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Automatic detection of postoperative change of
acetabular cup and pelvis shape by pre- and post-
operative CT for total hip arthroplasty

Kazuma Suenaga
Abstract

The research group to which the author belongs have been developing an
automated preoperative planning system for total hip arthroplasty (THA). This
system employs a statistical atlas, which was constructed with a large number of
past preoperative plans prepared by an experienced surgeon, in order to model the
expertise. This implementation enables to determine the optimal size, position, and
rotation of the artificial joint by using preoperative CT images. However, it is
desirable to use not only the preoperative data but also the postoperative data for
more detailed modeling of surgery. In this paper, I propose automatic evaluation
method between preoperative planning and postoperative data in THA. The mean
Dice coefficient in postoperative CT images segmentation was 0.963 in the pelvis and
0.740 in the cup. The average surface distance of the acetabular rim which is affected
by the metal artifact was measured 2.53 mm. As a result of registration of
preoperative planning and postoperative data, the surface distance error is 0.826 mm,
the average distance of cup center was 4.08 mm. I considered that these results

showed the usefulness of the proposed fully automated method.
Keywords:

Automatic planning, THA, artifact reduction, postoperative CT image, Artificial

joint part

.*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and Technology,
NAIST-IS-MT1651061, February 1, 2018.
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1. IXC®HIZ

a2 2 — ¥ X PEANE(Computer aided surgery : CAS) Tk, Fir &
F—aruRy hVRAT AR EORE & e X A 7 O Al Bh 3B
H S ATV H[1][2][3][4][5]. 24 b O, Taylor 51T X - TH Al
Il EINARHe R Y 27 4 TROBODOC] (2 X » THI#R &
IL72[6]. CAS #ffio @i & Lo X & LT A LM E E ki
(Total Hip Arthroplasty : THA) 23 & 1} 5415 . THA IZF 1T DAl
BT, A 77 DY A X, RERNC=ZRT EDOBEOMER
FOMEEZHGEOEIZHLTREL, e ARy hBIRNa v a—4
BBV AT LR L TFINZFHEEVIITO O THD. WMEDH
PRAFEIZ LU, 2h b o> 27 A%, a1 THA 3 % &k E 1T
5T EMREFES LT WA T]8][9][10]. L= » T, fiidh#fiBhs 25 A
T HDICREL VWD EEZXLND. £ 2 CAIFIH A EEIZ/ > T
WAHIZH b 63, IRTEHENEI B A7 A XD b REL TV
72N 11].

F I TCELHEOFBT ALV —F TiE, e THA iz x4 &
L7t BN AT AR L TVWAH[12]. KY AT AT,
REREDRABERIOL EFHTHLALLHMNZHEHL WD
[13][14]. £72, ARHEOFEMMGEEE LTAHL TWDHKINHEET N7
ZTERLTWDS, U T F I 22 HICLEFELYERLTNVS
[15][16]. AT AT A TIE, BRBREE RAREOFMmMEREZ LI+ 572
Wz, EAEBLBE TIASEAIRL TV D HEIHERET LV
(Statistical shape model : SSM) NEEH SN TWBH[17]. LarL, BfE
® SSM I HIFFH DA EZBEIC L THESIN TWD . HiTETEHE O &
ELSEIZLTND EEBEO TP, B O XN RIK CHRBINLE XY
HFRICTEE SNZD, PO B CREFEAERE LD 35 6
PER®H 5. Hassani S XL ICERE Lz CT Eitg & iTaistE D 7 —
2 OAESDEEITY, FEITH Yy A X, fLEDZE, AEERLE
ZRE L72[18]. ZOFETIEFETIToTW0nLHZ & THHENKE L
FEf S vy o>TLE 9.



Z 2 CARMFE IR ICIRONZ CTHEGIZER L, iikosgsa
7T N OMERBRRRE EOBREEAFT DI L TITRIEHE & O
AR UING T — 22 B8 T17 5. RIFETIRINZ OB &
THA OFEHa A=~ (B 7) IZEBT S, itk CT g IS
3477 N L DERT—FT 777 FBREL, £, IFEOFIX
THA FHICEVEI OGN TWE DI S I BOREREbH> T 5.
ZOROINEIFTE CHEHA L TWEHBEIE 7 XA T — 32 9 U[19] TR
IO SSM i TWAHZ EMbEMHT 5 I &N TERW. £ 2 TR
HTIHEEHIAHL =2 — T /)Ly MU — 7 (Convolutional Neural
Network : CNN)Z HHWT CT B 06 D% 7 7 A k4l 1 [20][21]% H
W $ CT B 658, oy 7ot E B4, £-faistEs
— 2 LT — 2 OMNESDLE T, INET — 2 Mirx 452 & T,
With 7 — X X—ADIIREIT S .

AHIEFE D B I S

O &7 —F 777 bOEENTWDS CT TOFHE -y TR
AT —a

@ BB TOWMRIY v 7 - WD v T AT

Lo TWA.

KB ORERRIZIKDOEY ThdH. 2=TIE, KFFEOIREFEICH
WTIRR2%., 3FETIE, EBRIZOWVWTIHERS., 4&FTIX, HEIZHON
Tk R%. b ETIX, KMEOKRIELZBR RS,



2. FiE

2.1. FIEME

AFFEORETFEOHELX 1 & L TORT. ETFEEX, (DT AT
—valy, QNMESDYE, G)INATFHE - 57 ik, (4)37 1% B BEE A I 5 H
NTW5S., FENTEISALVT—2a L LEWEEE, fEhy 7T L%
FEEE, CONNOETIVEREEST S, FilBl L L Cifitg CT mi&icx LT
BT —F 7 7 7 MEBLFEZ1TH[22][23]. M 2 \&@7—F 777 b
IR RT# O CT B 2 R4 . X 2)IX&|m 7 —F 7 7 7 MEBALEE AT,
X 20034 BT —F 7 7 7 MRBALAEZEZR L TEBY, BEHIKRD 7 4 ZH
I L TWAD ZEDRHERTEXSH. HELLE CNN OET VIR LT, &7
T —F 777 FEEBEEZHHO CTHEBEEANTEHZ L TR AT
— gy LEEZMET 5. (CEA DY TIE, 8T CT Mg, i CT mi
DO EME, i CT BNy 7ENERoEKEMmE+ 5. kiCE
WELOMES DY ZITVY, IFET - IO CT BEREZAEDED. BEO
MEADLETEHELNEEBRBITI Z WD v 7 2 BE) S a1 - itk o
24T 9. e HFIEIT D » A X, =kt E O, giER[24]TH
. AT OB BETIX AT O HE B E&ZID Li-bo &, ilikTs —%
EOMBEREE A CHMT 2. (D7 AT —vay, QOMNEADYE, (3)
ITATERE - I i, (DI B BEEAG O FEMIX 2.2 #, 2.3 #i, 2.4 #i, 2.5
T 5.
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22 8T —F 777 NEGLE T AT —2 a Rk

fhitk CT M OBET —F 77 7 e diek 7 AT —3va U&7 )l
WZHTALER & U Cilgtg CT B2 1%} L T wxdicom # HHWC& BT —F 7 7 7
MERALEE[22][23]%1T 5. B AT —va V FIEOMELZR 31077,
3T LI, 3MRuEBOZATA A2 ANTTE L, B8, Ay 77
Nnat T 5 CNN 25+ 2. 7 2 MR, @i e LT 3 @
SkinROI & L TOKRE~ R 7 OFRE, %I Post processing & L TH K
EAERR T DA E T 2B AT S . ETAR AT ATHWS CNN O
#lX U-Net TH BH[25]. HEN B AT —v 3 VR % maskae & T 5.

2D label

Skin Post
ROI | CNN processing

Testing Phase Training Phase

3D label

X 3 B AUT—varFE
SkinROI (XK F£~ A 7 DX E, Post processing T I #xc K ik ik 2> o 4 H
EENENAT .
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DEMET y TEV T AT —2 3 LEETEIR Ppost, 72 M IR Cpost & 15
L. NMEADEIIE IRTK[26][27T]OY—T7 = ALV A ML —va U EH
L, KAT L—y =z EE%E 1000, £ 7> rarOfE% 0.001, Lol
—H =M LN EPLREERO TS, B4 DL ITHHMESD
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B > 7 Cpost_inter (CEMT 5. Z OFERGT-HHINLE B Ppost_inter 2> HE
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3. EB - R

3.1. B —H% v b

KB R = 22 5B AT B8 I e © THA % Jiti it L 7= 19 SE 61 0 FAfrfi g2 o C T
%, F7-[FR—EH D Stryker CT-Hip System % FH > THERR & AU 72117 Aif & 8 %2
FEHLTWSD., 2o D0BFIXT X THAER CRANIZE/BR TIZ 20,
T2ty FOFEHREL 1ITTRT.

*x1 7—2ty il

T — % O E
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FERE 1.0e-4, FRZEBHEL : softmax cross entropy, VA Y :5 /— K
.32, h—xnP A4 X:3ELT.
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