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LI affected by:
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A. Extent
B. Magnitude
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2. Choice of ROI




ER - All Sessions

LI affected by:

1. Measure of activity
A. Extent
B. Magnitude

Non-disable _

2. Choice of ROI



A. Extent - # voxels

B. Magnitude - % signal change



A. Extent - # voxels at variable thresholds

B. Magnitude - % signal change of most active
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A. Ll based on extent of activity:
Wilke, 2006, 2007

Li-toolbox SPM2 SPM5 SPM8

Summary: Allows assessment of laterality effects in imaging data using various

thresholding options. Amog other features, regionally-restricted analyses are possible
and a bootstrapping approach allows to assess data homogeneity to reduce the effect
of outliers. The toclbox can now be scripted, allowing for unattended analyses. Matlab

from version 6.5.1 on is required.

Author: Marko Wilke

URL: Contact Marko by email.

file:///Applications/MATLAB _R2010a/spm8/toolbox/LI/man/index.html



1. Select contrast image

2/16
Hon Select Contrast Image(s)
Dir Mlserslisa'falePDIHENSIFENS | HURKREL ataUE-348, 5 WWEIrst-level-min::
Up | /Usears/Lisa/Katis/DORNSIFE/STROKE/Data/08-448 TCW/First-. .. IH

Prev f Mears/Liea/Katia/DORNEIFE/STROKE/Data/08-4487CW/Firet-. .. |+!

- spm [_| _img,

epm T_0003.img,1
epmT_0004.img,1
spmT_0005.img,1
spmT_0006.img,1

7 [Ed] Req Done it | apm- -

Select Contrast Image(s)




2. Select threshold method
M 7 SPMB (Lisa): Welcome to the LI toolbox

* One threshld for Al
Individual threshold input
Adaptive threshold determination

Ranking procedure
No threshold
Bootstrar
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s

LI based on extent = dependen




2. Select iterative threshold method
M 7 SPMB (Lisa): Welcome to the LI toolbox

* One threshld for Al
Individual threshold input
Adaptive threshold determination

Ranking procedure
No threshold
Bootstrap
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3. Select Inclusive mask
A MM SPMS (Lisa): Welcome to the L toolbox
| Bootstrap

¥ Select INclusive mask... -
* Frontal Lobe
Parietal Lobe
Temporal Lobe
Occipital Lobe
Cingulate
Central Gray matter (BG, Thalamus)
Cerebellum
Gray Matter...
All Lobes
None

[Cosion]

5/16

Primary motor cort
BA4da + 4p

b



4. Pre-process masks?
- 6/16




5. Select exclusive mask
ann SPM8.
Iterative thresholding (LI curves)
Custom...
Pre-process masks 7 No

¥ Select EXclusive mask... !
* Midline (+/- 5mm)
Midline (+/- 11mm)

e 7/16

Custom...




6. Optional 8/16




7. Is the contrast normalized?
fANO SPM8 (Lisa): Checking optio
Iterative thresholding (LI curves)
Pre-process masks ? No
None
None
¥ s this contrast nomalized?...

* Yes T
No
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lterative thresholding output:
- 10/16

- LI report
- LI curves

Ll = [-39 to -.83]

*weighted by voxel value

*you can specify voxel count instead
*overall LI results are similar

*take the mean to report



lterative thresholding output:
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- |_| report 1 _ LIvs.thre:sh-::-ldI‘t}rspm'!r_DDDH.img,“l Ec-::wntrastH:EHl-All S-:—:-ssic:-n!sj
-Llcurves ol 7 S el
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el 1 1-RA-dan-Rilateral roi mat (i 1 Feorl -aones Clust e Yarweinokl nin



Back to 2. Select bootstrap threshold method:
M SPMS (Lisa): Welcome to the LI toolbox

* One threshold for All
Individual thresheld input
Adaptive threshold determination
Ranking procedure
Iterative thresholding (LI curves)
No threshold
Bootstrap
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Wilke, 2006



Bootstrap output:
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(data from atie! DORNSIFEISTROKE!/Datal 1 0-4 54 0CW First-leve -mns- o)
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Bootstrap output:

14/16
Histogram of bootshrapped Llis (n= 100000}
1800 1 1 1 1 1 1 1 1 1
1600 Lo Mean: -058 +- 017 (-0.86--0035) i ... e T T . i
Mean (T25) -0.61 +- 0.003(-0.74 - -0.44) : ' ' : '
1400 beooveee e © - : T S S SO ]
WWeighted mean: -0.7
1200 ' : : .
1000 -
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60D -
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s NN Figure 4: Bootstrap results (p2/2)
View Insert Tools Desktop Window Help

Bootstrap outplt.; . " = 5o & t & o

=]
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Z-Foore cislbulion of boolsrappec yoiel dala (LEFT) Mor
sprT_NNN3 iconfrast 3 FR- Al Sesicns)
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Bootstrap output:
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e Overall bootstrap mean LI =-.59
- results from all thresholds, along x-axis
- trimmed and weighted

* Weighted mean LI =-.70

- based on results from all thresholds along LI curve x-axis, !
- e.g. voxels that survive higher thresholds likely correlate m

 Trimmed mean LI =-.61
- based on the trimmed means at each threshold, punishes ¢

* Which to use depends on your question, region,"



ER - All Sessions
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contrastis)

at p<.001 uncorrected ; =

2 4 6 g 10 12
Design matrix
Statistics: p-valvas adiusred for search valume
set-level cluster-level peak-level
T M mm
& £ Pratear Fromearr Fr Pumarr Proear  Troncar ) P
0.000 33 0.003 0. 007 272 0. 000 0,000 0,000 5.4 7.55 0.000 30 -35 72
o.002 0.001 5.2 5_50 0.000 44 -35 54
0.142 0.02% 455 4._5% 0.000 26 -22 B8
0,592 0,209 54 0,054 0,000 0,000 7.08 6. 55 0.000 -%E -20 70
0.193 0.110 ag 0,013 a. 000 0,000 7.04 5.54 0.000 -4 -35 62
0.76% 0,311 41 0. 05% o, 000 0. 000 £.41 £.d0 0.000 -3¢ -35 -3%
0.540 0209 55 0047 0. 000 0000 £.37 £.07 0.000 -z20 -1 78
0,553 0,203 57 0. 045 o.000 0.000 524 5.5 0.000 44 —40 -24
o072 0.01%5 .54 4.70 o.000 2% -2E -40
0_421 0.075 4.20 4._z0 0.000 25 -20 -40
0,086 0,087 123 0,005 o, 000 0,000 g.01 5.75 0,000 20 -85 2%
0.005 0.002 5,45 5_zs 0.000 25 —52 -20
0.700 0.124 4.07 2.98 0.000 45 72 -26
0.424 0. 154 65 0.033 0,002 0,001 5.%95 5.52 0.000 -5 —40 -15
1.000 0.647 2.3% 2.29 0.000 -44 -35 -22
0,117 0097 117 00007 0. 005 0001 5.51 5,51 0.000 -z -12 5%
0.709 0.124 4.06 2.95 0.000 & -4 5z
0,393 0. 154 71 0. 050 o, 010 0,003 £.33 £.45 0.000 g2 -25 5%
- 0.175 .92 2.85 0.000 £4 -20 4z
0,557 0,338 4 0,117 o.017 0,004 5,21 5.03 0.000 15 -62 6%
0.349% 0. 431 3.5 I ] 0.000 10 =58 &6
0,210 0,110 as 0,014 0,042 0,010 4,99 4,53 0.000 24 -B4 -22
0.058 0.012 4.90 4.76 0,000 25 -56 -22
fable shows 7 local maxima moere thap 8. 0mm apar?
Height threshold: T = 3,13, p = 0,001 {1,000 Degrees of freedom = [1.0, 195.0]
Extent threshold: k = 0 woxels, p = 1,000 (1,000 FiwHM = 10,1 10,4 9.6 mm mm mm; 5.0 5.2 4.8 {woxels}
Expected voxels per cluster, <k= = 14.35 Wolume: 1702805 = 212551 waxels = 1574.8 rezels
Expected number of clusters, <c> = 16.4 Yowel sizer 2.0 2.0 2.0 mm mm mm; (resel = 125,63 voxels)

FWEp: 4.940, FDRp: 4,534, FWEe: 272, FDRo: 272 Paeet i—'



LI based on magnitude

2/5
Statistics: pvwfves adfusted for search volume
set-level cluster-level peak-level
MM MIm mim
P £ 'EIF'I'-"E--:-:rr {'-'IF[:'F:--:-:rr ll!:'aIZ 'Elurh:-:rr 'EIF'I'-"E--:-:rr {'-'IF[:'F:--:-:rr ['EE] uncarr
0.000 30 0. 003 0. 007 2792 0,000 0. 000 0, 000 g, 7.85 0. 000 0 -6 72
o.00z 0001 5. 5. 80 o_0oo 44 -35 64
0. 143 0.0z7 q. 4. 52 0000 26 =& B8
0,503 0. 20o £ 0. 054 0. 000 0. 000 7. .65 0. 000 ~ZE =20 70
0. 194 0. 110 a7 0. 013 0. a0n 0. oo 7. B . G 0. 00n —42 -ZE& B2
0. 765 0. 314 41 0. 085 0. 000 0. 000 5. .10 0. 000 -34 -36 -35
0. 540 0. 203 55 0. 047 0. 000 0. 00o 5. 6.07 0. 000 -20 =16 75
0,553 0. 209 59 0. 045 0. 000 0. 000 5. 5,495 0. 000 44 -40 -44
0072 0015 q. 4.70 o_0oo 28 =26 -40
0.921 0.075 a. 4_z0 0000 25 -20 -40

1. Mean maximum T value —= mean of top 5% T values




LI based on magnitude

3/5

For each individual participant:
1. Mean maximum T value (T) -

T = mean of top 5% T values 8.14 - (8.14 * .05) = 7.73
2.Take half the mean maximum T value (T/2)

T/2=7.73/2 = 3.87

3. Inyour ROI, sum T values of voxels above T/2 = (t), and
calculate LI

LI =(t, —tg) / (t, -+ tg)
see next slide..



LI based on

contrastiz)

maq N Itﬂid@ Sessions (masked [incl.] by LI-BA-4ap-Bilateral_roi.mat.nii)

2 4 & B
Design matrix
Statistics: p-valves adiusred for search volume
zet-level cluster-level peak-level
3 - 7 MM M mm
£ £ Erutear  Froncar r Puncarr Fratear  Froncar A P iaer
1000 2 0. 545 0.338 35 0,112 0. 000 0. 000 6.37 6.07 0,000 26 -34 72
1.000 0,772 £ 0.653 0.889 0.201 3.88 380 0.000 -14 -38 76

3. Inclusive mask of your ROI
OR small volume correct for your ROI—

Here, again using bilateral M1

falle shows 7 loval maxima more hap 8. 0mm apar?

Height threshold: T = 3,13, p = 0,001 {1,000 Degrees of freedom = [1.0, 195.0]
Extent threshold: k = 0 voxels, p = 1,000 {1,000
Expected woxels per cluster, <k> = 14,35
Expected number of clusters, <c= = 16.6

FWER: 4,940, FDRp: 4.534, FWES: 272, FDRc: 272

F'Hbé = 10,1 10,4 9.6 mm-mm mm; 5.0 5.2 4.5 {woxels}
Wolume: 1702808 = 2125851 waxels = 1574.8 resels
Wowel sizer 2.0 2.0 2.0 mm mm mm; (resel = 125,63 vaxels)

4/5



LI based on magnitude

Statistics: poalves adiusred for search volame
set-level cluster-level peak-lewvel
5 T 5 MM M mm
£ £ 'Er'l'-fl:-i:-:rr {'-'Ir[:'l::--:-:rr C 'Eunc-:rr 'Elr'l'-"l:-i:-:rr {'-'IFDFI-i:-:rr I: E:I 'Eurr:-:rr
1. 000 2 0. G545 0. 330 35 0. 112 0. 000 0. Qo0 6. 37 6.07 0. 000 26 -34 72
1.000 a. 772 3 0.653 0. G549 o, 2ol 3. &8 3. &0 o, Qoo -14 -3& T8

t = sum of t-values that pass T/2 in each hemisphere

LI =(t, —tg) / (t, -+ tg)

LI = (3.88 — 6.37) / (3.88 + 6.37) = -.24

Pretty different from LI calculated based on extent LI = [-39 to -.{

Last, take mean across pat



A. Extent

- Straightforward
- As reproducible

B. Magnitude

- More robust

- Robustness depends on choice of ROI

- Must choose ROI that includes task-related signal,
- E.g. may not be as useful in people with structural |

*slightly different meaning, depending on your question, re(
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