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AREA FRACTION FRACTIONATOR

. P(ref) Points hitting reference volume
A m P(Y); :
Estimated volume fraction 7,(Y,ref) = "f‘l—()‘ Y Sub-region
) i=1 P(ref); P(Y) Points hitting sub-region
v
Estimated area (d) . asf Area samp!mg frac;tlon .
A= _f-a(P)-P(Yi) a(p) Area associated with a point
as

References

Howard, C. V., & Reed, M. G. (1998). Unbiased Stereology, Three-Dimensional Measurement in Microscopy (pp. 170-172). Milton
Park, England: BIOS Scientific Publishers.
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CAVALIERI ESTIMATOR

Stereological formulas

Area associated Ap = g’ g° Grid area
with a point (4p)
Volume associated V, = g°mt m Section evaluation interval

with a point (Vp)

t Mean section cut thickness

Estimated volume (V)

Ap Area associated with a point
m’ Section evaluation interval
t Mean section cut thickness
Pi Points counted on grid

Estimated volume
corrected for
over-projection ([v])

t Section cut thickness
k Correction factor

g Grid size

a’ Projected area

Coefficient of error

(CE)

VTotalVar

n
i:1Pi

TotalVar Total variance of the estimated volume
n Number of sections
Pi Points counted on grid

TotalVar = s? + VARggs
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Cavalieri Estimator (2)

Variance of systematic 3(A—s*)—4B+C m Smoothness class of sampled function

q VARSRS = ,ym = 0 . .

random sampling 12 s2 Variance due to noise
(VARsrs)

A= 2?:1 Piz; B = Z?=_11 PiPi+1 ,C = Z?=_12 PiPi+2

3(4—s2)—4B+C
VARSRS= 240 ,m=1

With:
n : number of sections

52 = 00724 (%) /n T, Py

b
NG Shape factor

=
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CYCLOIDS FOR LV

Stereological formulas

Area associated with a point Ap=g g? Grid area
(Ap)
Volume associated with a Vp = g*mt g2 Grid area
point (V) m Section evaluation interval
t Mean section cut thickness
Length per unit [¢ I¢ f ina f
gth p Ly I orf Number of counting frames
Ly =2
volume (L) 4 A A Section cut thickness
feve li Intercepts
2 \e )prj _ Z(E) i=1li P; Test points
A5 (%) A\p/ Xie, Py [Téyc]pr]_ Average number of intersections of

projected images
%Test points per unit length of cycloid

Estimated volume (V)

m Sampling fractions

A Section cut thickness
a Area

p Number of test points
Pi Test points

Estimated length (L)

a Area

[ Line length

m Sampling fractions
Ii Intercepts
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Cycloids for Lv (2)

Coefficient of error for line - VVARsgs VARsrs Variance of systematic random sampling
length CE(LIL) = N LJL  Estimated length per length
Ii Intercepts
Variance of systematic VAReoe = 39o — 491 + g2 g Grid size
random sampling (VARsgs) SRS 12 LiLine length at section i

n—k
9k = Z LiLitg
=1

Coefficient of Ii Intercepts
for lenath CE(L) = | iy I} =1 P _9 2i=y liP; l_ P

error for leng (Ly) = I\ LS T, + npyn p SIS p) Pi Test points
density =1L A= Ai=1 T Ai=1 T =1t A= n Number of probes
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Stereological formulas

IMAGE VOLUME FRACTIONATOR

Estimate of total
number of particles (/)

Q™ Particles counted

asf Area sampling fraction (counting frame/grid size)
zsf Section sampling fraction (disector height/virtual
section thickness)

Variance due to
systematic random
sampling — Gundersen

(VARSsRs)

3(A—s2)—4B+C

VARSRS = 12
=0
3(A—s2)—4B+C
VARsrs = 240
=1

,m

A=3".(07)?
B =307 Qis
C=Y"70Q7 Qi

s? Variance due to noise

Variance due to noise -
Gundersen (s?)

Q~ Particles counted
n Number of sections used

Total variance -
Gundersen (TotalVar)

TotalVar = s? + VARggs

VARsrs Variance due to SRS
s? Variance due to noise

Coefficient of error —
Gundersen (CE)

VTotalVar

52

TotalVar Total variance
s? Variance due to noise
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Image Volume Fractionator (2)

Stereological formulas

Coefficient of error — Scheaffer

(CE)

CE =

[95)
N
/-~
Q|| —
|
|
N—"

f Number of counting frames
F Total possible sampling sites
s? Estimated variance

Q Average particles counted

Average number of particles -
Scheaffer (Q)

Z{:l Qi

T

Qi Particles counted
f Number of counting frames

Estimated variance - Scheaffer

(%)

(2 2=a(Qi =0

f—-1

f Number of counting frames
Qi Particles counted
Q Average particles counted

Estimated variance of estimated
cell population - Scheaffer

Csp Finite population correction
s? Estimated variance
f Number of counting frames

F  Total possible sampling sites

Estimated variance of mean cell
count - Scheaffer

Csp Finite population correction
s? Estimated variance
f Number of counting frames
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Image Volume Fractionator (3)

Estimated mean coefficient of 1 & 0si — 0,\2 Y, Q1i Counts in sub-sample 1
error — Cruz-Orive (est Mean CE) est Mean CE (est N) = o (u) ] Q2i Counts in sub-sample 2
n\Qui ¥ Qi n Size of sub-sample
Predicted coefficient of error for Var(0:) R Number of counting spaces
estimated :::)t(:éaEtio:)— Schmitz- CEprea(np) = Wr_;z .é é\lumbe'r thseCtior: .
pre ' r Counts in the “r"-th counting space
1 1 Q5 Counts in the “s"-th section
CE,oq(ng) = =
pred \''F — —
'\/2521 QT \/Zg:l QS
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Image Volume Fractionator (4)
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Stereological formulas

IMAGE VOLUME SPACEBALLS

Length estimate

L= 2<Zn: QL-).E

i=1

Q

This equation does not include the terms F2 (area-

fraction) and F3 (thickness-fraction) used by Mouton et
al. (equation 2, 2002), but includes that information in v

(volume sampled).

n Number of sections used
Qi Intersection counted

v Volume (grid X * grid Y* section
thickness)
a Surface area of the sphere

Variance due to noise

Qi Intersection counted

Variance due to
systematic random
sampling

3(A—s2)—4B+C

VARSRS= 12 ,m =
3(A—s?) —4B +C
VARSRS= 240 ,m=1

A= Z?=1(Ql_)2
B = Z?=_11 Q; Qi+1
C= Z?=_12 Qi Qi

s? Variance due to noise
m Smoothness class of sampled function

Total variance

TotalVar = s? + VARggs

VARsgs Variance due to SRS
s? Variance due to noise

11
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Image Volume Spaceballs (2)

Coefficient of error c VTotalVar TotalVar Total variance
B s2 52 Variance due to noise

References
Mouton, P. R., Gokhale, A.M., Ward, N.L., & West, M.J. (2002). Stereological length estimation using spherical probes. Journal of
Microscopy, 206 (1), 54-64.
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ISOTROPIC FAKIR

Estimated total surface area n Number of line sets (always set to 3)

. lz Inverse of the probe per unit volume
i=1 i
Ii Intercepts with test lines

estS =2

Sle
1=

Sl I
'_:N

References

Kubinova, L., Janacek, J. (1998). Estimating surface area by the isotropic fakir method from thick slices cut in an arbitrary
direction. Journal of Microscopy, 191 (2), 201-211.
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NUCLEATOR

Stereological formulas

Area estimate

[ Length of rays

Volume estimate

[ Length of rays

Estimated coefficient of

S Bk~ Ry

n Number of nucleator estimates

error est CV(R) = = Ri Area/volume estimate for each sampling site
Average area/volume 1w n Number of nucleator estimates
estimate R= Ez R; Ri Area/volume estimate for each sampling site
i=1
Relative efficiency CEL(R) = CV(R) n Number of nucleator estimates
" Vn CV (R) Estimated coefficient of variation

Geometric mean of
area/volume estimate

n Number of nucleator estimates
Ri Area/volume estimate for each sampling site

References

Gundersen, H.J.G. (1988). The nucleator. Journal of Microscopy, 151 (1), 3-21.
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OPTICAL ROTATOR

Stereological formulas

Volume of particle

ﬁ=azg<m

a Reciprocal line density

a=k.h
k Length of slice
h Systematic spacing

For vertical slabs and
lines parallel to vertical
axis

g(P) =dy,if d; <t

r
2

arcsin (d_z)

dq

g(P) = Jift<d,

d1 Distance along test line
dz Distance from origin to test line
t V2 thickness of optical slice

For vertical slabs and
lines perpendicular to
vertical axis

g(P) =dy,if [d?+z2<t

9@ =f(VE-22),if lzl <t < [d + 22

g(P) = f(0),if t < |z|

! 1
fx)=x+ Ef z du
X aresin| ———
(Vuz + Zz)

d1 Distance along test line
t 2 thickness of optical slice
z Distance in z from intercept to origin

15
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Optical Rotator (2)

Stereological formulas

surface area

$=a) 4g(l)
J
gD =2 ifd, <t

gl =m. , ift<d,

arcsin (d_z)

For g(P)=dy, ifds<t d: Distance along test line
isotropic 1 d: Distance from origin to

slabs 9(P) = 5 [h(t,dz) + k(t,dy, dp, dy)),if d <t | testline
< d, ds Distance from intercept

to origin
72 t ‘ /2 thickness of optical

h(t,d) =t? |1 - = slice
di+d
k(t,dy,dy, ds) = dyds + d3log <;>
t+/t? —d3
Estimated a Reciprocal line density

[ Number of intersections
between grid line and cell
boundary

dz Distance from origin to
test line

t 2 thickness of optical
slice

References

Tandrup, T., Gundersen, H.J.G., & Vedel Jensen, E.B. (1997). The optical rotator Journal of microscopy, 186 (2), 108-120.
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PLANAR ROTATOR

Volume for isotropic V= th i t Separation between test lines
planar rotator 7 gi Isotropic planar rotator function

Volume for vertical V= ”tz 2 t Separation between test lines
planar rotator - li Intercept length along a test line

Isotropic planar rotator ] 112 [ Intercept length along a test line
function gD =1 /12 +a?+afln|—+ (_> +1 ai Distance from origin to test line
a; a; j Number of grid lines
lii Number of intersections between the j-th

Gis = z gi(lij+) _ Z gi(lij+) grid line and the cell boundary
j even jodd

gi- = Z gi(lij-) = z gi(li;-)
j even jodd

1
gi = 5 Qi+ + 9i-)
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Planar Rotator (2)

Stereological formulas

Isotropic planar rotator
function (cont’d)

2 — Z 2 _ Z 2. I Ir?tercept length .al.ong a test.line
i+ Lj+ Lj+ ai Distance from origin to test line
J even Jjodd j Number of grid lines
lii Number of intersections between the j-th

172 = Z lizj— — Z lizj— grid line and the cell boundary

j even jodd

1
liz = 2 (li2+ + liz—)

References

Jensen Vedel, E.B., Gundersen, H.J.G. (1993). The rotator Journal of Microscopy, 170 (1), 35-44.
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SURFACTOR

Stereological formulas

Surface area for single-ray
designs

S =4nl¢ + c(B)

[ Length of intercept
/3 Angle between test line and surface
c¢(f3) Function of the planar angle

Surface area for multi-ray
designs

2r
S = an ;.c(B)
=1

[ Length of intercept

/3 Angle between test line and surface
c¢(f3) Function of the planar angle

r  Number of test lines

Function of the planar angle

g2
cB) =1+ B cot,B] : [% - sin‘lﬂ

1+ cot?p

/3 Angle between test line and surface

References
Jensen, E.B., Gundersen, H.J.G. (1987).

Stereological estimation of surface area of arbitrary particles. Acta Stereologica, 6 (3).
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