[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

1149 Gliaws ) (A (3le) o plouds Y'Y Al - yinogs

¢330 bl quilig} ) 75lad 30 gt (g jLulu> &5y S g 5 milio

2 9lai ndi quas g MR yglas b glo g9 (215b (gl b (g 9 (o
PET-MR

(Ph.D)™ ¢ e (M.SC)' 55 sias 4o
I i cdgeiin Sy o sle sty ( Kyl o b 0dSKiily o urli 7 (55355 00,5~

P N T A .. . . . PO
s 5375 5575 oK Gl oy o Kby o3 o i 55,5 o 5N 50 Gl s (St Sy iy —F

AAASYAZA R SER-BRCTR (R L LVVARYA Ot PPy PRI Hossein. Arabi@unige.ch - ¥\ VAVYF\Y (a0 (J shoe suiews o5+

Ugalysoly sl gloye 2lb j0 Glod s o p,l5 (Magnetic Resonance, MR) cwablan (wiliyy ymolai :bun
Qiewild & MR palai polio o oSl pos Lol caiyls PET (Positron Emission Tomography) yglai ciueds ol
axdllao (pf 53 oS Cowl bl 1 (Sono (L b9 ) coamwlio (b gy o 3105 Lw o0 T ko |y (Laiman yglal CSlu (g i
29bai 31« e 9ua0 CT (Computed Tomography) y gbas astd' sl (bl (9 b 32 (slascin! (g5lwlas (b9 99 8 ,Slos
el 00l dwo o 9 (w12 (5320 MR

Sl 2 o (23339 (95 99 3l eoliiwl b jlows FY &1 b po (5330 MR pgliai 51 plgouiwl (g 5lwlaer i g g Slgo
AT-PR (Atlas) registration &  gubl glaw » oKl jausis g, 9 (Atlas-LW (Local weighting atlas-based))  wlb!
(Cortical bone (g yid Comd g (BOne total) ylgsuw! JS s 3twlas gl (o9 99 (3| oo .0 plxil [Pattern recognition)
polie Lo bz o .0l oy o(Dice similarity (DSC)) Dice calal ypdii b ol yby 31 oolaswl b o1 or compact bone)
ol Cawsdy (RMSE) @ilay yo oyl ydor slas g (MAE) (b llae glas 51 oolisuwl b ol ! yiuw! CT

Coo oylgmiaml JS (gl DSC=+/AFE[+¥ g (g pind ylgsinnl gl g DSC=+/YaAE/#Y pmolio L Atlas-LW g, :axdl
DSC=+/YV£+/+d g DSC=+/¥YEe /A iz & Camwly 31 e 5 W AT-PR Jig; 6l polio ol 010 Lid 1y 6 5 i (g3l
Sy

A 9y ol o9l S Ulgh susdsyLis axdllae ¢yl y0 Atlas-LW (g, bwgs ouel Cuwddy yigy las polio 15 puf azxusti
2wl PET-MR 3 glad ciumdi gdbol g (yloyd (oo 1yb 5o oolisw! gk

w2l 920y (09 g e )T b g omablite Wyl (5510 1 el ¢ JRo ¢yl gl 1 guulS sojlg

Sl 5 MR uslas 5l (26 s 5 cdl S8 o CT (Computed o3y 4 ols s bracdlne
IV o5 ookl 58 PET 5l sdal oy 6o Sas
)‘J.v['.h ‘CTﬁMRijd.’ “LQ\AJJ L$'>‘Jb Koy

oleys b s ©l 2l cgr age 28 Tomography)
n\.&.‘:...,\ L’ O\AJ.) (5"4‘2 P ..\SJ\J cd‘j};.}\) r\:u\ .;\Sj) P

) e ] ‘Jip&‘ L oo 90 ol 385 535 (ahaie) olie bas b 5 am e ads S CT sl 5l
)‘\_;[..a: 4 5L "MR-only treatment planning” oaz 55 a5 olite 4 &S ‘,\J@ sty g3 Sl ‘;K.a.
Ll A, O )‘CT JL}LAS \;MR Jg‘}\.ai Lg)\..w(d,.hu) g g anlie ‘JE.’ 3yse duw\a R \.bu\s/)‘ ‘5&1 Y
dﬁfg’” M\J C\fv......f\ S JJ‘J g9 P9 u;\ B @JL':- L c\ﬂ CT j‘}u ‘&Jb 3)‘}“ ES jﬁ\

MR\ ) its 5 by s sboldll 5 besl, PET , (Magnetic Resonance Imaging) MR sl

=52 CT jola cale a5k Gl cws 40l )53, sshie 4 (Positron Emission Tomography)

$¥


mailto:041Hossein.Arabi@unige.ch
mailto:041Hossein.Arabi@unige.ch
mailto:041Hossein.Arabi@unige.ch
http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

@chaj)yvakmmuu

MR sl 3l ol sl (s5balan

2 s s, ol 4 wSag,l 25 2sms M
b sanotde slagis, Sl eoliad b &S iy 58 bl
b e cpl ool )y dte g dhaz ol o Jlsl
[V ] owlons &by o0

Groe Sk o & (o sian Sigr e SRS
o Slawle ol og 268 JJs 4 (deep learning)
SN s 53 4 Sy Ebe s | 6ol 3 |3
Sy gl sbadus bts, ol [V] Shas 5l
b a5l oo wal 3 i al8uis 25h 5 sbaaY 5l e
0 S0 el ) el s cobe b basls &)
3o 52 CT s calu 6l 5 Gams éj.‘.f')\'." sLis)
shael bl pae baSa il b
Gledas LMR sl a5 CT sl (HU) sl
Jae St g o el J)ﬁb S alg s S
by e 5020 CT Lslas U osi o Juel MR 5l
Lrv] s 8 sbul g &

Golulan a o rg) 0 5 S adlae ol o
G 2 e e MR slar s gl gl (gan i)
9 wa& L (& yeen CT Lsla sl ”1'2;,‘ 4 U“U;\
el 0a ay e (8l CT ol 4y s

Sl s malas 6J;T@-?
2 by o adllae gl s eslizad 5,50 CT s MR 5l
Jol sl 5 seals S0 4 oS ann o ollaws 515 Y
Al (e 0V g o S0la L) o3 B Y- 550 i TY
KL S ab cilo) bl 5 adlae Gl ool

wals &85 adllas cpl 5o &S Sl s <8l Y FAYFO

o 538 5 o ael o G e S8l s sms Mo 4 s
Klas S 3CT 5 MR (gyls g

s ¥ I MR s&ies & baw gy ohleg MR 5l

(3 T MAGNETOM Skyra-Siemens Healthcare,
AU Y o osaxe S L Erlangen, Germany)

U“‘K’“‘ 6.”‘9.\ L )Tl 0o 2 4j)\..44 u;\ RS W Ay
(Magnetization-Prepared Rapid Gradient-Echo) MP-
JE=Y/¥Yms b L 3l elall L RAGE

Cewddy NEX=\ 5 FA=A" Tl=4V-ms TR=\4.-ms
N o3 YO XYOOXYOO sl b s 5o 3 5 el
Biograph 6 True Sl Loy 56 e CT sl
4+ point (Siemens Healthcare, Erlangen, Germany)
o3 N0 XOVYXOVY X slal b o sl K 50 5 o

S VEWS

0

S 2525 03 V] osn £ e MR islas ol 5 )
ol 5ok 4 MR slas 5l s PET-MR Kaws |
ool PET 5l (attenuation correction) camzs
My Cr @i B ol Gis sl S [F] 500
4wy MR 5las ) (Pseudo CT) e sz CT 5l
JA=0N] wlasl,

=52 CT ol al g jshie 4 oS ilise ) an
(olelan) Gan it (s, tX 58 o o3l MR, 5l )
s Lisd s bsy 4] (segmentation) sl
(Atlas-based method) b ,, e 2, 5 [\Y-)-]
[NONF] szl

Ly o MR-CT 5la 45 gamme S 5l pdbl 29, 50
D! (Database) sesls oL olsie 4 Cumen S 4
ol Cam ol o Sl Ll SIE 0 p e ealind
bzl o8 MR ol 5l 25020 CT 0 ag 2
L cae game MR-CT ol b ol oy, cnl Lo wa5a
;\;(.a o). 5 (register) ;\;(.a Wi Ll MR sl
5 (rigid) s IS 50 4 ol (Ses sl o3lu(Glate)
e yoma ool Sl s 350 plal (nON-rigid) s 2
CT jsla ag g or (3adate) 51 50 MR-CT 5l
a3l (S s8a b it 4 050 g0 0alil ¢ g5 5r2e
o (23055 Do 4 Sl (Ses i) ol (2 52aCT
alie basds Ol (voxel-based/ JuSs ,  ww)
s, s patch-based method)/ asks ; ixw) i o 58
354 plxl (machine learning) poale 6,85k 5 e
[\50]

2 eodbl e G, ol Bl e K0S
5h s Sea 5 BUrgos sasloas slgiig e (gols 5 e
il Gl (JuSy e cali Sl oy, S
e AMRCT sl cim b Gas MR sl S
5o, \Saa 5 Andreasen (glaailas 55 [\V] xs S ealixul
cgr T1 3 MR slas 5l eolatal §ocandsd e 29,
s Hoffman.[\A] ws S eslatul o 5i2e CT ol ag
2 oetle 800 s i, Sl ladlas 5o a2l
(GPR (Gaussian process .s8 uxl 3 oo S, sl
Cogo a polas gl sde) 55 5l aw regression))
X5 S eoliatel jre 25020 CT ol el gl o as 8
4]

O 50 4 sl o palie (3L gau iy hg) 50
oolasl el sl(class) s o sl oS ru 4o

4l i () o b g it Gy @9 0 00l


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

\“ﬁﬁ QL«-«.M) ‘(/\\ @L@) \ D)\A«:l ‘YY‘ .,\.L'>-

esS

\ abal,
L = argmaxL p(L, T|{ Mn, Ln})

as gazma 4 by e 0as (Gate) 5158 MR, 5las Min
il wpe 4 b e Gl lezny bl
Gan g 53 Ledbl ol 51 (X)) JuSy oSl o)
Byd e parie (C(X) olgy Solar e S b I T
S G MR 5 55 oSy n a5 bt oyl ol
ol 0 e C(X) bl o ite (bl oL 5 e
S SITO) 5 LX) polis 539 Jites (23 4 4255 b
2 g S ol 0] ) CX) Llaie 535 L2 5 ol il
ack JSas 5o Ledbl polar aSilin gl osls S
Sar e gl (bt Sl o)l 5525 olg ol
Dol g0 A ) D) eoN ‘:j 4 b ol ask

Y ahal,
ﬁA(X) =argmaxi. ),,_, Pn(T(X)| Mp (X)) Pn (L] L (X))

L) JuSs 0 Gan ola o ol sdeal acd cyass
MR 5 Gas MR 5la S350 calis 4 anly
odbl y Gar la gl ass calis 5, bl
s K 5l (K5 P800e calis ) a5 asl .
A2 eslazwl (Phase Congruency Map (PCM)) 56 wls
4 o il (gl Sledb s S @23 edle &S
ool 8 Ol 5 it sl 4 gl o ol O s
signed distance ) jlscwde dols caacs aslie b oS
aola 5l oeas s gleaal gy, (transform/map
Al mlo dln) bl o gl backs Lx) Gas
g i Culg 5o s e a8 s 5 (bl
dols 4k yPCM G548, 50 cnles ulil , CT slasl
-"‘f-Tu‘ Sl Glacade

(AT-PR) bl sl » S o s

G s b s o S a2y, &S Gl
Jisa 1y pbcyssiame wist slizel \gs 4 bl
Sl oSan el S s 5 5o Hie 10l
CT sae pslie Kby olawsl jb 4 MR, s axks
2 Ol bl iy s b asls adss o 5l o
ool oy ool 5 e o S 4 e M8 5l oS 5 S
Coi s 35 nl 3l oS 5 cnl gl il 422l 5 5m y b
Atlas registration & Pattern recognition (AT-PR) )l sie
1Y00] el ot slgiey

Sl oals sL K Sl ety ol 53 a0 b a
(ko) Sl RS L S CT 5 MR sl 4 pame
S MR 2 b ol o) s 058 oo solial (niloas

‘WLA g_;jfa\., ‘_g\.hwj) w\aﬂ‘j};b)& )‘jr.b 4)\A~Jb

#5

MR sl ) ol sl (g5lulax

i oLk MR 5 CT 5l 6)3%«% Shom
ol 5 2y 99 4 MR slas (o) 5l ol ol

(Atlas-LW) Jowe 23555 (o)

[Vo] Atlas-LW (Local weighting atlas-based) _z s,
tJala) Gl o g bl e 0l Sl e
r\.';:\ s MR aa 5l ol sl (lilus 5 o iy
(ool sty plsizal gr oll LI CT ol
Sou Olsrael an ity 5 oleba Jol A e 5y Lol
RPN FOTAWE S FRPRPE P R STV
Cewdty 8l e pdbl olas b Gas pslar 5o sas g3lalaa
5 o o3Nitaal (udbl sl ool it 4y al o 0]
sl Glan » Gl 25020 CT e Sculg 0 b
25

pﬁe.):;“ S b eslamal b QdBI MR 5l r\~" Jo]
(leave-one-out w b S i lael (25, 4 s Godss
(Gdate) 5l50a Sas MR 525 | cross-validation)
[YY]Elastix Jl 3l 5 abaw sty o3lu(date) 5l 5n ai50
5 b s s ol Sl 5l S5 O se
normalized mutual ) sa 5 bl Jlize g1 uled
s [Y¥] 254 plsl B-Spline a5 5 (information
Cewa4y (transformation maps) Jooas sleacas Ll
MR s g b bl s8OS 59250 CT gLy aan ool
X gt o (edate) 515 en (s

MR s 5l olpsaal cob (3lelin o d> o s
(voxel-by-voxel JuSy » a4 ol o Jusl 5 b 5l Gus
ALE p Sand g op s Jere Ul sl atlas voting)
] sy g AL RS S 4 Ban slas Sl
e 003 cpesd plsial cal o cal ol e
skte d nl o udbl 4 by o CT ool y G sl
Al o oy (bl L (fusion) plesl

4 by (L) olssanl il op e omds Gl p
2k 53 ol b ass luw) (T) Sua MR 5l
sl gsy wan gl atn] py, Jlel b u(Ln) b
VO asiile lade oy ja b oo (Geate) 5l ea GJbICT
Slymand €3l S slulas ol e olsie a4 (HU=10-)
Foo il Sl G m ((j ) p—ﬂr‘ bl daeas
(S <L) g,a8 il golulan ol (HU=Y- )
Seodbl Glassls Lelal sl casty cdaman ol g3l
5 olssanl a2k (joint probability) < zss Jlasl 55

VR VW IR


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

@chaj)}agakmhuu

MR sl 3l ol sl (s5balan

Gollas 2, 90 ol IS ) sdel oy P
L s ol el uJ\.{:- 4 by e gy Slaie gl ol s
Ol s3] k>J\.<=- L s CT slasl glalls sl o CT slasl
‘;é\j )\J.BA )\ salaal L; Ure 99 u.a‘ .&w}: oL 83 (ST
ol ) ) sdel ety CT slael | ol st QJ\.i:-

5 aka,
2|An B|
DSC(A,B) = ————
.5 = T+ 131
# ab,
RVD(4,B) = 100 x |A||;|IB|
V e,
_ |A N B|
JC(A,B) = AU B
A ddal
|A N B|
S(A,B) =
(4,B) 5]
A b,
IO
ME = ;; B() — A(D)
Ve dal,
IO o
MAE=Ei=Zl|B(L)—A(L)|
VY bl

RMSE = J% Y (B — AD)?

Sl o plgsed ol 5 JuSs a Sluis A(l) &5
S JeSs olea Jlis B(I) 5 ol a2 0 CT Lol 5,
ol Gaa MR ol (65, 5l salan ol sl 5l
ATPR, ) bl slis (i) Slulazr slais)
N sl whas ol 7 adlas ol ) oS (Atlas-LW
258 5 g e 93 5l edd lar s JuSy JS olaw 5

Al oo (S rie s Sy 5> 4) G

V9 9 ‘Euj; ﬁnM'\' Cawddy j}L«.ﬁJ )\ Lfﬂf A J&JZ)J
(AT-PR, Atlas-adlas -l 55 ssliazal 5,50 Ludbl e
CT j}LAA )\ JLL*A L;La’g_}“j b\_,a.h 4 ‘)Ls.u & )\ ;LW)
IS5 8 ol llan Gl slen e MR 5 2 e
ol 82 05ls u,....Le.. Aasass Q\)sa..q\
Gl &S Ol ol ) sl Censay olie b
25 cazmaz sl S5 daman (5,25 ol gl g5lulias
S 5 JC 3 DSC il o Hluds (ol suz oD \ Joo
(Cnl (6,28 Glazunl 5 5 cdeman lozaal IS

Sy easlas ol sl g5 90 A 2 olis oyl o

4%

(Fras CT ola sbnl )y ansm e ul2
Nl o ot

3 b b PET-MR sl e ol ddm e 5o
lraks L] o 52 o (o) 515 0n (s MR
obite 4 (Kaer 5 Cald gl Glmie gl bl
Ll s oyw;{) S s yeae CT K olie dn i
(0 50 o 03Uzl 25 Je b 3:b (GPR) 58

v,

I Wouno-Weonmal’ =K
kd d = ex P(MR,Q) P(MR,j) X ex| i j
e v I o

-Wesegy=Weesegpll

exX
P ||2”seg.patch2”

o5 4 PurPseg 45 d=(Pmr,Pseg, X) > cpl s
sl il 5l an MR 5a5 s MR, 55 51 o basks
laosls 55 asks a8 e Camdge X 5 asb e Isa 5 05
o K Wity e (1) Goas MR sy 5 () bl
4 ol aalas p (65 0 o JuSs ) p &S el (paps
w20 olie )by | 6 385 2 e G S
s MR baaks coalis daaads cundge calis 56 o500
o (JS S e 1, eas illar MR (slaasks
(&5 CT 51 JuSy 2 laie e )2 olg 2 a8 e
098 g0 oolatnl 5 abl,

¥ ok,

q=k"Cly

CT ssar 5o JuSs 2 gl sael Cawsty CT 502 Gy
3 anks S Ol ool oS kimk(didi) o) s s
bl o\ g gaza 51 Blize clbaskss 5 Gas MR, s
G 3 d s di sbaadds Sl eslinad | CoK(did) ol
ol by K Y e ceony GBI MRl
el O anss 555 0 1S5 b Bl CT e

=S b))

i ey 90 O ol ol @ e il o
S olstaad olulan 51 ab nslar bl g5lelan
O Coo b ibas anglie Gy 2 = CT nsa o)
Sz Sleslinnd b aslie i Lol b ag) ol b
Sl (0 4kl ;) Dice alis ¢ fols R o~
4kl ;) (Relative Volume Difference (RVD) . =
Sensitivity )) couwls 5 (V a2yl ,) Jaccard (JC) ales (F
o) N sdal sty o3l 6l sl s (A adai)) (S
Mean error )) S0k slas 5l eslial b oz oLl 25 5
Mean absolute )) - Sle slhe las (3 aal,) (ME
Ol ke Lda glas 5 (Ve ) (error (MAE
sl (VY alal,) (Root mean absolute error (RMSE))


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

s

HU, —\-/a£\¥V/. HU g, 4 , Atlas-LW
s \V/PENYA/ -

(oint S ie ol Syrees & by o SIS Y IS
25D G Steed ey Sl sl ceessy histogram)
g bl e s, A saslas ol gl
=2 CT Shoas o ol gsaal sl b addlas cnl s solia
99 B chazen (58 ol il gl p s e plis | ploles
JS sl Ll amals R2=- /48 L elie Seen (b,
Siot Stmpd AT-PR iy, chemas ol g
(R2=-/4Y) Atlas-LW 25, b awylie 5 (R2=-/45)
sls s

G 9o s bl ol Sosl, v S s
stz 5! (Digitally reconstructed radiograph (DRR))
(EMuis) lelam s, 93 buy saslis ol sl
CT isla 5l Lol Saol, LUS 55 (AT-PR, Atlas-LW)

53"‘1{“ sanlin Q‘JLW =

i

(Shuiise) olelas Atlas-LW 2y, b &S o sl
Sl 6 pslar gy odal Cansa polis 51 5t ileas
RVD _slis Js cnl b sloas 3lulas AT-PR 25,
ol ped = M) C2E W vab S sdal G
2 el g f CT sl b bty ol Lo s sal sy
Gl dazan (6,23 oozl 1 5 i deman olgsaal IS
Jlis 5o =F/OAENY/AY 5 Y/0AEN/N\ Cws )
Ml aons ol Ll (F/YAEYY/N e 5 < /\VEAL/D)
G 3 S AT-PR ) 6l sl 53 2 55 (ood
sl e Atlas-LW
alone sballas N Joam s sislin BB ol b
Olsinl isai 55 90 » 5o Mdails sos sy il
Sl ddazman olgzaal JS 5 5,28 olsranl) smal conony
AT- gy baclie 53 15 6505 olie Atlas-LW z5,
JS lelaz 55 (:Kle sllas e 32 4 isls oL PR

oo 3 St AT-PR 2y, ¢l & taemes ol ol

& CT ).:5.44.,(1 () o) dozmaz Glgsiin] IS 5 (G Coow) dozman (6,08 lgsein] (gl oads (gilulas Slgseinl b 5l ola b ) s

ovgy & Ban MR 045 (0 g Atlas-LW g, & e MR 0ai(s (a2 50 CT jai(z ¢ oo laz lesein] (5,00 pglas «das MR 045 (0

.AT-PR

salaiul 3,90 (g asw) 6)““‘""’" 09y 90 O ‘()L:-'-“ d‘)"’-;‘ iu“j"L‘-“)w“-" » u‘ﬁ"*“’ I JS 9 6}"“5 Olﬁ:.““" ‘ L5)L“‘l"\> oo dunlin ) J5"\?

(AT-PR 5 Atlas-LW)aslas ol ;5

8 o il DSC RVD(%) JC S ME(HU) MAE(HU)  RMSE(HU)
Atlas-LW 0.79+0.61 0.89+17.51 0.65£0.08  0.79+0.10  15.1%211.9  456.4+93.4  611.8+101.4
AT-PR 0.72+0.8 4.28+22.10 05740.09  0.74+0.10  24.4+2135 544.1%1156 682.2+117.1
oAl S DSC RVD(%) JC S ME(HU) MAE(HU)  RMSE(HU)
Atlas-LW 0.84+0.03 2.59+10.11 0.73+t0.04  0.85x0.06  17.6+138.0  341.9453.7  466.2+75.0
AT-PR 0.77+0.05  -458+12.83  0.63+0.07  0.76+0.08  -10.9+147.0  406.2471.4  522.5+89.7

FA


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

y=0.37x+0.13, R2=0.96 y=0.43x+0.11, R2=0.96

=}
o
z 3
£ £
; 0.5 g 0.5
o} 14
8 e
= =
< <
ok 0
05 1 05 1
Reference CT Reference CT
y=0.54x+0.1,  R2=0.93 y=0.57x+0.09,  R2=0.96
1 4 |
©
) 3
g £
[
E s E os
=
5 3
] =
©
2 <
o 0
0.5 1 0.5 1
Reference CT Reference CT

pslai b (AT-PR 5At|as-LW) ol e sl Gig, 31 Gy 5l ol eals (gilulas lesnl pglar S pis ol Fgiis 5l G...;LN Y s
Aot Q|9:‘L}'...J Jf ﬁ}Ld: <$l)% Uul) 9 doSmas 6)~\A§ Qb:'c‘;wl ﬂgLa'i ‘5‘)3 Yb @9, (Reference CT)¢.>)A CT

g B |
S ]y o) olssinl polas XLy (Digitally reconstructed radiograph(DRR)) (sas g0 oo 55kl slo 81T g00, ioles ¥ S

AT-PR s, &

Sae MR ):{SLGJ(C 9 Atlas-LW OV & Bus MR polai(co az pe CT )3_5[.,45(" 3 oads oz (desmas (5 ,id ul}Ml G Coomw cdoasmoas u‘wl

e Olse 4 e 9 5 Slalowe ais) o @"L"W"

Ol ol ool 5,8 ol s Le‘,-l’ 0 2howdse sl
el S Qb;r..b‘)é 2ede MR 5l 5l ealia]

) by eBots, ool NSWREP [ JON
OJ; (v-""} SRAE J:J.s & CT Ju\-@" L aslie s S D) fé GRP (EBUR 0Nl D92 eh a2l P edl)
Ul ol skt 4 pala ol o sas oW ol

£ (OAR) bi o a5 b8l 5 Gun b8

b)'):- BE) MR}CTJ-EJG)‘DJJJJM 6\"’%}‘)) 39,9

4 Kl on sl 5l gae o pa panis cbale
3 5 oo BBl sy K 0 S eia sk

£4


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

\“ﬁﬁ QL«-«.M) ‘(/\\ @L@) \ D)\A«:l ‘YY‘ .,\.L'>-

esS

(Median ale e 25, 5 a3 § b 5 ol b Jola
i S ] anylis 5 555 4 lis Value (MV))
ufv\-w sl o)) o ,-<3.° D0 95 4 Cumd | Atlas-LW
sl ol lesanl glajlale 5 sas awlse SUV
Atlas- rs; 53 by ol Glilas coo uimas
DSC uslie Lulal eyl addlas 53 sas sslisel MV 5 LW
Looas axle 25020 CT 5l oS s 4lie RVD
3315 GFeSRVD 5 i DSC alis Atlas-LW s,
Koz LIs MV 25, b aslas

sz MR 5las 513 sane S S50 S sba
0355 oo oolazal ol o me Hobay lagaal il w6 &S
el Dl Sl slar ol Sl ol S8l
i s ol UMR sl o Sl slacsl Y sans
20 o Ol s (ol 5 s 51 glpp e
S I ) Sl coly SS& MR 0l 5o
5 PET ila i ol 6l s i slatlls
Seslaad b 5beys 5 5 wized s PET-MR (5,05 5 5 s
Sl ¢l SSUS iy, sl MR ula
st ple cpl 53 S eas slgian MR slas 51 o)l s
laals 13l cp St 5 svan (i 5 ol e
bogres 93 onl was plol glalie Sl 5 oin s
Loty 503 & Camd 5 2,5 labade 6 Gl
S ) adllan cyl Glacyspime ) Sy ooy plas
ol s 513 ) 2550 (bl e sl s
asba [YANA] e isn sla iy, &5 cud Js o
oz s MR slar 51 ol sl (3lalaa ) s 28
51 xS e S el 3y5e s gias CT ol sl
oo bl bl e slaig) gam addllae s 0]
wola Sl e siae CT plar oy Gly osiae 2sn
o) 3 bl e sl 58 aalys amlie MR
&3lwssly PET-MR (¢l 1 s sel&ins 55 & g
s3lizal 5,50 Gl (o1 9as 53 0 050, Loba 5 Kleas
S5l ssmy Wl iz en )l Sl S s Ll 3
Cdoay aS Az 5B bl e sy, des e s
23\ 538 5 o (5313 555 53 2 shme Ghgp SRS,
[YAYA] 28 w55 1y e 5iae CT

ol 0o S iy 93 bl e sbas) ol S
JB 8y 5 oo Glols e B 15 ) 35 5e adlllae
Sty sl 5o eslimad gl 15 ol 48 wles s s
S sz on) g e adllas ool 5o 50l g e S ki

sils gl OISl e ol b [YPO] asl axls
w23 MR sl 5l e 55b 4 g sl gy Sl
55 by om b 53 MR ks 5 eslisad i oy ey
L1, PET-MR iolas o Cami ol b5 o)),
e Grao 99 5l adlllas ol 53 NOX] S5l e 5 05 SISt
il s5lelan ), (Atlas-LW 5 AT-PR) LJbl ,
w Jole S Gl 5l S ol 4 A
&S s o3tz Jhlay MR o\ 5l e sias CT il
5350305 B i gl et Ol VU elal 3
CT ssa cale s ol b 5l Jobs s
L Atlas-LW) 5 (AT-PR 5, 55 cul 51 sslisd | e sics
obles gz e CT sla 5l sas laa Glaglssanl
Ao dolie andlas oyl 5 oanSeS

S osba e ) s el casay WS sl
I i 28 by, ol Como S was e ol
S ol sl g5 a8 el S5 51 5t cAazan ol s3aad
S Gl oemed Sl sl i ames (o8] 2)
Atlas- 55, b a5 s nslar 5l eas 2l sl (oS sl el
AT-PR i) b oaslie 5o SIS 5ok 4 caloas bl LW
55 4S[YV] sladllae b alts ol azzn Lls 1 6L plis
S YW s e o SMR-CT sl 6, YN P Il
Gollaz ke 4 bl e 25 paiy 5 A ¢l
$165S 4 ,ls Gl en wiaz alie KoK b ol
Atlas- 25, <) sV DSC slie 4 adlls o] 5o oS
il Cws AT-PR oy, b acolio o LW

tdela Grgs 9 51 laddlas 5s [YO] oL 5 esla
o9 ox <8l 5l e b 0) MR slas san 2w
Ao\ i ol gl AT-PR 5 (ol sl g5lelan
olie ke s sl 5 s S el o JSPET-MR
,> (Standard Uptake Value (SUV)) s luknl ods
> (Volume Of Interest (VOI)) sui Ladin slazs
sdd i Pol (295 95 nl b a5 ohlen PET il
CT Lislas b sad Chms ol pla 4 cod oy
S olie Gl 1 6 508 e sl s VRSV )
AT-PR (25, b o cindas ol sl 5o oad ) 5]
sl Cda b alg oo gt (o) 4 S
A sbear 4 Gl ey Jela) YL oan sl L
2ol gl (S e

Calu shte 4 ladlas 55 VO] GLSes 5 e
s iy 93 WL Atlas-LW 25, « o size CT , ps
ok <l IS S MR slas aid oo canisa 5)


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

@chaj)}agakmhuu

MR sl 3l ol sl (s5balan

correction. IEEE Nucl Sci Sympos Med Imaging Confer
(NSS/MIC), Manchester, UK. 2019.

[13] Arabi H, Bortolin K, Ginovart N, Garibotto V, Zaidi H.
Deep learning-guided joint attenuation and scatter correction in
multitracer neuroimaging studies. Hum Brain Mapp 2020; 41: 3667-
3679.

[14] Arabi H, Zaidi H. Magnetic resonance imaging-guided
attenuation correction in whole-body PET/MRI using a sorted atlas
approach. Med Image Anal 2016; 31: 1-15.

[15] Arabi H, Koutsouvelis N, Rouzaud M, Miralbell R, Zaidi
H. Atlas-guided generation of pseudo-CT images for MRI-only and
hybrid PET-MRI-guided radiotherapy treatment planning. Phys
Med Biol 2016; 61: 6531-6552.

[16] Arabi H, Zaidi H, editors. MRI-based pseudo-CT
generation using sorted atlas images in whole-body PET/MRI. IEEE
Nucl Sci Sympos Med Imaging Confer (NSS/MIC); 2014.

[17] Burgos N, Cardoso MJ, Thielemans K, Modat M,
Pedemonte S, Dickson J, et al. Attenuation correction synthesis for
hybrid PET-MR scanners: application to brain studies. IEEE Trans
Med Imaging 2014; 33: 2332-2341.

[18] Andreasen D, Van Leemput K, Hansen RH, Andersen JA,
Edmund JM. Patch-based generation of a pseudo CT from
conventional MRI sequences for MRI-only radiotherapy of the
brain. Med phys 2015; 42: 1596-1605.

[19] Hofmann M, Steinke F, Scheel V, Charpiat G, Farquhar J,
Aschoff P, et al. MRI-based attenuation correction for PET/MRI: a
novel approach combining pattern recognition and atlas registration.
J Nucl Med 2008; 49: 1875-1883.

[20] Sekine T, Ter Voert EE, Warnock G, Buck A, Huellner M,
Veit-Haibach P, et al. Clinical evaluation of Zero-Echo-Time
attenuation correction for brain 18F-FDG PET/MRI: comparison
with Atlas attenuation correction. J Nucl Med 2016; 57: 1927-1932.

[21] Montazeri M. Machine learning models for predicting the
diagnosis of liver disease. Koomesh 2014; 16. (Persian).

[22] Largent A, Barateau A, Nunes JC, Mylona E, Castelli J,
Lafond C, et al. Comparison of deep learning-based and patch-based
methods for pseudo-CT generation in MRI-based prostate dose
planning. Int J Radiat Oncol Biol Phys 2019; 105: 1137-1150.

[23] Klein S, Staring M, Murphy K, Viergever MA, Pluim JP.
elastix: a toolbox for intensity-based medical image registration.
IEEE Trans Med Imaging 2010; 29: 196-205.

[24] Akbarzadeh A, Gutierrez D, Baskin A, Ay MR, Ahmadian
A, Riahi Alam N, et al. Evaluation of whole-body MR to CT
deformable image registration. J Appl Clin Med Phys 2013; 14:
4163.

[25] Hofmann M, Bezrukov I, Mantlik F, Aschoff P, Steinke F,
Beyer T, et al. MRI-based attenuation correction for whole-body
PET/MRI: quantitative evaluation of segmentation-and atlas-based
methods. J Nucl Med 2011; 52: 1392-1399.

[26] Haghparast A, Hashemi B, Eivazi MT. An assessment of
the factors involved in effective attenuation coefficient of the
compensator material for the treatment with 6MV photons using
intensity modulated radiation therapy method. Koomesh 2011; 12:
279-184.

[27] Arabi H, Zaidi H. Comparison of atlas-based techniques
for whole-body bone segmentation. Med Image Anal 2017; 36: 98-
112.

[28] Arabi H, Zeng G, Zheng G, Zaidi H. Does deep learning
approaches outperform atlas-guided attenuation correction in brain
PET/MRI? J Nucl Med 2019; 60: 175.

[29] Arabi H, Zaidi H. Deep learning-guided estimation of
attenuation correction factors from time-of-flight PET emission
data. Med Image Anal 2020; 64: 101718.

\A)

MR (s 5 s 53 b sl Gl b s 93 cnl 5 SO
\.5 d\.?ks\y a.,\J Cwddy c:‘w .(..,,Aa)\} IR e S
om sz Ol addl S sl i Ol
M‘_g\.ﬁwb 598 eSS 4 olsige ) s cad\ls
obles slawr 5 b 2l (golhang 5o Sole eas salax

s s ‘u;t.g.\.aﬂ d)ee

Ll s 55 olsloy laran (S (s QLS 5
ol Sl 5 S iy b Lol adllas ol o

S

el.i.o

[1] Chandarana H, Wang H, Tijssen RHN, Das 1J. Emerging
role of MRI in radiation therapy. J Magn Reson Imaging 2018; 48:
1468-1478.

[2] Ulin K, Urie MM, Cherlow JM. Results of a multi-
institutional benchmark test for cranial CT/MR image registration.
Int J Radiat Oncol Biol Phys 2010; 77: 1584-1589.

[3] Arabi H, Dowling JA, Burgos N, Han X, Greer PB,
Koutsouvelis N, et al. Comparative study of algorithms for synthetic
CT generation from MRI: Consequences for MRI-guided radiation
planning in the pelvic region. Med Phys 2018; 45: 5218-5233.

[4] Mehranian A, Arabi H, Zaidi H. Vision 20/20: Magnetic
resonance imaging-guided attenuation correction in PET/MRI:
Challenges, solutions, and opportunities. Med Phys 2016; 43: 1130-
1155.

[5] Chen Y, An H. Attenuation Correction of PET/MR Imaging.
Magn Reson Imaging Clin N Am 2017; 25: 245-255.

[6] Mehranian A, Arabi H, Zaidi H. Quantitative analysis of
MRI-guided attenuation correction techniques in time-of-flight
brain PET/MRI. Neuroimage 2016; 130: 123-133.

[7] Arabi H, Zaidi H. Whole-body bone segmentation from
MRI for PET/MRI attenuation correction using shape-based
averaging. Med Phys 2016; 43: 5848.

[8] Arabi H, Zaidi H. One registration multi-atlas-based
pseudo-CT generation for attenuation correction in PET/MRI. Eur J
Nucl Med Mol Imaging 2016; 43: 2021-2035.

[9] Arabi H, Rager O, Alem A, Varoquaux A, Becker M, Zaidi
H. Clinical assessment of MR-guided 3-class and 4-class attenuation
correction in PET/MR. Mol Imaging Biol 2015; 17: 264-276.

[10] Bortolin K, Arabi H, Zaidi H. Deep learning-guided
attenuation and scatter correction in brain PET/MRI without using
anatomical images. IEEE Nucl Sci Sympos Med Imaging Confer
(NSS/MIC), Manchester, UK. 2019.

[11] Bahrami A, Karimian A, Fatemizadeh E, Arabi H. Zaidi H.
A novel convolutional neural network with high convergence rate:
Application to CT synthesis from MR images. IEEE Nucl Sci
Sympos Med Imaging Confer (NSS/MIC), Manchester, UK. 2019.

[12] Arabi H, Zaidi H. Three-dimensional shape completion
using deep convolutional neural networks: Application to truncation
compensation and metal artifact reduction in PET/MRI attenuation


http://dx.doi.org/10.29252/koomesh.23.1.64
https://koomeshjournal.semums.ac.ir/article-1-6171-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

[ DOI: 10.29252/koomesh.23.1.64 |

Volume 23, Issue 1 (Winter 2021), 64-71

Comparison of state-of-the-art atlas-based bone
segmentation approaches from brain MR images for MR-
only radiation planning and PET/MR attenuation correction

Samaneh Mostafapour (M.Sc)?, Hossein Arabi (Ph.D)™

1- Dept. of Radiology Technology, Faculty of Paramedical Sciences, Mashhad University of Medical Sciences, Mashhad, Iran

2- Division of Nuclear Medicine and Molecular Imaging, Department of Medical Imaging, Geneva University Hospital, CH-1211 Geneva 4,
Switzerland

= Corresponding author. +98 41 767261714 hossein.arabi@unige.ch Received: 20 Jan 2020; Accepted: 12 Jul 2020

Introduction: Magnetic Resonance (MR) imaging has emerged as a valuable tool in radiation treatment (RT)
planning as well as Positron Emission Tomography (PET) imaging owing to its superior soft-tissue contrast. Due to
the fact that there is no direct transformation from voxel intensity in MR images into electron density, it's crucial to
generate a pseudo-CT (Computed Tomography) image from MRI for the task of MR-guided attenuation correction
and RT planning. This study set out to investigate the performance of two state-of-the-art atlas-based pseudo-CT
generation approaches from MR brain images.

Materials and Methods: Bone segmentation was performed on 43 brain CT and MR pairs using atlas-based local
weighting (Atlas-LW) and atlas registration combined with pattern recognition (AT-PR) techniques. The accuracy of
bone extraction performed by these two approaches was investigated for the entire bony structures as well as cortical
bone using standard segmentation metrics such as Dice similarity (DSC). Moreover, the accuracy of the CT value
estimated from MR images was evaluated using mean absolute error (MAE), and root mean square error (RMSE)
metrics.

Results: Overall, Atlas-LW technique exhibited higher segmentation accuracy resulting in DSC=0.79+0.61 and
0.84+0.03, while AT-PR method led to DSC=0.72+0.8 and 0.77+0.05 for cortical and total bone, respectively.
Moreover, Atlas-LW approach estimated CT values for the total bone tissue with MAE=17.6+138.0 HU and
RMSE=466.2+75.0 HU compared to MAE=-10.9+147.0 HU and RMSE=522.5+89.7 HU obtained from AT-PR
approach.

Conclusion: The Atlas-LW exhibited superior the performance in this study which demonstrates its potential to
be employed in PET/MR attenuation correction (AC) and MR-only RT planning.

Keywords: Bone, Brain, Magnetic Resonance Imaging, Positron-Emission Tomography, Radiotherapy.
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