@455 [ A\ LiEzsFs CEBl T BB ]

AT EEERDEMERENTIC K DA

PNUTNEE S SR P U L R SR s a3

HE ME
Nobuhiko SUGANO

1. [FLUBIC

aV¥a—FEF) U rEYI2L—Y 3 VIR E
i, R A — 72X ) TH A Y HRBR KRG D7-0

Sk, B X OHRVEFHIGC BV 2 FEERREAT 7 — & 1E
WD DM ENTE 2, S OBAEMNT T3, ik
1%, MRDI5E, BRESECE, U, BE R, By
&k@‘ﬁfﬁ%m fEHENTELDbDTHL, ATH

WZBWTIE, HARNTHRAZMEIZILINTED
ﬂtAI%%@% I & BAERFEENE 1S A A B difid, AL
e 5 [ e M, N\ BAEE S, BEREA AR & B B
MEIR 7 EORBE 2GSRI TR D S, HTHA
TS OERNBIRIE, ZEMICAREGEZEL L2 E04% L,
TR K T OB IS 2 EBSE 2 FEEIC R ) 2
v, NTERMEEORERESR) ZFL vy 7L &mH
ANTHEHAT AL L THAEPIZESY 72 L 72197045412
X, ATLBBER T 2R TR 2 2 Efl 23k S b
IRy, BEALHATLAEMIGTOIUTETIRE
Tz, AT 2O 25, EEEnT SRR WRA
HEDEBFMRMBISER T2 L EZ 5L D DI
Ho7eS, ZLAEIHIT R EOMD R UATEIC X ZIEH
PFHTHLZLPHL N LR o2DD , —J5T, BERT
& LUTHSE, B B, WEoR S &Y, FiiRT &
LCATANRkE, K&+ 72y b, NERTiHE A
7 BT ERJE P O i R AR BERERY I & B R, A b
FME R EO~D, 27 ANONFHAMIIE KT 54 DR
TG LTWE I LWL E o7z, THEBBELT,

W E&ER%E
KIK AR 2 TS e s B R R T4 G 5
(T 5650871 K BRFFWR T 1L H . 2-2)

E-mail. n-sugano@umin.net

(B THEDMAMED D 5 L BT S 7z b DA
FEEINDHRE | E LT, EERW 2B 2 4 R 0 JE
MED LN TE 7z, N A 7 2 Ol ATERERE LT,
1987 4F 12 [ B3 B2 HE (L B A (ISO) 2338 & L 72 @ 2%, 1SO
7206/3T, AT A %10° N L& THIEA 580 mm =2
mm DD SEE+E A Y FEZEL, 3,000 NOH A 7L
WETLZHLDTH-728, ZhiE, AF 4%y 7 PHids
FTNMTFRIE TR D05 RO T, EBEOBRITIC
B LMEE R 5720, 19894E121SO 7206/4 121 & 4
A6, AT X100 AT Z 9° il S & TRElE LY, i
AR AT ) B ET SRz (K1), %K2,300 NOIE
WA E % 1 Hz2*5 10 Hz T500 BN 2 % & DT, K
AMEESF (FDA) TlR6MERERL, 3 XTHHL AW
ENRDOEND X I 7% o720 20024E 12 A T A [ E B %
80mm 7~ H AT ARMDA0%DALEE L, 20104E121F, AT
AERIFEITHT HBREHFICEE SN, IhbIE, K
75 kg O NHHATIRE B BB 1 e RAKRTE O 365 DA A3
h5bE L, BHG6,00055F M HF W IREEHELD
DTH o 72 RS & LTIZ AT 2RI DO LD <,
HERMEZTTHEEMESNTVAE E VI REDLELETH S
3, A OV TR ST B 2 & O W % b oS
ZHE LT,

— T, AT LRy 75 TOPHIMEEINDE L) I
7 ) 101D 1992412 % v 7 DMF AMERERIC D W T DISO
7206/6 DKL ENT=1D , THUE, AT ADBFHICHEE S
N5 % €A FCREELTISO 7206/4 & [d] UiBk
BT, R EIXS,338 N & &z, TS DR4AeTERERT
FRRFBRIZ & D, 20004 LAREICAAN TR T A4 v 7 34
HI2HEIZWP LTS, LaL, LT 2 H38E
BBV TIX, 78 b A 7 &R L T BGE % 17
WHRELTWTI, B &I 2 M) $ETCLESD

ANTIE#49%3 %5 2020 4F 195



VR LTTE

80mm =% 2mm

BEARE Fov 7 WTERAR

—

[ Circular Circular Enhanced

+ Flats

X3 ANLRPHEn #5271 85 2 =%
BE (K= V) & 4 v 2 Wik

T, MR GEFHBRTE R\, £72, AT AOREMEER
FEEDOB/NRIE LD X2 X o ThH, EHRBREREIIESD
EDEU A 720, HHMEOBOERRBHREZ T2 L]
BHTE RV, 22T, FERRE L BE L7 BT
WC X ARHIEAEASNTE 2, TO%MDT, NS
T % BARMRNT 134 BREE R RHT (FEA) Td %o

2. AIRBEIEID#MEIZ S MEFMD =D FEA

e BT, ANRDOBEID % 22T, B ISR TH B K
&L, BMETHRZ £ o KIS L7280 5 BN 120° 1
i, 40° fir)g, 40° 4biR b X OV ER, SIS ORBEE il b 12
40° WlEd L OHMET & B0 NTIRBIENE, A 878 I
W AT 2 BBICIRD A v 788 &, KRB AR [ €
FTAENLBEATLDORDIN, 772y 75T 2T
A DL EPIENTAT 24y 7 &y T lkh
2L (M2), BH$T 2L 0w )R BHolz THA YD

Xy I hy TICER

e

BXFEfERE 90° AXFIERERH O°

N
R

2 Charnley Y A )5 B 55 o Jt il ] @l

)

X4 HAANOCTHI{SIZ X % BB O 3URICIRIFIT I D X

BT S 7z, KRB EALEERE E R O FEH AN A T A
B3 28 mmEEE (K—) TAZ — VHIZFER, 8FHID AT LH 4 X T,
BN TP ORELBEFETHIRTEL L)L

WRELT, ATEMSONEEEZ K& {35121,
(R=W) B2 KELTD0, Ay 27 EMLLEY, 2y
JERICEEZMA DI ERNEZLND (H3), 727201
H#E, By TOEREPICE B H v TORBEICT & AHE
VA ORER, BRI R OHR &) R R,
BHEEFA Y ZRERTICXBEFITEOY 27 215,
Ay I DORESEBENI2DD/8F A — % FiES 572
Ch, Tu sy A4 T ERER L CHRERERE 1T o TW T,
FIZSICI R R IERT & O A DA%,

B, KIEOKRE S OEEEITHIET HIZEAT L0
YA X)) Z—3 3 YPBET, HERAZS WEBHiTEK
AEOZETIE, MRS BRI E DE2HOR A X
DINECF A ZDAT ABBEN 505 (K4), AT AH
M RINTIEHHRE DT T 5720, L2 FTHLTES
MR EDOWMGED LETH B WERIE, T a—5 L
il (CAD) 7 — % TOMZEMGED b FEFI R TRO b

196 N7 49%3 % 2020 4F



K5 ISO 7206 D A7 4 (/) B L% v 7 (K4) ORI 5RIE
SERIZIG o 72 FEAMRNT I X B 5 RIB Tl & I 1380 a4
b

% DT, 57 B RN O MGE ICFEA%Z JH witid, 1SO
7206/4 £ 1SO 7206/6 D57 iER%E 7 1) 7T & % u[ Fig s
K&, MRS EET 2 794 ¥ DD AARHRY
MINZATZ % (B5) 0 [ UM E ST, KIS & Z D EE
PRHETE 0T, MEMITHED VTV A V2 ( X%
TERL L, BHEA 7€y b % SRS TS A T
(X16), etk zilizEE, ¥ XTOHA X ORIk
I b THEM LR TE 22 E2 0N %,
Z D X9, FEATIE HEPIORKINT % M L, ME
OREEER A AT IE, PRI EE 2 LN % R &
DA VT TV M ERMERETE, BRI S RN I HRE
Hr—AEHEY)MTIENTE L, Tz, ZOEEATE
TV, oY A X% EOFHAL N = 3 v Ol AR
BEAWTELIUY vy 2E, A VT T owetRt e
TITBEETOZITANL LTV

— )i, Wil & 9 ICFEATRMAE SN2 KIS D, Z
OMFLOREITRELLT TH UL, HHIIRY 2 7 3Pk T
&, FERIC X DIANES AR 52 EMET & B REEAT
Hbo FDOHIIE, FEADOZ L &M% AL $ % ¥
BB LD, TNEEH TRV, AREZETVNES
F CHEDIRE IEREIC B L, #EERTIS 5 CTh 5 2,
MR R BE R 4, iR code R software, FHEH:DR
AL, NS BERNT S BIE R EMEICY I aL— a3
TETVLIDPDEMLENPLETH LD, HITETIVIZ,
laser etching |2 & A ARSI T Rk L8 H O /N S D
fDOF ST & B stress riser 2 EHHAASINT, A7 2H4H
WKES7ZFHHLH B0, TAHOMIEREELZIL,
AN ORZ 6, oo N TEERLEHEA ~ A
VIOV A Y OB G AV R AG <> PR RE AEA .2 FEA XA
TZ(;) 2 18),19) o

ISO 7206-4

ISO 7206-6

K6 ANAT LY A XTRREEA 7Ly b)) RESEME
TDISO 7206 1215 - 7298 57 ik Ak 2Bk

3. HAEANDEEHEFENTNDFEADILA

NI % i L7zd &, B~ mimE I XBI I 4
DU, FRCRBEE T, A7 A& B KRBEFEMEOIGT
WL D FRPTLLCIHTLLLBVED) T ¥
IHEELE D, ZOIITERKICIE, AT A ORI
FTHMERKRE, KBS, BIR ZlNLea—74 7%l
2L ONT DT 5, CNOLOEREZTXTEEL
FEA TIAT L 72 %8 BBk 2 MRGES 2 & T, IS )ik
ZHR/NRIZTE 2 NLIREBEA 7 2O %2 L5 Z
EHURETH 520, NLIEBIHEI A 7 & % X2 5 KB,
Ay MNEEROBERGER XY M2 L THAL T
WAHDT, MiERREMOZX T AHEEHOBEITE A ML
AWE & D BIR,

—hT, B A Y MEARICERS X 2 MR E
R X B EE LTRGBS IHESMHITEZ V155, XA~
FFRHICERZVWEZ DY A7 3EL BRHDT, £ AV b
L A EARIR SN B HEIZE V. BHBRER S0 X 55
AARRRIEHDOV AN THEH, 4 7T FOIIK
RIAZXIAR Yy FRFRTH (T u—F) 12X 2 HFEH
HIRED B & e 8RB 5, 22T, MEICTICX 5K
TR E L OB M CATF LAY I 2L —Ya vk
17, FEATENDILIERRRT 2 S5 R 7 % i 5
MLCHEEEDORBROBEIMHHT 2 L)AL D
%20 F7o, KBgRREz iy 3270 —Fony Fu
FHA Y DF~NDHOIEEI L 58 % FEATIHE L, §
el &+ 7k v b Lz v RV OF~D T O155E
NHARETL2ILT, BNTFHIOBEII L LT — 5 %214
LNBIEDPHEEINTVE2, FHOFERPEE%
B LN A A D =7 RFATIE, Bl & TR D5 72
O, HEZBHB TV —F VIUAKIBHENE EZAHETET
W WS, CTHHEA 5 D F— ZVEK & A H B L X h

ANTIE#49%3 % 20204 197



RHSEA = R EA UL, HBR b - LR SN2 X9 1%
BEBDND.

FIESEER DB
HEE - [ER L L] Y r~e— 4 % 2y MRS
[Eifakl 22 &) Stryker
(WF9e%t - M) HAF 7 V= X710 A VRS
#, XS EATL -7y - A
[Zehralic 7 &) ik Sk &M, AARZX 54
B —RERAH, V=L F Ay FERAH

X

1) Rostoker W, Chao EY, Galante JO: Defects in failed stems of
hip prostheses. ] Biomed Mater Res 12: 635-51, 1978

2) Wroblewski BM: The mechanism of fracture of the femoral
prosthesis in total hip replacement. Int Orthop 3: 137-9,
1979

3) Marmor L, Gruen TA: Stem fractures of extra-heavy Cobra
femoral hip prostheses. Report of two cases. Clin Orthop
Relat Res 190: 148-53, 1984

4) Chao EY, Coventry MB: Fracture of the femoral component
after total hip replacement. An analysis of fifty-eight cases. J
Bone Joint Surg Am 63: 1078-94, 1981

5) Pazzaglia UE, Ghisellini F, Barbieri D, et al: Failure of the
stem in total hip replacement. A study of aetiology and
mechanism of failure in 13 cases. Arch Orthop Trauma
Surg 107:195-202, 1988

6) Woolson ST, Milbauer JP, Bobyn JD, et al: Fatigue fracture
of a forged cobalt-chromium-molybdenum femoral
component inserted with cement. A report of ten cases. J
Bone Joint Surg Am 79: 1842-8, 1997

7) Buttaro M, Comba F, Zanotti G, et al: Fracture of the C-Stem
cemented femoral component in revision hip surgery using
bone impaction grafting technique: report of 9 cases. Hip
Int 25:184-7, 2015

8) ISO 7206-3: 1988 Implants for surgery—Partial and total hip
joint prostheses —Part 3:Determination of endurance
properties of stemmed femoral components without
application of torsion. International Standards Organization,
Geneva, 1988

9) ISO 7206-4: 1989 Implants for surgery-Partial and total hip
joint prostheses —Part 4:Determination of endurance
properties of stemmed femoral components with application
of torsion. International Standards Organization, Geneva,
1989

10) Rand JA, Chao EY: Femoral implant neck fracture following
total hip arthroplasty: A report of three cases. Clin Orthop
Relat Res 221: 2559, 1987

11) Gilbert JL, Buckley CA, Jacobs JJ, et al: Intergranular
corrosion-fatigue failure of cobalt-alloy femoral stems: A
failure analysis of two implants. J Bone Joint Surg Am 76:
110-5, 1994

12) ISO 7206-6: 1992 Implants for surgery—Partial and total hip
joint prostheses —Part 6: Determination of endurance
properties of head and neck region of stemmed femoral
components. International Standards Organization, Geneva,
1992

13) Raimondi MT, Pietrabissa R: Modelling evaluation of the
testing condition influence on the maximum stress induced
in a hip prosthesis during ISO 7206 fatigue testing. Med
Eng Phys 21: 353-9, 1999

14) JEAESEAE - NTIRBEESEETA T4 0. EAEREE
0306001 %, “FHi214E3 )16 H

15) Food and Drug Administration: Reporting of computational
modeling studies in medical device submissions, Guidance
for Industry and Food and Drug Administration Staff. 2016

16) Lee EW, Kim HT: Early fatigue failures of cemented, forged,
cobalt-chromium femoral stems at the neck-shoulder
junction. J Arthroplasty 16: 236-8, 2001

17) Yoshimoto K, Nakashima Y, Nakamura A, et al: Neck
fracture of femoral stems with a sharp slot at the neck:
biomechanical analysis. J Orthop Sci 20: 881-7, 2015

18) Ahir SP, Blunn GW, Haider H, et al: Evaluation of a testing
method for the fatigue performance of total knee tibial
trays. ] Biomech 32: 1049-57, 1999

19) Chen CS, Huang CH, Shih SL: Biomechanical evaluation of
a new pedicle screw-based posterior dynamic stabilization
device (Awesome Rod System)--a finite element analysis.
BMC Musculoskelet Disord 16: 81, 2015

20) Lerch M, Kurtz A, Stukenborg-Colsman C, et al: Bone
remodeling after total hip arthroplasty with a short
stemmed metaphyseal loading implant: finite element
analysis validated by a prospective DEXA investigation. J
Orthop Res 30: 1822-9, 2012

21) Pétursson P, Edmunds KJ, Gislason MK, et al: Bone
Mineral Density and Fracture Risk Assessment to Optimize
Prosthesis Selection in Total Hip Replacement. Comput
Math Methods Med 2015: 162481, 2015

22) Greenhill DA, Abbasi P, Darvish K, et al: Broach Handle
Design Changes Force Distribution in the Femur During
Total Hip Arthroplasty. J Arthroplasty 32: 2017-22, 2017

198 N7 49%3 % 2020 4F



