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57 X 1) BA% & L7z low-friction arthroplasty @ H 3
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FERICESETLIZ LIRS, BROBBRAESICT
Z720ilE, TE2RYEBBRES (RFSETERE
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Abbreviations : ADL, activity of daily living; DEXA, dual energy X-ray absorptiometry; FEM, finite element method:

THA, total hip arthroplasty
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HIZEET 20T AREO LT T 22 ML HIN
TUTOEREIT 272
EBOHEA 2T 1 AN~ 7I 7 Mk & (Japan
Medical Material, }[) o4+ L 7)) —F % » &
S A b L AAT L (ABC-HIP System HS-5) #
€7 SOWBONES” Composite Femur # 3306 (Pacific
Research Laboratories, Inc. Vashon, Washington USA) (=
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YTHELLZzb O TH S, [ L7z AF L&)
H A RBR Bl N I 2 — 74K 7 1 v b3 B IIR
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T ==k (ITNEFE PR, A7 L A
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Fig. 1. Materials. (A) Cementless straight stem, ABC Hip System
HS5H [K-Max series], (JMM, Osaka, Japan). (B) Sizing of the
sten. The stem size was properly selected to fit the shape of
the bone model. The ball offset was selected to be the same
position of the bone model and it was +/- 0. (C) Stem in several
lengths. The evaluated stem was JMM ABC Hip cementless
straight stem in several lengths, The 50, 70 and 100mm stems
were also evaluated in additon to the 130mm standard length
stem.
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1T AW T 25ETVIMEICERGDE L,
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oz, FEHGAIEANZIZE L4 2 X9 1B EE—-
(3 Co-Crit (YME26mm) @ X Fib g 27 (+0) %8R L
7z (M 1B).

T4, EBICZOABC-HIPOEMHZ I+ 2 = &
kb, REsrRE8DAF 4 (E&50, 70, 100,
130mm) Z/EML7- (M1C)., #LC, TNHEDAT L
f%%u%%?wukat.%mh,X?Lﬁkmﬁ

, PN ASEOEIETXTOATFLET—HEES
tw@@%&HUQ)%EMLL.zTL_”%T»u
L3 85 C&H50STRON I (B &EHY —2—, &
i) W, ISO7206-4 (2L L CHEE L7z, HETFN
ZELAUDTREFHIT A OO UF AT — DL, 1
A v v 47— KFG-2-120-D17-11L3M2S (L8
FHaCEtt, 1R 2L, UL Y A7 Al
ity T, 2Rz ZFAL-24120, 50, 70, 100, 130mm
DBl o7z (K24, B). 2O LT, A5 L% 54
2 L 107 #REC, 97 it ilh & 4, mﬁ*b#buhL
206mm DL THE Lz e 7 N2 EK L7 (12C0). 4

2 valgus
a=10deg

FT‘.'; flexion
b =9 deg.

Fig. 2. Experimental strain analysis. (A), (B) Three-element
stram rosette. Three-element strain rosette was used for strain
gauge. They were attached at the both of medial and lateral
cortex of 20, 50, 70, 100, and 130mm from neck cut level. (C)
Experimental strain analysis. The model of femur was fixed to
the base plate made from resin in accordance with ISO7206-4.
The stem was set in the femur at the angle of 10 degrees
valgus and 9 degrees flexion. The femoral head was loaded on
the 250kgf,
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GHAR — A~ OHE L 0.5mm/min O ML TN # 5.2 5
ZEIZEDAML, FERERICA L 250kgf o E & A
TEBBIZFETVICBET AU TAENELE. &b, O
FTAF = DI BWEICBCTHEOYMUEE I < 5l -0k
DT RZIEDOMET, M) < FE O AT ol
TEINDY, FEWLTEME L EOAE S THE
L7,

Il. ¥a— bXTLOMLIAHRER (E58R2)

RIZATLORSEERESELZ LIZLY, ThEFR
BRMEFETFTVEATED L) B2 & RT 0215
2T AHBTUTOERTT- 7.

F5 1 L Bk 1Z ABC-HIP A 7 24 HS-5 (SHS52-5M,
IMM) OB E+ 22 Lickh, RE2ESDA
FAFRER L (E&50, 70, 100, 130mm). # 7+t >
FE—EIZZb LI, TRTOATF LATHIELE— VI
Co-Cr# (4}h#£26mm) @ I FIbh v 7 (£0) #8H L
oo RIS, TNHOATFT AZWESERY L ¥~ K05-001
k&t Ry 7, KIR) MIZEA L, FHICEHE TN
SICMELPTMLARRE L To 722, WHTEHRY L
¥ ¥ OFEFRGRIE L 0.59 ~ 0.79MPa, #1535 7 5 0 1 #ii
DR FE (L # 2MPa T, 284 4t % 50ml 4 245 100ml
REL, W1oMEIELE, 208K, ATLZRELE
I LiAA, o b LcBIZ Yy gL Tho
YLy rEROB LA, AFALY EAECHRRLTL
y E bR, Ay =2 TN R- 7 (M3A). D
%, AT ALEFATICAERI 2L, SEPOIEHRET
M & ISR Z A7z, Immd LA Z & (25 2 51l
L, 15mm I TH LAARBET o7, AT AICHFHA
Iz % J5 itk 1 AutographAG-100kNE (bkat £+ 15
HERERT, UHE) &, AT AdRAMEOELEFHIT 2
MEERTE =V F L XV A-300 (> 7isERER &4,
) ZMEH LA (3B). #7240 LA & sUBR T
(15mm M LiAZdg), WHOMED 6 O miidt ¥
FrraE LTRHIL 7 (1M30).

. HFRESE (fenite element method, FEM) (£ %

R4 (26% 3)

FEM & FHUEMNT O FED 9 b, R & /Tl
LEFEOEEERLAL LT, FERICGHILTERTL
DRI EAT, SEROETHOEMELE KDL FEOZ L
ThbH., BHTSEE ML EREO L~ F Tl LT
Wiz 479 720, RIS EIRE U TIE8E L ke
HeffoTWTh, HWBHMH LW # e Tdh S
EVWHSFIEAD L. T, LHHlAVERE~LGETR
ET213L, WIFOEPMEOMEAN L+ 5, Mtz
FIM L - EN R ENFEDO—2TH Y, CAD & EIC
BUAHENFOGEZE LD L LT, Be 2MEICH
WHENTWA, FEFILE BV (k1) T,
O AT — V&R BTLPOTAOHEEATE SR
Wiz, KB EF VG ICeiciged 2 O3 aokilise
RT3 2 HIOTUL T O EZ4T - 72,

Fig. 3. Experimental strain analysis. (A) Experimental device for
push-in test. Push-in test was performed to find the effect of
stem length on the behavior of the stem in femur. 4 collarless
stems with different length based on of ABC hip system were
prepared, and pushed into rigid urethane foam by applying
vertical downward force on artificial head. (B) Measurement of
stem deviation angle. Stem deviation angle was measured in
every Imm moving of the head center until reaching to 15mm.
(C) Measurement of stem sinking distance. Sinking distance
was measured in every lmm moving of the head center until
reaching to 15mm. The blue line is a base line, on the other
hand the yellow line shows the end point. And the vellow
arrow shows stem sinking distance,
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Fig. 4. FEM analysis. (A), (B) The strain distribution on the
femur analyzed by FEM was measured with the 130 and 50mm
stem lengths. The cortical bone thickness was set with Smm
(Test 3-1) and 6.5mm (Test 3-3). The load axis was 10 degrees
valgus (a) and 9 degrees flexion (b). The weight was 250kgf.
(Test 3-1, 3-3) The changes of strain distribution in relation to
the differences of load axis were evaluated by FEM analysis as
well. Load axis was changed into less valgus (a =8 deg.) more
flexion (b =11 deg.) setting and more valgus (a =12 deg.) less
flexion (b =7 deg.) setting. (Test 3-2)
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1. ATLREEIEAEBEQOUVTAHAEDIE (E
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BEFTNVEROIERERBKFIZEX S P VAAT A
(ABC-HIP, JMM) DEMIFEZLIR L /2R ZL5RIDA
FLEEEL, FEMETZ BV IHEANROKEE
FURETLUOTAERKZL /2. FEMBHOV 7 Mid
MSC. Visual Nastran 4D version 7.2 (MSC. Software
Corporation, Santa Ana, USA), K UFANSYS Simulation
11.0 (ANSYS, Inc, Canonsburg, USA) 2B L 7=, A7
LADESIE50, 130mm & L7z, FEER2 L FEICAT A
EASEICH L10° AR, 9° B2, #iE250kgf D
SBETHEITEITo 7. KBERBUHYE,LEMIC
170mm DL E CTHEE L BE L7z (K44). ZOBDEER
BFOEXE8mm & L7,

2. KBEFOHREBEAE TS EALFEOVTAHED
SEE (KBR3-2)

OFRICEZBMOERD S b RKBEOREAZEO
B4 FEMBHTICE DT L2, KBE (EFVE) D%
BEATERI1O&EMH GREICH LAX10°, BH#9°) i
mz, X8, BM11°BLUNK12°, BHM7° D3
DOEU TN EIT o7, FERIZBVWTDATADR
21350, 130mm & L 7z (XI4B).

3. XBSOWEHRKREZE(LIEABEOUVTHED
SR (3EB&3-3)

DFARILEBEZL2MORRD ) bHEBRKOZE S
FEMBITICE DRRET L7, REBOEALEERI1DE
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ERIIBVWTHRAT ADKE SIS0, 130mm & L7,
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WTFNRDOEFNVICBVWTHORATHEROTADE
P, NMUTIEE-EY OFTADEIKRE o7, S
BETIH oY DT AOERIATLARICE ST, HE
B &2 S5 50mm ~70mm AU EEF -2, 22
PHOREMICAP I I ERITEERICH o7, 2, #
DEEFAT LAEFEL L LIZOoNVET LA, F0OBRKMHE
1A 7 A& 50mm T2582u¢, 130mm T4793ue TdH -
7z (M 5A).

—HT, REDEROTANEDLABOEmMERL,
AF LRI L THEIFEY DA S 50 ~ 70mm DAL E
FE—2 &L, FIHRMICAPSIEERDT HER
otz T, FOEEIAFLARPEL 2B IZoNK
Tl 20KKMEIZAT AK50mm T3789 ¢,
130mm T 6402 ¢ T - 7z (K 5B).

ERIHMINICRET BE -8k ) O TADMES, WHENLC
BETLE2EMOTADEDATLOESPEVED, A
FLARBALZWIREO O FASHISEVERIZS -
2. 2N a— FRAFLARBALLBEREE LY
A, BAKDODTAGMHIEVEVWIFERTH 7.
2L, REME QOmm DRLE) 2B T ANREIERED
Tk, ATLARPELS L DIIERE L RhoTnT .
. Ya— bXFLDEWLIAASER (EER2)

AT LARPEVIZERARAMICEML, HEgd K&
o7z (K6A). 50mm &, 130mmAOFEEDAF LIZ
BWT, ALATLALTETCOEMNAETETA L,
50mm OB EDAT L TIRFI2EEREONTEEIL & %> 7-.

0 50 100 150

Position of gauge attachment [mm]

Fig. 5. The maximum strains. 4, 130mm stem; A, 100mm stem; X, 70mm stem; ll, 50mm stem; @, without stem. (A) The tensile strains
on the lateral femora. The strain peaks at the area between 50 and 70mm from the neck cutting line regardless of the stem length. The
shorter the stem length was, the lower the stain of the lateral femora was. The strain distribution of the short stem was more similar to
that of the original bone than the longer stem. (B) The compression strain on the medial femora. The tendency was similar to the
distribution of the lateral femora. The shorter the stem length was, the lower the stain of the medial femora was.
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—FHT, ATARFEVWELAT AT O rF 02
BEEHEML, AARBRANOERIZRD L7 (X6B).
S50mmDEIDAFATIIY Y F 2 FEBIZ0TH - 72,
ll. FEMfEHT (RB&3)

1. AT LREZ(LS L BEDV T HMED LS (5 3-1)

O FASAHAEILS50mm & 130mm D X 7 4 CTH U
MTiEHo724, 50mmDY 3 — NAFATIROTAD
BWEREA L D EMNAS RSN (M74). #hFho
AT LIIBTEAAOV T ADORAMEIRR 130mm DR ¥
v = NAT LH2490pue, Y3 — bAFT LD 3150ue
T, ATLADPHL LB ETHDZFOEMNEEI27T%TH
272, —F, MDD TAOBRKEZRAS V¥ — FAF
LH32180ue, ¥ a— PAFLD2280ue T, AT LD
b2 L ToEMERIZSRIZEEE o7 (FD. o
DZEDL, AT LORIOEITFICARMOOTFAIC
HBES 25T ERENT.

2. KEBFOSEAELTLEEBEEOVTAHED

HEE (KB 3-2)

AY T = FRAFLZBWTIE, KEEDOHNHIN
S, BHAFPREVIEEEFVEORMEIICKE LD
THENREL) (M7B). AF¥ V¥ — FAFAIZBITA
AR OO FADERMEE, NEAWNS JERMADIKE
BT EIZED19%BML 2. FHE, S4lovd
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Fig. 6. (A) Stem deviation angle. @, 130mm stem; ll, 100mm
stem; A, 70mm stem; @, 50mm stem. The shorter the stem
length was, the more the stem took varus position. (B) Sinking
distance. The longer the stem length was, the more the stem
sank.

HDOBRAEITI3%IEIML 7 (2., Ya— FAFLTY
FE#DMEET (W7C), KBEEOHREANFE L THIIL,
AT LEFEL 2o TORRKOTAEOEMIBETH
272, Y a = bPAFLARBITAAEDO VT AORKER,
ARADPNS L, BHAFREL A2 EI12E0D19%
L2, BRI, SR TAOBAMEIT 13 %R
L7z (k2). 2F0, AT LDEENEbL-TH, M
RBEIELS ok, ATLEOELL Y b KBEEOH
BAOEIDHTHFOTAEIIKELEEL5 2 T,
3. ARBOKEMKREZLS L -BENDVTHED

8 (K8 3-3)

AT AR D ST, BEOEAFENE D TAOE
KEPKELZ 572 (RTD). FNFRDAFAICBIT
ERBOVTADBEREIL, A > F— FAFLADBE,
BHENEL 2D L T27%EML. F7, S a—
NAF AT O FTARADRKBEIIERENEL &5
ZETH%HEIMLA. —F, HAOUFADRAMEL,
A V- RRTLDHE, FEEFE DT
29%EINL7:. ¥/, Ya— FAFATRARD U TA
DEKXEIIREAEFEL 25T TETREML L (K3I).
FEEVPEC 2B L THNMIL BIZDTADEIKE
o, B2V a— bAFAEBITAUTAOREN
RIKEEDEACHEIHELZIT TV,

Table 1. The maximum strains on the lateral and medial femur

Maximum strains (z«)

Stem length (mm) Medial femur Lateral femur
130 2490 2180
50 3150 2280

Table 2. The maximum strains on the lateral and medial femur in
different stemn setting angle

Setting angle (deg.) Maximum strains (ze)
Stem length (mm) Valgus Flex  Medial femur Lateral femur

130 10 9 2490 2180
130 8 1 2960 2470
50 10 9 3150 2280
50 8 1 3748 2970

Table 3. The maximum strains on the lateral and medial femur in
different thickness of the cortical bone

Thickness of the Maximum strains ( z« )
Stem length (mm) cortical bone (mm) Medial femur Lateral femur
130 8 2490 2180
130 6 3200 2760
50 8 3150 2280
50 6 4950 3620
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B Valgus 12 deg. 10 deg. 8 deg.
A Flexion 7 deg. 9 deg. 11 deg.
& ¢ 2 o @

- : \ N A LY
\m L

Stem length : 130mm 50mm 130mm
G Valgus 12 deg. 10 deg. 8 deg.
Flexion 7 deg. 9deg.  11deg. Stem length : 130mm 50mm
A,
E
(]
- M
L]
=3[ > =
E ; —
m 5 .
= . Bmm 6.5mm 8mm 6.5mm
50mm Thickness of the cortical bone

Fig. 7. The tensile strain distribution using FEM analysis. (A) The distributions were similar with the both length stem, whereas the pealk of
the sirain was seen at a little more proximal in the case of the short stem. (B) 130mm standard stem. The strain was bigger with the small
valgus angle and the big flexion angle of the femur. (C) 50mm short stem. The strain was bigger with the small valgus angle and the big
flexion angle of the femur. Even if the stem length was short, the range of the maximum tensile strains increased slightly, when the
setting angles were the same. The differences of the maximum strains were much bigger by changing the femoral angle than changing
the stem length. (D) The thinner the cortical bone was, the higher the level of the tensile strain was, regardless of the stem length.

Setting angle in
experimental test

Moment arm L [mm]

Fig. 8. The length of the moment arm. (A), (B) The strain on the femur is influenced by the length of the moment arm. By changing the
valgus and flexion setting, the moment arm length would be changed. In short, in this test, the moment arm length in 8 degrees of the
valgus angle and 11 degrees of the flexion was the longest and the length of that in 12 degrees of the valgus and 7 degrees of the flexion
was the shortest.
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nE, METHAOBICERES WA ICERT L, L
DEBETS, Ya— bPATFAPEREDEZFEEL,
EHDPO Y a— P ATFLANERE, FREIsLTWEID-D
CDYALTDOAFT AL, Bz, BEEOSVEELZ I
TAHTHAICBWTIE, BEROTERE*Z R 254,
BRTHDEZEZ LN KEERZIZ ABC-HIP &
7 A HS5 (SHS52-5M, JMM) # A L7245, ZOAF
LARFHLAERE LT, 20BESBAORD
HZEMNEERA P L — PATABRE Lo TWAEZ E
&, ERICEBNCHERHICEAIA TSy a—bATF
AT & 5% Balance® Microplasty™ STEM (Biomet,
Warsaw, Indiana, USA) & EfMIEROFIRAEE L Tw
H7:0THA. T/, £EI1, 2 Ti150mm, 70mm,
100mm, 130mm DB EDAF LTEREIT-7. Ih
3, EEORRTRETAEFNOL » M BIZBWT,
BEOOBLOLT L BREADTD LA T TERIZIZT0
~80mmBEOR XN DL LFEVEERDN, X7 4
BREERIOREPSUELEZ 0L THD. FOLT,
L, DTORS*HLEEHET H/20OIZ, Th
LORIEERTHIEIZLT.

va— MRAT AR, BREVFTRTHERIBES TH
B L) JUANC S BN L KRB D S O ERE
EVHBETHE DA, BEFVERWE 2R
(EE1) CREALLZAFARIIP2DLLT, KBREIC
HLHUOTRIIERIC—FEDERER LD, 2OHEIR
BALZATANWEL BT L 213 Y, EBBRIRREIC
W %o Tz, Falez 5%, Hagel 527, Roth® 5id,
EFNENY a— P AT AEHAAGIROKBEERANUOFE
BEEOEILERERETH 5 DEXA (dual energy X-
ray absorptiometry) THHT L, ZOHMTR RS2
L, ANFELEEDH TAY Y ¥F— FATF AL
THEHATH oL DI|ER LTS,

—HT, Ya— FAFLIIFOE LI LHEEEHE,
WEDOBIMED VA NEL BADTII 2V LOBS
HH B, FEEMIZE L T Fottner 5 213, in vitro DE
ERT, WS ODDEFNTYa— AT LAEBEFTINVICE
BL, WEANLIBOZKRTH L BNEEOME %25
L2823, #05%&hb, Ya— AT LAREBICX
THRSIILEVEDERERELTnAE, 2% h, NN
AFRABZANGBEEISIR Y a— PATLAREBROE
HICRBECORMIIZVWEEILNRSE, LAL, —F
THRADERTIE, ER1ZBWT, BEMEBIZBITS
ARESHE O TAERRAT 2GR E R DT EREL
LoTwiz, ZOZEhs, R AFRTAIRIZIEAKS
BABPPBEZ Ll BD, ZOWMMETOREIEIE
ENBEERL. FE, HELPRAMEER Y 3 -+
A F & (CentPillar Grid Blast HA stem) % {#/H L 72448
FRAEGT, 333%BICAREEMTARBITIFA L7

EDOHRELTWwD, F72Gilbert 53k, MAYO®
Conservative Hip Prosthesis # W 7=F M 12BWT, 4%
DIEFNHREREEL, EHET I LA TELVE
BRTWD, WIZOHHEIWICSRLBEIHA X
NB¥0 K542, Ya— PAFARFERERE, EH
AL THEATLIONELL, ARMEEIRTVE
VA RADH DD, ZOBAER, WALEME~ND U H
EELICHEMEIETLE) MEEMY S A, Lizdio T,
Pa-bRATLDOERAOBIZIIEYRT T4 A2 MO
AL, PONENLEELEROZ LIV EEGE LB,
FITER2TIE, BEABEILVY VAICEBALLASF
LDIIFEENITBIC, AFADPEDL D hEEER %
AT REt L, HLABEERB YL Y Y OEHE
13059 ~ 0.79MPa & &1, EETORBE AR OME
WEOEMBE W2MPa) L 3EL2 5. 7271, HN%
OPLZ X BHE LD, FHRBEREL-TVT
bIWEHET L. 2ORE, HLAARTRIIBNT
AT ARVEVIEEARAMICEM L2, — TR
BEICEATLART %2 88ENTAL 00,
AN EE~DES I ED L2, 2%, Ya— AT
LEMFHALCHE, HEEMAABRTI Y ARFTEIC
EMTHE)RNZNEEEL L, BETRETHEE
WAy Zkilh s,

EE1, 20HEDIS, AT LARBARORNNEMZ
BiTARETSLEREDEAD S DEM T TR EH
VETHY, I-@EABRCIARECTIEET 54
BEXHDLEZ. TOLHIZ, Pa—bATAZOH
BEZEUEDE TIRAF L EZ SN LD, HENEEELYE
ZETICRIF R UHIEENSR ORI GEIIE, BRIFRH
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Evaluation of tensile strain distribution in loaded proximal femur in relation to lengths of cementless stems
Tomonari Ando, Department of Division of Cancer Medicine, Graduate School of Medical Science, Kanazawa University,
Kanazawa 920-8640 Juzen Med. Soc., 119, 99 — 109 (2010)
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Abstract

The short stem has an advantage in bone preservation in total hip arthroplasty. To evaluate the influence of the length of
cementless stems on loaded proximal femur, the tensile strain was measured by the experimental strain analysis and the finite
element method (FEM) analysis. Cementless stems in several lengths (130mm [standard length], 100mm, 70mm, 50mm,
ABC Hip System [K-Max series], JMM, Osaka, Japan) were evaluated. The strain distribution was measured with three-
element strain rosettes after implantation of the stem into the Sawbone Composite Femora #3306 (Pacific Research
Laboratories, Vashon Island, WA, USA). FEM analysis of the stem in the same length was also conducted. The changes of
strain distribution in relation to differences of setting angle of the stem in the femora and the thickness of the cortical bone
were also evaluated by the FEM analysis. The tensile strain showed its peak in the lateral area 50-70mm from the bone
cutting line regardless of the stem length, with anterior transition distally. In the experimental analysis, the strain was lower
when the stem length was short, whereas the FEM analysis showed higher strain in the proximal area when the stem length
was short. On the other hand, the strain was bigger with the decreased valgus angle and the increased flexion angle of the
femur. The tensile strain was also higher when the cortical bone is thinner. It was found that the tensile strain is more
susceptible to the fixation angle of the stem and the thickness of cortical bone than the stem length. Therefore it is important
that the stem length stays within the range of the solid cortical bone to reduce the risk of femoral fracture.



