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Four-dimensional Recognition of Musculoskeletal Movement for Patients with
Artificial Joints
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This study aimed to develop a system for analyzing the musculoskeletal
dynamics of patients with artificial joints in four dimensions. We constructed highly precise
musculoskeletal anatomical models, estimated anatomical variations between individuals, estimated
dynamic deformation variations, and developed an Al that learned these variations. Specifically, we
performed automatic region extraction of 59 musculoskeletal parts from a database of full lower limb

CT data from 668 cases of patients with artificial hip joints. We built a statistical shape model
and used it to estimate the whole lower limb from a CT that captured only a part of it. This allowed
us to achieve patient-specific full lower limb musculoskeletal dynamic analysis in the
musculoskeletal dynamics simulation system (AnyBody).



B X C—19,. F—19—1, Z—19 ({38)

1. WML PO R
BLR OB HASBERRAT TRV 510D AMAE T /L(OpenSim!, AnyBody?) (%, OHIRIZfEiFHL =
NI ST N A — ) VB LIZER TH D20, —E OO BT
BT HREOMITIIR#ECH 5, NMS Builders 72 &', EHBEIHE D HREZE U 7= A @D OF
IR E WD & AT DB SHIED TV DA, BEREMNT I b B R BEME B O T T
W, ZOIRRETOREN R #2720, FEALINTW R, OBIRBET vV E LR ER
R 2 AR E DR T S REHEE ¢ LAFZES LTV A8, E BB IES < BiET O EER DO E k& D
SRTTH 7B E OFHMINI T TV e, BZETH O XA RE D ATRER BF IOV T, K 1a il
AT KD AR T D BB BRSO TRED IR BAE B RE D AFAT 5 M T TV 525, Wi
LEKOBERNRE LTND, —HTHIERERE DX, =22 b7 A2 FOKV CT B H O fE 515
AR 2, EEFEICL Y BE)
Wik T o FIELMENLL 6, &6 EE 2> b7 R Eﬁﬁ;”m%%mmw)
&%®%WEW@& A% D ; i

FIZ L0 X g o i i ‘ :’ . EXRE R
k@ﬁ@%ﬁ% THECE 2w g A :'3 Cycle
BEMENH D F a2 R~ L72(X 1b), T 1 KB %ﬂﬁ | GAN -
ﬁ%ﬁm\:®%ﬁ£ﬁ@ﬁ% : £ :
P YA UL VG H N
X 71 B & CT ONLES o3 U ECTER

b’@:i/ﬂ 7(. X 1a 445@'5’4%41% [}qﬁﬂﬁ - (f*i@fgtmm%
HBOHICHW) ZILET S 2

& T XBRENER D D H - fi
iR O =R ITTIGAR & B & DFR

D AT & S Eﬁﬁﬁ{% ShEf

> )
%iéﬁéﬁgiﬁj%%o 1 X BRI G E N D T O L BRI X
T RS BRRERRAT 217 5 o 2B ERE - =R PR O Tl SR )

iik: [1] opensim.stanford.edu, [2] www.anybodytech.com, [3] www.nmsbuilder.org, [4]
Durandau, G. et al., IEEE Trans Biomed Eng 2018;65(3);556-64, [5] Englander, Z. A. et al., J
Biomech 2019;90;123-7, [6] Hiasa, Y. et al., IEEE Trans Med Img 2019;39(4);1030-40, [7]
Otake, Y. et al., IEEE Trans Med Img 2012;31(4);948-62

2. Lo HB

AWFFRIIRKEL LT D 4 >O/NEID BRSNS, 1) @EFEEHERfENTT v (707
V~F%?W)@%%JD%%%%%@EW%NUI~VH/®%Eiﬁ@%ﬁ%A)I—:
3V OHEE., 4) 2,3 DAY m—3 g U ESEE Lz AL OREEE & [E BG5S < K EREE, LT
\ZHFTE B ) & BREIZ R R B,

ﬂ)m VIEPER AR IRE AN FA =7 AT NLORER  BREERNAA F A= AL I 2 L—
TarEEBETLEOOT S L— MERD T, NMERE 2 BB L ERET LA
WET D, FHEH - RO KR T TRl %%%Wmﬁ IBWTCEESND Z e
S T FHRHECHE - BN RRAE D EIT & W o T, IDOFAE BEFIICHE ST HEEOET WLICE
REEL<,

(2) EHEGT — & = 2 S AR AN Y == 3 COHEE - BITE TR Lz s
PEF B ARSI T V% . 1,000 5EFILL Eo BE O CT I IERAN B S hbE T 55T, k5L
T 5 N LRSI REEREO RO E HAEN ORI ANY =— 3 ORGFET NV EHBET 5, RIS
ZHDOFEAREE DN EE L T DO OMREHENL 2R L TW A EEHIZB W TiX, BFOf & oF
o B 2 Lok & o AERIMR (RLAh - (B IRE0T) 2 B8 L. EEOE# & RS
ETF LT D ENRARERDTZ0, FHOET MEFIELZBRET D,

(3) FHEROBEREEE NNY =— g COHEE : () BEWER O EF & SR L -HEkteT
. OVBFEEEALFR L XBEEGg L e—2 a3y 7F v, @A FADVIalL—T s
V. DEONLEERFOEKOENE L SRGTR IR B HEET D,

(4) W EFEENREU Y TRk AT OREEE & = HEG 2 - 72 5Fl : fRRREENY =— 3 v A
WY =33 R U AT 258 U XORREhmE ) & BV ERF O 848 O =R St 72 2508 % HE
T AVAT ALY S, EHIC. TUA NI LB ofEFNC kL. MRI BhiEifg &
BN CORER X MREHE 2 ff - 7= BB RE G 2 iR U, HEERE 2 MEET 5,

3. WHEDTIA
T, 4 SO/ TR R~ 5,
(1) e RSV B RS A 'J/\/]’ FAR =7 ZAFT N OWEEE : PR ER] O ARG 2 SO L 723



A FA A= 2FF Y 7%  VIPER(Volume Invariant Position-based Elastic Rods) & FEIT
NOHMER Y I 2 =2 —[1]E AW 7o, B L RIREICMHET LR - H - N OET
Vo 770, EEEOBEEICE S HRBOTHEEL Y I a2 b —a U E(TH 2 LT, &K
DIGIRETE & T O Z TR LT,

(2) EAEBT — & X— 2SRRI AN Y =— 3 COHEE - RIS O KBRS
FIEHAE LR L T D N TIRBEIRBEE D T F— 2 RXR—2) 5 | TSR AZIREHEIEICE
e 668 SEFIZHIH L, 59 O EKEELZ BB TR AT —v 3 L, ZmBKROIERIE
FLEEDEEZITo T RICHFTEIRET VEMBE LT, BN B ERRCREFET Vb T 5 2
& T, HERERALR (GEAR - AZ IR CEFHOR & OREREBE LI ET AR EE TEX 1,
(3) M EHOEEEL NY =— 2 OHEE : —4 O N TIXBERRERT O BE &2 X510, B
OREE CTORMD CT MG OREE LZEHRET LV EE—a XYy 7 F XLV LNT-E)
VEF —RIZHASX . RA A A D=V AT I a2l —1 3 VB (AnyBody) #HVWEY I 21—
a &1T->72, OAnyBody DIEHETET L. QBN OBEETE CT 1OBELIZHEHRET L &
BEBZI-TT N, QFBENOEE TETOT—ZNLEIROKHIRET V&2 AT P4
EORIRETFRLIZET L, DZODFTNMICLE D AnyBody ¥ = L—3 3 V&L T, BT
REDO TERAFNIZEBNT, I alb—va UfRICED L 5 BRBVREN DL D ERGE LT,

(4) i FHEhREDU R TRk AT OREEE & = g 2 AW T3 - AL - SMRAL - SMERL D =D
DL Tz L= MRI %2 &5 « KERE - PR O = SO/ Z Mt L. ZhE 1 oir
TOZRIEIRET VAR LT, RIZ, TRENO ZRTIBRET VE VT, BFEREE S
MUAHIHER Lz LRI X 0 . PR O MEEITT OWEZIT o 72, KIRE LBl AR L&
Z. WPRINL & AMERAL, P RINL & AMENL, THHANLE A B 21TV, BRI 3 2 KRB o4 A
fbxEEA L, ZOBOEET —% L FHENO PG RMEETET VA2 AW T, SMEAL, 4+
FENL T ORKEEIT O TR ZIT > T2, FHNTB W TEFR A BRE L7 Lo VIPERIZ L 2 Tl L
fiekik (Linear Blend Skinning) 12X 2 FikE 2l U7, SMENL « SMENLO MRI 225 [2] %
AW TEBERMEEITO P AT o 7248 % ground truth & U<, Pl L7ZHEEITOBEL E
Bk,

Sk [1] Angles, B., et al. (2019). Viper: Volume invariant position-based elastic rods.
Proceedings of the ACM on Computer Graphics and Interactive Techniques, 2(2), 1-26. [2]
Otake, Y., et al. (2018). Registration-Based Patient-Specific Musculoskeletal Modeling Using
High Fidelity Cadaveric Template Model. Medical Image Computing and Computer Assisted
Intervention — MICCAI 2018 Cham.

4. HFFERE

(1) &R BRI SA F AT =7 AT ILORES « MRy I 2 L—% —VIPER Z W
THEMBLE KERBICHET AR - - NEFHFEOET U v 7 2470, IS OEEICEE S M o T
WaragihryIal—YaraiToliRa K 2 1R, 1EkEQ@ Tl E N K& WERICE
BTHMARBEHAZEBLCLE), HELTERIIEIHEVAAONT-DICH L, ##RED) T
. HREBEOTFHWEEBE L-VIalb—vay

Wk, # i . ; £1  %$2 %3 #4 #5

EANBlAY S ; % ggg o Epm T Eem
AR . W ’

7oz gy { ' f

Mol % . ||

o Bl K L

B % J2 PR S - S

O) %& Eﬁf O) (a> -30° 0" 100°

MRI [ {4 7)>

5% LT A A

gL is‘g;; e =

5 MR . s 2 2% 2

B b i) < % :
TN EX 5 " |

NN ﬁ—o (b) Gluteus maxinus [l Gluteus medius [l Gluteus menimus o ) g; }! g )
s B2 B ot O,
s S/ AETAOMEER, (a) R 8 JEGIOD iWCTﬁgﬂg
< KRS i (Linear Blend Skinning) , (b) #2%k (59:@ Ol)ﬂﬁ H f\%ﬁj& L. MEL
s,y x—  (VIPER) MERHEIRET L,

va rOHE

T 668 JEMI D T AR CT B H~ 5 59 8O 7 E &

MG 2 U M L ERGETRE T v 2 X 3 1T,

BB EHOKEMRTITONT,



RPN D ENENDOEAFTAIC 20 (o 1TETKSOHE) MATRER LTc, #— 1T
THEROEZONZY X2/, 5 FERDITIRE S, FEFEROAAOMEZ, BN -5
TERGIIEADEDRE BA, ook 910, HBREBERD FIREKRRICE £ 5
NI X ERLT 2 FEN kT,

(3) MEHOMEEL NY =— a OHEE : PTEAEHEHERET VEHWT, —#50 (B
BIE) O CT 26 FEAIERDOEEIERZ TR L, AnyBody IZX D AL A AN I a2l —
3 EITOTRERZX 41277, Qa IR LT-BEFRBINA A A =0 ATV (I #BIF
A= T DI, —EORBE CT DOfatET VE AW Mish e LR, A THEREED
CT ZHWEBEE2RLIEZ, ZO=2DFF V&2 AW, ERFEOBNEERRIT 21T - 1= 5% X
4b IR LTz, BB A — 1) o 7 OBEITIEK 4b DOFRILDOERS TEMEE 7 OIEERN 1| 282 T
BU., BT T =0 U TV D A[REMEDNS RIR S 7=,

(4) B BRI R TREa Al OGS & EHAEER Z HWTZGHME : SA A AT I a2 —va i
Ko THEHBEIREA O MK TR LI2f R &L MRI BIC L D BREEORE R AKX 512RT, 32
DORNL THEAS L7= MRI H# % [X] 5a, 2 FFEOET /L (/£ : VIPER, H :LBS) ZHW\W/-v I 2 b—
va AKX BRI B ML 2 TR L 7RSS &4 MRT 2 B 45372 ground truth Z[¥] 5b (24U
THR LTz, TNENOMBEIRHEEIT 2Ll L TR Y | AR FEICRIGE L T D, £
REJIZ, VIPER TOY I 2 L—3 3 U ground  truth IZHEVME 2N H 523, ALEIOERSY TiEzE
MREL RO TWBEZ ENGmD,

Linear ‘ Patient-part Patient-whole

"
g A g1 Pl W e

4 TRAEGFEHERET VEZHWT, —50 (#2251 © CT B TR
DOFHEEREZ TR L, AnyBody 2LV AL A A BV I ab—va r&iTo/ER, (@)
W LT BEERANA A AT =7 ZAET N (AT —0 v T O, —iroiE
CT MO#EHET V&2 Wi &2 LIofER, 4 TREEO CT # HWiza) . bE
HEE 5 OFFIEEI SR 2 = SOFT )V CHEE LR, BIEAr—1U v ZO%GEIZITRAILD
W CIRENREN 1 24 TEB Y, Tic=7 —24 U TV D TN /RIE S v,

Rl liva SNERAL SNTEAL
(neutral) (abduction) (abduction)

https://www.medicmedia-
kango.com//2019/01/16935/

Ground truth

B 5 NAFAHYI 2 b—a K DWHEKEBEETROHE & MRI BIZ X 2 MGk
DOFER, (a)38 DDA THS L7- MRI Hif%, (b)2 €7 /L (4 : VIPER, ' : LBS)
EHAWEY I 2 b—ya X0 /MR 2 TRIL 726 & A MRI o155
72 ground truth, ZIENDOMEDTFAMEEIT 2B L TR Y | AIXRATH 7 7 A i
LCW5b, &Iz, VIPER TOY 2 = L— 3 8 ground truth (ZITVWMEAIN H 5
D, AEIOFH 7 TRRENRKRELS 2> TWDH T ERmh D,



5 5 0 2

Uemura, K., Otake, Y., Takao, M., Makino, H., Soufi, M., lwasa, M., Sugano, N. and Sato, Y. 17(1)

Development of an open-source measurement system to assess the areal bone mineral density of 2022

the proximal femur from clinical CT images

Archives of Osteoporosis 17
DOl

10.1007/s11657-022-01063-3

Shiode, R., Kabashima, M., Hiasa, Y., Oka, K., Murase, T., Sato, Y. and Otake, Y. 11D

2D-3D reconstruction of distal forearm bone from actual X-ray images of the wrist using 2021

convolutional neural networks

Scientific Reports 15249
DOl

10.1038/s41598-021-94634-2

Uemura, K., Otake, Y., Takao, M., Soufi, M., Kawasaki, A., Sugano, N., & Sato, Y. -

Automated segmentation of an intensity calibration phantom in clinical CT images using a 2021

convolutional neural network.

International journal of computer assisted radiology and surgery -
DOl

10.1007/s11548-021-02345-w

Sakamoto, M., Hiasa, Y., Otake, Y., Takao, M., Suzuki, Y., Sugano, N., & Sato, Y. 92

Bayesian Segmentation of Hip and Thigh Muscles in Metal Artifact-Contaminated CT Using 2020

Convolutional Neural Network-Enhanced Normalized Metal Artifact Reduction

J Sign Process Syst 335-344

DOl
10.1007/s11265-019-01507-z




Tetsuro Tani, Masaki Takao, Keisuke Uemura, Yoshito Otake, Hidetoshi Hamada, Wataru Ando, 38(3)
Yoshinobu Sato, Nobuhiko Sugano

Posterior Pelvic Tilt From Supine to Standing in Patients With Symptomatic Developmental 2020
Dysplasia of the Hip

Journal of Orthopaedic Research 578-587

DOl
10.1002/jor.24484

16 1 4

Mizoe Shuntaro, Otake Yoshito, Miyamoto Takuma, Soufi Mazen, Nakao Satoko, Tanaka Yasuhito, Sato Yoshinobu

4D-Foot: A Fully Automated Pipeline of Four-Dimensional Analysis of the Foot Bones Using Bi-plane X-Ray Video and CT

Medical Image Computing and Computer Assisted Intervention (MICCAI 2021)

2021

Yuto Masaki, Yoshito Otake, Mazen Soufi, Masatoshi Hori, Hiromitsu Onishi, Noriyuki Tomiyama, Yoshinobu Sato

Analysis of multiplanar integration based on uncertainty estimation in automatic segmentation of abdominal organs in 3D CT
image using 2D Bayesian U-Net

International Forum on Medical Imaging in Asia (IFMIA 2021)

2021

CT

2022




) , Mazen Soufi, ,

VIPER

2022

, Mazen Soufi, , s

CT

2022

Li Ganping, Soufi Mazen, , ,

CT

2022

CT

2021




) , Soufi Mazen, , , , ’

MRI

2021

Test-time-augmentation

2021

Bayesian U-Net CT

2021

Akihiro Kawasaki, Yoshito Otake, Keisuke Uemura, Masaki Takao, Nobuhiko Sugano, Yoshinobu Sato

Statistical Analysis of Sacral Bone Density using a CNN-based Atlas Creation on a Large-scale CT database

International Society for Computer Assisted Orthopaedic Surgery

2020




Masaki Takao, Yoshito Otake, Yuki Tanaka, Makoto lwasa, Keisuke Uemura, Kento Aida, Shinichi Sato, Akihiro Nishie, Yoshinobu
Sato, Nobuhiko Sugano

Measurement of Pelvic Tilt in the Supine Position of 12,523 CT Data Sets using Artificial Intelligence

International Society for Computer Assisted Orthopaedic Surgery

2020

Mazen Soufi, Yoshito Otake, Takuma Miyamoto Yasuhito Tanaka, Keisuke Uemura, Masaki Takao, Nobuhiko Sugano, Yoshinobu Sato

Automated segmentation of musculoskeletal structures from CT image of lower leg: toward personalized musculoskeletal
sciences

2020

Keisuke Uemura, Yoshito Otake, Akihiro Kawasaki, Mazen Soufi, Masaki Takao, Nobuhiko Sugano, Yoshinobu Sato

Automated segmentation of an intensity calibration phantom to quantify bone mineral density of the femur from clinical CT
images

2020

2020




Bayesian U-net

2020

(Hirashima Masaya)

ICT

(20541949) (82636)
(Tanaka Yasuhito)

(30316070) (24601)
(Takao Masaki)

(30528253) (14401)
(Sato Yoshinobu)

(70243219) (14603)
(Sugano Nobuhiko)

(70273620) (14401)




(Uemura Keisuke)

(70871367) (14401)
(Soufi Mazen)
(80823525) (14603)




