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Morphological Research Methods
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A Sampling

A Morphometry

A Stereology

A Pattern Analysis
A Image Analysis

ACA4 (2022) - Mike Mahon "l Keele
School of Medicine, Faculty of Medicine & Health Sciences = University




Questions

A Why measure ?
A What do you want to measure ?
A How do we measure ?

A Are the results unbiased, precise, accurate,
valid, meaningful ?



Questions

A Why measure ?



Why measure ?
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about and express it in numbers, you know
something about it; but when you cannot express it
In numbers, your knowledge is of a meagre and
unsatisfactory kind; it may be the beginning of
knowledge, but you have scarcely in your thoughts
advanced to the state dbciencewhatever the
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Lord Kelvin (1883)
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Why measure ?

A Obtain Absolute Size Data

A Variability / Constancy

A Relative / Comparative Data

A Experimental v Control Data

A Disease v Healthy Data

A Treatment v Control Data

A Data on Changes / Growth / Ageing / Differenc
A Data on Structure / Function Relationships

A Data to Predict / Mathematical Models
G ¢ KS LX dzNJ f noPRF (I by SEOERI2E BN &




A What do you want to measure ?
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&% Things which may be measured

A Structures (3D)
ANumbersiz& & dzNFI O8 | NBF S f Sy 3

A Mass

A Density/Weights of organelles, cells, tissues, organs, peop|

A Shapes & Arrangement
Aal ONR Y2t SOdztf Sax 2NHI ySttSa
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& Quantitation
Geometrical Properties (Units 1mm = 1000um)
A Sampling aAyAYdzy &A1 S NB

A Morphometry s x &x NBOGt &0
A Stereology x AyRANBOGE S  n5 g
A PatternAnalysis

A Image Analysis 0.25>m 0.1mm (100>m)

Microscopists measure sizes about 1um to 5m
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@\\"" What to Measure Structures

A Size
A Lengths, Widths, Heights

A Amount

A LengthsLv, Surface areasy VolumesVv
A Numbers

ANa, Ny, N
A Shapes

A RoundednesdndentednessS:V ratios, Form Factors, Tortuosity

A Orientations
A Angles, Isotropic, Anisotropic, Branching

A Locations & Patterns
A Random, Clumped, Dispersed, Related/Connectivity




& Examples

A Size of diatomsforams, tardigravdes, pollen, bugs,
KFANRZ alyR dNJI AYyaz

A Number of neurons in brain samples

A Percentage / Number of dividing cells in sample

A Proportion of cells, nuclei, vessels in liver section

A Length of capillary network in tissue

A Surface area of villi in gut, alveoli in lung

A Orientation/branching of Purkinje fibres in cerebellu

A Relationships of organism type 1 to organism type :
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& Applications

A Microscopy Histology, Pathology
A Botany, Zoology, Anatomy, Embryology
A Radiology

A Food Science

A Metallurgy

A Materials & Computer Sciences
A Geology

A Ecology

A Geography

A Social Sciences

A Astronomy



A How do we measure ?
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o Pre-Quantitation

A Qualitative Analysis

A Observation / Visualisation / Form / Organisation

A Recording

A 2D/3D Interpretation /Serial: ThiclSections / Reconstruction
A Functional Interpretation

A Subjective Quantification

A Guesstimate ??

Variability
A Amount, many, more, larger, 0 to ++++
A Activity

A Relate to other levels of organisation, up, down
A Relate to other methodologiesPhysio) Biochem Living
A Artefacts / Misunderstandings




2D <> 3D

Problems using sectioned tissues !
Objects A B C D

£
N

Sectioned
Profiles of
objects




2D <> 3D

Problems using sectioned tissues !

@

Oblique
section

Diagram showing the different
appearances of sections cut through
a curved tube at different levels

@© Elsevier. Gartner & Hiatt: Color Textbook of Histology 3E - www.studentconsult.com
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o* Sampling
A Identify Object 8 -
A Staining ek

A Magpnification

A Representative

A Is tissue Homogeneous (Isotropic) / Irregular (Anisotropic)
Heterogeneous (Anisotropic)
Gradiential(Anisotropic)

A Random
A Completely random 0
A Systematic stratified random sampllng
A Zonal oblique sector analysis

A Manual / Automated

A How many samples? (Experimental Design)
A Individuals / Organs / Blocks / Sections / Micrographs / ltems / Measures
A HallyFormula RSE= SQRIV{@/SQRT n
A Progressive mean, Log Plots
A Do More, Less Well !
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Skeletal Muscle Zonal Oblique Sector
Analysis Method (ZOSAM)

N

LT

Mahon et al, 1973
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Tissue Preparation Effects

A Fixation EffeCtSSissonsGoldspinkStrickland 1960s, 1970s)

A Flemmings
A Carnoys

A Bouins

A Formalin

A Zenker

A Length change
A Areal change
A Volume change

AbSSR |

- 3-15%
-19-36%
-23%

-23-30%
-30-40%

10%
21%
33%
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Tissue preparation steps for transmission electron microscopy

Ringer Glut Fix

100 %

90 %

80 %

70 %

60 %

R 0sO4

Dehyd riate

Epcéxy R

Time (hrs)
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o Which Method ?

A Morphometry /e
Adirect measurement of structures @>
A Stereology
Aextrapolation from 2D to 3D using simple coum
methods

A Image Analysis
Acombination of above using digital imaginga ‘&

computers in manual or automatic modes \.E@‘
Aplusdata presentation and analysis %5;1;;”;

See Russ, 2019 Robust Measuremer/ éﬁ * %



https://www.rms.org.uk/asset/BF0FE093-B622-4F83-BFE7A77DC14C5F15/

If object is large enough .. | L
Measuring Magnifier (Loupe)

+ Reticle / Graticule
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Microscopy Practical

1. Magnification Calibration
2. Morphometry
3. Stereology

4. (Pattern/Shape analysis)
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o Morphometry

Measurement of Form

A Diameters & Areas
A Longest, shortest/narrow, Orthogondleret Average, Random chor
A From area(r?), Circle of best fit

A Shape
A Axial ratio, S:V ratios or Form factors(A/P=4" A/P2), Angularity (Gulfs & Peaks)
A Shape of best fit (Identikit), Reconstruction
A Fourier Analysis, Fractals (Mandelbrot)

A Volumes, LengttA , Surfais , NunAeA , Thickness

A Equipment & Magnification Calibration e
A RulersCalipersGraticules StageMicrometer, Cut & Weigt "l'i‘lllllllli||:|.]. '||Ii‘||||i||!|‘;-
A EM: Diffraction Grating, Latex Spheres, Crystals _
A Filarmicrometet Image Shearingiicrometer
A Photographs, Drawings, Projection (Camera Lucida/Drawing
A Thread, Map Measurepisomete}, Planimeter
A Stereological lattices
A Image Analyser



https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://www.tedpella.com/technote_html/604-A-R_TN_2.pdf&bvm=bv.133387755,d.ZGg&psig=AFQjCNEl8_SDk9gSxM2lul6UWdKYnMA8vQ&ust=1474588550982953

‘e . o Grain size
Magnifier or Stereomicroscope o 4 mm
pebble
= 4 mm
granule
< 2 mm
very coarse sand
B 1 mm
coarse sand
= 0.5 mm
medium sand
@ 0.25 mm
fine sand
= - 0.125 mm
very fine sand
e 0.063 mm
silt/clay (mud)
= L N
0.5 1 2 39 4 5 mm
- . s . .
£
o

Compound Microscope

Scales
coincident:
vernier 6
with 31

Reading = 25.6 mm

MM scale slide 1mm squares



StageMicrometer Slide

0 10 20% 30 40 50 60 708MEEs 90 100

\\\\\\n\\\\\\\ i \\\\\\\\\\\m\\\\\\\\u\\\\\\\\\\\\m\\m\u\\\\m\

A As a guide fuestimate

A Measure width ofield of viewfor each objective
A Magnification / Scale bar

A Transferscale toEyepiece Graticule

I X R
i \%: S L
J Graticules Optics Limited



https://www.graticulesoptics.com/
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How to calibrate anceyepiece Graticulagainst aStageMicrometer

/ /

’0 llo 20 N ;IO S0 €0 7|0 ed 60 l\'io
Ll LlE N
0246 810 o
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3(a) 3(b) 3(c) 3(d)

0 10 20 30 s0 50 60 70 80 SO 109

L s
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o /0246810 —

Calibration of arbitrary scale: 10 units = 190 um, at this magnification

Each arbitrary unit = 19um Then replace Stagklicrometer with your slide
2 YR WYSI &adzZNBQ 202501

¢NJ yaFTSNI { Olofud=sm + Take a Photo |



FilarMicrometer Eyepiece Image Splitting Eyepiece

(Watson) ’

Image Shearing Eyepiece ﬁ\ X @SNBE LINBC

(Vickers)
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Travelling Microscope




Diameter: { 2YS t N2 o f SYa&

Object

v

A Narrow diameter

A Maximum diameter

A Average diameter

A Orthoganaldiameter

A Feret(Calipe) diameter

A Random chord diameter

A Diameter of Circle of best fit

A Diameter calculated from measured area usimg



Diameters of Cylinder Profiles

Diameter (Muscle Fibres

Direct D max d min D+d arith D+d geom Dea

@
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Thickness Measurements




Map Measurer Qpisomete)
for measuringLengths on projected images,

r—

drawings, photographs

Planimeter
For measuringAreas

-

Curvetobe,

X 2NJ dzaS | O2 0 0 2fam
thread !

Dial Measuring Wheel

Guide Wheel fate

Pole Arm



Length

A Dependent on Magnification
A How long is the coastline of Britain? (Mandelbrot (1967) Scienc

See also Russ et al 201¢
The Problem of Perimete

[P

U 200km
L 2400 km

U ?? km Fractal Dimension of
L 12450 km Wiggliness4.25 !



http://en.wikipedia.org/wiki/File:Britain-fractal-coastline-200km.png
http://en.wikipedia.org/wiki/File:Britain-fractal-coastline-50km.png
https://pixl8-cloud-rms.s3.eu-west-2.amazonaws.com/prod/public/25a9abf1-fbca-4eb8-a97d4f25fc66a49f/infocus-52-Russ.pdf
https://pixl8-cloud-rms.s3.eu-west-2.amazonaws.com/prod/public/25a9abf1-fbca-4eb8-a97d4f25fc66a49f/infocus-52-Russ.pdf

Shapes
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Fractalsg Mandelbrot Set
See Mandelbrot, 1982 The Fractal Geometry of Natt


http://en.wikipedia.org/wiki/File:Mandelbrot-similar-x1.jpg
http://en.wikipedia.org/wiki/File:Mandelbrot-similar-x6.jpg
http://en.wikipedia.org/wiki/File:Mandelbrot-similar-x2000.jpg

Fourier Analysis of Shape Splines
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http://imagejdocu.tudor.lu/lib/exe/detail.php?id=plugin:analysis:fourier_shape_analysis:start&media=plugin:analysis:fourier_shape_analysis:image.jpeg
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Numbers Haematocytometer Slide

Number of cells in a 1mm? square x 10*= No. cells/ml.



ReadinCIZBradbury S 1991 Basic Measurement Techniques for Light Microscopy RM:

MltROSCOPY HANDBOOKS 23

Early History of Measurement in Microscopy S
A 1665 Hooke comparisons, scale bars on drawings, counts [fbtsined o0

A 1673 LeeuwenhoekO2 Y LI NER W[ AU 0f S | phdeisms
AmcT D - made a graticulaxof 600 hairs per inch |

A 1716 Hertek stagemicrometer

A 1718Jurinc hair micrometer

A 1753 Baker calibrated lattice wiramicrometers

A 1771 Adamg screwmicrometer

A XX |

A 1904 Wright eikenometer  Sointeeigis o
A 1936 Patterson & Cawoaglparticle size eyepiece graticules

A Travelling Microscope

A Haemocytometer slides

A 1960 Barer /Dysog image shearing/splittingnicrometer

A XX

A Counts & Proportion§Geology, Metallurgy, >Biology)

A 1847Delesse; areast volumes

A 1851Sorbyc tin foil cutouts

A 1916 Shand mechanical automation

A 19391990 P NA 2dza St SOGNB YA O HenrySpreySFRE,RMS, B
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o Stereology 1

Extrapolation from 2D to 3D

A History UL
Geology, Metallurgy, Engineering, Astronomy, Biolc
A 1777 Buffon
A 1850sDelesseSorby
A 1961 ISS, Models; Eliafeibel Williams, Mayhew, Cru@rive
A 1983 Unbiased/Designer: Gunders@uayalierj 1635)

A Dimensional Reduction

A Volumes, Surface Areas, Lengths, Numbers
A Volume=3D, Area=2D, Length=1D, Point=0D
AV SyLy Pp Point Counting, Line Cuts, Counting

A Equipment
A Probes (Sections, Lattices, Tally Counters, Image Analysers)
A 1sotropic ProbesMerz Lattices, Cycloids



Dimensional Reduction

OBJECT SECTION
3D VOLUMES—> ARE@S
2D AREAS —> LENGIHS
1D LENGTHS—> POINTS

Hit
MisS

SMALL INTRALOBULAR DUCT
CENTROACINAR CELLS



Volume Fraction

W= Aa=LL=Fr

Reconstruct  Planimetry Measure Count
Cut & Weigh  Opisometer
Count Squares Computer
Sothe relative number of points on object versus
background equates to the fractional volume. t2AVEO /2dzyGAy3a [ |
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Surface Density
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Stereology Lattices (Probes)
X faz2z grAfrofS Fa 9&SLIA

Use Hally formula for number of hits



\@A Numbers ¢ ¥

X Ay GAaadzssS Wy LA

AN, Nv Na

A Counting Objects or Profiles ?
ALoose cells/smears or sections?

A Depends on size and shape, section thicknes:
A Reconstruct

A Correction prOCEdurE@)r Size, Shape, Populations)
AAbercrombie (1946) D=dxa/
A SchwartzSaltykoy1958) Unfolding

AAvoid: use Design Based Stereology 2



Although the answer is 3 items .. If they armallerthey
are cut less often and apparently seem to be fewer!

N um erica| Den Sity Soyou need to measure their size as well.

Nv = Na/D



Sizecorrections
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Section Thicknessgioimes

L ¢ ©0°%°¢%, 0o, ChanQEin
5 Reference
ol RPN . Volume

MonodispersedSame Size)

T f—“\‘-. 'Y -“ IH\*-
— S -'“\H____,f. X I.
Profile Size
13% , 87%
I
10 i
8 1 D :
6 I
I
; ' I
| I
0 _w l

0.2

0.4
D/2

PolydispersedDifferent Sizes)

Schwartz SaltykovUnfolding
X dsaped 9f f ALJAZ2ZARAZ
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o Stereology 2

A New Design Based Stereology

A FractionatorDisectoy Nucleator Surfactoy Proportinator

Selector, Rotator, Cycloids
ASurface Welg hted Star Volume “’\:;&
AUnbiased Brick, Isotropic Fakir I (P
A SpaceballsPetrimetrics ?‘ h ?;; v

A Equipment / Design it
ASpecialised Sampling; IUR, VUR, SRSse [/ . ...
AThick sections, Optical sections
AUnbiased Counting Frames

GundersonSterio1980s See Howard & Reed, 1998 v2@n0stereology.info



http://www.stereology.info/

Cavalieri Method (1635)

aire (grille)

L

Random start then serial sections, random
aft A0SasX NIYXYR2YA&aSR LINRO:



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj3msy4tqHPAhVFORQKHb52DnIQjRwIBQ&url=http://onlinelibrary.wiley.com/doi/10.1002/ar.23266/pdf&bvm=bv.133387755,d.ZGg&psig=AFQjCNG_DsHvqXzqLmRREIHZxO7uL8E_xQ&ust=1474580272153760



http://www.stereology.info/wp-content/uploads/2014/04/cycloids-for-Sv-uterine-glands-X20-screen-snapshot.png

Unbiased Stereology
for numbe I'Scunderson  rejectio

A Measuring (see Picture 1)
Since small objects are more likely to fit as complete objects within a
measuring field it is best to remove this bias by measuring ALL objects
within the frame and ALL objects hitting the dashed (allowed) lines
but NOT those hitting the solid (forbidden) lines.

A Counting (see Pictures 1 & 2)
Objects allowed in the reference section (PictureAlB,C,D) are then
checked in the next (loekp section (Picture 2)). If they DO NOT
APPEAR In the loalp section these are the objects which are
counted- ie object AONLY.

Thereforeone object occupies a volume equal to the /—V
frame area times the section spacing. | 4
This is called thBisectorMethod. —~ |

A See: Howard CV, Reed MG (1998) Unbiased Stereology. [ o

RMs Handbook 41: Bios Scientific.



http://www.stereology.info/images/129.gif
http://www.stereology.info/images/167.gif

2D

s Unbiased Counting Frame

@

Counting

A

frame

Objects A,B, C, D only are counted D

1) Reference Section

Forbidden
lines



2 D Disector method

2) LookUp Section

Of the objects counted in the reference section (A,B,C,D) only the objects NOT
present in the lookup section are counted, ie only object A is counted.



¢SRA2dza G2 R2 6A (liook-GNplare [ESO0GAZYa X |

Use a confocal microscope and a computer !!

alternative P
1

=33

Look-down plane I___3_4__;

MandarimDe-LaCerd42003)
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Minnesota | October 17-21, 2015

Raising the Bar on Quality, Innovation, and Productivity
Do not miss this seminar on October 20, 2015 at 12:15 PM
. -

STEREOTOPIX™| . 2

mented in over
200 publications

aht decision
Less risk, better results.

BASIC RESEARCH
DRUG DISCOVERY AND
DEVELOPMENT

BASIC RESEARCH
DRUG DISCOVERY AND
DEVELOPMENT

ONCOTOPIX DX
ONCOTOPIX DISCOVERY




o Pattern Analysis .. :

o A x UL e
Q aSl adzNBYSyua zi- =

A Location / Distribution / Spatial Arrangemen
Association / Connectivity / Interaction
A 2??: Random, Regular, Clumped, Dispersed, Associated/Relates

A Distance: Nearest Neighbour, Mean free path == 2 o
A Grouping: Enclosed, Contiguity, Runs Test, SP.
A Autocorrelation

A Tesselatiorf Joins / Overlay methods e

A Regional Density, Point Swarms

A Orientation / Branching

A Dendritic methods (fields, segments, nodes)
A Isotropic, Anisotropic

See:Uylings Berry Aherne Underwood, Johnso8okal
& Rohlf James, Mahon, Crfarive Diggle Unwin




Nearest Neighbour Analysis

A Developed from Ecology studies (Poisson distribution) ciark & Evans, 1954, kendal & Moran, 1963

A Average distance between objects or Mean area/ cell

o

A Begin at random cell / point Problemsreflexive pairs / high densities



Homogenelity / Heterogeneity

Sampling :
%o & A avoid it
alécr A measure it



Healthy Muscle R an d O m n eSS ’) Diseased Muscle



