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Background and Aims

® Functional neuroimaging and electrophysiological data have shown that 25 healthy subjects (10 male; 28.2 + 9.6 years) scanned at 3T Category Working Memory

working memory and other high-level cognitive tasks are mediated by Acquisition Parameters . . — . . . . e . -
sustained activity in frontal and posterior association cortices, as well as fMRI: GE-EPI: TE=30ms: TR=2s: 2.5mm X 2.5mm x 2.5mm dp_FOr | I :
functional connectivity between these regions. DTI: SE-EPI; b=700s/mm?; 30 directions; 2.2mm x 2.2mm X 2.2mm dP_SHIT | l i | I
Aralvsic Pinali dP_mPFC| : : - : .
Previous work has also suggested a relationship between object & spatial f”ays"; 'pe”;e f - . dp apech | R i I : i 020
: : - : - MRI: Group data were first analyzed to create a mask of working - I I
working memory performance _and individual dlffgrences in the strength of memory regions (i.e.. Item OR Race OR Gender 2-Back > 0-Back: P MrGH : . - | ]
long-range fronto-posterior white matter connections, even among healthy P.ox=0.005). This mask was then segmented into 2 posterior regions, w» ok : l A | ]
control subjects (Klingberg, 2006; Walsh et a|_, 2011)_ 5 prefrontal regions, and an ar!atom_lcal exclu5|_on mask consisting of — | | 1015
the pons, thalamus and midbrain [Figure on Right]. vP_aPFC} : - . : -
: : - - : - : DTI: Individual subject data were first preprocessed and normalized | | — | | | | EE— | |
® The aims of this study were to extend these findings by using a combination of

_ _ _ before performing deterministic tractography between each of the
neuropsychological testing, fMRI, and DTI, and employing: posterior and prefrontal masks (i.e., 10 tracts per subject). Group
probabilistic masks were then generated for each tract by averaging

- - - - the relevant subject masks. Finally, probability-weighted fractional an-
1) different Worklng memory tasks for items and categories, isotropy (FA) values were extracted along the anterior/posterior axis

2) verbal working memaory tasks, of each of the group masks to form a quantitative curve for each sub-
3) more specific white matter parcelations, ject. This allowed each subject’s FA data to be: 1) fit to the average
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. curve (minUS the SUbjeCt In queStion), 2) f|t to the maximum curve Frontal Operculum Super.iorFrontaI l Middle Frontal [l Anterior Prefrontal Medial Prefrontal ] i }
4) new measures to assess tract-based microstructure, and (i.e., the highest FA across subjects), and 3) analyzed to compare the [ Junction (SFJ) Gyrus (MFC) Cortex (aPFC) Cortex (mPFC) ] i _
5) alternative ways to control for non-tract specific changes. area under the individual vs. maximum curve [Figure Below]. MDorsal Posterior [ Ventral Posterior
(dP) (vP) (Anatomically Defined Exclusion Mask)

DTI Processing (repeated for each subject) i i _ 0.00
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N-Back fMRI Tasks Item and Category Working Memory Tasks] ?ge’ ’5\5/ @/// ?$® ’5\_(/ \
(performed inside the scanner) @ 7/ @
Sample ” Non-Match Three Step Normalization Procedure: ’/
| FTTTTTTTTT 7 ALt RAeten il ! Control Variable
—— 100 I Imsge mensiy Comacton, \__Age ___ -~ __White Matter Volume _ (non-tract based)
3. Nonlinear “Large Deformation Diffeomorphic
Metric Mapping” (LDDMM)
Non-Match Template Image . . . . . .
= CHOMNLSS.09.s9) | (DiffeoMap) ® Based on our analyses, individual differences in white matter microstructure appear to be at
0-BACK Viatch £ ] v least moderately predictive of working memory performance for items, spatial locations, and
BASELINE = perhaps categories, but not necessarily for verbal working memory. This effect seems to be
. related almost exclusively to connections between the prefrontal and parietal cortices (as
— o ' o 3 Functonal Masking Fiber Tracking opposed to more ventral posterior regions).
&J (DTI Studio) + < (DTI Studio) +

;MatCh VMatCh 60 - Repeat;i:]c;t;icgf(gglfd “Fiber Assignment by Continuous ] ] ] ]
| Nl Tenor s | ® The most consistent results, across both white matter tracts and hierarchical models, were
Functionally-Defined Tracts All Fibers Aucxillary Outputs s Normalized Mean Normalized Tensor Image:s, ’ fou nd for the Spat|a| WO rk| ng memory taSk_ Th ese f| nd | ngs tend to SuU ppo rt preV|Ous Cla | Mms that
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(e.g., vP_FO) (FACT Steamlines) (Vector, FA, Color Map) b=0 Image (dxx, dyy, dzz, dxy, dxz, dyz) . ] ] . ] ] o
= Identity (item) = Gender (Category) spatial working memory is correlated with long-range fronto-posterior white matter connectivity
GENDER wace (Gategen) - Gategony Average (Klingberg, 2006; Walsh et al., 2011).
________________________________ Probabilistic DTI Masks (from all subjects) Quantitative Curve Fitting (repeat for all subjects/tracts) ® Our reSL_JItS alsf) show that the chmce of analysis method has a major influence on the outcome
T of the hierarchical models, both in terms of the:
[ Spatial Working Memory Task I Verbal Working Memory Task S — S — S ——— S ——
= (performed outside the scanner) . . = (performed outside the scanner)
10/36 Spatial Recall Test | Selective Reminding Test e.g., Single Subject, Single Tract (vP_FO) 1) tract-based changes (i.e., correlating subject curves with either the average curve or
1. Direction . .
O O 100 | > Mermory 100 X the maximum curves, and whether curve-fitting and/or area measures are used), and
95 95
g 0 | 2' ﬁg"ﬂﬁ{am g % e i S i 2) non-tract based changes (i.e., using age or total white matter volume as covariates).
g 32 1 I 5. Victim g 273(5) ,;.. g ,4, , * 0.6L
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‘ = 70 | 6. Lity A 70 | - o . I o o4l i —00ses ® Although the relationship between these tract-based methods and individual differences in
3 & | 7. victory N oo (=25729 (=229 (=229 (=25729 g o cogniti f dmitted| dest, the fact that th h lations amon
‘ 3 60 - 3. Dream el : L Fit. 209570 gnitive performance are admittedly modest, the fac a ey show correlations among
3 o | 9. HOt_‘;—‘_' E o £ healthy subjects bodes well for future patient studies (e.g., Multiple Sclerosis), where a greater
< a5 10. Wife < 45 | — Maximum curve (across all subjects distribution of cognitive performance and tract-based structural measures would be expected.
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— — Single subject curve N_ ,NS .
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