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Introduction

Numerical simulations have provided an interesting approach to study and validate brain microstructure models'. For this purpose,
many methods to generate virtual brain cells have been proposed?34. However, these methods focus only on the generation of
substrates with specific brain cells of a given type. For example, generating a virtual scene populated only by axons?® or generating
single neurons of multiple types®. To the best of our knowledge, no method was proposed to synthesize virtual microstructure scenes
combining neurons with axons. This work aims to close the modeling gap of virtual brain microstructure by extending the MEDUSA
framework® to allow the generation of hybrid virtual substrates. The presented method allows the synthesis of volume of interests
(VOIs) combining neurons with axons with similar volume fractions to values in the literature on human brain gray matter
microstructure®.

e Generated substrates

Methods

e P
fens 2t ey
S % "0y
e Dataset: o e
'firf.*'g .;!1? L )
h N E R M RP 7,8 O Rt e e
[he HO dataset’”® was used to reconstruc S retsanie
T3 SO r
1 1 { 1) = 5N ﬁﬂ" k| ‘
virtual neurons of the human brain from the “SWC" files (o mte
) ) et sle® S el s
fas s B g '®.
LN L ¢ P e . @ e
e Cell reconstruction: N s B e % Ty
J N > BN e red eglle. (S L R O Tl
Wao @22 'va N S :a? O R R LT .#.1'?"%‘# o)
® ;‘iﬁt {'ﬁ .f,lq :i.z"t : i DY B il 7 y\‘f.' e r’.. mi«‘{*{; :af;‘:‘{ ; .ﬁ?**:ﬁ;a -
Spheres are placed on the 3D space using the cell graph Geseess i S O
i Jgthl S L e 1 o ety : o WA X & il
U2 Vi negr ey AT~ LR Sl o
1 A e 2 2 f'f*ﬁ-i‘t%:‘“&i-ﬁ'?‘-?ﬂf s i **‘i.'{“‘fi ;\' ".f_}i"év?é;;.ﬂ_ﬁ!‘f'
i, ""3‘3‘:'%*“;- i B ey g OB W C e [ LX o PO
(oSge s oR0 sa el el e e - giil S0l Bilenelitel o
i ~‘.“*:£*,"'?335§;' ’# T oW N A .. r_l . b :“'. i;’*:‘:g’q Z
. . . P R T @it g tee’)
computed from the radius R and the inter-sphere distance d A SOREAA
@ § Y S - R a . L ¢ 5
Son® BB g AIUN T e
'!{?'f'.lbla%-".- B~ cies S Faawiel A Y
LT S ele
i:’W? "ﬂﬁ-‘».;“!a- e : . ..&@g{ifyyn
e lii s e ity (T OLot atels ta e e i esy,
] oy W W LT T, Lk, |-l A A Y LTE
o IRALE e R R s i LA T e T I
(g Vg ff-'fxfﬁ-.-" B R A TR B o M L SRS AC N P e
Y 'ii‘}‘ i:.. '!{!ﬁ.;.! S‘fait o ,E-. rL s ] _..1:1: N T _‘-. - ‘? ] L\.".';.'_'?u___.:._‘ “*’ ;ﬁ-. ; .r."" "‘J’}‘ﬁ_\?
&a .\3 = ﬁ.ﬂ ",.. q;? 3 e e 1--n_}ﬂf,aaw!'.'.“!;..mz%;%gggf #:!! - el ;_'_u.',-_.\;-_,,.,
T e L W g e A

o114 |

7\ 2
2R

O, = /1 —

) ai‘gﬁ

Ny e
R Oro
e

i il
G e W
LA
- i3
: *

&I
»
aVei s
o S

I'e

»

se ol
Ly g__ o

Results

o Generation of neuron populations:

Four substrate types generated in a Volume Of Interest

(VOI) of (100x100%100) um?3 using MEDUSAS:  Simulated signals

a) Axons with volume fraction Vi=85% Orientation-averaged dMRI signals for different microstructure substrates
b) Hybrld SUbStrate Wlth axons Wlth Vf=44% and pyramldal neurOnS | i is Z; Ejgii?:lastilirzz:iﬁ:?;gf:z;?ﬂfi:gd 6% neurons volume fractions

1 —_ 0 —— «¢) Hybrid substrace with 42% axons and 12% neurons volume fractions
Wlth Vf 6 /0 —+— d) Dense neurons of 15% volume fraction

o
o

c) Same as substrate b) with a higher neuronal VF of V¢=12%
d) Pyramidal neurons with a V¢=12%

e Diffusion MRI simulations:

Do=3%10"° m?/s, Ns= 500Kk initialized in both intra and extracellular
spaces.

B-values s/mm?: [30, 60, 80,120,150,180,210,240,270,300,550,700,1000,
1700, 3200, 4000]

Orientations: [6,6,6,6,6,6,6,6,6,6,30,30,30,30,60,60,60]
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This work demonstrates a proof of concept for synthesizing virtual substrates with hybrid cells mixing neurons and axons, thus
increasing the modeling realism of synthetic gray microstructure. Future work directions include large-scale simulation of
microstructure and exploring the ability to add more components in the synthetic substrates such as blood vessels and glial cells, which
were not included in this study.
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