BASED ON
CAPILLARIES ONLY

1. CLCK ON “CAPILLARIES ONLY".

2. ON YOUR HARD DRIVE, LOCATE THE .MAT FILE
WHICH CONTAINS THE DATA OF THE MUSCLE IMAGE
THAT YOU WISH TO ANALYSE, THEN CLICK OPEN.

3. ONCE LOCATED, YOU SHOULD CONFIRM THAT THIS
FILE WAS PRODUCED BY DTECT.

File Edit View Inset Tools Desktop Window Help

NMEgde | | AR RLE- 2|08 a3

4. MAT File Source —

Was this MAT file produced by the Diect programme ?

1se between the geometries by pressing the appropriate pushbutton

Capillaries & Fibres Only Capillaries & Fibre =]



SPATIAL DIMENSIONS OF
THE TISSUE SECTION

4. Tissue Dimensions

File Edit View Insert Tools Desktop Window Help

J _: d (.\d k XS *qu.‘, @ 1‘,_4 ."f M @ D a @

4. TYPE IN THE DIMENSIONS OF THE TISSUE CROSS
S ECT' O N IN MlC ROM ETERS . N OTE THAT TO To calculate Fibre Sizes, Capillary Densities etc, the size of the domain is required. Please enter to
PRESERVE THE |MAGE ASPECT RATIO WE :::’emrg:t, in micrometres, the width (horizontal dimension) and height (vertical dimension) of the
AUTOMATICALLY CALCULATE THE OTHER TISSUE

DIMENSION ONCE ONE OF THEM IS PROVIDED BY
THE USER.

5. ONCE ALL DIMENSIONS ARE SET, CLICK
"CONTINUE" TO PROCEED.




4. Selection of ROI

SETTING THE REGION OF
INTEREST (ROI)

6. IN THE NEXT WINDOW YOU ARE ASKED TO OVERLAY A
REGION OF INTEREST ON THE TISSUE CROSS-SECTION.
CLCK HELP FOR MORE INFO ABOUT THIS.

/. CuckK THE “ROI" BUTTON TO MOUSE-CONTROL ROI BY
DRAGGING ITS EDGES. MAKE SURE ROl DOES NOT
OVERLAP THE ANY AREA THAT IS NOT SHADED IN BLUE.
THIS RESTRICTION WILL GUARANTEE THAT NO BOUNDARY
CAPILLARY DOMAINS ARE USED IN CALCULATING O,
SUPPLY INDICES SINCE THESE CAN HAVE INFINITE

. VALUES.

8.  WHEN DONE, DOUBLE CLICK ON ANY OF THE ROI
EDGES TO CONFIRM YOUR SELECTION. THIS SHOULD
RESULT IN ROl BEING HIGHLIGHTED IN GREEN.

9.  CLck CONTINUE TO PROCEED.

ROI

Continue




4. Calculate Indices or Simulate PO2

C H O I C E O F 02 ‘ i}le Ed; Viewk Insert Toc?l.s @Desktop V‘.’ind[:]w [:}]-Ie .
o RLRAOVDLEA- S -
SUPPLY ANALYSIS

OPTIONS

A. Calculate Indices

10.IN THIS WINDOW YOU HAVE TWO OPTIONS: (1) Capillary density
A. CALCULATlNG MORPHOMETRIC INDICES OF (2) ;?;i:c;%i!i.w distance distribution plus mean, standard deviation and standard error
CAPILLARY OXYGEN SUPPLY. (3) Capillary domain area distribution, plus mean, standard deviation and standard error
from mean.
B. MATHEMATICAL MODELLING AND NUMERICAL
(4) Equivalent di ter distribution, pl , standard deviati d standard
SIMULATION OF P02 ALONG WITH ITS FLUX LINES. frgrlgvr?ngn. iameter distribution, plus mean, standard deviation and standard error
B. Initiate Finite Elements simulation of oxygen transport
NOTE:

YOU CAN ALWAYS COME BACK TO THIS WINDOW
AFTER  CALCULATING THE SUPPLY INDICES AND
SIMULATING THE SPATIAL DISTRIBUTION OF POQ.




4. Morphometric Indices

File Edit View Inset Tools Desktop Window Help

G § ':“":" @ "h__. ."i T

S de |k S 086 a@

(A) MORPHOMETRIC

Indices

INDICES

THIS WINDOW GENERATES
STATISTICS OF SUPPLY INDICES AND
ALLOWS THE USER TO VIEW BAR
PLOTS OF SOME INDICES.

CLCK HELP FOR DETAILED INFO
ON HOW TO PLOT DISTRIBUTIONS
OF INDICES AND EXPORT INDICES
IN' A TEXT FILE.

CLcK SAVE TO EXPORT INDICES
IN A TEXT FILE AND DISTRIBUTIONS IN
THE FORM OF .PNG IMAGES.

Number of Capillaries
Capillary Density

X Length Scale

Y Length Scale

Number of Voronoi Cells
Included Voronoi Cells
Mean[Voronoi Cell Area]
STD[Voronoi Cell Area]
SEM[Voronoi Cell Area]
LogSD[Voronoi Cell Area]

Mean[Domain Eq. Diameter]
STD[Domain Eq. Diameter]
SEM[Domain Eq. Diameter]
LogSD[Domain Eq. Diameter]

Mean[Mean NN Distance]
STD[Mean NN Distance]
SEM[Mean NN Distance]
<

95.00

352.00
600.00
450.00

(:“ Equivalent Krogh diameter

95.00
29.00
3530.27
1345.16
249.79
0.1727

65.86
12.78
2.37
0.0863

Proportion

66.91
14.21
2.64

() Mean NN distance

20

PLOT

Index Distributions

Cumulative proportion

Capillary domain area

(® Ccapillary domain area

Capillary domain area
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(B) MATHEMATICAL MODELLING
& SIMULATION OF PO,

IN THIS WINDOW YOU SHOULD DECIDE ON A SET OF
BIOPHYSICAL PARAMETERS TO BE USED FOR POQ SIMULATION.

1. YOU CAN EITHER KEEP THE DEFAULT PARAMETERS, EDIT
THEM OR USE YOUR OWN. CLICK "HELP" FOR MORE INFO
ON THIS.

2. Cuck CONTINUE 1O PROCEED TO SPECIFYING THE

EXERCISE INTENSITY AND/OR OTHER TYPES OF FUNCTIONAL
CHARACTERISTICS.

4\ Input Biophysical Parameters

Choose parameter input method

(® Default parameters (O Edit default parameters

Rcap:
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FUNCTIONAL CHARACTERISTICS

3. (CHOOSE THE LEVEL OF EXERCISE INTENSITY. CLICK HELP

FOR MORE ON INFO.

4. Cuck CONTINUE TO PROCEED WITH GENERATING A

COMPUTATIONAL MESH. HERE THE USER IS ASKED TO
PROVIDE A PREVIOUSLY-GENERATED MESH OR TO PROCEED
WITH GENERATING A NEW ONE.

ry CardiacFunctionalHeterogeneity

File Edit View

EFTID

Insert

BN ‘m. @ I*:_‘ J{ T @J D a @

Tools Desktop Window Help




COMPUTATIONAL & Mesh Genrtn

File Edit View |Inset Tools Desktop Window Help

MESH T PR

N
Uy

£

VAVAY
DN/

J

/\

GENERATING A NEW COMPUTATIONAL MESH MAY TAKE SOME
TIME DEPENDING ON THE COMPLEXITY OF THE TISSUE GEOMETRY.
FOR EXAMPLE, GENERATING A MESH FOR A TISSUE SECTION
HAVING ONLY 200 CAPILLARIES MAY TAKE ABOUT 10 SECONDS.

5. WHEN THE MESH GENERATION IS DONE, THE USER IS GIVEN
THE OPTION TO SAVE THE MESH FOR LATER RE-USE. THEN THE
USER WILL THEN SEE THE FOLLOWING WINDOW WHICH
SHOWS THE COMPUTATIONAL MESH.

6.  CLcK HELP FOR MORE INFO OR clLiICk SIMULATIONS 1O
PROCEED WITH COMPUTING THE NUMERICAL SOLUTION OF
THE MODEL. Simulations

A
’VA
Vs
8
b

SRR,
v,v‘v,-‘ .
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SIMULATION OF
OXYGEN TRANSPORT

SIMULATION OF OXYGEN TRANSPORT IN THE MUSCLE CROSS SECTION
MAY TAKE SOME TIME DEPENDING ON THE COMPLEXITY OF THE TISSUE
GEOMETRY AND THE INTENSITY AND HETEROGENEITY OF THE
FUNCTIONAL CHARACTERISTICS. FOR EXAMPLE, SIMULATING O,
TRANSPORT FOR A TISSUE SECTION HAVING 200 FIBRES MAY TAKE
ABOUT 1 TO 16 MINUTES DEPENDING ON THE INTENSITY OF THE EXERCISE
LEVEL.

/. ONCE THE SIMULATION IS OVER THIS WINDOW WILL BE SHOWN.
HERE THE USER VIEWS A HEAT MAP THAT SIMULATES THE POQ
SPATIAL DISTRIBUTION AS A COMPUTATIONAL SOLUTION OF THE
TRANSPORT MODEL. NOTE: THE USER CAN ADJUST THE SCALE OF
THE COLOR BAR TO HIGHLIGHT ANY SPATIAL VARIATION IN POQ.

8. CLuckK HELP FOR DETAILS ON HOW TO DEAL WITH THIS WINDOW
(EXPORTING PO, HEAT MAP AND STATISTICS, ETC).

9.  Cuck CONTINUE TO PROCEED WITH GENERATING PO, FLUX
LINES. CAREFULLY READ THE HELP MENU BEFORE DOING SO.

4. Finite Elements Simulation

File Edit View Inset Tools Desktop Window Help

EERDEEYER AR ELT

PO2 spatial profile (mmHg)

Colorbar PO2 Scale
@® 0-Max O Min - Max (O User-defined

Continue Save Figure




SIMULATION OF " oo

File Edit View Insert Tools Desktop Window Help

OXYGEN FLUX LINES bl
N — W
BV e, s

A)
;_?_/Jo 7. l‘n'/{{(\\. /2;9&;— S e

10. UPON PROCEEDING TO THIS PART, THE USER WILL BE PROMPTED TO =\
SHU

ENTER VALUES FOR A SET OF PARAMETERS. THESE ARE NEEDED TO

i ._A\jm;//rfg§ "

SOLVE FOR THE FLUX LINES (REFER TO THE HELP MENU OF THE =SS G SS S e 2

: ~ NN
PREVIOUS WINDOW). YOU MAY KEEP THE DEFAULT VALUES AND - ‘ V245 ) NS ,
PROCEED. 20 ZeS ) N DN

NSO
)
=iz

2
V)

S

X))

%

I'T. IF ALL GOES WELL, THE FLUX LINE WINDOW SHOULD LOOK SIMILAR TO
THIS PICTURE.

12. IF QUALTY/QUANTITY OF THE FLUX LINES IS NOT GOOD ENOUGH,
CLOSE THIS WINDOW AND GO BACK TO THE PREVIOUS ONE TO ADJUST
THE PARAMETERS.

13. CHOOSING NEW VALUES REQUIRES TRIAL/ERROR BEFORE ONE CAN
GET SMOOTH AND/OR COMPLETE FLUX LINES. HENCE, IT IS ADVISABLE
TO USE AS FEW FLUX LINES PER CAPILLARY AS POSSIBLE (4 IS PERFECT).
THAT WAY THE COMPUTATIONAL TIME WILL BE SHORT. ONCE YOU 100 200 300 400 600
OBTAIN AN ACCEPTABLE RESULT, YOU MAY WISH TO INCREASE THE
NUMBER OF FLUX LINES PER CAPILLARY (SAY 16, 36, ETC).

I4. CucK HELP FOR DETAILS ABOUT THIS WINDOW OR CLICK SAVE Note that there is no "Trapping Regions" functionality at this time
FIGURE TO EXPORT THE FLUX LINES IN A .PNG IMAGE. '
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O, ANALYSIS BASED ON
CAPILLARIES & FIBRES ONLY

1. CLCK ON “CAPILLARIES & FIBRES ONLY".

2.  ON YOUR HARD DRIVE, LOCATE THE .MAT FILE WHICH

CONTAINS THE DATA OF THE MUSCLE IMAGE THAT YOU
WISH TO ANALYSE, THEN CLICK OPEN.

3. ONCE LOCATED, YOU WILL HAVE A CHANCE TO

DOUBLE-CHECK AND EDIT THE CAPILLARY AND FIBRE
ASSIGNMENTS.

File Edit View Inset Tools Desktop Window Help

Ddde K RROVLEL- 2 06 @

nf Ticena Ganmea
4 Manual Fiber Update -

! Would you like to double check the fibre and capillary assignment?

Choose between the geometries by pressing the appropriate pushbutton
below.

Capillaries & Fibres Only Capillaries & Fibre



i CHECK FIBRE AND CAPILLARY
HEN PROMPTED TO CHECK, IT IS
PREFERABLE TO CLICK ON “YES". ASS'GNMENTS

LOCATE THE IMAGE OF THE STAINED
SECTION TO COMPARE AGAINST THE e
FIBRE AND CAPILLARY ASSIGNMENTS, | Window Hep T e ——

NEdS | & ‘ D de | K |R&GOBDEL- | 0E
THEN CLICK OPEN. ' '

-

IF YOU WISH TO ADD, DELETE OR EDIT
FIBRES OR CAPILLARIES REFER TO
PAGES 44-48 FOR DETAILED
INSTRUCTIONS.

IF YOU WISH TO PROCEED WITH THE
CURRENT OR MODIFIED ASSIGNMENT
PRESS ENTER WHILE FIGURE 2 IS
SELECTED.
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10.

TO DOUBLE CHECK THE SMOOTHING
OF FIBRE OUTLINES AND REMOVAL OF
IMAGE ARTEFACTS CLICK PREVIEW.
IT IS PREFERABLE TO LEAVE ALL VALUES
AND ASSIGNMENTS UNCHANGED.

THIS WILL BRING UP THE WINDOW ON
THE LEFT. IN THIS WINDOW, CLICK
HELP FOR INFO ON HOW TO
PROCEED. ClLick ACCEPT 710
CLOSE THIS WINDOW AND RETURN TO
THE ONE ON THE RIGHT.

IF YOU ARE SATISFIED WITH THE
SMOOTHING PROCESS, CLICK
CONTINUE TO PROCEED.

REMOVING IMAGE PROCESSING
ARTEFACTS AND SMOOTHING
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SPATIAL DIMENSIONS OF
THE TISSUE SECTION

1'1. TYPE IN THE DIMENSIONS OF THE TISSUE CROSS
SECTION IN MICROMETERS. NOTE THAT TO
PRESERVE THE IMAGE ASPECT RATIO WE
AUTOMATICALLY CALCULATE THE OTHER
TISSUE DIMENSION ONCE ONE OF THEM IS
PROVIDED BY THE USER.

12. ONCE ALL DIMENSIONS ARE SET, CLICK
"CONTINUE" TO PROCEED.

4. Tissue Dimensions

File Edit View Insert Tools Desktop Window Help

J ,_: «Z‘ :\d k XS *(r'.‘, @ \'.Cl 9{ M @ D a @

To calculate Fibre Sizes, Capillary Densities etc, the size of the domain is required. Please enter to
the right, in micrometres, the width (horizontal dimension) and height (vertical dimension) of the
domain.




22

4. Selection of ROI

File Edit View

Inset Tools Desktop Window

Continue

foals

>
2

%5
s

SETTING THE REGION OF
INTEREST (ROI)

13.

14,

IN THE NEXT WINDOW YOU ARE ASKED TO OVERLAY A
REGION OF INTEREST ON THE TISSUE CROSS-SECTION.
CLICK HELP FOR MORE INFO ABOUT THIS.

CLICK THE “ROI" BUTTON TO MOUSE-CONTROL RO BY
DRAGGING ITS EDGES. MAKE SURE ROl DOES NOT
OVERLAP THE ANY AREA THAT IS NOT SHADED IN BLUE.
THIS RESTRICTION WILL GUARANTEE THAT NO BOUNDARY
CAPILLARY DOMAINS ARE USED IN CALCULATING O,
SUPPLY INDICES SINCE THESE CAN HAVE INFINITE
VALUES.

WHEN DONE, DOUBLE CLICK ON ANY OF THE ROl
EDGES TO CONFIRM YOUR SELECTION. THIS SHOULD
RESULT IN ROl BEING HIGHLIGHTED IN GREEN.

CLck CONTINUE TO PROCEED.
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4. Options

C H O I C E O F S U P P I_Y File Edit View Inset Tools Desktop Window Help

NEdL K ARODEL- G |0E|aD

ANALYSIS

OPTIONS

A. Calculate Indices

1/7. INTHIS WINDOW YOU HAVE TWO OPTIONS: (1) Capillary density

(2) Capillaries:Fibres ratio

A. CALCULATING MORPHOMETRIC INDICES OF

(3) Fibre size distribution plus mean, standard deviation and standard error from mean,
CAPILLARY OXYGEN SUPPLY. for each fibre type and all fibres.

B. MATHEMATICAL MODELLING AND NUMERICAL (4) Intercapillary distance distribution plus mean, standard deviation and standard error
SIMULATION OF PO, ALONG WITH ITS FLUX LINES. Hom mean.

(5) Capillary domain area distribution, plus mean, standard deviation and standard error
from mean.

(6) Local Capillary:Fibre Ratio distribution, plus mean, standard deviation and standard

NOTE: error from mean.

B. Initiate Finite Elements simulation of oxygen transport

YOU CAN ALWAYS COME BACK TO THIS WINDOW
AFTER CALCULATING THE SUPPLY INDICES AND
SIMULATING THE SPATIAL DISTRIBUTION OF PO,

: [ a ]
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(A) MORPHOMETRIC
INDICES

1. THIS WINDOW GENERATES STATISTICS
OF SUPPLY INDICES AND ALLOWS THE
USER TO VIEW BAR PLOTS OF SOME
INDICES.

7. CLcCK HELP FOR DETAILED INFO ON
HOW TO PLOT DISTRIBUTIONS OF
INDICES AND EXPORT INDICES IN A
TEXT FILE.

3. Cuck SAVE TO EXPORT INDICES IN
A TEXT FILE AND DISTRIBUTIONS IN THE
FORM OF .PNG IMAGES.

4. Morphometric Indices

File Edit View

A= Y

[Number of Capillaries
Capillary Density

X Length Scale

Y Length Scale

Number of Voronoi Cells
Included Voronoi Cells
Mean[Voronoi Cell Area]
STD[Voronoi Cell Areal
SEM[Voronoi Cell Area]
LogSD[Voronoi Cell Area]

Mean[Domain Eq. Diameter]
STD[Domain Eq. Diameter]
SEM[Domain Eq. Diameter]
LogSD[Domain Eq. Diameter]

Mean[Mean NN Distance]
STD[Mean NN Distance]
SEM[Mean NN Distance]
Mean[STD NN Distance]
Mean[SEM NN Distance]

83.00

307.00
600.00
450.00

83.00
30.00
4364.71
4228.16
771.95
0.2343

70.52
24.59
4.49
0.1172

67.89
17.72
3.24

25.96
10.83

Inset Tools Desktop Window Help

N ‘”‘“ @ '%':. :"{ v

S| 08 =@

Proportion

—~

O pFR O FOR (O Krogh

Indices

(® Mean NN (O LCFR

15

Index Distributions

50 100
Mean NN distance

1

Cumulative proportion
< o o
o~ =2} @

o
N

(=]

50 100
Mean NN distance




(B) MATHEMATICAL MODELLING
& SIMULATION OF PO, T -

Choose parameter input method

e Input Biophysical Parameters

1. IN THIS WINDOW YOU SHOULD DECIDE ON A SET OF
BIOPHYSICAL PARAMETERS TO BE USED FOR P02
SIMULATION.

7. YOU CAN EITHER KEEP THE DEFAULT PARAMETERS, EDIT
THEM OR USE YOUR OWN. CLICK "HELP" FOR MORE INFO
ON THIS.

3. Cuck CONTINUE 1O PROCEED TO SPECIFYING THE
EXERCISE INTENSITY AND/OR OTHER TYPES OF FUNCTIONAL
CHARACTERISTICS.
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FUNCTIONAL CHARACTERISTICS

4. IN THIS WINDOW THE USER IS GIVEN OPTIONS FOR SETTING THE

FOLLOWING FUNCTIONAL CHARACTERISTICS (CLICK HELP FOR
MORE INFO):

a)  EXERCISE INTENSITY

b) HETEROGENEITY IN DIFFUSIVE PARAMETERS (NOTE: HAS NO
EFFECT FOR THIS TISSUE ANALYSIS)

C) EXTENT OF FIBRE-FIBRE DIFFERENTIAL EXTRACTION OF O, (NOTE:
HAS NO EFFECT FOR THIS TISSUE ANALYSIS)

5. Cuck CONTINUE TO PROCEED WITH GENERATING A

COMPUTATIONAL MESH.

4\ Functional Heterogeneity

File Edit View Inset Tools Desktop Window Help

.j o d 2 k N R “r.“ @ \'h._ 0{ v @ D @ a @

Exercise Level

® Resting (O Moderate

Diffusive Oxygen & Myoglobin Parameters

O Uniform (® Fibre-specific

Fibre-Oxygen Differential Extraction Level

@® Low (O Moderate

Continue



COMPUTATIONAL « M Genrtin

File Edit View |Inset Tools Desktop Window Help

MESH DEde | R RKAIODLL- S| 0E

6.  GENERATING A NEW COMPUTATIONAL MESH MAY TAKE
SOME TIME DEPENDING ON THE COMPLEXITY OF THE
TISSUE GEOMETRY. FOR EXAMPLE, GENERATING A MESH
FOR A TISSUE SECTION HAVING 200 FIBRES MAY TAKE
ABOUT 6 MINUTES.

/. WHEN THE MESH GENERATION IS DONE, THE USER IS
GIVEN THE OPTION TO SAVE THE MESH FOR LATER RE-
USE.

8.  THEN THE USER WILL THEN SEE THE FOLLOWING WINDOW
WHICH SHOWS THE COMPUTATIONAL MESH.

9. Cuck HELP FOR MORE INFO OR CLCK ; dLE i
SIMULATIONS TO PROCEED WITH COMPUTING THE 200
NUMERICAL SOLUTION OF THE MODEL. PR
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SIMULATION OF
OXYGEN TRANSPORT

10.

raes

12,

13;

SIMULATION OF OXYGEN TRANSPORT IN MUSCLE CROSS SECTIONS
MAY TAKE SOME TIME DEPENDING ON THE COMPLEXITY OF THE
TISSUE GEOMETRY AND THE INTENSITY AND HETEROGENEITY OF THE
FUNCTIONAL CHARACTERISTICS. FOR EXAMPLE, SIMULATING O,
TRANSPORT FOR A TISSUE SECTION HAVING 200 FIBRES MAY TAKE
ABOUT 1 TO 16 MINUTES DEPENDING ON THE INTENSITY OF THE
EXERCISE LEVEL.

ONCE THE SIMULATION IS OVER THIS WINDOW WILL BE SHOWN.
HERE THE USER VIEWS A HEAT MAP THAT SIMULATES THE PO,
SPATIAL DISTRIBUTION AS A COMPUTATIONAL SOLUTION OF THE
TRANSPORT MODEL. NOTE: THE USER CAN ADJUST THE SCALE OF
THE COLOR BAR TO HIGHLIGHT ANY SPATIAL VARIATION IN PO.,.

CLICK HELP FOR DETAILS ON HOW TO DEAL WITH THIS WINDOW
(EXPORTING PO, HEAT MAP AND STATISTICS, ETC).

Cuck CONTINUE TO PROCEED WITH GENERATING PO, FLUX
LINES. CAREFULLY READ THE HELP MENU BEFORE DOING SO.

4\ Finite Elements Simulation

File Edit View Inset Tools Desktop Window Help

EERDNRRT

- |0 =D

PO2 spatial profile (mmHg)

Colorbar PO2 Scale

@® 0-Max O Min - Max

Continue

(O User-defined

Save Figure




SIMULATION OF

File Edit View Inset Tools Desktop Window Help

OXYGEN FLUX LINES

T
14. UPON PROCEEDING TO THIS PART, THE USER WILL BE PROMPTED TO e ///////’H(l\\\\\\\ﬁ\g?/ﬁ\»*b.H
ENTER VALUES FOR A SLET OF(PARAMETERS. TTEEPARE NEEDED TO 7> '@{\?@Zﬁzﬁfﬁ/ ﬂ‘{\é‘.\!\\\\\\\\\“}}_ﬂﬁ’.g'
SOLVE FOR THE FLUX LINES (REFER TO THE MENU OF THE 33 W k~ Wy =~
PREVIOUS WINDOW). YOU MAY KEEP THE DEFAULT VALUES AND .'%W\i\q @{4@“@@"’.’
PROCEED. 0 \1(/)@,»&(@&\»&(\\\&% " “:
15, IF ALL GOES WELL, THE FLUX LINE WINDOW SHOULD LOOK SIMILAR TO 25 ‘ L§>\A\<§({‘\\7 \}K\WL&‘%",&“\ l"“
N/ A TSN AT/
THIS PICTURE. W\\&“’W /)%)4&((4\4((0/}}) Ib“‘.A
e N2 =Fv=®
16. IF QUALITY/QUANTITY OF THE FLUX LINES IS NOT GOOD ENOUGH, »\\_@,‘J WSO '.
CLOSE THIS WINDOW AND GO BACK TO THE PREVIOUS ONE TO ADJUST 5 ,, )v' :C;—,g/l»" .i" .
THE PARAMETERS. = N %‘P{x\. )
a2\ Py
17. CHOOSING NEW VALUES REQUIRES TRIAL/ERROR BEFORE ONE CAN Q"l i\‘é "
GET SMOOTH AND/OR COMPLETE FLUX LINES. HENCE, IT IS ADVISABLE . .‘. = .‘
TO USE AS FEW FLUX LINES PER CAPILLARY AS POSSIBLE (4 IS PERFECT). ’ "‘V"" q
THAT WAY THE COMPUTATIONAL TIME WILL BE SHORT. ONCE YOU LAY LA [ >
OBTAIN AN ACCEPTABLE RESULT, YOU MAY WISH TO INCREASE THE
NUMBER OF FLUX LINES PER CAPILLARY (SAY 16, 36, ETC). e P e

18. CLuck HELP FOR DETAILS ABOUT THIS WINDOW OR CLICK SAVE
FIGURE TO EXPORT THE FLUX LINES IN A .PNG IMAGE.

Note that there is no "Trapping Regions" functionality in this version.
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O, ANALYSIS BASED ON
CAPILLARIES & FIBRE TYPES

1. CLCK ON “CAPILLARIES & FIBRE TYPES".

2. ON YOUR HARD DRIVE, LOCATE THE .MAT FILE

WHICH CONTAINS THE DATA OF THE MUSCLE IMAGE
THAT YOU WISH TO ANALYSE, THEN CLICK OPEN.

3. ONCE LOCATED, YOU WILL HAVE A CHANCE TO
DOUBLE-CHECK AND EDIT THE CAPILLARY, FIBRE AND
FIBRE TYPE ASSIGNMENTS.

File Edit View Inset Tools Desktop Window Help

Ddde K RROVLEL- 2 06 @

nf Ticena Ganmea
4 Manual Fiber Update -

! Would you like to double check the fibre and capillary assignment?

Choose between the geometries by pressing the appropriate pushbutton
below.

Capillaries & Fibres Only Capillaries & Fibre



WHEN PROMPTED TO CHECK, IT IS CHECK FIBRE AND CAPILLARY
PREFERABLE TO CLICK ON “YES" IF ASSIGNMENTS

IN DOUBT.

LOCATE THE IMAGE OF THE STAINED 1

SECTION TO COMPARE AGAINST THE B = T e o e e e
FIBRE AND CAPILLARY - padil:Rscoo@s d s
ASSIGNMENTS, THEN CLICK OPEN. ; :

IF YOU WISH TO ADD, DELETE OR
EDIT FIBRES OR CAPILLARIES REFER
TO PAGES 44-48 FOR DETAILED
INSTRUCTIONS.

IF YOU WISH TO PROCEED WITH THE
CURRENT ASSIGNMENT CLICK ON
ENTER  WHILE FIGURE 2 IS
SELECTED.
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CHECK FIBRE TYPES
ASSIGNMENT

ONCE FINISHED FROM  CHECKING  THE
CAPILLARIES AND FIBRE OUTLINES, YOU WILL BE
PROMPTED TO CHECK THE ASSIGNMENT OF
FIBRE TYPES.

8. IF YOU WISH TO EDIT THE FIBRE TYPE OF ANY
FIBRE, RIGHT-CLICK THE DESIRED FIBRE AND
CHOOSE THE APPROPRIATE FIBRE TYPE
FROM THE MENU.

9. IF YOU WISH TO PROCEED WITH THE
CURRENT OR MODIFIED ASSIGNMENT PRESS
ENTER WHILE THE FIGURE IS SELECTED.

File Edit View Inset Tools Desktop Window
-

E S| | & &

Editing fiber types (oxidative capacity)

“waiting fiber type editing ... press ENTER upon completion.

The Color code used for fibre types:
black = type |
white = type llb

gray =type liq,
green = unassigned
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10. TO DOUBLE CHECK THAT THE

11.

12.

SMOOTHING OF FIBRE OUTLINES
AND REMOVAL OF IMAGE
ARTEFACTS CLICK PREVIEW. IT IS
PREFERABLE TO LEAVE ALL VALUES
AND ASSIGNMENTS UNCHANGED.

THIS WILL BRING UP THE WINDOW
ON THE LEFT. IN THIS WINDOW,
CLICK HELP FOR INFO ON HOW
TO PROCEED. CLIck ACCEPT 10
CLOSE THIS WINDOW AND RETURN
TO THE ONE ON THE RIGHT.

IF YOU ARE SATISFIED WITH THE
SMOOTHING  PROCESS, CLICK
CONTINUE 10O PROCEED.

REMOVING IMAGE PROCESSING
ARTEFACTS AND SMOOTHING
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SPATIAL DIMENSIONS
OF THE TISSUE SECTION

13. TYPE IN THE DIMENSIONS OF THE TISSUE CROSS
SECTION IN MICROMETERS. NOTE THAT TO
PRESERVE THE IMAGE ASPECT RATIO WE
AUTOMATICALLY CALCULATE THE OTHER
TISSUE DIMENSION ONCE ONE OF THEM IS
PROVIDED BY THE USER.

14. ONCE ALL DIMENSIONS ARE SET, CLICK
"CONTINUE" TO PROCEED.

4. Tissue Dimensions

File Edit View Insert Tools Desktop Window Help

J ,_: «Z‘ \'.\d k +\ N *m' @1.,_4 ."{ b @ D a @

To calculate Fibre Sizes, Capillary Densities etc, the size of the domain is required. Please enter to
the right, in micrometres, the width (horizontal dimension) and height (vertical dimension) of the
domain.
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4. Selection of ROI

File Edit View

Insert Tools Desktop Window

Continue

SETTING THE REGION OF
INTEREST (ROI)

15.

16.

17.

18.

IN THE NEXT WINDOW YOU ARE ASKED TO OVERLAY A
REGION OF INTEREST ON THE TISSUE CROSS-SECTION.
CLCK HELP FOR MORE INFO ABOUT THIS.

CLcK THE “ROI" BUTTON TO MOUSE-CONTROL RO BY
DRAGGING ITS EDGES. MAKE SURE ROl DOES NOT
OVERLAP THE ANY AREA THAT IS NOT SHADED IN BLUE.
THIS RESTRICTION WILL GUARANTEE THAT NO BOUNDARY
CAPILLARY DOMAINS ARE USED IN CALCULATING O,
SUPPLY INDICES SINCE THESE CAN HAVE INFINITE
VALUES.

WHEN DONE, DOUBLE CLICK ON ANY OF THE ROl
EDGES TO CONFIRM YOUR SELECTION. THIS SHOULD
RESULT IN ROI BEING HIGHLIGHTED IN GREEN.

CLck CONTINUE TO PROCEED.
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4. Options

C H O I C E O F S U P P I_Y File Edit View Inset Tools Desktop Window Help

NEdL K ARODEL- G |0E|aD

ANALYSIS

19. IN THIS WINDOW YOU HAVE TWO OPTIONS:

A. CALCULATING MORPHOMETRIC INDICES OF

CAPILLARY OXYGEN SUPPLY.

B. MATHEMATICAL MODELLING AND NUMERICAL
SIMULATION OF PO, ALONG WITH ITS FLUX LINES.

NOTE:

YOU CAN ALWAYS COME BACK TO THIS WINDOW
AFTER  CALCULATING THE SUPPLY INDICES AND
SIMULATING THE SPATIAL DISTRIBUTION OF PO,

OPTIONS

A. Calculate Indices
(1) Capillary density
(2) Capillaries:Fibres ratio

(3) Fibre size distribution plus mean, standard deviation and standard error from mean,
for each fibre type and all fibres.

(4) Intercapillary distance distribution plus mean, standard deviation and standard error
from mean.

(5) Capillary domain area distribution, plus mean, standard deviation and standard error
from mean.

(6) Local Capillary:Fibre Ratio distribution, plus mean, standard deviation and standard
error from mean.

B. Initiate Finite Elements simulation of oxygen transport

[ & ]




4. Morphometric Indices

File Edit View Inset Tools Desktop Window Help

Ddde M RRODLA-E|0 =0

(A) MORPHOMETRIC
INDICES ooy o we | o o

LogSD[Domain Eq. Diameter] 0.1172

®Meannn  OLcrR - Oreo Ooom O Fibers
Y Length Sl o
Number of Voronoi Cells 83.00
I THS  WINDOW  GENERATES G
STATISTICS  OF SUPPLY  INDICES BB ESN TN D21 08
AND ALLOWS THE USER TO VIEW Mean[Domain Eq. Diameter]  70.52 - o
BAR PLOTS OF SOME INDICES. SEMDomain 4, Diameter] 449 g a
a

Cumulative proportion
o
H

7. ClLckK HELP FOR DETAILED INFO

Mean[Mean NN Distance] 67.89

ON HOW TO PLOT DISTRIBUTIONS e o
OF INDICES AND EXPORT INDICES Mean[STD NN Distance] 25.96 - — 0 ! —
|N A TEXT FI LE i o Mean NN distance Mean NN distance

3. CLuck SAVE TO EXPORT INDICES
IN' A TEXT FILE AND DISTRIBUTIONS
IN THE FORM OF .PNG IMAGES.




(B) MATHEMATICAL MODELLING
& SIMULATION OF PO, T -

Choose parameter input method

e Input Biophysical Parameters

1. IN THIS WINDOW YOU SHOULD DECIDE ON A SET OF
BIOPHYSICAL PARAMETERS TO BE USED FOR P02
SIMULATION.

7. YOU CAN EITHER KEEP THE DEFAULT PARAMETERS, EDIT
THEM OR USE YOUR OWN. CLICK "HELP" FOR MORE INFO
ON THIS.

3. Cuck CONTINUE 1O PROCEED TO SPECIFYING THE
EXERCISE INTENSITY AND/OR OTHER TYPES OF FUNCTIONAL
CHARACTERISTICS.
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FUNCTIONAL CHARACTERISTICS

4. IN THIS WINDOW THE USER IS GIVEN OPTIONS FOR SETTING
THE FOLLOWING FUNCTIONAL CHARACTERISTICS (CLICK
HELP FOR MORE INFO):

@) EXERCISE INTENSITY
) HETEROGENEITY IN DIFFUSIVE PARAMETERS

C) EXTENT OF FIBRE-FIBRE DIFFERENTIAL EXTRACTION OF 02

5. Cuck CONTINUE 1O PROCEED WITH GENERATING A
COMPUTATIONAL MESH.

4\ Functional Heterogeneity

File Edit View |Inset Tools Desktop Window Help

NS ES (R AAODRL-G|0E | aD

Exercise Level

® Resting (O Moderate

Diffusive Oxygen & Myoglobin Parameters

O Uniform (® Fibre-specific

Fibre-Oxygen Differential Extraction Level

® Low O Moderate



COMPUTATIONAL « M Genrtin

File Edit View |Inset Tools Desktop Window Help

MESH DEde | R RKAIODLL- S| 0E

6. GENERATING A NEW COMPUTATIONAL MESH MAY TAKE
SOME TIME DEPENDING ON THE COMPLEXITY OF THE
TISSUE GEOMETRY. FOR EXAMPLE, GENERATING A MESH
FOR A TISSUE SECTION HAVING 200 FIBRES MAY TAKE
ABOUT 6 MINUTES.

/. WHEN THE MESH GENERATION IS DONE, THE USER IS
GIVEN THE OPTION TO SAVE THE MESH FOR LATER RE-
USE.

8.  THEN THE USER WILL THEN SEE THE FOLLOWING WINDOW
WHICH SHOWS THE COMPUTATIONAL MESH.

200

SR HEE P FO RS S MO RE S CINFO S5 OR =SSR
SIMULATIONS TO PROCEED WITH COMPUTING THE Simulations
NUMERICAL SOLUTION OF THE MODEL.
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SIMULATION OF
OXYGEN TRANSPORT

10.

11.

12.

13.

SIMULATION OF OXYGEN TRANSPORT IN THE MUSCLE CROSS SECTION
MAY TAKE SOME TIME DEPENDING ON THE COMPLEXITY OF THE TISSUE
GEOMETRY AND THE INTENSITY AND HETEROGENEITY OF THE
FUNCTIONAL CHARACTERISTICS. FOR EXAMPLE, SIMULATING O,
TRANSPORT FOR A TISSUE SECTION HAVING 200 FIBRES MAY TAKE
ABOUT 1 TO 16 MINUTES DEPENDING ON THE INTENSITY OF THE
EXERCISE LEVEL.

ONCE THE SIMULATION IS OVER THIS WINDOW WILL BE SHOWN. HERE
THE USER VIEWS A HEAT MAP THAT SIMULATES THE P02 SPATIAL
DISTRIBUTION AS A COMPUTATIONAL SOLUTION OF THE TRANSPORT
MODEL. NOTE: THE USER CAN ADJUST THE SCALE OF THE COLOR BAR
TO HIGHLIGHT ANY SPATIAL VARIATION IN POQ.

CucK HELP FOR DETAILS ON HOW TO DEAL WITH THIS WINDOW
(EXPORTING PO, HEAT MAP AND STATISTICS, ETC).

CLck CONTINUE TO PROCEED WITH GENERATING PO, FLUX LINES.
CAREFULLY READ THE HELP MENU BEFORE DOING SO.

4| Finite Elements Simulation

File Edit View |Inset Tools Desktop Window Help

ODE LD

20 22 24 26
PO2 spatial profile (mmHg)

Colorbar PO2 Scale

(O User-defined

O 0-Max

Continue Save Figure
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SIMULATION OF
OXYGEN FLUX LINES

14.

o

16.

K&

18.

UPON PROCEEDING TO THIS PART, THE USER WILL BE PROMPTED TO
ENTER VALUES FOR A SET OF PARAMETERS. THESE ARE NEEDED TO
SOLVE FOR THE FLUX LINES (REFER TO THE HELP MENU OF THE
PREVIOUS WINDOW). YOU MAY KEEP THE DEFAULT VALUES AND
PROCEED.

IF ALL GOES WELL, THE FLUX LINE WINDOW SHOULD LOOK SIMILAR TO
THIS PICTURE.

IF QUALITY/QUANTITY OF THE FLUX LINES IS NOT GOOD ENOUGH,
CLOSE THIS WINDOW AND GO BACK TO THE PREVIOUS ONE TO ADJUST
THE PARAMETERS.

CHOOSING NEW VALUES REQUIRES TRIAL/ERROR BEFORE ONE CAN
GET SMOOTH AND/OR COMPLETE FLUX LINES. HENCE, IT IS ADVISABLE
TO USE AS FEW FLUX LINES PER CAPILLARY AS POSSIBLE (4 IS PERFECT).
THAT WAY THE COMPUTATIONAL TIME WILL BE SHORT. ONCE YOU
OBTAIN AN ACCEPTABLE RESULT, YOU MAY WISH TO INCREASE THE
NUMBER OF FLUX LINES PER CAPILLARY (SAY 16, 36, ETC).

CLICK HELP FOR DETAILS ABOUT THIS WINDOW OR CLICK SAVE
FIGURE TO EXPORT THE FLUX LINES IN A .PNG IMAGE.

4. Oxygen Flux Lines

File Edit View Inset Tools Desktop Window Help
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Note that there is no "Trapping Regions" functionality in this version.
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HOW TO CHECK FIBRE AND CAPILLARY ASSIGNMENTS?

WHEN PROCEEDING 10 CHECK
CAPILLARY AND FIBRE ASSIGNMENT,
TWO WINDOWS WILL POP UP WITH THE
LEFT-HAND ONE SHOWING THE ORIGINAL
STAINED IMAGE FOR COMPARISON.

IN THE RIGHTHAND WINDOW YOU CAN
RIGHT-CLICK OVER FIBERS, CAPILLARIES,
OR INTERSTITIAL SPACES FOR AVAILABLE
EDITING OPTIONS (SEE NEXT SLIDES).
WHEN DONE FROM EDITING, HIT ENTER
WHILE THE RIGHT-HAND WINDOW IS
ACTIVE/SELECTED.




(1) EDITING CAPILLARIES B

File Edit View Inset Tools Desktop Window Help

ide | b RSSO LA- S| 0E
: S— _

|. TO EDIT A CAPILLARY LOCATION RIGHT-CLICK

OVER THAT CAPILLARY AND CHOOSE EDIT.
2. MOVE THE CROSS POINTER TO THE DESIRED

LOCATION THEN LEFT-CLICK.
3. PRESS AND HOLD LEFT-CLICK TO DRAG THE | j

NEWLY CREATED CAPILLARY AROUND.
4. RIGHT-CLICK TO FIX AND ACCEPT THE NEW \ )

CAPILLARY LOCATION. A
5. RIGHT-CLICK AND CHOOSE DELETE TO REMOVE

THE CAPILLARY. ‘

- A A 4
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(2) EDITING FIBRES

|. TO ERASE A FIBRE, RIGHT-CLICK IT AND CHOOSE
DELETE.

7. TO MODIFY THE FIBRE OUTLINE RIGHT-CLICK IT

AND CHOOSE EDIT.

a) WHEN THE POINTER TURNS INTO A CROSS,
PRESS-HOLD THE LEFT-CLICK AND DRAG THE
POINTER TO TRACE THE DESIRED OUTLINE.

) THERE IS NO NEED TO CLOSE UP YOUR TRACE.
INSTEAD, JUST UNHOLD WHEN THE POINTER IS
NEAR THE STARTING POINT.

3. WHEN FINISHED RIGHT-CLICK OVER THE NEWLY

CREATED FIBRE.

4 Figure 2

File Edit

§ e

T .
VIEW

[e

Insert  Tools Desktop

2SO R A

Window  Help

.

= 0E
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(2) EDITING INTERSTITIAL SPACES  gome

File Edit View Inset Toocls Desktop Window Help

ldde | RRKODDLEL- S| 0E
, a—— __
1. RIGHT-CLICK ON THE DESIRED LOCATION.
2. CHOOSE ADD TO ADD A NEW CAPILLARY OR l ‘
FIBRE.
3. FOLLOW THE SAME PROCEDURE FOR EDITING h
CAPILLARIES AND FIBRES (SEE PREVIOUS SLIDES). 4



