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Disclaimer

About the Catalog of Regulatory Science Tools

The enclosed tool is part of the Catalog of Regulatory Science Tools, which provides a peer-
reviewed resource for stakeholders to use where standards and qualified Medical Device
Development Tools (MDDTSs) do not yet exist. These tools do not replace FDA-recognized
standards or MDDTs. This catalog collates a variety of regulatory science tools that the FDA's
Center for Devices and Radiological Health's (CDRH) Office of Science and Engineering Labs
(OSEL) developed. These tools use the most innovative science to support medical device
development and patient access to safe and effective medical devices. If you are considering
using a tool from this catalog in your marketing submissions, note that these tools have not
been qualified as Medical Device Development Tools and the FDA has not evaluated the
suitability of these tools within any specific context of use. You may request feedback or
meetings for medical device submissions as part of the Q-Submission Program.

For more information about the Catalog of Regulatory Science Tools,
email RST_CDRH@fda.hhs.gov.
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Example Use of Imagel) and Diameter] for
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SEM Measurements

Downloads for Imagel (aka Fiji) and DiameterJ:

https://imagej.net/ij/download.html, https://imagej.net/plugins/diameter

Microsoft Excel Spreadsheet Template for analysis (click on ‘view raw’):
https://github.com/OSEL-DBCMS/Respirator-Filtration-Efficiency-Calculator-Support-

Files/blob/main/Superpixel Fiber%20Diameter Measurements%20Template.xlsx
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Material Characteristics used in the Respiratory Filtration
Efficiency Calculator

The following slides will instruct the user in determining
* Mean Material Thickness (slides 5-7)

* Packing Density (equation is on slide 8, and incorporates Mean
Material Thickness, found on slides 5-7)

* Mean Fiber Diameter (slides 11-30)



Overview of Instructions

« * Before this point, you should have:
* SEM image files of your respirator material ready to analyze
* Fiji/Imagel and Diameter) downloaded and set up on your workstation

* Excel template named “"SuperPixel_FiberDiameter_Measurements” for fiber analysis
(link on slide 1) downloaded on your workstation

e Step 1: Use Imagel and Diameter]) to measure Material Thickness and
calculate Packing Density

e Step 2: Use Image J and DiameterJ to examine SEM image Meta information
and create segmented images in preparation for fiber diameter analysis

 Step 3: Use Excel to filter Diameter) output of segmented images and to
extract fiber diameter means and standard deviations

* (Repeat Steps 2 and 3 for each SEM image of the respirator/mask.)



Step 1: Use Imagel and Diameter]) to measure Material Thickness
and calculate Packing Density

* The following instructions in Step 1 use Imagel and Diameter]) to measure mean
material thicknesses on cross-sectional SEM images, and then uses that quantity to
calculate Packing Density.

8/3/2026



Step 1.1: Determine Mean Material Thickness

* Use cross-sectional SEM images to generate a side
profile; determine the width (material thickness)
and calculate packing density of fibers. File Edt lknage n..:m Piging  Window  Hslp
* The equation for packing density is provided in OO 24N A QO[] W w? J 5
slide 8

* Five measurements are taken from a cross-
sectional image.

Eet Bleasusprvamits

* Cross-sectional thickness is measured in Imagel.

* From the tool bar go to the ‘Analyze’
tab (circled in blue)

e Scroll down to ‘Set Measurements’ and
make a tick mark for ‘Fit ellipse’ (circled in

r‘ed) Lol B Tl ikl ikl Dy 1354
e Leave other tick-marks as-is N S
i Hit IOK’ Rl 2 0 Flora -

Cant  Halp
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Step 1.1: Determine Mean Material Thickness, cont’d

8/8)(2026

* From the tool bar
choose the ellipse icon
(circled in blue).

e Use the ellipse function
to draw a circle such
that its diameter reaches
both inner and outer
surface edges of the
material (example
shown to the left in
yellow)



Step 1.1: Determine Mean Material Thickness, cont’d

* In the “Results” panel look for ‘Major’
value as the diameter value of the circle

* ‘Major’ and ‘Minor’ should be the same value

since it is a perfect circle
 CTRL + M allows you to measure a new circle
on the same image
* Perform this task for each of 5 circles
* Then go to the ‘Summary’ from the ‘Results’
panel (highlighted in light blue)
* The table provides you with the following:
* Mean, Standard Deviation (SD), etc.
* Take the mean of your 5 circles

* This value is your mean material
thickness in microns

e Keep records of the mean and
standard deviation (SD) for future
use with the Respirator Filtration

8/3/2026 Efficiency Calculator
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Step 1.2: Calculate Packing Density

Packing density a is calculated using the equation described by Appert-Collin et al. It is determined by (1)
measuring (m?) and cutting a square swatch of filtration layer material, followed by (2) weighing the swatch
(g). The grammage (i.e., the mass per area of the swatch) (g/m?) is divided by the product of the measured
thickness of the material (m) and the density of the polymer from which the fiber is made (g/m3).

The equation is as follows: -3
10 G(in g.m 2)

a = =
Z pp;

Where:
Packing density a [=] unitless, a value between 0 and 1.
Grammage G [=] g/m?
Thickness of the material Z [=] m (Determined on Slides 6 and 7; convert microns to meters)
The density of the polymer from which the fiber is made p, [=] g/m?

Repeat this procedure for a total of 5 swatches to obtain a mean and standard deviation of packing density.
Keep record of these two quantities for future use with the Respirator Filtration Efficiency Calculator

Citation: Jean-Christophe Appert-Collin, Dominique Thomas, 2 - Fibrous Media,
Aerosol Filtration. 2017. 31-47. https://doi.org/10.1016/B978-1-78548-215-1.50002-0:
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Mean Fiber Diameter

* Mean fiber diameter for your material fabric is found through
following Steps 2 and 3. Slides 11-30 instruct the user in
determination of this value. The units should be in microns (um).



Step 2: Use Imagel and Diameter) to examine SEM image Meta
information

* Meta information: information on the image data including but not limited to
pixel size, bit depth, dimension and objective information. Metadata is essential
to read image data correctly; for example, to have accurate measurements, the
image needs to be adjusted according to the correct/associated pixel size. Saving
and preserving metadata is key in quantitative image analysis.
https://imagej.net/formats/metadata

8/3/2026 10


https://imagej.net/formats/metadata

Step 2.1: Use Diameter]- Set & Gather Meta Information

1. Open SEM image 2. Check image and ensure that the file is '8-bit' and a '.tif’ . If the image
. does not indicate this information, save the file as an '8-bit' '.tif’ (see circled
s [T information in image below).
ey SESEPISINAE
kmport , [Rectangle”, rounded rect or rotated rect (nght
G o [ R2.3.0d (50%) - o
= e 185 512207 25 urn (1024x1144); B-bit 1168

- % -
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Step 2.2: Using DiameterlJ- Set & Gather Meta Information

Instructions for determining pixel-micron
calibration

1. Select the *Straight™ tool (line segment)
on the main bar. (circled in the image)

2. Go tothe SEM image and find the scale
bar at the bottom (highlighted in yellow in
the image). While holding “Shift”, left click
and hold down on the left side of the
scale bar and extend the line to the
opposite end of the scale bar.

3. While still holding ‘Shift’, let go of the
left mouse button. This will draw a line
across the scale bar. ‘Shift’ keeps it f o I
straight.

LIS S B L Drmommmy | e TRAE
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Step 2.3: Use Diameter]) — Set & Gather Meta Information

4. At the top of the Imagel (Fiji)
menu, go to Analyze > Set Scale

Calibrate. ..

Histogram Ctri+H
Plot Profile Ctri+K
Surface Plot...

Gels 4

Tools 4

3D Objects Counter

8/3/2026

| Analyze [
\JAlae

;5 pixels/second

5. Record the “Distance in pixels” in a
separate location. Your known distance is on
the scale bar from the SEM image (example:
50 um for image shown in example).

- This information will be used later, in step 3.2.

I)" Set Scale X

Distance in pixels: ‘

Known distance: |50

g

Pixel aspect ratio: |1.0

Unit of length: {um|

Click to Remove Scale

[ Global

Scale: 5.52 pixelsium

OK Cancel | Help

13



Step 3: Use DiameterJ and Excel to determine mean fiber diameters
and standard deviations

* The following instructions for Step 3 use Excel to analyze Diameter) output for
mean fiber diameters and standard deviations.

8/3/2026 14



Step 3.1: Use Diameter) — Create Segmentation

1. In Fiji, select Main Bar >
Plugins > Diameter) Segment

W SPIM Registration

File | Segmentation

ﬁ 'e Skeleton
Scrolling

Skeleton Intersections

Stacks
Stitching

Time Lapse
Tracking
Transform
Utilities
Volume Viewer
Debug
Sandbox
AutoRun
DiameterJ 1-018

8/3/2026

»

»

»

- b d w v - v

w -

-

DiameterJ Segment

IS Windov
|| 2] o

2. *Determine if your SEM image is portrait vs landscape

15



Step 3.1, cont’d: Use Diameter) — Create Segmentation

3. Set “basic image” information
If photo is “portrait” use: 1024x1144
If photo is “landscape” use: 1024x888

4. Set “cropping location” information — Yes
“portrait” use: 1024x880
“landscape” use: 1024x700
(This step removes the bottom SEM data
from the SEM image so that Imagel can
work only with the fabric images.)

5. In “Segmentation Algorithms to Use”, Select “Stat.
Region Merged” and “Mixed” (default).

6. In “Batch Processing”, select “Yes”

7. Hit ‘OK’.

8/3/2026

Portrait:

C
(

Basic Image Information

|'}" Location of Cropping Field X

Image Width (Uncropped) |1024 Pixels

Image Height (Uncropped) |1144 Pixels

Cropping Location
Do you want to crop yourimage? |Yes

Top Left- X coordinate |0
Top Left-Y coordinate |0

Bottom Right - X coordinate |[1024
Bottom Right - Y coordinate
Segmentation Algorithms to Use

I~ None I” Traditional
|v Stat. Region Merged v Mixed

Batch Processing

Do you want to analyze more than one image?

%/

Cancel

i

Landscape:

|/ Location of Cropping Field X

Basic Image Information

1024 Pixels

Image Width (Uncropped)
888

Pixels

Image Height (Uncropped)

Cropping Location

Do you want to crop yourimage?

Top Left- X coordinate

Top Left-Y coordinate

Bottom Right - X coordinate

Bottom Right - Y coordinate

Segmentation Algorithms to Use

I~ None I” Traditional
[V Stat. Region Merged ™ Mixed

Batch Processing

Do you want to analyze more than one image?

es " No
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Step 3.1, cont’d: Use DiameterJ — Create Segmentation

9. If Diameter]) was successful in analyzing images, the
dialog box will indicate “All Images Segmented
Successfully” and a time.

8. Select folder containing your image, Hit ‘Select’

¥4 Choose Source Directory X

Look in: Sample R2.1 v Ef( EE-

[ Log - O *

2 File Edt Font

Recent Items

Val All Images Segmented Successfully in: 834 Seconds

Desktop

j

Documents

3

This PC

Laj Folder name: | DAPictures\SEM Photos for Beta Testers\R2\Sample R2.1

Network  Fies of type: [ all Fies v S

LA LR

8/6/2026 17



Step 3.2: Use Diameter) —

e Output is found in the same folder as
the SEM image that was segmented.

* Open the folder “Segmented
images”.

* Verify segmented images are
present.

* See Warning on the next page. If
you are returning to this step after
Diameter] has failed, remove
images that may be causing
Diameter] to fail.

8/6/2026

Fiber Diameter Analysis

Best Segmeentation

Montage Images

N
78 T O BN

T B 5
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Step 3.2, cont’d: Use Diameter]) — Fiber Diameter Analysis

* WARNING: Poorly segmented
images that are too white or too
black will stop Diameter]) from
working. If this happens, re-start
the program and follow the steps
up to here and delete (i.e., trash
or move to trash) these files from
the set.

ll
-‘ﬁ

< o~ |
11 g
/
I~ u

/ » , —.\ /;
/= i e
g4 K EFINCH]

\J
v
I '1
\ \

0523202FF

\"‘2 ]

73
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Step 3.2, cont’d: Use Diameter) —

GO baCk tO F|J|/|mage_]'s maln bar CIiCk | Skeleton Intersections

[ ] [ ] St k
Plugins > Diameter) 1-018 | sttening
* In “Orientation Analysis”, leave | Time Lapse
selection as “Orientation)” (default). | Tracking
* In “Automated Unit Conversion”: Transform
* “Do you want Diameter J to convert all Utilities
output from pixels to real units?” Select Volume Viewer
‘Yes'. Dot
. ebu
. ”LenEth of scale bar” — here input the 5 ds
numbers previously recorded in Step 2.3; anchox
e.g., “Distance of pixels” in Step 2.3 AutoRun
should be recorded here in “length of
scale bar, pixels” and “Known Distance” DiameterJ Seament

in Step 2.3 should be recorded here in
“Length of scale bar, microns”

* Leave all other settings as default

Fiber Diameter Analysis

_
' Diameter) Options X

Orientation Analysis
Orientation Analysis: |Orientation

*Note: Directionality is much slower

Automated Unit Conversion

Do you want DiameterJ to convert all output from pixels to real units?

,,,,,,,,,,,

Length of scale bar 277 Pixels

ength of scale bar |50 Microns

Identify Specific Radius Locations

Do you want to identify the location of a specific radius?

" Yes * No

Min. Fiber Radius |1 Pixels
Max. Fiber Radius |255 Pixels

Batch Processing

ﬁ Choose Source Directory

Go back to the file folders. otr: [ J noe

Best Segmentation
_ Montage Images

Choose “Segmented Images”. ... |
|

8/6/2026

Do you want to analyze more than one image?

@ Yes " No

Do you want DiameterJ to combine analysis from all images?

* Yes " No

OK Cancel

20



Step 3.3: Use Excel - access fiber measurements

* Four new file folders (CSV format)
are generated in the ‘Segmented
Images’ Folder:

 Combined Files

* Diameter Analysis Images
* Histograms

* Summaries

* Open ‘Combined Files’ folder

* Open ‘All Summary File Values’
spreadsheet

() Combined © Diameter
Files Analysis
Images
| Yot et
XS
?’»ﬁ:ﬁ&g
©R2.1_M5

B Y owmw. ‘ ~_
A

@ All Char Length Values
@ All Pore Area Values

@ All Summary File Values
@ All_Orientation_Values
@ All_Radius_Values

®H

ONOCHONONC

W )
l | ] l | ]
~ & — | H
istograms © Summaries

- R ~

e \4 ] :’ ‘,‘;‘mﬂﬁz“
CXRRCS T XA
— A\\>4\\‘ N 11 = A\\\A\\‘ ;\‘“‘ﬂ

9/13/2024 2:24 AM
9/13/2024 2:24 AM
9/13/2024 2:24 AM
9/13/2024 2:24 AM
9/13/2024 2:24 AM

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

Microsoft Excel C...

386 KB
106 KB
5KB
52 KB
16 KB



Step 3.3, cont’d: Use Excel - access fiber measurements

* The next actions outlined in Step 3.4, ‘Use Excel - Sort Fiber Measurements’ are an

example of how to analyze data using Microsoft Excel. A downloadable template named

"SuperPixel_FiberDiameter_Measurements” is linked on the title page of this
presentation.

* SuperPixel_FiberDiameter_Measurements
has 3 tabs at the bottom:

‘Data Trimmer’ for filtering out data;
‘Curated Super Pixel Data’ for storing the
filtered data;

‘Mean Super Pixel Fiber Diameter’ for
storing the final mean and standard
deviation that will be used for the
Filtration Efficiency Calculator tool.

25
26
27
28
29

Data Trimmer

Curated Super Pixel Data

Mean Super Pixel Fiber Diameter

(



Step 3.4 Use Excel — Sort fiber measurements

= = = 2= | ] Merge & Center v $ v % 9 o sh FZ

* Go back to the spreadsheet ‘All Summary File Values’. oA |
Each row represents a metric. Choose the first row. - e KRS % 9B

B (@ BI=OvA -H - RBRY H | J K

H ig h I ig ht fi rst e nt ry i n t h e "S u pe r Pixe I” rOW (CZ) . H O I d Metric Rzaf;fég—Rz'LML R2.1 M3_IR2.1 M4 [R2.1 M5 [K2.1 M6 TR2.1 M7 "R2.1 M8 TR2.1 S1

S a.0at] | 2 emens loos el 2ot oamael 2l
Ctrl + Shift and hit  “->"  right arrow or manually oo o | e em imw sew s
. . . . 5 Histogram  3.2491 [ Copy 881  2.8881 25271 2.8881  3.24
highlight the entire row using your mouse. shocen 095 | 5 panopten O
8 Histogram 22176.9 2 lc'D 7.94 206‘25.45 224;)8.48 209-91.88 208‘60.
* Copy this selection (CTRL + C).
* Go to the "SuperPixel_FiberDiameter_Measurements” |
Super Pixel Diame Super Pixel Diameter
spreadsheet and select the “Data i ;@ o 42408
. . A Co '
Trimmer” tab; select the cell under “Super Pixel o L ions

ﬁi Paste Options:

: ” pR; ; _ ; _ 44008 [ [ [ [o & [Q
Diameter”. Right click -> Paste Options -> Paste FEE DY o o

Transpose (T) (This step is important because Excel does paste Specia.. ,

3.8939

not filter rows, only columns.)




Step 3.4, cont’d : Use Excel — Sort fiber measurements

Still in

"SuperPixel_FiberDiameter_Measurements”

spreadsheet and “Data Trimmer” tab: ¢  =QUARTILE(B3:B18,1)

Select the cells next to those labelled “Q1” and C D E F G H
“Q3” and type “=QUARTILE([DATARANGE],1)and  qu: 4.323875Q3: 6.12705 IQR: 1.803175

“=QUARTILE(DATARANGE,3)” respectively. Replace
[DATARANGE] with the range of cells containing
your data under the Super Pixel Diameter column -D1-(1.5*H1)
(in Column B).

| J K L

» Lower Bou 1.619113_|Upper Bou 8.831813

The range of data (Interquartile range, or IQR) and
Upper/Lower Bounds are calculated by the
spreadsheet using Q1 and Q3.

* IQR=Q3-Q1
 Upper bound=Q3 + 1.5 * IQR
 Lower bound=Q1-1.5*IQR

Upper and Lower bound values will be used on slide 26.




Step 3.4, cont’d: Use Excel — Sort fiber measurements

[ (]
1. Please note: this method Is
[ ] [ ]
AutoSave () ~ SuperPixel_FiberDiameter_Measureme... » Saved V' arch
(] (]
S e C I fl C t O | X( | L ne Insert Page Layout Formulas Data Review View Automate Help Acrobat Power Pivot
° i CA | ==y b . = AutoSum
I: vt v A A v 28 Wrap Text v @ 7 =
u &0 .00 Conditional Formatas Cell Insert Delete Format i
2% | Formattingv Tablev Styles i
~ Styles

llllllllllllll

Alignment sl Number

2. Highlight the cells in the column =~ ..
named ‘Super Pixel Diameter’ —
Open the “Home” Ribbon on the i
top of Excel and look for “Sort =

555555

and Filter”. Or “Ctrl + Shift + L". =

888888

6.12705 IQR:

3. Click ‘Filter’, this generates a
drop-down arrow on the column
name.

8/6/2026 25



Step 3.4, cont’d: Use Excel — Sort fiber measurements

Click on the drop-down arrow on the -
cell named ‘Super Pixel Diameter’.

Super Pixel Diamete| ~
4.3465

8/6/2026

2 Super Pixel Diameta -

7 4 2om Smallest 1o Langess

St Largest to Smalles

5w

Mumbar Fiters L3

* Salact All) A
# 36915
¥ 3.8939
¥ 3.9254
¥ d.256
¥ 4. 3465
# 4 41351
* 44908
¥ 5.3585

Custom Autafilter
Show rows where
Super Piel Diameter
& gpreater than or egqual 1.619113
o And () O

& lass than or equal to BB31813

Use 7 to represant any single character

Lise ® t0 reprasent any Seres of characters

Cancel

Find “Number Filters” and select “Between.” Enter the value for Upper and Lower
Bound values calculated two slides previously in Step 3.4 .

H_it llo K”.

You have now sorted out
appropriate segmentations
to use for material fiber
diameter analysis.
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Step 3.5: Use Excel — Calculate Fiber Diameter Means

Highlight your new, filtered data, and copy A
(Ctrl + C). imple  R2.1
Within the Super Pixel Diameter Mean Super Pixel
‘SuperPixel_FiberDiameter_Measurements’ 4.3465
Excel file, open the tab “Curated Super Pixel SLLEn
Data” Paste the new, filtered list in the column 4.4131
“Super Pixel Diameter”. 4.256
4.4908
Where it says “Mean Super Pixel” in yellow, 6.2521
type ”=AVERAGE([DATARANGE])” into the 3.6915
empty adjacent cell, and replace 6.1204
[DATARANGE] with the cells containing data, 3.8939
to get the mean fiber diameter from the 53595
filtered data. 3.9254
Copy the Mean Super Pixel value 6.276
5.7131

6.8858

D

5.205263



Step 3.5: Use Excel — Calculate Fiber Diameter Means

e After copying the Mean Super Pixel value, click
on the “Mean Super Pixel Fiber Diameter”

tab on the same Excel file named : - ¢ &

. . - Sampde Super Fiwel Fiber Duarmeter - STy Mean Fiber Dameler
"SuperPler_FlberDlameter_Measurements”. lR21 | 5.2052625] #DIV/O! 5.2052625
This sheet contains 6 rows for “super pixel e

Ri.3
fiber diameter”, 2 rows for “stdev”, and 2 rows ) :
Maskl #ON O #0IV/0!

for “mean fiber diameter” values. Mask2 _
Mack3

e Paste in the appropriate sample cell under the
“Super Pixel Fiber Diameter” column.




Repeat Steps 2.1 through 3.5 (slides 11-28) in their
entirety, for each SEM image from a respirator/mask
product.



Step 3.6: Calculate Mean Fiber Diameters and Standard Deviations

In the StDev column, select the empty cell A ¢ D
“_ . ” H Sample  Super Pixel Fiber Diameter StDev Mean Fiber Diameter
C2 and type “=STDEV(B2:B4)". Then in cell b Sm—— i

C6 type “=STDEV(B6:B8)”. In the adjacent R2.2
cells under “Mean Fiber Diameter”, type in ™

D2 “=AVERAGE(B2:B4)” and in D6 ﬂ:::; _#DIV/0! wlif
“=AVERAGE(B6:B8)” to find the means. Mask3 _
You now have the mean fiber diameters

and the standard deviations of the means

for input into the Respirator Filtration
Efficiency Calculator.
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