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Methods for measuring collagen fibril diameter with Fiji 31 January 2017
Example 1 - Manual object counting using the ROl Manager and the Point Tool

1. Open the image called ND3 adv1.tif;

171 ND3 adv 1.tif 333%) =
2408 11927 53 nm (1280x1024); 8-hit; 1.2MB
Bal

2. Select the Point Tool from the tool bar. Double-click on the tool to show the options;
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3. Select the options you want and click OK. You can choose to have the selections automatically
entered into the ROI Manager or just as an overlay. Later, you can decide to send the selections to
the ROI Manager.

1" Point Tool [ £2 | Ui Point Tool | 2% |

Type: |Hybrid - Type: |H1,fbrid -
Color.  |Yellow v| Calar: |‘fe|lnw -

Size: |Sma|l ﬂ Size: |Sma|l j
[ Auto-measure v Auto-measure
[~ Auto-next slice [ Auto-next slice
[~ Add to overlay v Add to overlay
[~ Add to ROl Manager v Add to ROI Manager
v Label points v Label points
Ok | Cancel | QK | Cancel | Help |

4. Goto Analyze — Set Measurements to select the parameters you want to measure. In this case,
we only want the total number of points so you can turn all of the parameters off. Make sure you still
have Display Label selected.

B Set Measurements E|
[ Area | Mean gray value

[ Standard deviation |~ Modal gray value

[ Min & max grayvalue [ Centroid

[ Center of mass [ Perimeter

[~ Bounding rectangle [ Fitellipse

| Shape descriptors | Feret's diameter

[ Integrated density [ Median

[ Skewness [ Kurtosis

| Areafraction | Stack position

[ Limitto threshold [ Display label
[ Invert Y coordinates [ Scientific notation
[ Add to overlay [~ Mam empty cells

Redirectto: |[Mone hd

Decimal places (0-9) |3

Ok ‘ Cancel| Help|

5. Now start clicking on the collagen fibres to count them. Note that each time you click the cross will
remain at the location you clicked. It will also have the label attached. The X Y coordinates will be
entered into the Results table for each point.



[T ND3 adv 1.tif (50%) [=[=] =] [ ROIManager [ = |[ & | % |
2409 41x1927 53 nm (1 280x1024); 8-bit 1 2MB 0066.0528 <] addm
0043-0648 Update
0084-0681
0069-0723 JELE
01200747 Rename..
Measure
Deselect
Properties...
Flatten [F]
More =
V¥ Show All
- |¥ Labels
177 Results [E=E(E=B (™=
File Edit Font Results
|Lapel [ ¥ | -
1 MD3 acy 16f 11066824 124235
2 ND3adv 1tf 1219765 90.353
3 MO3 adw 1.4F 1281.882 158.118
4 ND3adv 14f 1380941 128882 -
4| 3

6. The Results table and ROI set can be saved. Close the ROl Manager, Results table and image.
7. Multi Point Tool — this is found under the Point Tool. It can be used for manual counting and labels
each point as you click but doesn’t enter any data into a Results table.

7 (Fiji Is Just) Image) e ]
File Edit Image Process Analyze Plugins Window Help
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*Point* or multi-point {right click v Point Tool to configure)

— Multi-point Tool

Example 2 - Manual measurements using the ROl Manager

1. Open the image called ND3 adv1.tif. Note that the image is already calibrated in nm.

| ND3ad L4t 15%)

2409 41x1927.53 nm (1260x1024), 8-bit, 1.2MB
o




2. Select the Line Tool from the Tool bar.

Open the ROI Manager (Analyze — Tools — ROl Manager).

4. Goto Analyze — Set Measurements to select the measurements you want. In this case, we are
interested in the diameter of each fibre (line measurement) so you only need to select Display
Label.

5. Zoom up on the image using the Magnifying Tool so that you are looking at the image at 100%.

6. Draw a straight line across each fibre to measure the diameter. Click Add in the ROl Manager to
add each line section to the ROI Manager. Turn on Show All (and Labels) so that you can see the
fibres you have already added. When you have added all of the line selections you want, click
Measure in the ROl Manager to get the measurements of all of the fibre diameters.

w

4
[ ROIManager | = || @ || &3 |
0317-0516 - Add [
03290675 Update
0353-0598
- 0294-0589 Delete
1 = ; 0386-0555 Rename...
iy g M Measure
Deselect
. ) . Properties...
' _ ' Flatten [F]
‘ . Mare =
J 1 ¥ Show All
& S - | w |I¥ Labels

1 Results
File Edit Font Results

|Label langle  |Length |
ND3 ach 1tif0317-0516 48240 70657
ND3 achv 1tif0329-0675 32347 66843
MD3 ach 14f.0353-0595 48504 65.342
ND3 ach 1tif0294-0589 38157 67.029
ND3 achv 1 tif0386-0555 45000 69213

Mm &~ I ka3 —

7. Take a note of the length measurements as we will use this information for the next example.



Example 3 - Automatic object counting using the BioVoxxel Toolbox

Author — Jan Brocher

Available from: http://fiji.sc/BioVoxxel Toolbox

Installation instructions — from the website

BioVoxxel Toolsets -Un-zip the BioVoxxel_Toolset.zip file in the ImageJ/Fiji >[macros] >[toolset] folder.

You will see 3 different toolsets (BioVoxxel Toolbox, Montage Tools, Nearest Neighbor Indicator).

BioVoxxel Plugins - The necessary Plugins are located in the following .jar-file and need to be placed in

the ImageJ Plugins folder. After a restart (or >Help >Refresh Menus), the new “BioVoxxel” menu will

appear in the 1J plugins menu.

STEP 1 — Threshold Check

1. Open the image called ND3 adv1.tif;

17 ND3 adv 1jpg (50%)

1280x1024 pixels, 8-hit; 1.2MB

v

2. Click on the double arrowhead at the end of the Tool Bar to select the BioVoxxel Toolbox;

7 (Fiji Is Just) Image! =N SOR >
File Edit Image Process Analyze Plugins Window Help

I8 olc|o] <] 4] Al o) mfsulw|s|/]a] |

“More Tools” menu (switch toolsets or add tools)

++y
e

StartupMacros™

Angiogenesis Analyzer

BioVoxxel_Toolbox

Clear Custom Tools

Drawing Tools
LineAndProfileTool20150413
Lookup Tables
MiToBo_Runner

Montage Tools
MRI_Adipocyte Tools
Mearest_Meighbor_Indicator



http://fiji.sc/BioVoxxel_Toolbox
http://www.biovoxxel.de/BioVoxxel%20Macro%20Toolset/BioVoxxel_Toolsets.zip
http://www.biovoxxel.de/BioVoxxel%20Macro%20Toolset/BioVoxxel_Plugins.jar

3. A green cube icon will appear on the Tool Bar;

T (Fiji Is Just) Image reld LS

File Edit Image Process Analyze Plugins Window Help
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BioWoxxel Macros Menu

4. Click on the cube and select Threshold Check. Select the following options and click OK. The

Radius value is based on the previous manual fibre diameter measurements.

i1 Threshold Check v2.1 by BioVoxxel 22 | | |9% Threshold Check v2.1 by BioVoxel | 2|
v bright objects on dark background [ bright objects on dark background
[ ignore Black (default=off) | ignore black (default=off)
[ ignore white (default=off) [ ignore white (default=off)
| include local thresholds ¥ include local thresholds

Radius (default=15) |'15 Radius (defauli=15) 65
Parameter 1 (default=0) |EI Parameter 1 (defauli=0) 0
Farameter 2 (default=0) |EI Parameter 2 (default=0) 0

[ Quantification (relative) [ Quantification (relative)
[ Extended guality measures [ Extended quality measures
[ Testwatershed-ability v Testwatershed-ability
| WMontage output (optional) [ Montage output (optional)
[ Remember current dialog settings [ Remember current dialog settings
oK | Cancel | OK | Cancel |

5.

A colour-coded series of images will appear, one for each threshold method including watershed
splitting. Look through the images and select the one that best represents the collagen fibres. The
Local Threshold options look a little better than the Global. There are several that work well,
including Bernsen, Mid Grey, Otsu (Local).

Select the original image again and go to Image — Adjust —Threshold or Image —Adjust —Auto
Local Threshold, select the method you want to use and apply to change the image to binary.



7. This time select only the method you want to use;

B Auto Local Threshold [ == |

Auto Local Threshold v1.16.1

Method |MidGrey -
Radius |65

Special paramters (if different from default)

Parameter 1

0
Parameter2 |0

[ White objects on black background

Thresholded result is always shown in white [255].

OK | Cancel|

STEP 2 — Shape Descriptor Maps

1. Go back to the BioVoxxel Toolbox and select Shape Descriptor Maps, select from the options
shown and click OK.

1 Analysis Setup | 22| 1 Analysis Setup | 23|
Particle color  |white - Particle color  |white -
[ dowatershed first Iv dowatershed first
[ exclude edge particles Iv exclude edge particles
| include holes | include holes
I+ show calibration bar [+ show calibration bar
[+ enable interactive plots I+ enable interactive plots
LUT |Fire -~ LUT |Fire -~
if interactive plots are active if interactive plots are active
press 'Esc'to finally stop macral press 'Esc'to finally stop macro!
Results table will then appear. Results table will then appear.
QK | Cancel | Help | 0] | Cancel | Help |

2. If you have selected enable interactive plots, then a plot of the parameter will appear if you click
twice on a Shape Descriptor Map.



4. Limiting the analysis to circular objects is suitable for this image but perimeter and roundness would
also be good.

" ShapeDescr_MND3 (75%)
7H 2 (Circularity); 2409.41x1827.53 nm {1 280x1024); 8-hit; 156MB

=% o=~

I— |
5. Click twice on the image to get the plot;
1% SDM-Circularity o || = || R
1823.20x1.29 pixels (530x255); 8-hit, 132K
1.0F
R T
5
0o L L . L | | |
i 500 1000 1500
Particle
List ‘ Save... | Mare = ‘




6. Press the Escape (Esc) button to stop the macro. The Results table will appear. These are the
results for every object measured. This information will help you to decide on how to do the particle

analysis.

7. To get an accurate diameter measurement for these collagen fibrils, the shape should be very close
to Circularity 1.0, i.e. a perfect circle as we’re looking for a cross-section of the fibril. If you view the

column for Circularity,

you can see many of the values are 1.0 or similar.

8. Save the Results if you want to (you could also use the complete table if it's useful). Then close it
and the Shape Descriptor Maps.

9. Go to the BioVoxxel Toolbox — Extended Particle Analyzer. Note that it is similar to the builti-in
Particle Analyzer but has more options.

Wi Extended Particle Analyzer

Area (nm*2)

v Pixel units
Extent

Perimeter (pixel)
Circularity

Roundness (1)

Solidity

Compactness

Aspect ratio (AR)

Feret AR

Ellipsoid angle (degree)
Max Feret

Feret Angle (degree)

Coefficient of variation

Show
Redirect to

kKeep borders (correction)

[ Reset after analysis

OK

v Display results I Clearresults
v Summarize [ Addto Manager
v Exclude edges [ Include holes

=2 |

2000-Infinity

0.00-1.00
O-Infinity
0.00-1.00
0.00-1.00
0.00-1.00
0.00-1.00
0.00-Infinity
0.00-Infinity
0-180
O-Infinity

0-180

ERRRLEERERLE

0.00-1.00

| Cancel| Help|

10. Enter values into the window (e.g. Circularity 0.70 — 1.0) and click OK.



[0% Extended Particle Analyzer

Area (nm*2)

v Pixel units
Extent

Perimeter (pixel)
Circularity

Roundness (1)

Solidity

Compactness

Aspect ratio (AR)

Feret AR

Ellipsoid angle (degree)
Max Feret

Feret Angle (degree)

Coefficient of variation

2000-Infinity

0.00-1.00
O-Infinity

0.70-1.00
0.00-1.00
0.00-1.00
0.00-1.00

0.00-Infinity

EEEEEN

0.00-Infinity

7
—4
[=e]
L=

:

O-Infinity

7
—4
[=e]
L=

0.00-1.00

:

&

Show |Overlay Outlines |
Redirectto |[None =]
Keep borders (correction) |Nnne j
¥ Display results [T Clearresults

V¥ Summarize
W Exclude edges

[~ Reset after analysis

¥ Addto Manager
[" Include holes

Ok | Cancell Helpl
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[il# Drawing of Mask of ND3 adv1-1.tif (50%) [T§ ND3 adv L.tif (50%) 7 ROIMana... | =
1280x1024 pixels, &-bit, 1.2MB 2408.41x1827 53 nm (1260x1024); 8-bit. 1. 2MB 00010026 |~
w| o

B3

0002-0034
0003-0035
00040046
00050048
0006-0052
0007-0069 Irens
0008-0068
00090091
00100089
0011-0092 Delete
0012-0096
00130098
0014-0105
0015.0105 Rename
0016-0107
0017-0114
0018-0115
0019-0123 Tezsre
00200136
0021-0148
0022.0158
0023.0161
0024-0176
0025.0172
0026-0188
0027.0188
0028-0195
0020.0195
0030-0203

Add i

Deselect

Properties.

0031-0209

Flatten [F]
= 0032-0210
File Edit Font Resufts 0033-0225

|Lal:|e| |Area |Mean ‘Sthev ‘Mude ‘Mm ‘Max i Perim. ‘BX |EY |Width ‘Hewght |Majur |Mmur ‘Ang\e |Circ. ‘Feret;l 0034-0239
259 Mask of NDS acl 1-1.6f 1890 285 O 265 265 256 394294 944466 394294 944466 181279 372 917 46 55 53514 44884 85692 0723 56.0¢ | |oo3s.0238
260 Maskof ND3 acv 1-1tf 1904 255 255 265 055 163296 943906 163296 943906 177966 138 918 50 51 50215 48278 76616 0755 5267 |[0036.023 More »
261 Mask of NDS acl 1-1.6f 1587 285 265 265 256 495876 942154 495876 942154 158752 474 919 44 48 47869 42866 78721 0795 497 | (00370254
262 Maskof ND3 acv 1-1tf 1225 255 255 265 055 TBAGEE 939764 784666 939764 146167 784 919 40 41 40279 38723 93079 0721 433 Eg;:gi:g
263 Mask of ND3 acly 1-1.6f 1166 255 255 255 255 345174 943269 345174 943269 139752 327 922 37 43 42642 34916 95762 0761 4356 |- oo % showal
264 Maskof ND3 acv 1-1tf 1365 255 255 265 055 734.1B0 945067 734180 945067 146510 714 922 39 46 45702 38028 93517 0799 4712 | |ogaroz77

265 Mask of ND3 acl 1-1.6f 1203 285 265 265 256 U79.563 948934 979563 0948034 141236 980 927 39 43 40622 37706 105391 0758 43.1C | |ooazozs2
266 Maskof ND3 acv 1-1tf 1698 255 255 265 055 B41902 954517 B41902 954517 170066 B19 928 46 53 50714 42631 97485 0738 5457 | [0043-0290
267 Mask of ND3 acl 1-1.6f 1680 285 265 265 255 203488 955145 293489 955145 168551 271 930 45 50 40773 420976 91635 0743 51.54_|[00440290 I iLabeis
268 Maskof ND3 ac 1-1tf 1426 255 5

[T Results

=
=
=
Ed

cooococooaoao

255 265 055 544176 956701 544176 956701 154409 523 933 43 47 45116 40244 68758 0752 473 Eg::gi:: |
. | »

[T ND3 adv1-L.4¥f (75%) L= =]
2409.41x1927.53 nm (12801 024); 8-b
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