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ABSTRACT

Finite element analysis has become one of the common approaches for predicting
load distribution between the foot and different supporting structures, providing valuable insights into
the internal stresses of bone structures. The construction of accurate models using this method relies
on medical imaging data to reconstruct the geometry of bones and tissues. CT scanning is the most
widely used imaging modality for bone visualization and serves as the main basis for biomechanical
joint modeling. However, radiation-related concerns, particularly in repeated imaging of individuals,
children, or sensitive populations, highlight the need for safer and radiation-free alternatives, such as
magnetic resonance imaging (MRI). Despite the advantages of MRI, including superior soft tissue quality
and radiation safety, direct extraction of bone geometry from MRI remains challenging due to the low
contrast of bone boundaries, especially in complex joints, such as the ankle. Recently, another imaging
approach known as Al generated CT has emerged, in which CT-like images are generated from MRI
data using artificial intelligence techniques. This study aimed to evaluate the accuracy and substitution
capability of bone models obtained from a specific MRI sequence and Al generated CT, in comparison
with reference CT scans for ankle joint stress analysis.

[VEETEEE For this purpose, CT scans, MRI data, and Al generated CT images were acquired from three
healthy ankle joint samples. A total of 6 three-dimensional models were constructed based on these
imaging modalities. Bone segmentation was performed using Mimics software, and the resulting 3-D
models were further processed in 3-matic for standardized positioning, cartilage generation, minor
surface smoothing, and mesh generation. Finite element modeling and mechanical simulations were
then conducted in the Abaqus software environment. Contact stress distribution and von Mises stresses
in the talus bone and cartilage were analyzed and compared across the different imaging-based models.
[EEMTE The findings demonstrated that Al generated CT models exhibited good agreement with
reference CT scans in terms of maximum stress values and stress distribution patterns, with a maximum
difference of 5% in contact stress. In contrast, bone MRI-based models showed noticeable deviations
in stress distribution patterns, as well as differences of 12% in maximum contact stress and 45% in von
Mises stress.

[T These results indicate that, under current conditions, direct modeling from bone MRI lacks
sufficient accuracy for mechanical stress analysis. Nevertheless, generating Al generated CT images from
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Introduction

nkle is one of the most complex joints

in the human body, composed of several

bones that interact intricately to enable

motion. Finite element analysis (FEA)

has become a widely used method for
predicting load distribution across the foot and its sup-
porting structures, providing valuable insights into in-
ternal stresses within bone and cartilage. Traditionally,
computed tomography (CT) has served as the reference
imaging modality for reconstructing bone geometry and
biomechanical modeling. However, concerns regarding
radiation exposure, especially in repeated imaging or in
children, have raised the need for safer alternatives. Mag-
netic resonance imaging (MRI) is the gold standard for
soft tissue imaging, yet direct bone geometry extraction
remains challenging due to poor contrast of cortical bone
boundaries, particularly in the ankle joint.

In response, novel approaches have emerged, including
specific MRI sequences and Al generated CT, in which
deep learning algorithms generate CT-like images from
MRI data. Previous studies have explored Al generated
CT in areas, such as the spine and knee, showing prom-
ising results for musculoskeletal applications. Nonethe-
less, no study had directly investigated the feasibility of
specific MRI sequence or Al generated CT in ankle joint
finite element modeling.

This study aimed to evaluate whether bone models de-
rived from a specific MRI sequence and from Al gener-
ated CT could serve as accurate alternatives to CT scans
for finite element analysis of the ankle joint.

Methods

This research focused on feasibility assessment of 3 im-
aging modalities CT, specific MRI sequence, and Al gen-
erated CT for ankle joint biomechanical modeling. Three
healthy left ankle joints were analyzed. For one sample,
paired CT and specific MRI sequence data were avail-
able; for the other two, CT and Al generated CT datasets
were collected. In total, 6 models were constructed.

Al generated CT images were produced from MRI da-
tasets using a convolutional neural network with U-Net
architecture, trained on paired MRI and CT data from 39
patients. All imaging data were segmented with Mimics
software, followed by neutral positioning, cartilage mod-
eling, surface smoothing, and meshing in 3-Matic. Car-

Scientific Journal of

tilage layers were modeled as uniform or semi-uniform
thicknesses to ensure proper contact surfaces. Final mesh-
es were transferred into Abaqus for FEA.

Material properties for cortical bone and cartilage were
assumed to be linear elastic: Young’s modulus of 7300
MPa and Poisson’s ratio of 0.3 for bone, and 12 MPa and
0.49 for cartilage. Boundary conditions included 600 N
compressive loading along the tibial axis, simulating neu-
tral standing posture. Five mesh densities were tested to
ensure numerical convergence, with the final meshes con-
taining up to about 430000 tetrahedral elements.

Validation of the CT-based models was performed by
comparing contact stress values against published data
from prior studies.

Results

The finite element simulations were performed in
Abaqus 2020 using explicit dynamics, requiring 5-7
hours per model depending on mesh density. Contact
stresses at the tibiotalar cartilage interface and von Mises
stresses in the talus were analyzed.

For the specific MRI sequence model (compared with
paired CT):

Maximum contact stress was 12.4% higher than CT.

Von Mises stress in cartilage and talus bone were 39.6%
and 44.9% higher, respectively.

Stress distribution patterns showed clear discrepancies,
with MRI-based results localizing stress peaks in different
anatomical regions than CT.

For the Al generated CT models (compared with paired
CT):

In the first case, contact stress was 2.6% higher, and
von Mises stress differences were +33% (cartilage) and
+32.5% (talus). Despite differences in magnitude, the
overall distribution patterns were similar.

In the second case, contact stress was 4.8% lower, while
von Mises stresses were 9.9% (cartilage) and 9.8% (talus)
lower than CT. Stress localization patterns were highly
consistent between Al generated CT and reference CT.

Overall, Al generated CT showed closer agreement with
CT in both magnitudes and patterns of stress distribution,
whereas specific MRI sequence exhibited significant de-
viations.
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Conclusion

This study demonstrates that while the specific MRI se-
quence provides useful anatomical information, it lacks
sufficient accuracy for direct finite element modeling of
the ankle joint due to geometric and contrast limitations.
In contrast, Al generated CT produced from MRI data
using deep learning algorithms showed high consistency
with CT scans, with stress differences as low as 5%.

Therefore, Al generated CT represents a promising radi-
ation-free alternative to CT for biomechanical modeling
of complex joints such as the ankle. Continued refinement
of MRI sequences and Al algorithms may eventually al-
low full replacement of CT in musculoskeletal finite ele-
ment analysis, reducing radiation exposure while main-
taining biomechanical accuracy.
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1. Computed Tomography (CT)
2. Magnetic Resonance Imaging (MRI)
3. Al Generated CT

b e baado Jao 5 455 34 597 duntlio 9 gameylell Julod - iyl g 9 g A8


http://medrehab.sbmu.ac.ir/

ooLé.';....Jlo)y t-‘;—‘)]f" P u’:‘)l-’“ S )'.’.BL"S A
T1-weighted multi- il 5l 6,50 00 b Guizs ol jo
asllas ol 4o oolaiwls ge (slrosls .slous ulgs echo GRE
oRisly (Sivjy S aieS ;o METC 17440 oS L oniia b
O ygods Laosls oles ailonds (55l men C gl Sippsle
2 BAS Sy el cls) 3315l Gy 5 Gulesls

TFl a5 1,8 gty 09,5 Lo

Jate (Sl Jelo 5 (glwand (gl sgammelall 3,
ot 0 RUIE s 4 Ghy) cpl b 485 S 4k e
Seilfogey Slalllas o (2o Glaplral> g A5 @jes
ol VL 85 ogdle el azily glosg olKole o] Lolie
@l Ll bl 5 005 IS 55 golasdl 5 oy Jlaisl s
3 atailil g bke i s 0o oLzl L
Sy Lulyd g el (Sl elys (330 dwain (35
JoU gileJow 10 09200 sla il aazgil ool caslio
oas oolaiwl glagilweslss I Jow >l 1o b o Jade
gl age Glies pglal Glee bl dnnlie 5 55 563 b ol

Sxduw (B Jo ] ySciun

P oip 090 o b 4 bgrye oo b e Juaie ¥
leﬁj)bl.:.’;n 61)1‘515‘;,5“\6:‘5“)&3@ A god \ leﬁ.;;é)f
g Lz Sl o 9 53l (o pgbal 500 Jade ¥
O Julow gl Jow £ ggemme o s oolainl (guman Jow
7&9')391 Sl ppsle olSiils (6o b pyglas oy Sl Cewd
ol B i o oKl SeilSages (S35 (o293 09,5 9 wilo
Dl adgl g

L e aSes S Sl s ilome (Sl S sl 9s5 sl

sk oS sl ol o 45 o ool UNe (s Los
Ooigel il B 10 gy sas sols bigal Sl S o 4 51Tl
SLTEl gl 515 45 Jlows ¥4 45 Logs o (slmools §f cdSs o

S Sygots polal slaglyial gamise sl

Sibodse 53 a2l G Sy by T Sane Jf3Bl0 5 o
Cyots adlhs conle amrgl wb el SolSose:
2 SRopnsas slodas b amlie » S,e5 5 (69,90
O3L09x0 9 Gl Bl (o8 (Sl i el b
)5 4 (Sly el jshaieds s plowl aslllas (pl yo
a5 plosl ol SS90 S el oot S (sales

6. Utrecht

7. Neural network
8. Register

9. Mimics

Eos Judo a4 (Jcpnll Ivel codl oo Jos aiey cpl yo
gy cdlBs (Slgiul Slge  SeSanl ¢ 8L la S
s«)‘}.; 9 Comnns> > ‘C}...»J \.\.A.;Lo 6&)5 (_ng&:)auJ 9 kSIOL') 9 LS;M
e 5 555ty szl b e 3 oo 5 ol

I e

b e Jhate SilSage Julos Gon b goaaite Slallas
SeilSe L8, 5 il Jalse il o] s 4 wiloads plox
ool )l g5lwJae dop)] Gl 3l 0l pwyp Juao
2 e olea [V AV (5en 5 gyl by
DV N O] el a8 5 15 oolatl 5,90 (6 ks liios

oo 4y gl g Sy Lol ladenl ¥ ods Jow ol jo
g 0000l e S B o ol o B9 e slaasY
23 S mmedl 5 T Sl slf3dle i 5 dgammailall slo el
Dl e\.._‘))f )Ja.:

Slgreas sT)Tel o glas slooliiwl waiplol colalllas dsaxgil
S b g slp egiae h9a Glapt Sl L ]
S Sl Sow lp el (S0l Mg e 3lxe
shlel 5l ool Sl ) p oo b canlllas oyl jo il
(Sl S s pabai e ¥l sgame Lol Ll sla Jos b
w é')a.' 9 0L CI)DL..M‘ (Ls)l.‘xa CS'LSW 9 ‘SI‘jM‘ le)“d
Jate Sillegn sloJow 55U sl anglds PN
5 7l i jgbas ol,lal pslar 5l eslaiwl b b e
LT a8 el o] ol o idgh ol 5o ailosis oo
(SE s Shgh gy SeS 4 0adzl il b e Gyl Jos
Wl e el Lol wilsw G 5l saianwle Jaw b
il (SelSegn oo cole o (Sl S il
Sgazeeslell sla Jow 3l Jols i Judow gl ¢ bl oyl
S bssbre S shlpl s Sl o skl 2 s
IR err 990 b o Jade Vsl (ol (6l o anylia
oo 0 dngd (Sl o 9 S Jdo 5 3128 S
P S Som S Jate Vil el pga Jate S
2855 3 Jelos 9590 5

S bgy 005 (i) Kal () Ban b gk ()]
Sl iledae 509y Olssar il s 5 LI

4. Abaqus
5. ANSYS

Yo o Jo )3 A0 & jo7 dumtlio g dgasmaglel] Judod - b)) g 9 gy e


http://medrehab.sbmu.ac.ir/

Lbolo.” Slass 9 o}‘d&‘ R J,A?

g pdans o asle JS olass RRIS I RRIS I .

(i) i g gl (i) iy i (lushe) nsci S
o[+0+00 s Y > Joeds
of+be0% YIVIA Vg ¥ pod o
o[oDYY- VeYOA- vy Yy po o
o[-6¥A- ¥)-YEY ) s e U
o[- OYAY VYA <IN Al g el

a2 Voo dga> 50 slysly (wolb Glsinl (258 5920 b g
e S oo Slml Jade (Salil 5 03 05 > sl o
Vo b opls Vb (Sloe abali 5l Gugll Glsseinl (029
o5l Sslr o @y 5 00l ST g Gl (LS g
Jsb ool (] s 4y @81 05 a2 )0 10 agly
IR Glr 50s9e 6wz ¥ oo)led pgal ol oo Sl
b sanpton 5l o (S Cundg o b e Jade (335
ool Gyl (lil CoaBge pgaal (pl )3 e ge LA
Bl gl gl g Cuzr g SBladans ©)gon

Sloas eals yioles ( gz Clo 0 gl Condge (28,5

Ggpai VENY] b pmgsy (S0 0 wlasd, a4y iy
ooyl Lads ghaw cols Loy b 53,5 35,251 b
WY oo MO O cleSy slaculis b uell 5 Sous,s
g it V] K laalllas |5 ol oty 6 5lu Joe yie oo
Olgzianl ¥ o oled axb 0 c3leiSs e slasY & jgoas
wd)S Sl o ade S nie 6lad plgiea g oud silusl
bacdg e ol [N] S (dlanlllas o cimran ol o
Lw5em °9r~“5|u‘9"“*“}°65) u}‘}&_v wl.‘x.cla

JysS cdoay saizl il glaJoe 1o (Seagill slasye g
Fonl pea zeoy o 4 hilpl pglai gan iy b
Orized g it Vg pgal slalhs g s sz (g
P ey Sl jeax o il peal sla Sy
S C83 (rb jobas & (Sl S o psla b sl
Froles 9 FESlpoile Colear il lssiad ales 5o
slaglyinl ganidn ol liges o ojled pgal )3 o9

el ol ools lzd sl ylel yolay o Sy g sl

Skt § By pad gl e Juadie (Jib CunBgn (S
S Jaliwl Cuxdge i jglateds lalesinl (pl (gumdn
5SS gsh (i Voo Jaro dackspal 0 g (s )8
o e TS e 5 )18l 5 (sl e g

39 i Candge Y] )5 5 ygms il asdllas ol
u‘?"““‘)ﬁ’“’ 45&9.“6‘0 w).’.: (5‘44;4.: J.»AJ.A O\)LM‘ ;.,Jl.‘>
ools JoSid az 0 AD L ol glaugly gy el b Sy

10. Artefacts
11. Smooth
12. 3-matic

&l nlo adlllae b glis (oxiw Liel Y Jgsar

S yd dg mié 45 (MPa) (owlod 833 JST8o

855 Ly (Sl 5 g (S rigod

y/ve

yIve

Y/va

O/M

Y/oA

VA

[T a2 ye Y ojlasd digos
DYz ye ¥ 0jlasd digos
(V0] gy 4iges
23 i3 ) o)lad diges
2ol i3 ¥ oladd diges

ol ingh V¥ oyled diges

b e baado Jao 5 455 34 597 duntlio 9 gameylell Julod - iyl g 9 g A8


http://medrehab.sbmu.ac.ir/

sk i Il ¥ i ol s 25l e
L by i izad o o ] 25 55,5
Slezenl Sz g solad g o e de VO Cwls
Ll Jlosl 5 G5 55 5 sl § 63k slaions sl
¥ o)louds el ;o .ol ol wgaseledl ol o (650
odlays Bgpad ¥ g Glsted ¥ ol (ol goman Joe

Lol 00 00l yioled

5 goman lodoe ganiie sl wild slasl o
Seinsy Sy 5 @D3C) 25 ¥ azs T slaclol]
oy Johie sl Lo b oaisadgs e CoiS .os ooliiul
Jize LasSUT 33l 5 4y g3as slo Lelows (sl el 5l o s

e

&hlel y29las 5L o Jate slaglgmiinl (som isy ) p1guad

5 kol g2 ¥ ey e 4l eyl lilee 5 asli

AIGICS S CRUIVAES-3 PN | Y- PRW-Y-IN KN

3B 09 ST 5 )bl St o b ules axl jo e Lo
P ) Glegeinl gl ol g3l Jae el gl mlan
Lol ol o doe VY adsl cuoles L Jlade By pad
GlugSay JSoud o Bgyad Cwlies (rder Dldes l oolaul
5 oll By pal ( JEI5 5 (SB)9)8 w0 a5 Sl alS

13. Boolean

Sy ey 50 samdw Juo ¥ pguad

ooyl cdl> jo Laie is CosBge (yuand ¥ piguad

Yo o Jo )3 A0 & jo7 dumtlio g dgasmaglel] Judod - b)) g 9 gy e


http://medrehab.sbmu.ac.ir/

ool

o[o ¥

ofoBY

of oY

JEIN

o/vo

[ ‘Aocoo

sty 53 5 W] g o Billas i Po0 (i 09 Jiio
Slp Geimmen b o)y o Jow plad 4y S oleseia
u‘w‘ oS > ety | ES ooliws] Caxdy (6 jhwdads
A e 03l (595 SLiwl,y 4o (Sb e

slaplell slao S o 25 55 o5 ol 5l 2T sl sl
Ol 695 5 e Siy0 by 57 (sl lgscid
hd e ol S8 g5 iy a5 aisS les s Jlesl
S Ll Jlosl polaieay (placdypad (ol Slios
@l Joe (i Ll ol Jleel Jf i (g5lo e
A (6 lwdds oolol

4 oliws b Gl coalis (3051 ploxl b by Lol ola
iliee o 0 il (sl 33 syt gl ol o] S o
ol gl o 13 28,5 8 sy 850 Ll o5l
Sk Vg il 6l gy ko O Laglozetl (sl ol
8L malS ws 0 Vo lapladl ojladl il o 20 0 g ol s
KOyl bl Gl cuiy @ bl slal ol
oA 5V Y NE Y lacbs e clyy g oo ¥ 5 YIS Y
Sy i 5 oadoslial gl ylell IS sy s il oo Lo
oo o 4]V o lad Joar 5 Cilishs (gay e Y ]

gl glralr din (abgie Colas (9051 (sl
s il g Fhe (el plpreds (SEd )y plyFiial SBgd
Joges Fojled pgas [Vl 3,5 13 ) 3500 LagyLall
Al 0 s |y ety gl SBg mhe olals

odalie F ojlods yoad & bogye Jlogei 10 a5 ol len
Sl a8 b ey g )k sl Sl @l s o

Y oylods 1O 0590 NFod pui g oo )5

Y’ooooo faoooo

Oledl slass

$olell (S (o S ok oy (S0 gl (SBgh phaw (glraslr polie F yrguad

dgusoylod! 6 5Lwans

G5B CanBao sl dolgseiwl (gamdns Jawo adgi 5l o
A Jitie usSLI 58l 5 (g3l plonil g

5 OlyFenl (sl (ot (SlSe Lol5 min Dlalllas o
Jbseis 6Ll lgseinl am ST.ca ond slyiing (g paé
5,8 i s e SVl osle S & g0hs Yaame Lol oo s
S8, (28 b gl aline 5 By pas 09 o0
VYoo byl ol Kb Joae DY wi g3l Joe a5
wdypiat (gl [V ] o Blod oY )1 oy guslgy o SISl Ko
A5 53 o/ glgy s g JELL B VY Jolae 3L Jge
by e il 4 JolS & jpods g pié o VY] wias 5
ot Sl gy [¥] sl s Toupomnz SlS 5 Lo
Slde (S g woll) (hade ladypae uled zolaw
VY] s Ll o0

OlPinl o G5 55 damlie o (gl (nl Sa dsaz il
5 Sl (Sow (Sl S polal | ondl Sl el
Lo Jowe plas (sl oy SlSie Lol ectuns] gzl (51,1l
G o gl dglie ISl b 0 48,8 i 5 LSy
L) (poid Slaglis 5 (65533 il 5 958 wal 3 aliee
Do
SO oy gl GBgd mhaw slalal glao,S
69)& [FERVEWIPSIRY \AJLAS‘ éa,w U"‘ ;J.o )o & o)f
Ol 47 j5mme sl 50 CBIpS &)g0as oad Jlac] 5 e

14. Tie
15. MPC

b @0 b Jio 5 (45 2597 Al 9 dgaomecslol] o - oty dug 9 Flgy e

—
Yye



http://medrehab.sbmu.ac.ir/

Y oylosis 1D 098 NFodd yui g ald >

Wil

e GosSLl 3800 5 baome 55 (goue (il wiyl b

FLERW ‘)}‘ ‘_g‘w \ o..\.i)"o)..l l.’ (S (69 3 9 YoYVo
A ools plais! Sl Slawlxe plogl gl atwn § o] o
ol o as aid 5 I8 4 Lo sl Vi po Sealizs Sl
9 SINLL el a5 09y (oSl (slaguled S92y (Ll
Las jglateds o co Sobinl > j0 loly ol Se poc
Sl GlaigS e (IS e e delos jo Seilivlans Lyl
S olebl jshaieay ailey (BU 5zl gyl Sl aST 0l
(e pled o (a5l a5 al S8 (oo )l
i olal asaz g3l ailey b SN (65,5l ao 0V 5l e
pll glys 3Las jae Lo oottty yao sl yladl Slaws g L Jos

S i el Y B O (o b g jludcds

ol o &y (Sl S o oo TV 155 S s &5 45 Lo
Sblis il (o Joo ¥ 5 Szl sllel Joo S
D8, B ey 5 el 890 o) gl 5 s (3l
b osled )3 (gl Byt culed logils @ alal o
9 Bopat 13 ualotyd AL (mizmed g (SED)S By pac
b dmlia gl gl

o gosls a0 do i aje dwnlae jglateds

2 i8S 3 Ll 0j0e gilel O psods enid s
b ad i Joo 2 sl lorzr o jlogal s ol
SaSly aels oS > wile ol oy sla sl
el e ooy ioled 4o D jgods (gu> polie 09> g
OF SaST i 9 (25 o (IS alio ISl Lo foges

16. Dynamic Explicit

* *
<]
ey
NI
i
b o Jaio Gamsdus Joo D pguad

e 5l plaedsl 5l ey ailaidl, cevs 1S en 4 ayLell
@oe (g3l plnl Sy b o Jato oles Joe (i
sl 005 o0l u,..;Lu I O)LQ-A:’ Real o 45 o eobel

emyliel anld gy bl ol e 3l e
oo i35 (slosls b sselcuwsds gulis duslie b (s lwdrcds
DVl o e 5 ols5 5 VY] (s 5 cyg il &ty o
S By pad yoled (il yiSTas dunlie pl ool plodl
u‘)l.ia..b 9 uj.w)..\.:‘ & o o..\..:JA.‘»‘)‘ k)'iw‘KS'LSM" J.\A Y )l
Joe ¥ bl polie U IVE] (S 5 155 a0 5 [VY]
el ol sausinw aalllas ol 5o ol g sluand Sl o
W PR W 43‘)‘ Y o)Lo..:J Jj"" B MLM ua‘

SBordd > ooled B mig dlie 7 oojled gl
il ¥ olads gz o ol cgla o (el Iy s o
bed 25 e IVF] e 5 ()sS azpe po s oo
O @59 e e g Senloai 03l (LS e O j90t,
ST ol yshatods By Lty] 5 a5 o ) augloysd
el saoolazw! oS 615

O s ol atiioe £ ojlouds gl ;0 a5 jgbjlen
ooled s b oladiges 1o a5 (glaigSay ol alils usSae
’MS.’JL»B \)9....46@ ool Ls’.a.uu_) LShaﬁ'n GwLoJ U’“"" c)-A-AS
laie ol Glbil g avwain oS 2 g9bge ol [1Y]
S 0 Az ) GRS m595 (5951 50

Y @0 o Jio )3 3 &2 595 dutlile 9 Sgasmogslel] o . byl dug 9 gy M6



http://medrehab.sbmu.ac.ir/

Y oylods 1O 0590 NFod pui g oo )5

ol iaghy igad

Contact Stress
~mPa)

a0

%37

33

27

23

20

37

13

10

o7

o3

oo
o s
b)‘.o.w-b,u

&)
ss

Contact Str
mPa)

Contact Stress
MEea)

i

DYl

000Ca443NNNG 8
I EYY- T EYNN-]

000=3NNNGES
OWNOWNOWNWNG

PRI
o)law-h,u

Contact Stress

Y] aamay

27

22

23

o

ie

is

33

- o8

o5

o3

X

Contour Plat
Element Stresses 20 & 3D)(vonMises)
Global System
Simple Average

3739E400
[ 3337E400

2.935E400
— 2533E40
— 2131E400
& 1729E400

L. 1.327E+00
&0 diged 9253601
[\a] 5233E.01

1.214E01

Max = 3.739E+00
Grds 25491

Min = 1 214E-01
Gnds 31076

i X

CPRESS
+4.365e+00
+3.963e+00
+3.561e400

CPRESS
+3.5882+00

+2.379%+00
+2.0778+00
+1.77504+00
+1.47324+00
+1.171e+00
+8.686e-01
+5.6648-01
+2.6430-01
“3.779-02

CPRESS
+1.889e+00
+1.713e400
+1.537e400
+1.361e400
+1.185e+00

5 palagy 5 g (sbed A5 polie (sl (Jgl Wiges 5
Ok B35S 09y b S @y 4 b ye gl (gl By a8
bals Jore (IS S Sail (g, ¥ 5l Jol> JBs @lss ol
Gl s SeaSu b (k5 JB Sligies o STy 00
&9 3 stelicn (55501 g 90 o a5 el ] Sl ligyen
(S saosl (B y0 iz e e oo ) s polas
0391 Sgazne glas yl Lol gl oo oumline Sz (slacddS
o5 plie @8 (IS Bl o (6 I0 e sS4 e
@ly stlio polie 5 (glaaz oged Grizres g gl
Ol 1y (Sl o 5 STl i) 99 5 50 mie oS aiz
99 2 1 oglli Bgpad ;0 £8)5 azl gl oo (i 00 oo
9 bl i polie @98 (o8l Hhail LSy o Slas b,
23418 usleyg

Onbey o tags, b (SEtd Bg il 5 Mo puled A5 35 dulie £ g

F3BS gy yslaieds bl 0 aiS o ool 8 Joo ¥ oy )
G i b B oS gyl dai e S
o3k S5 (59, 2 GBS @9 lasiorie b solistul VY owglS
‘_,;ILQ.‘;_>| slaglas b aias RO doloes S piioe S
5 He g gy Sjgody Jao ¥ (s A5 20595 595 )0
‘sgli)’)‘ ol (S 59,55, Ol avslie |8 laosls slass
o2 1) a5 omi k3, 5 U5 sybel sla Shg lejen

.&5‘50

)g_jLaS )| o..\.&z‘):‘ﬁ.w‘ L;La = Jm = ‘Jﬁ‘ J..\.o 6‘)’.’
5 ez slajloges GBlis (Sl Gow 9 Sl el
ods odlo d’“"l'“ \s o)la..f: RgaS ;O GRS aies Lglb St

.w‘

17. Kernel Density Estimation (Gaussian kernel)

b @0 b Jio 5 (45 2597 Al 9 dgaomecslol] o - oty dug 9 Flgy e



http://medrehab.sbmu.ac.ir/

Y oylosis 1D 098 NFodd yui g ald >

Y ry
Mo oLy e s -
O 398 S e Slasa 5 loges digod
TALUS CARTILAGE 1 TALUS CARTILAGE 1
0.30 8
. 5
0.25
5
0.20 4
5 g (<)
4 v o pee
B £ 3 comlod 85
=] . 2 .
0.10 4 B u»,lb d, yas
0.05 1
0.00 0
o 1 2 32 4 6 cT MRI
CPrass {MPa)
TALUS CARTILAGE 1 TALUS CARTILAGE 1
12 2
” 8
101 g
k] -
& 0.8
5 = (=)
2 % 0.6 1 . o aee
g gos Jualagy 5
= . 2 .s
E ol Byl
1
02
o 0.0
0.0 0.2 0.4 0.6 0.8 1.0 12 T MRI
Von Mises (MPa)
TALUS 1
- TALUS 1
4.0
1.0 35
30 °
0.8
=z EFER
Zos £ @
& %20l . oy mey
= ulecyy A3
0.4 = I3
2 15 t)"}“’
02 104
0.0 05
0.5 1.0 1s 2.0 25 30 35 4.0
Von Mises (MPa) cT MRI

By pal 3 jasleiyg 15 S rizres 09y (Sl S o
Friin 22 )3 TR 9 YUF o 5 44 5 Gogll lgsinsl g gl
O didion b o lie Sl o Jow yo bl yolie
555 oo (s 4l 59y Sy STlel Joe o (sles
1092 5 yele iy (Sleo axbo 4 S35 g woll By pac
8 a5 355 il Sl Jae o S oy
&35 50 8l et 098 0 0038 e Al Y )0 g By a8

A5 5 50 50 ol ol a8

2 O g8 0970 o is iSTas polie jo Liglis pogdle
Jrenlogygd (S g By pad ;0 gulad (5) (g 2050 S T
Szl Shlel Joo ¥ i 525 (Lol lozend 9 Bgpaé 5
pgal 0 a8 ol il g bolixe Dglay Sl S o g
D9 o 008l a9 A o Lo

Sl Giisw 9 (gl Sl 5 2595 Sl siomia 9 Glaraz glologes ol digas ¥ prguai

plie 8595 gl el 10 ( B &l Judox ol 5
gl AlBY (gl (Tl 5l onelcuwsds jmnlesys slo il
iy ald G L Sl 5 g G5 polie aoje8 oS oy

):,.QLEA &% 43|)| 4 ).)L§ LST)Tr“‘ aS el QT OMOQL&J C)'i‘
6[.%)&9.@5 Cred Cowad & 30 09 L awslis B u—iﬁ-“’
@i polie (SasSly o wims e Glid slaes
5,Sles ‘_gijia‘ 09, 3! oAJBC‘)éiL.a| Jse g uﬂ)‘ sazolas
(Sl o) oz yo ig0d b (i jpolie (e 5 (orailio

ol allas

(sl a5 Jols oo 5 ans e bt |y gl

Y @0 o Jio )3 3 &2 595 dutlile 9 Sgasmogslel] o . byl dug 9 gy M6



http://medrehab.sbmu.ac.ir/

Y o Lol N0 090 NFol) yd g 0l 5

Sl o Slgsam! s1yie! dge

CPRESS
+6.6108400

+6.041e-01

+1.784e-02
+5,685¢-01
-1.155e+00

(<all)
Bypat g pulad 5

o6

+9.801-01

Lx LX

s, Mises
(Avg: 75%) s, Mises
+9.877e-01 (Avg: 75%)
+9,054e-01 +1.37%e400
+8.232e-01 +1.264e+00
+7.409e-01 +1.14%e400
+6.586e-01 +1.035¢+00
+5.764e-01 +9.196e-01
+4,941e-01 +8.047-01
11801 +6.897e-01
+3.295e-01 +5.748e-01
+2,473e:01 +4.59%-01
+1.650e-01 +§ ;gx 01
+8.274:02 +2.3000-01
+4,646e- +1.151e-01 \
+1.5726-04 . .. L
& N vy B33
9pas juilegy ou
\ Y

s, Mises
(Bvg: 75%) s, Mises
+2.35%+00 (Avg: 75%)
+2.1692+00 +3.422e 400
+1.979400 +3.147e400
+1.788400 T +2.871e+00
+1.59e400 +2.595e400
+1/4082400 [ ¥2:3200400
+1.2182400 +2.044e+00
+1.027e400 +1.76%+00
18372601 +1,453e400
+6.469e-01 | +1.217e400
+4.567e-01 +9.416e-01
+2.664e-01 +6.660e-01
47.620e-02 +3.904e-01
+1.147e-01 (E)
9]1; tnloi 15
UYL Junlegy g
X ¥

Sl o 9 (Slgzel (5T Tel oain g sluarcds Joo dulio . Jol diges A yrguald

ool b b o e oo (sl op0 g 52
S ob plodl Jblite (Sl Siow 5 Silme (Siow b
Joe 5o el scalive BB Vo oflads pgad o Jols il
G W s VP (ol (5 ks s ilee (S
OlyFeinl 5 Byl 53 nlotigh (S Aipdon uigres A
15 bl polie 5l ity oo ys YYIO o ¥¥/o iy sl
35 3 Jore 10 S 3929 b .ol samlins Sl S o Jo
a2 53 55 @ IS sl e T G Lo 25 Aty
9 89pal 33 leggd (IS g pal puled 185) >
gl Slools lis 03 5l Jed BB caalids (Lwoll laseinl
Joe a5 oo 0l g wms e lis 1) Calid ) Vo olets
& oo b selie (S 18, adly ilme (5o
3952 SIS0 S5 5o ST 022 a4l Sl
Sl dgzg by il

sgbad 3l oadglinl Gl go Jate (cm pgd Joo sl
5 Sl slajlsges Gblie (Sl Fiow 5 Silre (S
odds ool ioled A ojled ygaal (o S &9 Sl gove

o9y ¥ slaas jlagei 5 (JB Jloges pg0 sladiges o
wpdee Ghad (ales i 6 pSoiul (sl (o359
@ S (Sl S P9y )3 5 polie @i (SsSTy
Ol Jles (silome (S P9 9 Coml S Silme (i
QLS 5 Sz 9S (Sl o 2 0 S 2 S |y s ol
Sgrat 30 jumlagyy 5 polie i Slp Geizmen a2
O polie &35 9o esalie (JluSy o Sles (ugll
S (s jlome (Sl o 9y b gl Dlginsl 53 jalagys
U245 423 0 (LS S8l G gy 42 Sy (sl
38 bos (gl aigad) shlpl Gos, 5 ool el il Jo
Bl 5 ol

YYA



http://medrehab.sbmu.ac.ir/

Y o lols N0 090 NFol i g 3l0 5

By e

Slame 5 lages Aigod

TALUS-CARTILAGE

CPress (MPa)

|
o

0.0 0.5 10 15 20 25 3.0 35 4.0
CPress (MPa}

TALUS-CARTILAGE

Van Mises (MPa)

0.0 01 0.2 0.3 0.4 05 0.6 Q7 0.8
Von Mises (MPa}

TALUS 2

Van Mises (MPa)

05

0.0

0.0 0.5 1.0 15 2.0 25
Von Mises (MPa)

TALUS-CARTILAGE

=2
@«

b
=

OO

(<)

ke i
oall By s

TALUS-CARTILAGE

8
8
2
(<)
Julogyy (A
oogll By pad
cT SCT
TALUS 2
[=]
=]
@
Jualecyy (25
ool
cT sCT

O 2598 polie 59501 Liuled jo (Sl Sow &2 e by,

L e e i ot 55 3,50 5 s iged

s~ 390 Blke (Sl S o 9 S3lome (S o pgla 4 2
Voorl o i mss amalie AY olad pgas 285 )13
(Silre (S )l ozl sl Jae o e co plid |y o
5 5 0 s s g s 15 551
O Sl yaiored Al Cud eS asp FIA Gl @
VA 5 VY s wolb Glienl 5 Bgpad 55 jaaleys?
393 Sl G o Joe 5o cadodalie polie 5l yieS woye
VY o,leds yguad 10 a5 j5bylen g odaliawods glis ululys
SIS )ge Jao ¥ 0 Sl dus 58 13 (15 10598 €990 o0 0saliue
58 b A didion 55 03 Jore (izres lo (Vb Caalet

OISl Giow 5 il (Fiow AT @398 Slasionie g slaz slaloges pg8 diges A prguad

rbad sl oadl Sl b g Jade (G pg Joo sl
5 Sl slajloges Gblie (Sulgiow 5 Silre (S
ol oalo L}a.uLoJ AR o)Lo..fu ReA O (WS 259 sl St

VGl glo)lages s S slajlsges ipges slaaiges ;o
dlio aiad o Gialed 1) Sl 0, See (o) 0550 g
2 sy py30 GiS ¥ (JB (oo g laa jloges

Sis polie @iy s oo ol V) ojled pgas

OleSs Silme (S 5 Sl o9y V5 eeliansay
%9y 99 @y polie & 598 S SS9 (FaiSTyy cails o
Al u;‘ \)9-&.‘)‘5&.’ IRV-ARN GPyJJb uslm 9 63gs AJL.M.o
4 S plie S8l 5l (g3lome (o by, w0 ()LES

Y @0 o Jio )3 3 &2 595 dutlile 9 Sgasmogslel] o . byl dug 9 gy M6



http://medrehab.sbmu.ac.ir/

Y o Lol N0 090 NFol) yd g 0l 5

c,gnl' o - . .
il G‘)".“ . diged
CPRESS

43.916e4+00 CPRESS

435870400 +4,042e400

43257400 +3.7032400

429282400 133642400

42599400 +3.0250400

422692400 126862400

+1540400 +2347e400

16110400 +2.0070400

+1281e400 +1.668e+00

49.519e-01 +1.3292+00

+6:225e-01 +9.900e-01

42,932e-01 1ese0l

6208 +3.117e- .
it ()
L3 | 55
L)"’"‘ By pas
Y
Y

S, Mises

(Avg: 75%)
+6.708e-01
+6.223¢-01
+5.657e-01
+5.092-01
+4.526e-01

+1.133e-01
+5.670e-02
+1.470e-04

s, Mises

(Avg: 75%)
+9.031e-01
+6.788e-01
46.2226-01
+5.657e-01
+5.091e-01
+4.526e-01
+3.960e-01
43.394e-01
42.829-01
+2.263e-01
+1.696e-01
+1.132e-01
+5.665e-02
+9.155e-05

(<)
Jualogyy g5
ool By i

S, Mises T
(Avg: 75%) s

+2.0008400 (Rvg: 75%)

+1.6382400 +2.6468400

16762400 1200400

+1.513e+00 -836e -+

13516400 +HL.6726400

111892400 +1.508e400

+1.027e400 +1:3442400

+6.6488-01 +11160e400

+7.006e-01 +1.016e400

+5.4058-01 18.521e-01

+3.783-01 +6.8820-01

+2.161e-01 +5.2426-01

+5.395-02 +3.6026-01 (2
+1.9626-01
43.225-02 3 “,[, 099 AT

u"sjl'

Y

Y

ookl b oS (g5l (Gigw pglai I Jol> sl o
WWloos oy sllel polad 5l Gaos S50k slap 55l
2315 Sl i S e s (5 sl b 225 Gllas
adlosls lid 0g5 5l (g ilwdcd ailyd o 1) (600 0 Slas g
6‘)‘["‘ sl Jowe yo oS Sl a—>l-“-’ O sadedmlice O
S o Jole iz ) (oS5 & Sliien |y DSl i s
denlin ;0 ST Tpl sl 1o Glsmeid Conl S il utS
2P Gl Glo) 0 330 (sl pie g (Sl S b
b Slozetal slagizn ) altns (nl 09 oo (sam i anl 2
3 izn sl & i 5 sl g L oS Culind
S STl p2sbad (nlprodle 09 oo gmans oo ls

Sl 5 S3lme (o oadisilodned Joo dnslio pgd digai Y ¢ gl

S8 Al L placundae 10 (Sl o 5 SHlome (Fisw
peal jloadzl sl Jae YU cds onmsylis a5 wslazd 3

bz Jato (28ly (Sl jl8, oilasl o silme (&

Slezein

ladas  oniplxl

.w‘

o

-

S,y wazgil

L gpeS ol “5,‘9.7;...»| ‘_g]jtal olas o\.L’LC‘):}L'L..»‘
SIS (s ayer Syl g andly (Sl g ow sl o
(Blie o e e olis gilwans s o g BB

b @0 b Jio 5 (45 2597 Al 9 dgaomecslol] o - oty dug 9 Flgy e



http://medrehab.sbmu.ac.ir/

Y oylosis 1D 098 NFodd yui g ald >

. - o - . e
Sl o Silbxe I gw igos
TALUS-CARTILAGE TALUS-CARTILAGE
o2 1.75
150
ey 1.25
N g ()
= = 100
g n Lo, 2o
204 i Wl
8 0.75 . .
S| - .
l)"’“’ By pas
0.50
0.2
0.25
0.0 0.00
0.00 0.25 U“SU 0.75 1.00 125 1.50 175 T SCT
CPress (MPa)
TALUS-CARTILAGE TALUS-CARTILAGE
al 0.25
0.20
Bir 3
5 £ (=)
£ P 0.15 l‘ s
H n . o -
84 EH Judiegy o
c . 2 .s
£ 010 09l By it
& 0.05
o 0.00
0.00 0.05 0.10 0.15 0.20 0.25 T 5CT
Von Mises (MPa)
TALUS 3 TALUS 3
o
2:59 12 8
204 10
E 0.8
2154 = (C)
2 g tolog &35
& = 06 Ban /SIS oud
1.0 < ‘
2 ol
0.4
051
0.2
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 12 cT SCT

von Mises (MPa)

G5B &S cud o Siby addlas ol mlis Jlocnl
(Gilre (Gow Mg k) (soran Jhso p (e slaghs,
2 Shlel glaosls 5l s S0 sl e )0l Wlsi o
il SilSages sl Ll (sl olazel LB sl Jow sl
556 2b) s S Glatanez 0 @l 6 R3S (o)
&3k il lgs oo ¢ Sl ol gt i slallaz

S S8 5,500, opl it dz 2
Sl oz nga 4l as Shlom bl b5 5355 () bowe
Sleslaiwl ( dalyls > 10 0)ls (Glotg ol iyls S
oo plonil ISl wilgi o (53l (o Sl 5 s,

5,5 w31, olozel 15 _SlSages

Sl Siom 9 S3lme (Fiow A5 @358 lagioie g hunxr slajloged pgu digai I ) prgad

mlysa FURRVLoneY ‘_g).';.af &Léaé R c;‘)‘\) Ui“"ts’ts“’ O
aS x5l Lo gl dmwais (g 3lusb ;o AW slowl o
Sl ol g ol aiagly Jow dwain 4y Saday i oo
4295 8 Ay yoie Wl oo Syl 6o 0 53 Ss5
S g,y 5l oolaiuwl b gl oddigiludnd 15 mjei yo
OlyFesl Jlislo 5l 65385 aleisl (g0 «Beoe 650k

Sl 3gugn 1y uls B 5 ols 4l

P9y St Olyer ]y g5l (o 09,5 I 5l aslllas

Sl gy iz sl 5l lgseal Jao gl gl 4l
gt 3l esliiul (Vb ()] 0929 b ST gl (SilSiogen
0l zolil dazgil 9 SlSegu (g3l e jo 1)l
Sladae A5 Jolod 280 4 Gl ged joia Jad Ll
5,5 olazel SIS g Tal 5l e odigel il Syl

Y @0 o Jio )3 3 &2 595 dutlile 9 Sgasmogslel] o . byl dug 9 gy M6



http://medrehab.sbmu.ac.ir/

* *
. - 4 - PR
oSl g 3l I iges
CPRESS CPRESS
+1.870e+00 +1.7800+00
+1.6962+00 +1.6140400
+1.523+00 +1.449+00
+1.3500+00 +1.263e+00
+1.177e+00 +1.117e400
+1.003e+00 +9.511e-01
+8.300e-01 +7.8520-01
+6,567e-01 +6.194e-01
+4.634e-01 +4.535e-01
+3.101e-01 +2.877e-01
+1.368e-01 +1.218e-01
-3.655-02 4.401e-02
-2.099%-01 -2.0992-01 (uj])
-5.318e-01
PR . A
Y ¥,

box b

5, Mises 5, Mises
(Avg: 75%) (Bvg: 75%)
+3.100e-01 +3.100e-01
2842601 1284201
+2.584e-01 +2.584e-01
¥2.3260-01 32325001
HeEd HgEd
+1 +1,
1551601 18510 01
129301 1292001
103801 11034001
¥7.7700-02 1775902
¥5.18%-02 15177602
+2.6088-02 ¥2.594e-02 (u)
¥2710e-04 Hoite04 g
s s L e
0l Bgpiaé junlagyy Y25
Y Y

Lx

box

S, Mises S, Mises
(Avg: 75%) (Avg: 75%)
+1.6382400 +1.4760400
+1.1002400 +1.100e400
+1.012e+00 +1.011e+00
+9.23%-01 +9.226e-01
+6.358e-01 +8.33%-01
+1.4776-01 +7.453e-01
+6.5876-01 +6.566e-01
+5.716e-01 +5.67%-01
+4.835-01 +4.792¢-01
+3.955-01 +3.905e-01
+3.0740:01 +3.018e-01
+2.193¢-01 +2.131e-01 (C)
+1.313e-01 +1.245-01 g
+4.321e:02 +3.577e-02 . R
o Jeslagyy S5
M 4
- Lox
o o
_m_?h.ﬁb:_q.fl . o . o P - - . e -
g ,&n‘ksl s“’j(ﬁ)l"‘. « s“"°d“"t5)L“4"""“.. JAA A.uu_'l.n.a (P bwo‘yﬂ,w

L e awain (Sauz Jdo 4]y Jygand sllgl ol e WFTLE N
e s aigei ¥ jo Jlocpll o S Sl 5 s (3>
ol Bl 5 s 5 Juke )l sile G W e Jate Sladus ey il 2
LTl cla by, dnws olply aiols &l Sl S b SRt il S s Sl hle) (oSl
sl (3l S M) seyime ign slapi Sl A b bt b anlie oasliiay glaid
Coghl g jlw o 10 Sop el o1y Sl S (ol b oSl Gow slados @l 5 85 ©y90 DY a5
Cadgizma 5 Cansl 0391 (5990 dalllae 5y 5o oyl iS5 oo e Sl o il gl U‘"“f"':’ Sapgh ¥ slrosls
f&wedlﬁwﬂc’b@www‘%@hJMﬁw ol sl oy UL“‘&S:LS*“’ sl 6‘)‘(" robas gs"’)il"
B o3l g syl ams 3 il oo | cgline Llaly 20 9 Jeb g iledned (e P Jade Tl
sgasma ol sla e dslio § (omi Sl ctallln (ol Lol Ol O &3 5 e geme DS e Aigd
ol 0393 cillizes slay 3y, 5l sdeliamsds SFS Sandg o 0l L (Sl Few 5 SloFel sl

b @0 b Jio 5 (45 2597 Al 9 dgaomecslol] o - oty dug 9 Flgy e



http://medrehab.sbmu.ac.ir/

Y o)l N8 0,90 NFed yui g olo 5

W OllaMe
AR IS Jgol 5l (59

st s sy P Jyol e 550 I o
ot b B Loy agn Aedlll plas g ot 351

coz )l 5o axdllas u.:‘ 5o oolawld g (sboosls .l oo

ool BB JSgp obuly 5 Modlinn 6 )Ken S
pole oKty Sy IS areS ;s METC 17440 o5 L

(SldJL ‘S»Lo)])ls U"‘ Siloas 6)51609 Qs Cé)gj‘ é‘:‘)'.’.
" lgs sl o olel5 o NCTO3883568 o Lot o

ol ol &S
Sl o>

09,5 3 gy e 15 asbipbly jlaxs 3y allis

(Hgo 3 (sogee slagisu Sl pel (Jlo 0atiS pnal lojls

el 08,55 28l jo Dldiz 35 e by oSily celaisld g )l
‘:’@M' ”93&5)%

@alllas (Hhb g pogie 10 (LS jobas (S ainyss aon
O e, Ak 9 Tl oS o0l Jdxigas 1255 9 (659l er

s o e dllie
&8lo o505

i wilie ol allie ol ooy Lol oy

18. Clinical Trials.gov

Y @0 o Jio )3 3 &2 595 dutlile 9 Sgasmogslel] o . byl dug 9 gy M6



http://medrehab.sbmu.ac.ir/
https://www.uu.nl/en
https://www.uu.nl/en
https://clinicaltrials.gov/
https://www.birjand.ac.ir/fa

Scientific Journal of

References

[1] Chitsazan A, Rouhi G, Abbasi M, Pezeshki S, Tavakoli SAH. As-
sessment of stress distribution in ankle joint: Simultaneous
application of experimental and finite element methods. In-
ternational Journal of Experimental and Computational Biome-
chanics. 2015; 3(1):45-61. [DOI:10.1504/1JECB.2015.067681]

[2] Filardi V. Finite element analysis of the foot: Stress and
displacement shielding. Journal of Orthopaedics. 2018;
15(4):974-9. [DOI:10.1016/j.jor.2018.08.037] [PMID]

[3] Ozen M, Sayman O, Havitcioglu H. Modeling and stress
analyses of a normal foot-ankle and a prosthetic foot-ankle
complex. Acta of Bioengineering and Biomechanics. 2013;
15(3):19-27. [PMID]

[4] Arbabi S, Foppen W, Gielis WP, van Stralen M, Jansen M, Arba-
bi V, et al. MRI-based synthetic CT in the detection of knee os-
teoarthritis: Comparison with CT. Journal of Orthopaedic Re-
search. 2023; 41(11):2530-9. [DOI:10.1002/jor.25557] [PMID]

[5] Florkow MC, Willemsen K, Mascarenhas VV, Oei EHG, van
Stralen M, Seevinck PR. Magnetic resonance imaging versus
computed tomography for three-dimensional bone imaging
of musculoskeletal pathologies: A review. Journal of Mag-
netic Resonance Imaging. 2022; 56(1):11-34. [DOI:10.1002/
jmri.28067] [PMID]

[6] Florkow MC, Willemsen K, Zijlstra F, Foppen W, van der Wal
BCH, van der Voort van Zyp JRN, et al. MRI-based synthetic CT
shows equivalence to conventional CT for the morphological
assessment of the hip joint. Journal of Orthopaedic Research.
2022; 40(4):954-64. [DOI:10.1002/jor.25127] [PMID]

[7] Staartjes VE, Seevinck PR, Vandertop WP, van Stralen M,
Schroder ML. Magnetic resonance imaging-based synthetic
computed tomography of the lumbar spine for surgical plan-
ning: A clinical proof-of-concept. Neurosurgical Focus. 2021;
50(1):E13. [DOI:10.3171/2020.10.FOCUS20801] [PMID]

[8] van der Kolk BBYM, Slotman DJJ, Nijholt IM, van Osch JAC,
Snoeijink TJ, Podlogar M, et al. Bone visualization of the cervi-
cal spine with deep learning-based synthetic CT compared to
conventional CT: A single-center noninferiority study on image
quality. European Journal of Radiology. 2022; 154:110414.
[DOI:10.1016/j.ejrad.2022.110414] [PMID]

[9] Kok J, Shcherbakova YM, Schldsser TPC, Seevinck PR, van der
Velden TA, Castelein RM, et al. Automatic generation of subject-
specific finite element models of the spine from magnetic reso-
nance images. Frontiers in Bioengineering and Biotechnology.
2023; 11:1244291. [DOI:10.3389/fbioe.2023.1244291] [PMID]

[10] Ramlee MH, Kadir MRA, Harun H. Three-dimensional mod-
eling and analysis of a human ankle joint. Paper presented:
Student Conference on Research and Developement. 16-
17 December 2013; Putrajaya, Malaysia. [DOI:10.1109/
SCOReD.2013.7002545]

[11] Mondal S, Ghosh R. A numerical study on stress distribution
across the ankle joint: Effects of material distribution of bone,
muscle force and ligaments. Journal of Orthopaedics. 2017;
14(3):329-35. [DOI:10.1016/j.jor.2017.05.003] [PMID]

[12] Anderson DD, Goldsworthy JK, Li W, Rudert MJ, Tochigi Y,
Brown TD. Physical validation of a patient-specific contact finite
element model of the ankle. Journal of Biomechanics. 2007;
40(8):1662-9. [DOI:10.1016/j.jbiomech.2007.01.024] [PMID]

[13] Anderson DD, Goldsworthy JK, Shivanna K, Grosland NM,
Pedersen DR, Thomas TP, et al. Intra-articular contact stress
distributions at the ankle throughout stance phase-patient-
specific finite element analysis as a metric of degeneration
propensity. Biomechanics and Modeling in Mechanobiology.
2006; 5(2-3):82-9. [DOI:10.1007/s10237-006-0025-2] [PMID]

[14] Guan M, Zhao J, Kuang Y, Li G, Tan J. Finite element analysis of
the effect of sagittal angle on ankle joint stability in posterior
malleolus fracture: A cohort study. International Journal of Sur-
gery. 2019; 70:53-9. [DOI:10.1016/j.ijsu.2019.08.022] [PMID]

[15] Park S, Lee S, Yoon J, Chae SW. Finite element analysis of knee
and ankle joint during gait based on motion analysis. Medical
Engineering & Physics. 2019; 63:33-41. [DOI:10.1016/j.me-
dengphy.2018.11.003] [PMID]

[16] Rayegan H, Ahmadi Brooghani SY, Arbabi V. [Investigation
of stress distribution in healthy and arthritic knee joints af-
ter registering 3D files on the radiographic images (Persian)].
Journal of Solid and Fluid Mechanics. 2023; 13(1):147-56.
[DOI:10.22044/jsfm.2023.12748.3702]

Rohani A & Arbabi V. Finite Element Analysis of Ankle Using Synthetic CT. Sci J Rehab Med. 2026; 15(2):316-335.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1504/IJECB.2015.067681
https://doi.org/10.1016/j.jor.2018.08.037
https://www.ncbi.nlm.nih.gov/pubmed/30224853
https://pubmed.ncbi.nlm.nih.gov/24215339/
https://doi.org/10.1002/jor.25557
https://www.ncbi.nlm.nih.gov/pubmed/36922347
https://doi.org/10.1002/jmri.28067
https://doi.org/10.1002/jmri.28067
https://www.ncbi.nlm.nih.gov/pubmed/35044717
https://doi.org/10.1002/jor.25127
https://www.ncbi.nlm.nih.gov/pubmed/34191351
https://doi.org/10.3171/2020.10.FOCUS20801
https://www.ncbi.nlm.nih.gov/pubmed/33386013
https://doi.org/10.1016/j.ejrad.2022.110414
https://www.ncbi.nlm.nih.gov/pubmed/35780607
https://doi.org/10.3389/fbioe.2023.1244291
https://www.ncbi.nlm.nih.gov/pubmed/37731762
https://doi.org/10.1109/SCOReD.2013.7002545
https://doi.org/10.1109/SCOReD.2013.7002545
https://doi.org/10.1016/j.jor.2017.05.003
https://www.ncbi.nlm.nih.gov/pubmed/28559650
https://doi.org/10.1016/j.jbiomech.2007.01.024
https://www.ncbi.nlm.nih.gov/pubmed/17433333
https://doi.org/10.1007/s10237-006-0025-2
https://www.ncbi.nlm.nih.gov/pubmed/16520960
https://doi.org/10.1016/j.ijsu.2019.08.022
https://www.ncbi.nlm.nih.gov/pubmed/31430548
https://doi.org/10.1016/j.medengphy.2018.11.003
https://doi.org/10.1016/j.medengphy.2018.11.003
https://www.ncbi.nlm.nih.gov/pubmed/30482441
https://doi.org/10.22044/jsfm.2023.12748.3702

This Page Intentionally Left Blank



