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Exclusions: cementless and hybrid hip 
replacements, other brand combinations of 
cemented hip replacement, missing brand 
data, indications other than osteoarthritis

Exeter V40/Contemporary 
population studied

34 721 procedures

Cemented hip replacements 
performed for osteoarthritis using 
the Stryker Exeter V40 stem and 
Stryker Contemporary cup 
combination

36 181 procedures

Primary hip replacements with 
complete patient data submitted 
to the National Joint Registry 
database, and performed 
between April 2003 and 31st

December 2010

384 313 procedures

Exclusions (1460 procedures, 4.0%):
Heads: ‘Vitallium’ and ‘Delta’ heads
Stems: long and custom stems, 30 mm 
and 33 mm offset
Other: missing variables, data errors, 
component mismatches, unidentified 
cement types
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CDEFGHD$ AI$ JKD$ LMDFJDM$ ENOPOEFN$ MDNDQFPED$ RKDP$ SFTOPL
LMAGU$EASUFMOHAPH>$3MDNOSOPFMV$FPFNVHOH$AI$FLD$FH$F$EAPJOP=
GAGH$ QFMOFCND$ RFH$ FNHA$ MDUAMJDW>$ 'P$ AMWDM$ JA$ DXUNAMD$ JKD
OPINGDPED$ AI$ EAQFMOFJDH$ JKD$ SAHJ$ EASSAP$ EFJDLAMV$ RFH

LDPDMFNNV$ GHDW$ FH$ JKD$ CFHDNOPD$ EFHDY$ IAM$ DXFSUND@$ ;Z SS
KDFWH$RDMD$GHDW$FH$JKD$CFHDNOPD$FLFOPHJ$RKOEK$FNN$AJKDM$KDFW
HO[DH$RDMD$EASUFMDW>$#XEDUJOAPH$ JA$ JKOH$RDMD$FLD$ \RKDMD
JKD$VAGPLDHJ$LMAGU$RFH$GHDW$FH$JKD$CFHDNOPD]$FPW$EAPHGNJ=
FPJ$QANGSD$\RKDMD$JKD$KOLKDHJ=QANGSD$LMAGU$RFH$GHDW]>$

,$ MDQOHOAP$ UMAEDWGMD$ RFH$ EAPHOWDMDW$ JA$ CD$ F$ ^IFONGMD
DQDPJ_@$RKDMD$JKD$JOSD$CDJRDDP$JKD$UMOSFMV$!"1$FPW$JKD
MDQOHOAP$ RFH$ JKD$ SDFHGMD$ AI$ HGMQOQFN>$ &GMQOQFN$ JOSDH$ IAM
UFJODPJH$RKA$KFW$PAJ$GPWDMLAPD$MDQOHOAP$RDMD$EDPHAMDW$FJ
JKD$HJGWV$EDPHGH$WFJD$\8<$%DEDSCDM$;B<B]>$5FUNFP`2DODM
HGMQOQFN$ EKFMJH$ ROJK$ ?ab$ EAPIOWDPED$ OPJDMQFNH$ \-']$ RDMD
LDPDMFJDW$ JA$WOHUNFV$WOIIDMDPEDH$ OP$GPFWcGHJDW$EAQFMOFJDH>
!KD$ NAL=MFPT$ \2FPJDN`-AX]$ JDHJ$ RFH$ GHDW$ JA$ UDMIAMS
UFOMDW$EASUFMOHAPH$CDJRDDP$DFEK$AI$ JKD$EAQFMOFJDH$GHOPL
JKD$UFOMROHD$AQDM$HJMFJF$SDJKAW>$-AQFMOFJD$EFJDLAMODH$ROJK
GPFWcGHJDW$ HOLPOIOEFPJ$ OPINGDPEDH$ FMD$ UMDHDPJDW@$ ROJK$ NOID
JFCNDH$JA$WDHEMOCD$PGSCDMH$ROJKOP$DFEK$EAQFMOFJD$EFJDLAMV
DPJDMOPL$DFEK$VDFM$AI$JKD$HJGWV>$

'P$AMWDM$JA$FWcGHJ$ IAM$WOIIDMDPEDH$ OP$TPARP$UFJODPJ@$HGM=
LDAP$ FPW$ OSUNFPJ$ EAQFMOFJDH@$ -AX_H$ UMAUAMJOAPFN$ KF[FMW
SAWDNH$RDMD$GHDW>$!KD$-AX$SAWDN$FHHGSDH$FP$GPWDMNVOPL
CFHDNOPD$MOHT$AI$MDQOHOAP$\KF[FMW]$JKFJ$HJFVH$EAPHJFPJ$JKMAGLK
JOSD$FPW$OH$OPINGDPEDW$UMAUAMJOAPFJDNV$CV$EAQFMOFJDH@$RKOEK
SFV$SOJOLFJD$AM$DPKFPED$JKD$MOHT$AI$MDQOHOAP>$!RA$HDUFMFJD
SAWDNH$RDMD$EAPHJMGEJDWY$JKD$IOMHJ$IAM$FNN$MDQOHOAPH@$FPW$JKD
HDEAPW$IAM$MDQOHOAPH$RKDMD$WOHNAEFJOAP$RFH$MDEAMWDW$FH$FP
OPWOEFJOAP$IAM$MDQOHOAP$\AJKDM$OPWOEFJOAPH$RDMD$JMDFJDW$FH$FP
FNJDMPFJOQD$AGJEASD@$JKDMDCV$DIIDEJOQDNV$DXENGWOPL$JKDHD$IMAS
JKD$FPFNVHOH]>$1DHGNJH$FMD$UMDHDPJDW$FH$KF[FMW$MFJOAH$\"1H]
ROJK$??b$-'HY$MFJOAH$d$<$OPWOEFJD$JKFJ$MOHT$OH$KOLKDM$JKFP$JKD
MDIDMDPED$EAQFMOFJD$EFJDLAMV>$*ROPL$JA$JKD$HJFJOHJOEFN$SDJK=
AWH$GHDW$FPW$JKD$NFMLD$UAUGNFJOAP$HO[D@$APNV$EAQFMOFJDH$IOJJOPL
SAWDNH$ROJK$U$e$B>B<$RDMD$EAPHOWDMDW$HOLPOIOEFPJ$OPINGDPEDH@
JA$MDWGED$JKD$MOHT$AI$JVUD$<$DMMAM>

0OID$ JFCNDH$ RDMD$ UMAWGEDW$ JA$ MDUAMJ$ GPFWcGHJDW$ APD=@
JKMDD=@$ IOQD=$ FPW$ HDQDP=VDFM$ MDQOHOAP$ MFJDH$ \ROJK$??b$-'H
DHJOSFJDW$GHOPL$JKD$PAMSFN$FUUMAXOSFJOAP]$IAM$DFEK$WDHOLP
AI$FEDJFCGNFM$EASUAPDPJ$FPW$HO[D$AI$IDSAMFN$KDFW@$FPW$IAM
FNN$89$:;<$UMAEDWGMDH$OPENGWDW$OP$JKD$HJGWV>$&GMQOQFN$RFH
PAJ$MDUAMJDW$OI$JKD$PGSCDM$DPJDMOPL$F$VDFM$RFH$e$ab$AI$JKD
AMOLOPFN$PGSCDM$DPJDMOPL$JKFJ$UFMJOEGNFM$LMAGU>$,$U=QFNGD
AI$e$B>B<$RFH$FUUNODW$JA$WDPAJD$HJFJOHJOEFN$HOLPOIOEFPED>
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!CLI$ FDMFAITDXMLED$ XACAFM$ IMUVK$ TFAELVDI$ MCD$ HGFWDIM$ LJ=
VDTMC$GJGHKILI$AS$G$ILJWHD$YFGJV$XAZYLJGMLAJ$AS$XDZDJMDV
!"1I$ MA$VGMD>$,SMDF$ FLI^$GV_UIMZDJM$ ILWJLSLXGJMHK$ WFDGMDF
FDELILAJ$ FGMDI$ SAHHANLJW$ !"1$ NDFD$ LJVDTDJVDJMHK$ GIIAXL=
GMDV$NLMC$G$CAAVDV$GXDMGYUHGF$XAZTAJDJM$VDILWJ$GJV$IZGHH
SDZAFGH$CDGVI$P\$;Q ZZ$VLGZDMDFR>$!CDID$SLJVLJWI$GFD$XHLJ=
LXGHHK$ LZTAFMGJM@$ GI$ MCDK$ LVDJMLSK$ ZAVLSLGYHD$ TGFGZDMDFI
NLMCLJ$MCD$XAJMFAH$AS$MCD$IUFWDAJ>$*MCDF$SGXMAFI@$LJXHUVLJW
MCD$IUFWLXGH$GTTFAGXC@$MCD$ZGMDFLGH$AS$MCD$SDZAFGH$CDGV$GJV

MCD$MKTD$AS$XDZDJM$UIDV@$VLV$JAM$ILWJLSLXGJMHK$LJSHUDJXD$MCD
FGMD$AS$FDELILAJ>
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!CD$FDHGMLED$FGMDI$GM$NCLXC$TGFMLXUHGF$LZTHGJMI$FD`ULFD$FDEL=
ILAJ$ ZGK$ XCGJWD$ NLMC$ SUFMCDF$ SAHHAN=UT>$ 1DELILAJ$ NGI
MG^DJ$GI$G$IUFFAWGMD$ZGF^DF$AS$SGLHUFD@$GI$AMCDF$DJVTALJMI
NDFD$ UJGEGLHGYHD>$ !CDFDSAFD@$ MCAID$ TGMLDJMI$ HLELJW$ NLMC$ G
TGLJSUH$CLT@$AF$MCAID$GNGLMLJW$FDELILAJ$GM$MCD$MLZD$AS$XDJIAF=
LJW@$CGED$JAM$YDDJ$LVDJMLSLDV><<$'JSAFZGMLAJ$FDWGFVLJW$MCD
VUFGMLAJ$ GJV$ IDEDFLMK$ AS$ IKZTMAZI@$ FGVLAHAWLXGH$ GTTDGF=
GJXD$GJV$GXMLELMK$HDEDHI$TFD=$GJV$TAIM=ATDFGMLEDHK$NDFD$JAM
GEGLHGYHD>$,VVLMLAJGHHK@$MCD$VDILWJ$AS$MCD$IMUVK$LI$AYIDFEG=
MLAJGH$GJV$MCUI$EUHJDFGYHD$MA$AZLMMDV$EGFLGYHDI@$NCLXC$ZGK
CGED$XAJSAUJVDV$AUF$SLJVLJWI>$!CD$1DWLIMFK$VADI$JAM$XGT=
MUFD$GHH$MCD$LIIUDI$VDMDFZLJLJW$MCD$IDHDXMLAJ$AS$XAZTAJDJMIa
G$ CLWCDF$ FGMD$ AS$ FDELILAJ$ ZGK$ YD$ G$ FDIUHM$ AS$ UJZDGIUFDV
TGMLDJM$AF$IUFWLXGH$SGXMAFI@$FGMCDF$MCGJ$SGXMAFI$FDHGMLJW$MA$G
ITDXLSLX$XAZTAJDJM>$)DEDFMCDHDII@$ILZLHGFLMLDI$YDMNDDJ$MCD
UJGV_UIMDV$GJV$GV_UIMDV$ZAVDHI@$FAYUIMJDII$UJVDF$VLSSDFDJM
ZAVDH$SLMMLJW$GIIUZTMLAJI@$GJV$MLZD$LJVDTDJVDJXD$IUTTAFM
MCD$FDHLGYLHLMK$AS$MCD$DIMLZGMDI>

!CD$CAAVDV$-AJMDZTAFGFK$GXDMGYUHGF$ XAZTAJDJM$NGI
GIIAXLGMDV$NLMC$G$ILWJLSLXGJMHK$CLWCDF$FLI^$AS$FDELILAJ$SAF$GHH
LJVLXGMLAJI$GJV$FDELILAJ$NCDJ$VLIHAXGMLAJ$NGI$MCD$LJVLXG=
MLAJ>$!NA$ZGLJ$VLSSDFDJXDI$LJ$VDILWJ$VLIMLJWULIC$MCD$CAAVDV
SFAZ$ MCD$ SHGJWDV$ XAZTAJDJMIa$ MCD$ CAAVDV$ XAZTAJDJM
LJXAFTAFGMDI$G$HGFWD$TAIMDFLAF$DHDEGMLAJ$PAF$CAAVR$NLMC$MCD
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Life table showing numbers at risk in each year
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Acetabular component design

Log rank (Mantel-Cox) Flanged Hooded 
Flanged (p-value) - < 0.001 
Hooded < 0.001 - 

Acetabular 
component 
design 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

Flanged 24 212 19 491 14 795 10 276 6176 3282 1281 375 
Hooded 10 609 8582 6793 4846 3176 1913 790 283 
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32 mm

Head size

Log rank (Mantel-Cox) < 28 mm 28 mm 32 mm 
< 28 mm (p-value) - 0.022 0.101 
28 mm 0.022 - 0.615 
32 mm 0.101 0.615 - 

Femoral 
size 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

< 28 mm 5036 4619 4032 3365 2547 1783 1034 378 
28 mm 27 218 21 946 16 873 11 482 6691 3374 1031 280 
32 mm 2467 1508 683 275 114 38 6 0 

Life table showing numbers at risk in each year
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9IB%HJC%,W%EIJG%GERQT%PHG%E,%BXKF,LB%WHME,LG
EIHE%CHT%HWWBME%EIB%LJGZ%,W%LBSJGJ,D%JD%H%DHEJ,DHF
M,I,LE%,W%KHEJBDEG%RDQBLU,JDU%H%GJDUFB%ETKB%,W
MBCBDEFBGG% 9>8*% RGJDU% QHEH% WL,C% EIB% +.8$&
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87*&/+,*&9&'+:,8&'+;1,(<

*=>?&@A=BC&DE&FGHI=BJ&?=K&=&A=BLM&DE&H=A=GMJMAK&J?=J&G=N
FBEIOMB>M&J?M&AFKP&DE&E=FIOAM%&8?MKM&H=A=GMJMAK&=AM&BDJ&=II
>DGH=A=@IM&=>ADKK&@A=BCK&KO>?&=K&J?M&IFBMA&JNHMK&OKMC%&:B
DACMA&JD&MQHIDAM&J?M&CMJMAGFB=BJK&DE&E=FIOAM&FJ&R=K&=HHADS
HAF=JM&JD&IFGFJ&J?M&=B=INKFK&JD&J?M&GDKJ&>DGGDB&@A=BC&DE
>MGMBJIMKK&871&=BC&FB&KFGHIFKJF>&=B=INKFK&DBM&DE&J?M&@MKJ
HMAEDAGFBL-&FB&JMAGK&DE&DTMA=II&AMTFKFDB&AFKP&=J&EFTM&NM=AK&FB
*BLI=BC&=BC&4=IMK%#

!"#$%&#'("&)(*%#+,)'
8?M&,'1&>DIIM>JK&C=J=&DB&H=JFMBJK-&KOALMDBK&=BC&FGHI=BJK
HMAEDAGMC&FB&J?M&HAFT=JM&=BC&HO@IF>&KM>JDA&U,=JFDB=I&7M=IJ?
$MATF>M-& ,7$V& FB& *BLI=BC& =BC& 4=IMK%& (>>DACFBL& JD& FJK
*FL?J?&(BBO=I&1MHDAJ-&J?M&GDKJ&>DGGDB&>DG@FB=JFDB&DE
>DGHDBMBJK&OKMC&FB&>MGMBJIMKK&871&FK&J?M&WDA=FI&KJMG&=BC
J?M& .FBB=>IM& =>MJ=@OI=A& >DGHDBMBJ& U6M.ON& <JC-& <MMCK-
;BFJMC& 0FBLCDGV-& =>>DOBJFBL& EDA& XY%Z[& DE& >MGMBJIMKK
871K&U"\&#!]&DE&YX\&]Z\V&KFB>M&J?M&MKJ=@IFK?GMBJ&DE&J?M
AMLFKJAN&FB&Z\\X%#&8?M&WDA=FI&KJMG&FK&=&EOIIN&?NCADQN=H=JFJM
U7(V&>D=JMC&BDBSHDADOK&EDALMC&JFJ=BFOG&=IIDN&KJMG&RFJ?&=
JA=HM^DFC& >ADKK& KM>JFDB& HADQFG=IIN& =BC& =& _O=CA=BLOI=A
>ADKK&KM>JFDB&CFKJ=IIN%&:J&?=K&=&HDIFK?MC-&IDR&HADEFIM&BM>P&=BC
=& YZ`Y"& J=HMA& Ua(AJF>OI`M^Mb-& 6M.ONV%& :J& FK& =T=FI=@IM& FB& =

A=BLM&DE&KF^MK&Uc&GG&JD&Z\&GGV&=BC&BM>P&DEEKMJK&UKJ=BC=AC-
a<=JMA=IFKMC&WDQ=&d=A=b-&=BC&a7FL?&+EEKMJbV&=BC&>=B&@M&OKMC
RFJ?&DA&RFJ?DOJ&=& >DII=A%&8?M&.FBB=>IM& =>MJ=@OI=A& KNKJMG
>DGHAFKMK& =& ?MGFKH?MAF>=I& JFJ=BFOG& K?MII& RFJ?& >D=JFBL
DHJFDBK& FB>IOCFBL& a.DAD>D=Jb& U6M.ON-& JFJ=BFOG& KFBJMAMC
@M=CKV-&a6ODEFQb&U6M.ON-&.DAD>D=J&RFJ?&=&7(&>D=JFBLV&=BC
a5AFHJFDBb& U6M.ON-&?FL?&EAF>JFDB&HDADOK&JFJ=BFOG&KOAE=>MV%
8?M&K?MII&=>>MHJK&HDINMJ?NIMBM&Ua*BCOADBb-&6M.ON-&KJ=BC=AC
HDINMJ?NIMBM& DA& a)=A=J?DBb-& 6M.ON-& ?FL?IN& >ADKKSIFBPMC
HDINMJ?NIMBMV-&>MA=GF>& U/FDIDQ&6MIJ=e&WMA=G8M>-&.ID>?FBS
LMB-& 5MAG=BNV& =BC& GMJ=I& IFBMAK& Ua;IJ=GMJb-& 6M.ONV%& :J& FK
=T=FI=@IM&FB&CF=GMJMAK&EADG&X#&GG&JD&cc&GG&=BC&J?M&K?MII
>DGMK& FB& EDOA& T=AFMJFMKf& KDIFC& @=>PMC& aY\\b-& KHFPMC& KDIFC
@=>P&aX\\b-&J?M&J?AMMS?DIM&a$M>JDAb-&=BC&=&a)OIJFS?DIMb%&6=J=
RMAM&MQJA=>JMC&EDA&=II&WDA=FI`.FBB=>IM&871K&HMAEDAGMC&=BC
KO@GFJJMC&JD&J?M&,'1&OBJFI&XY&6M>MG@MA&Z\Y\&RFJ?&J?M&HAFS
G=AN&CF=LBDKFK&DE&DKJMD=AJ?AFJFK& U+(V%&(K&KMTMA=I&DHJFDBK
RMAM&DBIN&OKMC&DB&g&Z\\&D>>=KFDBK&COAFBL&J?M&KJOCN&HMAFDC-
J?MKM&RMAM&MQ>IOCMC&EADG&=B=INKMK%&(&KOGG=AN&DE&J?M&FB>IOS
KFDB&>AFJMAF=&FK&K?DRB&FB&hFLOAM&Y%

WDT=AF=JM&>=JMLDAFMK&HAMTFDOKIN&J?DOL?J&JD&FBEIOMB>M&J?M
AFKP&DE&AMTFKFDB&UH=JFMBJ&=LM&=J&JFGM&DE&HAD>MCOAM-&LMBCMA-
>DSGDA@FCFJN&K>DAM-&@DCN&G=KK&FBCMQ&U/):V-&J?M&KF^M&DE&J?M

Exclusions: all cemented and hybrid hip 
replacement combinations, other brand 
combinations of cementless hip replacement, 
missing brand data

Corail/Pinnacle population 
studied

35 386 procedures

Cementless hip replacements 
performed using the cementless 
DePuy Corail (primary) stem and 
the cementless DePuy Pinnacle 
cup combination

41 007 procedures

Primary hip replacements with 
complete patient data submitted 
to the National Joint Registry 
database, and performed 
between April 2003 and 31 
December 2010

384 313 procedures

Exclusions (5621 procedures, 13.7%):
Shells: ‘Bantam’ small (< 48 mm) shells, 
‘Revision’, ‘Multi-hole’, ‘300’ spike, ‘Gription’ 
coated (1022)
Heads: non-DePuy heads, ‘S-Rom’ heads, non-
‘Articul/eze’ taper heads, ceramic ‘Delta Taper 
Sleeves’ (52)
Stems: Dysplasia stems, non-‘Articul/eze’ taper 
stems (size 6 not used in England and Wales) (78)

Other: Indications other than osteoarthritis, 
missing variables, data errors, component 
mismatches (4469)

Body mass index data available

17 166 procedures

No body mass index data (18 220 procedures, 
51.5%)

!"#$%&
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EFGH?'FIG'FJKG'LMN'O@LFPMQ'@R'FIG'LOGFLSTULV'EIGUU?'FIG'SGLV8

PMQ' HLFGVPLUE' LMN' IGLN' EPWGXDC8D<' YGVG' PMOUTNGN' PM' FIGEG

LMLUJEGE?' YPFI' -HGVPOLM' +@OPGFJ' @R' -MGEFIGEP@U@QPEFE

Z-+-XD2'QVLNG'FL[GM'F@'SG'L'ETVV@QLFG'R@V'FIG'O@H@VSPNPFJ

EO@VG1'\G'LUE@'G]LHPMGN'FIG'PMRUTGMOG'@R'EFGH'NGEPQM?'O@H8

SPMGN' @RREGF' ZEFGH^IGLN^UPMGVX' LMN' KVPHLVJ' ETVQG@M

OILVLOFGVPEFPOE1'&IG'O@_LVPLFGE'FILF'YGVG'TEGN'LVG'ETHHL8

VPEGN'PM'&LSUG'!1'

!M' @VNGV' R@V' L' &;(' F@' IL_G' SGGM' VGO@VNGN' LE' VG_PEGN?

YIGVG'@MG'PHKULMF'PE'G]OILMQGN'R@V'LM@FIGV?'@V'VGH@_GN'LE

KLVF'@R'L'EFLQGN'KV@OGNTVG?'@M'FIG'"A('NLFLEGF?'L'O@HKUGFG

VGO@VN'@R'FIG'VG_PEP@M'KV@OGNTVG'ZPMOUTNPMQ'EPNG'@R'@KGVL8

FP@MX'PE'UPM[GN'F@'FIG'@VPQPMLU'KV@OGNTVG'SJ'HLFOIPMQ'TMP`TG

KLFPGMF' PNGMFPRPGVE1' +G_GVLU' OLTEGE' @R' VG_PEP@M' OLM' SG

VGO@VNGN1' \IGVG' HLMJ' VGLE@ME' YGVG' OPFGN?' LUU

G]OGKF KLPM IL_G'SGGM' VGO@VNGN'IGVG1' +I@TUN' PMRGOFP@M'@V

KGVP8KV@EFIGFPO'RVLOFTVG'IL_G'SGGM'VGO@VNGN?'FIGEG'PMNP_PNT8

LUUJ'YGVG'LEETHGN' F@'SG' FIG'@MUJ' PMNPOLFP@M' R@V' VG_PEP@M1

%LPM'YLE'@MUJ'FL[GM'LE'L'OLTEG'YIGM'M@'@FIGV'VGLE@M'YLE

KV@_PNGN1'#TG'F@'HTUFPKUG'VGK@VFPMQ'R@V' PMNP_PNTLU'KV@OG8

NTVGE?'FIG'ETH'@R'OLTEGE'PE'QVGLFGV'FILM'DCCa1'

!"#"$%"$&#'(#)#'*%$%+(-QG?'EFGH'EPWG'LMN'FIG'_@UTHG'@R'FIG

O@METUFLMFbE' KVLOFPOG' YGVG' LMLUJEGN' LE' OLFGQ@VPOLU' NLFL

ZPMR@VHGN'SJ' EKVGLN'@R' FIG'NLFLX'SGOLTEG'@R' FIG' QVGLFGV

OUPMPOLU' VGUG_LMOG' YIGM' HL[PMQ' QV@TK' O@HKLVPE@ME1' -E

L_LPULSUG' IGLN' NPLHGFGV' NPRRGVE' LOV@EE' SGLVPMQ' ETVRLOGE?

FIGEG' YGVG' KLVFPFP@MGN' PMF@' FY@' QV@TKE' Zc' 46' HH' LMN

46 HHX' PM'@VNGV' F@'GMETVG'LUU' EPWGE'LMN'SGLVPMQE'YGVG

VGKVGEGMFGN'YPFIPM'FIG'H@NGU1')LFGQ@VPGE'@R'SGLVPMQ'ETV8

RLOG' YGVG' PMPFPLUUJ' KLVFPFP@MGN' SLEGN' @M' IGLN' LMN' UPMGV

O@HSPMLFP@M?' PMOUTNPMQ' FIG' KVGEGMOG' @R' L' K@EFGVP@V' UPK

LMN FIG' FJKG' ZEFLMNLVN' @V' IPQIUJ' OV@EE8UPM[GNX' R@V' FIG

,#-'.(/+(!"#$%&$'()*+)(,*&-*'.(*(#(-'*$-$/0)&)

0#".123*4 5#3$#-'.("*6. 027#3$#".

12( 3%,&-$/ *45*0($%)

46*'"*78*0($%)

9*78*0($%)

:(-,(% ;&-$%0 <(=$/(

>$/(

1?1*2%$,( 3%,&-$/ :%$,(*6*"%*@

:%$,(* *A

;",0*=$))*&-,(B 3%,&-$/* C*A5*D2E=@

*A5*D2E=@

?'(=*)&F( 3%,&-$/ G*'"*65

66*'"*6A

*6H

?'(=*,()&2- I"=&-$/ !"//$%/())

!"//$%(,

!+J*).(//*'0J( I"=&-$/ ?"/&,*.0,%"B0$J$'&'(*KL1M*N"$'(,

?"/&,O*-"-PL1

!/+)'(%P."/(*L1

!/+)'(%P."/(O*-"-PL1

;($%&-2 I"=&-$/ >('$/P"-PJ"/0('.0/(-(*KQRM

>('$/P"-PQRO*J")'(%&"%*/&J

>('$/P"-P.&2./0*N%"))P/&-D(,*QR*KSTQRM

>('$/P"-PSTQRO*J")'(%&"%*/&J

!(%$=&NP"-PQR

!(%$=&NP"-PQRO*J")'(%&"%*/&J

!(%$=&NP"-PSTQR

!(%$=&NP"-PSTQRO*J")'(%&"%*/&J

!(%$=&NP"-PN(%$=&N

!(%$=&NP"-P=('$/

>('$/P"-P=('$/

L($,*)&F( 3%,&-$/ @G*==*"%*A@*==

*A4*==

!"=U&-(,*"VV)(' 3%,&-$/ T"W*K5*==*'"*H*==M

>(,&+=*K8*==*'"*65*==M

L&2.*K *66*==M

>&-+)

Q%&=$%0*)+%2("- ;&-$%0 !"-)+/'$-'

3'.(%

!"-)+/'$-'*#"/+=( 3%,&-$/ T"W*K *85*N$)()*'.%"+2."+'*)'+,0*J(%&",M

>(,&+=*K86*'"*A55*N$)()M

L&2.*K *A56*N$)()M

X*1?1O*1=(%&N$-*?"N&('0*"V*1-()'.()&"/"2&)')
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=>?@ABC@?ADA&EF>G=%&(H&BCA&IAJ>FK?&>IIHAB&LKD&MA&KNOGHBAN
KLL>FNPDE&B>&BCA&B@=A&>I&HBAJ-&CAKN&KDN&=>?@ABC@?ADA&?PDAF-
K& L>JMPDKBP>D& >I& BCAHA& QK?GAH& RMKHAN& >D& BCA& JKDGIKLS
BGFAFTH& IPEGFAHUV-U!W& XAFA& GHAN& B>& LK?LG?KBA& BCA& L>JMPDAN
>IIHAB&I>F&AKLC&CP=%

:D&>FNAF&B>&AY=?>FA&BCA&PDI?GADLA&>I&L>QKFPKBAH-&BCA&J>HB
L>JJ>D&LKBAE>F@&XKH&EADAFK??@&GHAN&KH&BCA&FAIAFADLAZ&I>F
AYKJ=?A-&K&JPNSFKDEA&HP[A&>I&HBAJ&EF>G=&XKH&GHAN&KH&BCA
MKHA?PDA&KEKPDHB&XCPLC&K??&>BCAF&HBAJ&HP[A&EF>G=H&XAFA&L>JS
=KFAN%& $PJP?KF?@-& I>F& MAKFPDEH-& BCA& J>HB& L>JJ>D?@& GHAN

!"#$%&''(&!"#$%&'()*+,-$.-('/*"0/,-102"&%$*0%-3$&'*456*00'+4"-+"#"0/4",,-/$/'4
)*(-&"(4'+"#"0/-780%4'02-'02-9'4",:-;<<=>;<?<@

)*"+",-%+./-., 0&1&23&245

A"'0-7B!@-'%"-7C&,@ DDE=-7?<E<@

F%"-%&$1(-70:-G@

-D<-C"'&, HH=I-7!"#$@

D?-/$-JI-C"'&, ?K-DD;-7""#%@

L-JI-C"'&, - DHHK-7&'#"@

M"02"&-70:-G@

N"#'4" ;<-?DD-7"(#$@

A'4" ?I-;;<-7)*#$@

F#"&*+'0-B$+*"/C-$.-F0",/)",*$4$%*,/,-%&'2"-70:-G@

?-$&-; =?-;HD-7++#)@

-= - O?<<-7&&#%@

A"'0-7B!@-P$2C-#',,-*02"Q-7R%5#;@ ;HEH-7IE=@

S$2C-#',,-*02"Q-%&$1(-70:-G@

T-=<-R%5#; ?<-II=-7!'#+@

-=<-R%5#; - DD?=-7&+#(@

!'/'-10'U'*4'P4" ?H-;;<-7"&#"@

B/"#-,*V"-70:-G@

H-/$-?< ?<-?DH-7!+#(@

??-/$-?= ;<-JJO-7"+#(@

-?O - OOOO-7&!#%@

B/"#-2",*%0-70:-G@

3$44'&4",, ;O-O<O-7%'#$@

3$44'&"2 ?<-KH;-7*&#$@

31(-,)"44-/C("-70:-G@

B$4*2-)C2&$QC'('/*/"-7WF@-+$'/"2 - JOKD-7!&#!@

B$4*2:-0$0>WF - ;H<I-7(#'@

341,/"&>)$4"-WF ?D-<J?-7)"#)@

-341,/"&>)$4":-0$0>WF - K<?O-7!"#"@

S"'&*0%-70:-G@

A"/'4>$0>($4C"/)C4"0"-768@-7'44@ - K;O;-7!%#&@

B/'02'&2-68 - =HK;

B/'02'&2-4*(("2-68 - OI=

W*%)4C-+&$,,>4*0R"2-7XY>@-68 - O?KH

Y*(("2-XY68 - DKK

3"&'#*+>$0>68-7'44@ - ODH?-7&*#!@

B/'02'&2-68 - ?JO;

B/'02'&2-4*(("2-68 - O<D

W*%)4C-+&$,,>4*0R"2-7XY>@-68 - ?DJH

Y*(("2-XY68 - HII

3"&'#*+>$0>+"&'#*+ ?<-IO<-7!'#+@

3"&'#*+>$0>#"/'4 - ??HJ-7*#)@

A"/'4>$0>#"/'4 - KJ=D-7!(#"@

W"'2-,*V"-70:-G@

;H-##-$&-=;-## ?D-<O;-7)"#*@

-=D-## ?K-=OO-7")#(@

3$#P*0"2-$..,"/-+'/"%$&C-70:-G@

Y$Z-7<-##-/$-O-##@ ??-JJ<-7**#!@

A"2*1#-7I-##-/$-?<-##@ ?I-K<J-7)"#$@

W*%)-7 -??-##@ - IKJJ-7&%#'@

A*01, - ?J=;-7)#'@

6&*#'&C-,1&%"$0-70:-G@

3$0,14/'0/ ;K-KIO-7+)#%@

[/)"& - IO=;-7&"#)@

3$0,14/'0/,-70@ HIO

A"'0-+$0,14/'0/-U$41#"-7+',",@-7B!\-&'0%"@- ;O;-7;JI\-?-/$-?;<H@

Y$Z-7 -I<-+',",@ - JOHI-7!&#!@

A"2*1#-7I?-/$-=<<-+',",@ ?J-K<;-7"$#%@

W*%)-7 -=<?-+',",@ - KKKK-7!+#*@

B1&%*+'4-10*/,-70@ =<?
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DEFGHFIH'JK@LMNEOMLNGN'FPNEFQRLFI'LSGNIT'QNFISGU'VFD'WNEFL8
@G8K@LMNEOMLNGN'J:@%T1'$XPNKES@GD'E@'EOSD'VNIN'FUN'JVONIN
EON'M@RGUNDE'UI@RK'VFD'RDNH'FD'EON'QFDNLSGNT?'ONFH'HSFWN8
ENI'JVONIN'EON'DWFLLNDE'ONFH'DSYND'VNIN'RDNHT?'P@WQSGNH'@ZZ8
DNE' JVONIN' EON' DEFGHFIH[DWFLLNI' \KLRD]' @ZZDNED' VNIN' RDNHT
FGH' P@GDRLEFGE' ^@LRWN' JVONIN' EON' OSUONDE' ^@LRWN' UI@RK
VFD'RDNHT1

-' IN^SDS@G'KI@PNHRIN'VFD' P@GDSHNINH' E@'QN' EON' \ZFSLRIN
N^NGE]?' VONIN' EON' ESWN' QNEVNNG' EON' SGHNX' KI@PNHRIN' FGH
IN^SDS@G'WNFDRINH'_@SGE'DRI^S^FL1'+RI^S^FL'ESWND'Z@I'KFESNGED
VO@'OFH'G@E'RGHNIU@GN'IN^SDS@G'VNIN'PNGD@INH'FE'EON'DERHM
PNGDRD' HFEN' J4<' #NPNWQNI' BC<CT1' `FKLFG8:NSNI' DRI^S^FL
POFIED'VNIN'UNGNIFENH'E@'HSDKLFM'HSZZNINGPND'SG'RGFH_RDENH
P@^FISFEND1'&ON'L@U8IFGa'J:FGENL8)@XT'ENDE'VFD'RDNH'E@'KNI8
Z@IW' KFSINH' P@WKFISD@GD' QNEVNNG' NFPO' @Z' EON' P@^FISFEND
RDSGU'EON'KFSI8VSDN'@^NI'DEIFEF'WNEO@H1'-G'FH_RDENH'DSUGSZ8
SPFGPN' EOINDO@LH' SD' KI@^SHNH' J9@GZNII@GS8P@IINPES@G
WNEO@HT'E@'FPP@RGE'Z@I'WRLESKLN'ENDESGU1')@^FISFEN'PFENU@8
ISND' VSEO' DSUGSZSPFGE' SGZLRNGPND' FIN' KINDNGENH?' VSEO' LSZN
EFQLND' E@'HNDPISQN'GRWQNID'VSEOSG'NFPO'PFENU@IM'NGENISGU
NFPO'MNFI'@Z'EON'DERHM1

)@X'KI@K@IES@GFL'OFYFIH'W@HNLD'VNIN'RDNH'E@'FDDNDD'EON
NXENGE'E@'VOSPO'EON'ESWSGU'@Z'IN^SDS@G'P@RLH'QN'NXKLFSGNH'SG
ENIWD'@Z'EON'INP@IHNH'KFESNGE?'DRIUN@G'FGH'SWKLFGE'P@^FIS8
FEND1'&ON'INDRLED'FIN'KINDNGENH'FD'OFYFIH'IFES@D'J;(DT'VSEO
>>b')!Dc'IFES@D'd'<'SGHSPFEN'EOFE'ISDa'SD'OSUONI'VONG'P@W8
KFINH'VSEO'EON'INZNINGPN'P@^FISFEN'PFENU@IM1'#RN'E@'EON'DEF8
ESDESPFL'WNEO@HD'NWKL@MNH?'FGH' EON' LFIUN'K@KRLFES@G'DSYN?
@GLM'P@^FISFEND'ZSEESGU'W@HNLD'VSEO'F'K8^FLRN'e'C1C<'VNIN
P@GDSHNINH'DSUGSZSPFGE'SGZLRNGPND?'SG'@IHNI'E@'INHRPN'EON'ISDa
@Z'F'&MKN'!'NII@I1

.SZN' EFQLND' VNIN' KI@HRPNH' E@' INK@IE' RGFH_RDENH' @GN8?
EOINN8'FGH'ZS^N8MNFI'IN^SDS@G'IFEND'JVSEO'>>b'P@GZSHNGPN'SGENI8
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Bearing

Life table showing numbers at risk in each year
 

 
Brand Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

MoP 9242 6211 4066 2513 1489 640 
CoP  4681 3077 1938 1148 520 167 
CoC 10 540 6587 3816 1877 772 289 
MoM 9736 8689 6370 3781 1733 592 
CoM 1187 711 238 28 8 2 

 
Log rank (Mantel-Cox) CoP MoP CoC CoM MoM 

MoP (p-value) - 0.160 0.006 0.321 < 0.001 
CoP  0.160 - 0.398 0.800 0.024 
CoC 0.006 0.398 - 0.819 0.101 
CoM 0.321 0.800 0.819 - 0.685 
MoM < 0.001 0.024 0.101 0.685 - 

Bonferroni-corrected significance threshold p = 0.001  
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Sizes ≥ 14
Sizes 11 to 13
Sizes 8 to 10

Corail stem size

Life table showing numbers at risk each year

Femoral size Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

8 - 10 10229 7221 4616 2532 1133 431 
11 - 13 20 897 14 976 9771 5613 2769 1043 
≥ 14 4260 3078 2041 1202 620 216 

Log rank (Mantel-Cox)  Sizes 11 to 13 Sizes ≥ 14 

Sizes 8-10 (p-value) - < 0.001 0.132 
Sizes 11 - 13 < 0.001 - 0.011 
Sizes ≥14 0.132 0.011 - 

Bonferroni-corrected significance threshold p = 0.003 

Sizes 8 to 10
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O%;7/% K%-%(%#*% :

P7/% HQG2!AGQ4H!'+!HQ2FI GQRF3

S1%!*7'%1+(B GQRT5

S1%!1(+>&

!5G!B%7(, K%-%(%#*% :

5H!'+!R3!B%7(, GQTU!AGQRG!'+!HQF3I GQ332

V!R3!B%7(, GQTF!AGQ52!'+!HQ22I GQ33T

SWS!1(7$%

H!+(!F K%-%(%#*% : : :

!2 HQ24!AGQT4!'+!HQTUI GQGHU HQ2T!AGQTT!'+!HQT5I GQGH2

W'%;!,)L%!*7'%1+(B X!GQGGH X!GQGGH
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V+/)$F!JRA*+7'%$ HQ4G!CHQ3S!'+!=Q=3I HQ=G4

V+/)$F!#+#AJR =Q=H!CHQ5S!'+!=Q>3I HQ3S=

6/@,'%(F!JRA*+7'%$ K%-%(%#*% A

6/@,'%(F!#+#AJR HQSG!CHQ54!'+!=QGTI HQTT>

W%7()#1!*7'%1+(? X!HQHH= HQHH=

W%7()#1!1(+@&

P%'7/A+#A9D K%-%(%#*% A K%-%(%#*% A

6%(7:)*A+#A9D =Q2G!CHQ4G!'+!GQ==I HQ=23 =Q25!CHQ5S!'+!GQ54I HQGTG

6%(7:)*A+#A*%(7:)* =Q3T!C=QH5!'+!GQG3I HQHH2 GQHS!C=QG=!'+!2Q52I HQHH=

6%(7:)*A+#A:%'7/ =QT>!CHQ5T!'+!2Q2>I HQG2> =Q2=!CHQT3!'+!2Q42I HQ3=T

P%'7/A+#A:%'7/ =QSG!C=Q25!'+!GQ>GI X!HQHH= GQ=S!C=QGS!'+!2Q>GI X!HQHH=

J%7$!,)L%

G4!::!+(!2G!:: K%-%(%#*% A

!25!:: =Q24!C=QH>!'+!=Q>>I HQHH=

6+:<)#%$!+--,%'!*7'%1+(? HQ23G

6+:<)#%$!+--,%'!1(+@&

Z+0 K%-%(%#*% A

P%$)@: =QH3!CHQ>S!'+!=QTHI HQ52S

J)1; =QG2!CHQ45!'+!=Q>5I HQ=25

P)#@, =Q2H!CHQ>5!'+!GQG=I HQG=2

V@(1%+#

6+#,@/'7#' K%-%(%#*% A

[';%( HQ4T!CHQ3S!'+!=QGHI HQGH5

6+#,@/'7#'!.+/@:%!*7'%1+(? HQG2H

6+#,@/'7#'!.+/@:%!1(+@&

Z+0!C !3H!*7,%,I =QHG!CHQ>2!'+!=QT2I HQ45S

P%$)@:!C3=!'+!2HH!*7,%,I HQ45!CHQ53!'+!=Q=2I HQ=3G

J)1;!C !2H=!*7,%,I K%-%(%#*% A

\!RVRF!R:%()*7#!V+*)%'?!+-!R#%,';%,)+/+1),',M!JRF!;?$(+B?7&7')'%M!9DF!&+/?%';?/%#%



!"#$%$"#$"&'%($#!)&*(+'*,',-!./($'/%'&*'012'3$-(+'-,&$('42'456'+!"7.$89(-"#')$:$"&.$++'&*&-.';!%'($%.-)$:$"&+ 022

<*.1'=289>'"?1'6>'@/"$'ABC4

DEFG'DHIFD'JFGKHLFM'K'DHNLHOHPKLE'HLOQRFLPF'S;('C15A'S=2T
)!'C1UB'E?'A140VW'X'Y'B1BBCV'ZRE'E[F'QKJNF'DHIF'PKEFN?J\']KD
L?E'XJFDFLE'HL'E[F'OHLKQ'G?MFQ'S&KZQF'<V1'+XFKJGKL D̂'JKL_
P?JJFQKEH?L' P?FOOHPHFLE' ZFE]FFL' -+-' NJKMF' KLM' 9:!' O?J
C0 C66'XKEHFLED'S]HE['JFP?JMFM'9:!V']KD'B1C00'SE]?8EKHQFM
DHNLHOHPKLPF>'X'Y'B1BBCV>'HLMHPKEHLN'K']FK_Q\'X?DHEH`F'P?JJF8
QKEH?L'KLM'X?DDHZQF'FaXQKLKEH?L'O?J'E[F'J?QF'?O'E[FDF'P?`KJ8
HKEFD'HL'E[F'FLEHJF'KLM'9:!8DRZDFE'G?MFQD1

&[F'JHD_'?O'JF`HDH?L']KD'HLMFXFLMFLE'?O'KNF>'NFLMFJ>'DEFG
MFDHNL>' KPFEKZRQKJ' D[FQQ' E\XF>' [FKM' DHIF>' P?GZHLFM' ?OODFE>
?XFJKEHLN'DRJNF?L'NJKMF'KLM'P?LDRQEKLE'`?QRGF1'

&[F'?`FJKQQ'OH`F8\FKJ'JF`HDH?L'JKEF']KD'A1UCT'S==T')!
A1BA'E?'A10=V'O?J'E[F'FLEHJF'DERM\'X?XRQKEH?L'KLM'E[F'JF`H8
DH?L'JKEFD'Z\'ZFKJHLN'DRJOKPF'KJF'D[?]L'HL'&KZQF'<!1'

,?J'XKEHFLED']HE['9:!'MKEK>'?`FJKQQ'?LF>'E[JFF'KLM'OH`F
\FKJ'JFDRQED']FJF'DHGHQKJ'E?'E[?DF'O?J'E[F'FLEHJF'X?XRQKEH?L1
-QE[?RN['E[F'JHD_'?O'JF`HDH?L'KE'OH`F'\FKJD']HE[':?%'KLM
:?:'ZFKJHLND']KD'[HN[FJ'HL'XKEHFLED']HE['9:!' '4B'_NbGA

S9:!'Y'4B'_NbGAc':?%'B152T>':?:'410BT>'9:!' '4B'_Nb
GAc':?%'C16CT>':?:'21BCTV>')!D']FJF']HMF'ZFPKRDF'?O
E[F'DGKQQ'LRGZFJD'KLKQ\DFM'S&KZQF'<!!V1

!"#$%##"&'
&[HD' JFEJ?DXFPEH`F' P?[?JE' DERM\' XJ?`HMFD' E[F' QKJNFDE>' HL8
MFXE['KLKQ\DHD'?O'K'DHLNQF'ZJKLM'P?GZHLKEH?L'?O'PFGFLEQFDD
&;(D'E?'MKEF1'+HNLHOHPKLEQ\'NJFKEFJ'JF`HDH?L'JKEFD'O?QQ?]HLN

&;(' ]FJF' HLMFXFLMFLEQ\' KDD?PHKEFM' ]HE[' [KJM' ZFKJHLND
S:?:>')?)V'KLM' DGKQQ' DHIFD'?O' OFG?JKQ' DEFG' SDHIFD'5' E?
CBV>' KOEFJ' JHD_' KMdRDEGFLE1' &[FDF' OHLMHLND' KJF' PQHLHPKQQ\
HGX?JEKLE' KD' E[F\' HMFLEHO\' G?MHOHKZQF' XKJKGFEFJD' HL' E[F
P?LEJ?Q'?O'E[F'?XFJKEHLN'DRJNF?L1'9:!']KD'KQD?'K'DHNLHOHPKLE
XJFMHPE?J'?O'JF`HDH?L'HL'E[?DF'XJ?PFMRJFD']HE['`KQHM'MKEK1
*E[FJ'HGXQKLE'OKPE?JD>'HLPQRMHLN'[FKM'DHIF>'MHM'L?E'DHNLHOH8
PKLEQ\'HLOQRFLPF'JF`HDH?L'HL'E[HD'KLKQ\DHD1'

e[HQF'E[HD'DERM\'JFX?JED'K'QKJNF'KLKQ\DHD'?O'K'DHLNQF'ZJKLM
?O'&;(>']F'KPPFXE'E[KE'E[FJF'KJF'QHGHEKEH?LD'HL'HED'HLEFJXJF8
EKEH?L1'&[F'JF`HDH?L'JKEFD'MFDPJHZFM'HL'E[HD'DERM\'KJF'D[?JE8
EFJG>']HE['K'GKaHGRG'O?QQ?]8RX'?O'012'\FKJD1'&[F'JFQKEH`F
JKEFD' KE' ][HP[' XKJEHPRQKJ' HGXQKLED' JFfRHJF' JF`HDH?L' GK\
P[KLNF']HE['ORJE[FJ'O?QQ?]8RX1'(F`HDH?L'HD'EK_FL'KD'K'DRJJ?8
NKEF'GKJ_FJ'?O'HGXQKLE'OKHQRJF>'KD'?E[FJ'FLMX?HLED'KJF'RLK8
`KHQKZQF'HL'E[HD'MKEKDFE>'HL'XKJEHPRQKJ'XKEHFLED'QH`HLN']HE['K
XKHLORQ'[HX'?J'E[?DF'K]KHEHLN'JF`HDH?L'KE'E[F'EHGF'?O'PFLD?J8
HLN1C5' !LP?GXQFEF' 9:!' MKEK' GHN[E' QFKM' E?' P?LO?RLMHLN
][FL' 9:!' HD' FaPQRMFM' OJ?G' E[F' G?MFQD' ZRE' DFLDHEH`HE\
KLKQ\DFD'HLPQRMHLN'KLM'FaPQRMHLN'9:!'XJ?`HMF'DHGHQKJ'OHLM8
HLND1'&[FJF']KD'K']FK_'X?DHEH`F'P?JJFQKEH?L'ZFE]FFL'-+-
NJKMF'KLM'9:!>'][HP['GK\'FaXQKHL' E[F'XJFDFLPF'?O'-+-
NJKMF'HL'E[F'OHLKQ>'FLEHJF'X?XRQKEH?L'G?MFQ>'][FL'9:!']KD
FaPQRMFM1'&[F'DERM\'MFDHNL'HD'?ZDFJ`KEH?LKQ'KLM'E[RD'`RQ8
LFJKZQF'E?'?GHEEFM'`KJHKZQFD>'][HP['GK\'[K`F'P?LO?RLMFM
?RJ'OHLMHLND1';?]F`FJ>'DHGHQKJHEHFD'ZFE]FFL'E[F'RLKMdRDEFM

()*+,-./0!"#$%&%'(!)*+#&!,')!+-#!#(+%)#!&#)%#&!',!.')*%/01%((*2/#!2#3#(+/#&&!+'+*/!-%4!)#4/*2#3#(+&!56!5#*)%(78!*(9!'$#)*//!:;(7/*(9!*(9!<*/#&8
=>>?@=>A>B! :.C8! 2'(,%9#(2#! %(+#)$*/D! E'18! 3#+*/@'(@4'/6#+-6/#(#D! .'18! 2#)*3%2@'(@4'/6#+-6/#(#D! .'.8! 2#)*3%2@'(@2#)*3%2D! .'E8! 2#)*3%2@'(@
3#+*/D!E'E8!3#+*/@'(@3#+*/B

1,)2"'3-2,4"#"&'-2)5,-678-997-:/;

<&= :&= :&: :&< <&< >4,2)++-678-997-:/;

A@6#*) >FGA!:>F?H!+'!>FH?B >FI>!:>FJA!+'!AF=IB >FI?!:>FGG!+'!AF=>B >FK=!:>F>>!+'!>FIGB >FH=!:>FJH!+'!AF>GB >FLI!:>FGG!+'!>FI?B!
?@6#*) AF==!:>FHK!+'!AFG>B AFKA!:>FHJ!+'!AFILB AFH=!:AF?J!+'!=F=IB ?FKG!:>F>A!+'!GFIAB =FAL!:AFL=!+'!=FGAB AFLL!:AFJ?!+'!=F>AB
J@6#*)! AF?G!:>FI>!+'!AFH?B AFLG!:>FII!+'!=FJ?B =F>J!:AFKL!+'!=FG=B !@! ?FKL!:=FG?!+'!KF?AB =FKA!:=F>=!+'!=FLIB
M'+*/!(N35#) I=K= KGHA A>!JK> AAHL IL?G ?J!?HG

()*+,-.//0-"#$%&%'(!)*+#&! ,'//'O%(7!.')*%/01%((*2/#!2#3#(+/#&&!+'+*/!-%4!)#4/*2#3#(+!56!5#*)%(7!%(!4*+%#(+&!O%+-!5'96!3*&&! %(9#P!:QECB!9*+*
:AL AGG!4*+%#(+&B8!*(9!'$#)*//!:;(7/*(9!*(9!<*/#&8!=>>?@=>A>B!:.C8!2'(,%9#(2#!%(+#)$*/D!E'18!3#+*/@'(@4'/6#+-6/#(#D!.'18!2#)*3%2@'(@4'/6#+-6/@
#(#D!.'.8!2#)*3%2@'(@2#)*3%2D!.'E8!2#)*3%2@'(@3#+*/D!E'E8!3#+*/@'(@3#+*/B

1,)2"'3-2,4"#"&'-2)5,-678-997-:/;

<&= :&= :&: :&< <&< >4,2)++-678-997-:/;

A@6#*)
M'+*/ >FG?!:>F?>!+'!>FILB >FHG!:>F?K!+'!AF?HB AF??!:>FHK!+'!AFH=B >F=I!:>F>>!+'!>FH?B >FIJ!:>FJJ!+'!AF?JB >FI=!:>FLA!+'!AFA?B!
QEC!R!?>!S703= >FJ>!:>FA?!+'!>FHHB >FHK!:>FAI!+'!AFKIB AF>>!:>FKJ!+'!AFJKB >F=?!:>F>>!+'!>FH?B >FLG!:>F?>!+'!AF==B >FL?!:>FJ>!+'!>FILB
QEC! !?>!S703= >FHG!:>F==!+'!AFKIB >FI>!:>F>?!+'!AFLLB AFHK!:>FIK!+'!=FLJB >FK>!:>F>>!+'!AFK=B AF=J!:>FJ=!+'!AFIIB AF==!:>FH?!+'!AFG>B

?@6#*)
M'+*/ AFA?!:>FG>!+'!AFGGB AFJI!:>FGH!+'!=FJ>B =F=L!:AF?J!+'!?FAIB ?F=I!:>F>>!+'!LF?IB =FGA!:AFLL!+'!?FKGB =F>?!:AFGA!+'!=FKKB
QEC!R!?>!S703= >FHJ!:>F=J!+'!AFKJB AFJH!:>F?I!+'!=FLHB AFLJ!:>FGJ!+'!=FHJB =FH=!:>F>>!+'!LFKLB =FAI!:AF=K!+'!?FA?B AFGG!:AFAH!+'!=FAKB
QEC! !?>!S703= AFGA!:>FG>!+'!=FG=B AFJH!:>F=J!+'!=FI=B ?F>G!:AFKL!+'!KFGJB KFAA!:>F>>!+'!AAFIAB ?F?K!:AFL?!+'!KFIJB =FG?!:AFHJ!+'!?FK>B

J@6#*)
M'+*/ AFA?!:>FG>!+'!AFGGB AFJI!:>FGH!+'!=FJ>B @ @ KFAL!:=F?=!+'!GF>=B =FGH!:AFIA!+'!?FKJB
QEC!R!?>!S703= >FHJ!:>F=J!+'!AFKJB AFJH!:>F?I!+'!=FLHB @ @ ?FL>!:AFG>!+'!JFH>B =F=J!:AF?L!+'!?FA?B
QEC! !?>!S703= AFGA!:>FG>!+'!=FG=B AFJH!:>F=J!+'!=FI=B @ @ JF>A!:AF?H!+'!HFGKB ?FKA!:AFI=!+'!KFHIB

M'+*/!(N35#) KLG? =GA= KH=L H?G KA=H AL!AGG
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87*&/+,*&9&'+:,8&'+;1,(<

=>?&=?@ABCD?&EF?DGB-&HFIABC>DBB&A>?DH&?JKKDHD>C&EF?DG&KJCL

CJ>M&=BBAENCJF>B&=>?&CJED&J>?DND>?D>OD&BANNFHC&CPD&BC=IJGL

JCQ&FK&DBCJE=CDB%&

(GG&)F)&ID=HJ>MB&=HD&OAHHD>CGQ&FK&OF>ODH>&=>?-&?DBNJCD

CPD& G=HMD& >AEIDHB& JENG=>CD?& =>?& CPD& OFBC& J>RFGRD?-& CPD

)D?JOJ>DB& =>?& 7D=GCPO=HD& NHF?AOCB& 1DMAG=CFHQ& (MD>OQ

S)71(T&P=RD&HDOD>CGQ&HDOFEED>?D?&QD=HGQ&KFGGFULAN&KFH

=GG&FK&CPDBD&N=CJD>CB%VW&:>&=&BQBCDE=CJO&HDRJDU&F>&PJN&JENG=>C

ID=HJ>MB-&$D?H=XQ=>&=C&=GYZ&KFA>?&CP=C&)F)&ID=HJ>MB&NHFL

RJ?D?&>F&BANDHJFHJCQ&J>&FACOFED&J>&OFEN=HJBF>&BCA?JDB&UJCP

)F.& ID=HJ>MB& IAC& UDHD& =BBFOJ=CD?& UJCP& =& BJM>JKJO=>CGQ

PJMPDH& HJBX& FK& HDRJBJF>& S=KCDH& HJBX& =?@ABCJ>MT& J>& FRDH

!YZ ZZZ 871B& J>& UFHG?LUJ?D& HDMJBCHQ& ?=C=%& (>& J>L?DNCP

=>=GQBJB&FK&,'1&?=C=&IQ&$EJCP&DC&=GYV&BANNFHCB&CPDBD&NFFHDH

KJ>?J>MB& UJCP& )F)& FK& =GG& PD=?& BJ[DB%& 5JRD>& CPD& HDNFHCB

KHFE& J>?DND>?D>C& OD>CHDB& =>?& CPD& HJBXB& =BBFOJ=CD?& UJCP

)F)& ID=HJ>MB& SEDC=G& JF>& GDRDGB-& D\ODBBJRD& ID=HJ>M& =>?

C=NDH&UD=H-&BFKCLCJBBAD&?DBCHAOCJF>-&NFBBJIGD&BQBCDEJO&OFEL

NGJO=CJF>BT-YY&OFEIJ>D?&UJCP&CPD&NFFHDH&BAHRJR=G&HDNFHCD?

PDHD& KHFE& CPD& EFBC& OFEEF>& OFEIJ>=CJF>& FK& ODED>CGDBB

871&ABD?&J>&*>MG=>?&=>?&4=GDB-&UD&]ADBCJF>&CPD&HFGD&FK

CPDBD&ID=HJ>MB&J>&EF?DH>&871%

^F^&ID=HJ>MB&P=RD&IDD>&BPFU>&CF&P=RD&PJMPDH&H=CDB&FK

HDRJBJF>&?AD&CF&?JBGFO=CJF>&UPD>&OFEN=HD?&UJCP&)F.&ID=HL

J>MB&J>&FRDH&VZZ&ZZZ&871B&KHFE&CPD&(ABCH=GJ=>&HDMJBCHQ%Y_

6DBNJCD&BJM>JKJO=>CGQ&NFFHDH&BAHRJR=G&UPD>&OFEN=HD?&UJCP

)F.&J>&CPD&EJ?LCDHE&=>=GQBJB&NHDBD>CD?&PDHD-&̂ F^&ID=HJ>MB

EJMPC&AGCJE=CDGQ&NHFRJ?D&MHD=CDH&GF>MDRJCQ&IAC&GF>MDHLCDHE

?=C=&=HD&HD]AJHD?%

^F)&ID=HJ>MB&UDHD&F>GQ&=R=JG=IGD&KFH&=&BPFHC&CJED&=>?

KDU&UDHD&JENG=>CD?`&JC&JB&JENFHC=>C&CF&>FCD&CP=C&=GCPFAMP

CPD&P=[=H?&H=CJF&KFH&CPD&̂ F)&MHFAN&U=B&OF>BJBCD>C&UJCP&CPD

FCPDH&P=H?&ID=HJ>MB-& CPDHD&UDHD&>F&BJM>JKJO=>C&?JKKDHD>ODB

UPD>& OFEN=HD?& UJCP& )F.& ?AD& CF& CPD& UJ?D& OF>KJ?D>OD

J>CDHR=GB%&(B&^F)&JB& CPFAMPC& CF&FKKDH& BFED&ID>DKJCB&FRDH

)F)-&UD&KDGC&CPD&J>OGABJF>&FK&CPJB&ID=HJ>M&U=B&JENFHC=>C

?DBNJCD&CPD&GJEJCD?&?=C=&=R=JG=IGD%&

^F.&ID=HJ>MB&?J?&>FC&BJM>JKJO=>CGQ& J>KGAD>OD&CPD&HJBX&FK

HDRJBJF>&OFEN=HD?&UJCP&)F.%&4PJGD&CPD&KJRD&QD=H&HDRJBJF>

H=CD& KFH& CPD& D>CJHD& MHFAN& FK& ^FH=JGa.J>>=OGD& 871B& U=B

Y%bVc&J>&CPJB&BCA?Q-&)F.&ID=HJ>MB&HD?AOD?&CPD&HDRJBJF>&H=CD

CF&F>GQ&V%_#c%&+K&>FCD-&CPD&KJRD&QD=H&=GGLO=ABD&HDRJBJF>&H=CD

KFGGFUJ>M& CPD&EFBC&OFEEF>&ODED>CD?&871&S*\DCDH&dbZ

BCDEa^F>CDENFH=HQ&=ODC=IAG=H&OFENF>D>C-&_!&WW"&NHFODL

?AHDB`&$CHQXDH&7FUED?JO=&:>CDH>=CJF>=G-&<F>?F>-&;>JCD?

0J>M?FET&JB&V%Y#c&J>&=GG&N=CJD>CB&J>&*>MG=>?&=>?&4=GDB-

=OOFH?J>M&CF&CPD&,'1&eCP&(>>A=G&1DNFHC%e&:C&JB&NFBBJIGD&CP=C

CPD&ID=HJ>M&E=CDHJ=G&H=CPDH&CP=>&CPD&EDCPF?&FK&KJ\=CJF>&E=Q

D\NG=J>&EAOP&FK&CPD&?JKKDHD>OD& J>&H=CDB&FK&HDRJBJF>&=OHFBB

HDMJBCHQ&?=C=%&

8PD&J>KGAD>OD&FK&KDEFH=G&BCDE&BJ[D&E=Q&HDBAGC&KHFE&J>=?L

D]A=CD& NHDBBLKJC& FH& NFFH& IF>D& ]A=GJCQ& IAC& UJCPFAC& EFHD

?=C=-&FAH&BCA?Q&O=>>FC&D\NG=J>&CPJB&KAGGQ%&4PJGD&JC&E=Q&ID

?JKKJOAGC&CF&=BBDBB&NHDLFNDH=CJRDGQ-&N=CJD>CB&HD]AJHJ>M&BE=GGDH

BCDEB& E=Q& ID& GDBB& BAJC=IGD& KFH& ODED>CGDBB& 871%& (& CHD>?

CFU=H?B&PJMPDH&HDRJBJF>&J>&RDHQ&G=HMD&JENG=>CB&U=B&=GBF&BDD>

IAC&?JB=NND=HD?&UPD>&/):&U=B&J>OGA?D?&J>&CPD&EF?DG-&BAML

MDBCJ>M& JC& E=Q& ID& PJMP& /):& H=CPDH& CP=>& G=HMD& BCDE& BJ[D

UPJOP&JB&=BBFOJ=CD?&UJCP&K=JGAHD%&8PD&KJ>?J>M&FK&=&PJMPDH&H=CD

FK&HDRJBJF>&J>&N=CJD>CB&UJCP&=&/):&f&_Z&XMaEY&JB&GFMJO=G&=>?

JENFHC=>C-&MJRD>&=>&=NN=HD>C&QD=HLF>LQD=H&J>OHD=BD&J>&=RDHL

=MD& /):& R=GADB& UJCPJ>& CPD& =HCPHFNG=BCQ& NFNAG=CJF>%e& :C

BPFAG?& =GBF& ID& OF>BJ?DHD?& =B& =>& JENFHC=>C& OFR=HJ=CD& J>

KACAHD&BJEJG=H&=>=GQBDB&=>?&MHD=CDH&DKKFHC&BPFAG?&ID&E=?D&CF

J>OGA?D&/):&UPD>&BAIEJCCJ>M&?=C=&CF&CPD&HDMJBCHQ%

8PD&HJBX&FK&HDRJBJF>&U=B&J>?DND>?D>C&FK&=MD&=>?&MD>?DH-

?DBNJCD&NHDRJFAB&HDNFHCB&FK&NFFHDH&FACOFEDB&J>&QFA>M-&E=GD

N=CJD>CB&=KCDH&871%VZ&(GCPFAMP&PD=?&BJ[D&P=B&IDD>&KFA>?&CF

J>KGAD>OD&CPD&H=CD&FK&HDRJBJF>&=OHFBB&=&H=>MD&FK&JENG=>CB-YV

UD&K=JGD?&CF&KJ>?&=>&=BBFOJ=CJF>&J>&CPJB&=>=GQBJB%&8PD&CQND&FK

NFGQDCPQGD>D& SBC=>?=H?& FH& PJMPGQ& OHFBBLGJ>XD?T& ?J?& >FC
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Hybrid Hip Arthroplasties
A Cohort Study From a National Joint Registry

Simon S. Jameson MRCS a, James M. Mason DPhil, MSc, BSc(Hons) b, Paul N. Baker MSc, FRCS (Tr&Orth) a,
Prithee Jettoo MRCS c, David J. Deehan MD, MSc, FRCS (Tr&Orth) d, Mike R. Reed MD, FRCS (Tr&Orth) e

a The National Joint Registry for England and Wales, UK
b School of Medicine and Health, Durham University, Queen's Campus, University Boulevard, Stockton-on-Tees, UK
c Northern Deanery Trauma & Orthopaedic Training Scheme, Waterfront 4, Goldcrest Way, Newcastle, UK
d Newcastle Hospitals NHS Foundation Trust, Freeman Road, High Heaton, Newcastle upon Tyne, UK
e Northumbria Healthcare NHS Foundation Trust, Woodhorn Lane, Ashington, Northumberland, UK

a b s t r a c ta r t i c l e i n f o

Article history:
Received 31 October 2012
Accepted 30 November 2012

Keywords:
hybrid total hip arthroplasty
bearings
revision
acetabular shell

This retrospective cohort study of a National Joint Registry data examines survival time to revision following
the commonest brand of primary hybrid THA, exploring risk factors independently associated with failure.
Overall 5-year revision was 1.56%. In the final adjusted model, revision risk was significantly higher with
standard polyethylene (PE) liners (metal-on-PE: hazard ratio [HR] = 2.52, P = 0.005, ceramic-on-PE: HR =
2.99, P = 0.025) when compared to metal-on-highly-cross-linked (XL) PE. Risk of revision with ceramic-on-
ceramic bearings was borderline significant (HR = 1.86, P = 0.061). A significant interaction between age
and acetabular shell type (solid or multi-hole) was found (P = 0.022), suggesting that solid shells performed
significantly better in younger patients. In summary, we found that there were significant differences in
implant failure between different bearing surfaces and shell types after adjusting for a range of covariates.

© 2013 Elsevier Inc. All rights reserved.

Primary cemented total hip arthroplasty (THA) has good medium-
to long-term implant survival across national joint registries and
meta-analyses globally [1–8]. However, for younger patients with
higher demands, a cemented polyethylene cup may fail at a greater
rate, and may not provide sufficient longevity. Hybrid THAs, where a
cemented stem is coupled with a cementless cup, maybe an attractive
option in these patients. Cementless modular acetabular components

allow the use of a range of bearing surfaces in combination with larger
head sizes. When these implants were examined in patients under
70 years in England and Wales, the National Joint Registry (NJR)
found that hybrid THAs had equivalent 5-year revision rates when
compared to cemented implants, and superior revision rates when
compared to cementless implants in females [7]. In addition,
Australian registry data for patients aged 50 to 64 years have
demonstrated superior results with hybrid implants compared to
both cemented and cementless implants [8]. In 2010, 16% of 68 907
THAs in England and Wales were hybrid procedures [7].

National registry data allow independent analyses of large
volumes of procedures over an entire population. However, there
are limitations to these analyses. Despite the numerous implant
options and materials used, many registries analyze implants using
simple discriminators, such as fixation type, when in reality no
two brands of implants are alike, and assumptions of similarity may
be misplaced.

The aim of this study was to explore factors that may affect the risk
of revision in a national cohort of patients undergoing a single
combination of hybrid THA, using data from the NJR [9]. Each brand of
implant has a range of parameters that may influence the risk of
failure over time. These parameters are not all comparable across
brands, e.g., acetabular shell type. Thus, to explore the determinants of
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failure it was appropriate to limit the analysis to the most common
hybrid brand combination recorded on the NJR [7].

Materials and Methods

Design

A retrospective cohort study was conducted to assess patient-level
NJR data for survival time to revision for the commonest brand of
primary hybrid THA.

Data

The NJR has assimilated data on patients, surgeons and implants
performed in both the private and public sector (National Health
Service, NHS) in England and Wales since 2003. According to the NJR
8th Annual Report, the commonest brand combination of hybrid THA
used in England andWales since 2003 features the Stryker Exeter V40
hip and Trident socket (Stryker Orthopaedics, Mahwah, NJ, USA),
accounting for 33.0% of all hybrid THAs (18 358 of 55 551) [7]. The
Exeter V40 femoral stem is a polished, double-tapered, collarless
stainless steel design with a “V40” taper and a hollow distal
centralizer to allow subsidence for compressive loading throughout
the cement mantle. It is available in a range of stem widths (0–5),
offsets (30–56 mm) and lengths (short: 104–134 mm, standard:
158 mm, and “long stem” options: 200–260 mm). The Trident
Acetabular System is an uncemented modular cup manufactured
from hydroxyapatite (HA)-coated porous titanium (non-HA-coated
Trident cups are not available in the United Kingdom). Liner options
include standard polyethylene (PE), highly cross-linked (XL) PE (first
generation: “Crossfire,” and second generation: “X3”), alumina
ceramic, and constrained. The shells are available as a press-fit no-
hole (“Solid-back”) type, or in multi-hole (“5-hole,” “Cluster-hole (3-

hole),” and “Multi-hole”) form, allowing supplementary fixation with
acetabular screws. Two types of shell geometry are manufactured:
“Hemispherical and Peripheral self-locking” (PSL, or rim-fitting).
Femoral heads are available in stainless steel (”Orthinox”: 22, 26, 28,
30, 32, and 36 mm), cobalt-chrome (“Vitallium”: 28, 32, 36, 40, and
44 mm) and ceramic (“Alumina”: 28, 32, and 36 mm). Three brands
of cement have been used with these components: “Palacos” (three
manufacturers: Heraeus Holding GmbH, Hanau, Germany; Schering-
Plough Corporation, Kenilworth, NJ, USA; Biomet Inc., Warsaw, IN,
USA), “CMW” (DePuy Orthopaedics Inc., Warsaw, IN, USA) and
“Simplex” (Stryker Corporation, Kalamazoo, MI, USA). Palacos and
CMWare available as high and low viscosity, and all brands have plain
or antibiotic impregnated versions. Data were extracted for all Exeter/
Trident THAs performed and submitted to the NJR until 31st
December 2010 with the primary diagnosis of osteoarthritis (OA).
As several options were used rarely, these were excluded from
analyses. A summary of inclusion criteria is shown in Fig. 1.

Covariate categories thought to have an influence on revision risk
were patient age at time of procedure, gender, co-morbidity score,
body mass index (BMI), stem size, bearing surface material and head
size [10–12]. American Society of Anaesthesiology (ASA) grade was
used as a surrogate for co-morbidity. We also examined the influence
of head offset, acetabular shell type and primary surgeon character-
istics. Covariates used are summarized in Table 1.

For an implant to have been recorded as revised (where one
implant is exchanged for another, or removed as part of a staged
procedure), a complete record of the revision procedure (including
side of operation) must be linked to the original index procedure by
matching the unique patient identifier. A number of causes of revision
can be recorded for each operation; these were interpreted hierar-
chically for infection and peri-prosthetic fracture, pre-selecting in that
order. Pain was only taken as the primary cause when no other reason
was provided.

Fig. 1. Flowchart describing the procedures included.
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Statistical Analysis

Continuous and discrete continuous covariates (age, head offset,
consultant volume) were analyzed as categorical data (informed by
spread of the data) because of the greater clinical relevance when
making group comparisons. Preliminary analysis of age as a
continuous variable is also reported. To explore the influence of
covariates the most common category was generally used as the
baseline case: for example, 32-mm heads were used as the baseline
against which all other head sizes were compared. Exceptions to this
were age (where the youngest group was used as the baseline),
consultant volume (where the highest volume group was used) and
bearing (where the type most commonly used in 2010 was used).

A revision procedure was considered to be a “failure event,” where
the time between the index procedure and revisionwas themeasure of
joint survival. Survival times for patients who had not undergone
revisionwere censored at the study census date (31st December 2010).
Kaplan–Meier survival charts were generated to display visual
differences in unadjusted covariates. The log-rank (Mantel–Cox) test
was used to perform paired comparisons between each of the
covariates using the pairwise over-strata method. Covariate categories
with significant influences are presented, with life tables to describe
numberswithineach covariate category enteringeach yearof the study.

Cox proportional hazard models were used to assess the extent to
which the timing of revision could be explained in terms of the
measured patient, surgeon and implant covariates. Results are
presented as hazard ratios (HRs) with 95% confidence intervals (CI):
ratios greater than 1 indicate that risk is higher when compared with
the reference covariate category. Covariates fitting models with
P b 0.05 were considered significant influences.

Life tables were produced to report unadjusted 1-, 3-, and 5-year
revision rates (with 95% CIs estimated using the normal approxima-
tion) for each shell type and bearing in patients ≤ 75 years. Survival
was not reported if the number entering the first year was less than
500, or the number entering any subsequent year was less than 5% of
the original number entering in that group.

Results

Of 15 740 primary procedures, the majority were performed in
females (9573, 60.8%), with ASA ≤ 2 (13 693, 87.0%) and 75 years of

age or less (11 764, 74.7%); the mean age at implantation was
68 years. There were 6641 (42.2%) procedures with complete BMI
data; of the procedures with data, the majority were less than 30 kg/
m2 (4638, 69.8%). The most commonly used stem was 44 mm offset
(8627, 54.8%) and taper sizes ≤ 2 (14 255, 90.6%) accounted for the
majority. A standard neck offset (63.4%, 9986) and a 32-mm diameter
(45.4%, 7153) were the most commonly used heads. The commonest
cup design was a PSL multi-hole (10 497, 66.7%) and only 33.3%
(5243) relied on press-fit fixation with a solid-back shell. Over the
entire study, the commonest bearing was ceramic-on-ceramic (CoC,
6144, 39.0%). However, in 2010 this was metal-on-XLPE (MoXLPE).
Palacos high-viscosity antibiotic impregnated (52.5%, 8264) was most
commonly used to cement the stem. The procedure was performed
through a posterior approach in 67.5% of cases (10 620). In most cases
the consultant performed the procedure (12 886, 81.9%). Medium- or
high-volume Exeter/Trident hybrid arthroplasty surgeons (≥ 51 cases
over the study period) accounted for 70.8% (11 147) of procedures.
Patients were under the care of 575 different consultants in 239
different surgical units. Demographics are shown in Table 2 and
bearing use by year in Table 3.

Reasons for Revision

One hundred forty-one patients had undergone a revision
procedure by the census date. Themost common reasonwas infection
(38 revisions, 27.0% of all revisions). Reason for revision was
determined to be dislocation in 36 cases (25.5%), followed by aseptic
component loosening/lysis (33, 23.4%), malalignment (18, 12.8%) and
peri-prosthetic fracture (17, 12.1%). Revision for dissociation of liner
occurred in seven patients (5.0%), five of which were ceramic liners
(3.5%). Revision data are summarized in Table 4.

Associations With Implant Revision

In simple (univariable) regression analysis, age (P = 0.033),
bearing (P = 0.050, Fig. 2), shell type (P = 0.024, Fig. 3), and surgical
approach (P = 0.036) influenced implant revision risk (Table 5).
Although bearing category was on the threshold of significance,
several individual bearings had P b 0.05. Brand of cement, shell
geometry and type of femoral head metal (stainless steel or cobalt-
chrome)were not found to be significant influences for survival: these
covariates were therefore merged into common categories. First-
(“Crossfire”) and second-generation (“X3”) XLPE liners were com-
bined into one group, as the “Crossfire” liner was used rarely.

After risk adjustment, procedures performed using standard PE
liners (metal-on-PE bearings: HR = 2.64, 95% CI 1.39–4.99, P =
0.003, ceramic-on-PE: HR = 3.07, 95% CI 1.18–8.00, P = 0.022)
and CoC bearings (HR = 1.93, 95% CI 1.00–3.69, P = 0.049) were
associated with significantly higher revision rates when compared
with procedures using a MoXLPE bearing. Procedures employing
multi-hole acetabular shells (HR = 1.70, 95% CI 1.16–2.48, P =
0.006) had a greater risk of revision compared with solid-back shells.
Older patients (≥ 76 years) were associated with a lower revision
risk (HR = 0.46, 95% CI 0.25–0.83, P = 0.010) compared to patients
aged ≤ 60 years (Table 5). After risk adjusting, surgical approach
was not selected for the final model.

When covariates were tested for multiplicative relations a
significant interaction between age group and shell type was found
(P = 0.022). Bearing category remained significant (P = 0.048) but
age group and shell type as individual covariates no longer met the
inclusion criteria for the model. This suggests that lower risk of
revision in patients aged ≥ 76 years was associated with multi-hole
shells and lower risk of revision in patients aged ≤ 60 years was
associatedwith solid-back shells (Table 6). In thismodel, CoC bearings
were not associated with significantly higher revision, although this
was marginal (HR = 1.86, 95% CI 0.97–3.56, P = 0.061).

Table 1
Final Covariates Used in the Event Analyses.

Category Variable Type Covariate

Age (y) Ordinal ≤ 60, 61–75, ≥ 76
Gender Binary Female, male
ASA grade Ordinal Grade ≤ 2, grade ≥ 3
Body mass index
(kg/m2)

Ordinal b 30, ≥ 30

Stem offset (mm) Ordinal 35, 37.5, 44, 50
Stem taper Ordinal ≤ 2, ≥ 3
Head size (mm) Ordinal 28, 32, ≥ 36
Neck offset Ordinal Standard, “Plus” head, “Minus” head
Shell design Nominal Solid-back, multi-/cluster-hole
Bearing Nominal Metal-on-standard polyethylene (PE)

Metal-on-highly-cross-linked (XL) PE
Ceramic-on-standard PE
Ceramic-on-XLPE
Ceramic-on-ceramic

Cement type Nominal Palacos high-viscosity antibiotic
impregnated, Simplex P antibiotic
impregnated, other

Surgical approach Nominal Posterior, anterolateral, other
Year of procedure Continuous 2003–2010
Primary surgeon Binary Consultant, other
Consultant Exeter/
Trident volume

Ordinal Low (≤ 50 cases throughout the
study period), medium (51–200),
high (≥ 201)

ASA, American Society of Anaesthesiologists.
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Revision risk was independent of gender, ASA grade, stem
characteristics, head size, neck offset, cement type, operator grade
and consultant experience.

Revision Rates

The overall 5-year revision rate was 1.56% (95% CI 1.23–1.89) for
the entire study population. In patients aged ≤ 75 years, 5-year
revision rates for solid-back shells were 1.21% (95% CI 0.67–1.76)
compared with 2.07% (95% CI 1.52–2.62) for multi-holes (Table 7).
Three-year revision rates for bearing and shell type indicate that the
use of a MoXLPE bearing with a solid-back shell may ultimately have
the lowest revision rate, although there were no statistically
significant differences across these small groups.

Discussion

This retrospective cohort study provides the largest, in-depth
analysis of a single-brand combination of hybrid THAs. Significantly
greater revision rates were associated with bearing surface
material and shell type after risk adjustment. These findings
identify modifiable parameters in the control of the operating
surgeon. Other potentially modifiable factors, including surgical
approach and femoral head size, were not found to significantly
influence revision.

Table 2
Demographics of Exeter V40/Trident Hybrid Hip Arthroplasties (England and Wales,
2003–2010).

n = 15 740

Age (y), mean (SD, range) 67.5 (10.7, 15–102)
≤ 60, n (%) 3535 (22.5)
61–75 8229 (52.3)
≥ 76 3976 (25.3)

Gender
Female 9573 (60.8)
Male 6167 (39.2)

ASA grade
1/2 13 693 (87.0)
≥ 3 2047 (13.0)

Body mass index (kg/m2), mean kg/m2 (SD) 28.4 (5.3)a

b 30, n (%) 4638 (29.5)
≥ 30 2003 (12.7)
No data 9099 (57.8)

Stem offset (mm)
35.5 1186 (7.5)
37.5 5135 (32.6)
44 8627 (54.8)
50 792 (5.0)

Stem taper
≤ 2 14 255 (90.6)
≥ 3 1485 (9.4)

Head size (mm)
28 4764 (30.3)
32 7153 (45.4)
≥ 36 3823 (24.3)

Neck offset
Standard (0) 9986 (63.4)
Plus (+4 to +8 mm) 2534 (16.1)
Minus (−2.7 to −5 mm) 3220 (20.5)

Shell design
Solid back 5243 (33.3)
PSL 3882 (24.7)
Hemispherical 1361 (8.6)
Multi-hole 10 497 (66.7)
PSL 6934 (44.1)
Hemispherical 3563 (22.6)

Bearing
Metal-on-standard polyethylene (PE) 4265 (27.1)
Metal-on-highly cross-linked (XL) PE 3829 (24.3)
Stainless steel-on-XLPE 1661 (10.6)
Cobalt-chrome-on-XLPE 2168 (13.8)
Ceramic-on-standard PE 354 (2.2)
Ceramic-on-XLPE 1148 (7.3)
Ceramic-on-ceramic 6144 (39.0)

Cement
Palacos high-viscosity antibiotic impregnated 8264 (52.5)
Simplex P antibiotic impregnated 5530 (35.1)
Other 1484 (9.4)
Missing 462 (2.9)

Surgical approach
Posterior 10 620 (67.5)
Anterolateral 4662 (29.6)
Other 319 (2.0)
Missing data 139 (0.9)

Year of procedure
2003 74 (0.5)
2004 376 (2.4)
2005 1125 (7.1)
2006 1755 (11.1)
2007 2590 (16.5)
2008 2867 (18.2)
2009 3610 (22.9)
2010 3343 (21.2)

Primary surgeon
Consultant 12 886 (81.9)
Other 2854 (18.1)

Number of consultants (n) 575
Consultant Exeter/Trident volume
Low (≤ 50 cases over the study period) 4593 (29.2)
Medium (51–200) 6969 (44.3)
High (≥ 201) 4178 (26.5)

Number of surgical units (n) 239

SD, standard deviation.
a Based on 6641 procedures.

Table 3
Bearings Used for Exeter v40/Trident Hybrid Hip Arthroplasties, By Year (England and
Wales, 2003–2010).

Year

Bearing

MoXLP MoSP CoSP CoXLP CoC

2003, n (%) 0 (0) 26 (35.1) 5 (6.8) 0 (0) 43 (58.1)
2004 1 (0.3) 140 (37.2) 28 (7.4) 0 (0) 207 (55.1)
2005 6 (0.5) 453 (40.3) 62 (5.5) 1 (0.1) 603 (53.6)
2006 25 (1.4) 785 (44.7) 88 (5.0) 10 (0.6) 847 (48.3)
2007 383 (14.8) 956 (36.9) 56 (2.2) 65 (2.5) 1130 (43.6)
2008 782 (27.3) 671 (23.4) 40 (1.4) 242 (8.4) 1132 (39.5)
2009 1292 (25.8) 666 (18.4) 45 (1.2) 425 (11.8) 1182 (32.7)
2010 1340 (40.1) 568 (17.0) 30 (0.9) 405 (12.1) 1000 (29.9)
Total 3829 (24.3) 4265 (27.1) 354 (2.2) 1148 (7.3) 6144 (39.0)

MoXLP, metal-on-cross-linked polyethylene; MoSP, metal-on-standard polyethylene;
CoSP, ceramic-on-standard polyethylene; CoXLP, ceramic-on-cross-linked polyethylene;
CoC, ceramic-on-ceramic.

Table 4
Reasons Recorded for Revision Following Exeter V40/Trident Hybrid Hip Arthroplasty
(England and Wales, 2003–2010).

Revision (n = 141)

Infection, n (%) 38 (27.0)
Dislocation 36 (25.5)
All aseptic component loosening/lysis 33 (23.4)
Stem only 4 (2.8)
Cup only 23 (16.3)
Both 6 (4.3)

All malalignments 18 (12.8)
Stem only 3 (2.1)
Cup only 14 (9.9)
Both 1 (0.7)

Periprosthetic fracture 17 (12.1)
Stem only 13 (9.2)
Cup only 4 (2.8)

Dissociation of liner 7 (5.0)
All implant fractures 6 (4.3)
Stem only 4 (2.8)
Cup only 2 (1.4)

Unexplained pain 8 (5.7)
Liner wear 5 (3.5)
Other 5 (3.5)
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While these data are the largest to date reporting a single-brand
combination analysis of hybrid THAs, we accept that there are
limitations in its interpretation. The revision rates described in this
study are limited to mid-term data only (the earliest implanted was
2003). The relative rates at which particular implants require revision
may change with further follow-up and more informative data. In
addition, the highly cross-linked PE in this system has only been used
in considerable numbers since 2007, limiting comparisons across
bearings. Revision is a hard end point and may be considered a
surrogate marker of implant failure, as other end points are
unavailable. This does not take into account patients living with a
painful hip, or those awaiting revision at the time of censoring [13].
Furthermore, revision procedures may be missed by the NJR due to
compliance and linkage issues, but these should affect all groups
equally. The study design is observational and thus vulnerable to
omitted variables, which may have confounded our findings.
Information regarding duration and severity of symptoms, radio-
graphic appearance and activity levels prior to and following the
procedure was not available. However, similarities between the
unadjusted and adjusted models, robustness under different model
fitting assumptions, and time independence support the stability
of estimates.

Highly cross-linked polyethylene has improved resistance to wear
compared to standard PE, resulting in generation of fewer wear
particles [14]. A meta-analysis of ongoing clinical trials found XLPE
liners exhibited reduced radiological wear and osteolysis at a mean
follow-up of 5.1 years (1.8–9.0) compared to standard PE. Although

there was no difference in revision rates between the types of PE,
concerns regarding early failures attributable to brittleness of the
XLPE were unfounded [15]. A mid- to long-term implant survival
analysis of almost 9000 primary procedures from the Mayo clinic
using 13 different cementless cup systems found improved survival
(although not statistically significant) with XLPE liners compared to
standard PE liners [16]. This current study is the first to identify an
implant survival benefit of XLPE liners within a single acetabular
system, albeit using short- to mid-term data.

Ceramic-on-ceramic bearings have good mid- to long-term
survival data [17]. It is anticipated that a low-wearing CoC bearing
should provide adequate longevity for the young, active patient.
However, there are concerns regarding higher risks of dislocation [18],
fracture and squeaking [17]. This current study has identified that
MoXLP is currently (marginally) outperforming CoC in the Trident
system. However, CoC and MoXLPE bearings may have equivalent
survival in patients aged ≤ 60 years. CoC bearings may ultimately
provide greater longevity in younger patients, but longer-term data
are required.

The use of the multi-hole shell option allows supplementary screw
fixation of the cup, rather than reliance on press fit alone. The decision
to use a multi-hole shell may be explained by inadequate press fit of
the trial solid shell; anatomical factors (e.g. wall defects) precluding
the use of cemented cups or press-fit components without screw
augmentation; or the operating surgeon's normal practice. From the
data presented here, multi-hole shells are associated with higher
revision in younger patients, but possibly lower revision in older
patients. Although we have no data on screw usage, it is assumed that
a (more expensive) multi-hole shell would be used in conjunction
with screws in the majority of cases, to supplement inadequate press

Log rank (Mantel-Cox) MoXLP MoSP CoSP CoXLP CoC 
MoXLP (p-value) 
MoSP 
CoSP 
CoXLP 
CoC 

Life table showing numbers at risk in each year 
Cup 
design Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

MoXLP 
MoSP 
CoSP 
CoXLP 
CoC 

 
 

 

Fig. 2. Kaplan–Meier: unadjusted cumulative implant survival of Exeter V40/Trident by
bearing (England and Wales, 2003–2010).

Log rank (Mantel-Cox) Solid Multi-hole
Solid-back shell (p-value) - 0.023
Multi-hole shell 0.023 -

Life table showing numbers at risk each year 

Shell type Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 
Solid-back shell 5243 4187 3098 2413 1343 597 
Multi-hole shell 10497 8031 5423 3235 1783 870 

Fig. 3. Kaplan–Meier: unadjusted cumulative implant survival of Exeter V40/Trident by
shell type (England and Wales, 2003–2010).
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fit. This potentially poorer method of fixation, the reduced surface
area for bony in-growth, or wear debris migrating through the holes,
may contribute to the higher revision seen in these multi-hole shells
in younger patients. Conversely, in older patients with poorer bone
quality, reliance on press fit alone may not be adequate in any
patients, and supplementary fixation with screws may provide
greater fixation. Of note, no difference in revision was found between
PSL and Hemispherical shells.

Previous reports have shown that increasing age is associated with
lower revision rates after cemented THA [10,19]. We found an
interaction with shell type, which may explain the lower revision
rates in older patients in this study. However, it is important to
remember that patients aged ≥ 76 years have lower functional
demands, and fewer patients requiring revision surgery will be fit
enough in this age group, limiting the conclusions that can be drawn
when patient-reported functional and general health data are
unavailable. Furthermore, 10-year patient survival following THA
performed in older patients (aged ≥ 80 years) is less than 25%
according to Norwegian Registry data [20]. The literature reports no
superiority of cementless over cemented cups at 10 years [21] and,
given costs are generally higher than cemented, we question the cost-
effectiveness of the use of cementless cups in 3976 (25%) patients
aged ≥ 76 years in this current analysis.

As expected, the overall revision presented here at 5 years (1.56%;
95% CI 1.23–1.89) was similar to reports from the NJR 8th Annual
Report for 18 358 Exeter V40/Trident THAs (1.69%; 95% CI 1.39–2.07)
[7]. However, revision at 5 years when the commonest bearing (CoC)
was used in combination with a solid-back shell in patients ≤ 75 -
years was only 1.13% (95% CI 0.43–1.83). Although the follow-up time
is shorter, the data presented here suggest that MoXLPE, in
combination with a solid shell has even lower revision. Overall
revision, as described in the analyses of brands alone in the NJR 8th
Annual Report, is therefore skewed by longer follow-up data from
poorer performing components (historical higher use of standard PE).
Components that are now most commonly used in current practice
(MoXLPE, CoC bearings) have lower revision rates than those reported
by the NJR.

Increasing femoral head size is thought to contribute to lower
dislocation [22] and revision [11]. However, in this study there were
no differences in revision rates across head sizes. Of note, surgical
approach did not influence revision after adjustment for other factors.
Although BMI appeared to have an influence on the model, with the
degree of missing data it was felt that excluding this parameter was
the most appropriate solution. Efforts to improve BMI recording
to allow for appropriate adjustment in future explanatory analysis
are required.

The commonest primary reason for revision was infection (27.0%);
dislocation accounted for 25.5% of revisions. This study reports mid-

Table 5
Independent Predictors of Revision Following 15 740 Exeter/Trident Hybrid Hip
Arthroplasties: Simple and Multivariable Cox Regressions (England and Wales,
2003–2010).

Covariate

Simple Analysis Multivariable Analysis

HR 95% CI P value HR 95% CI P value

Gender
Female 1 0.74–1.45 0.829
Male 1.04

Age (y)
Category 0.033 0.037
≤ 60 1 1
61–75 0.79 0.54–1.14 0.201 0.75 0.50–1.11 0.148
≥ 76 0.50 0.30–0.84 0.009 0.46 0.25–0.83 0.010

ASA grade
1/2 1
≥ 3 1.08 0.66–1.77 0.766

Stem offset (mm)
Category 0.613
35.5 0.73 0.34–1.59 0.429
37.5 1.01 0.70–1.46 0.943
44 1
50 1.38 0.74–2.60 0.316

Stem taper
≤ 2 1
≥ 3 0.63 0.32–1.24 0.180

Head size (mm)
Category 0.152
28 1.28 0.89–1.84 0.176
32 1
≥ 36 0.82 0.51–1.33 0.421

Neck offset
Category 0.139
Standard 1
Plus 1.38 0.89–2.15 0.152
Minus 1.41 0.95–2.10 0.085

Bearing
Category 0.050 0.035
Metal-on-XLPE 1 1
Metal-on-standard PE 2.46 1.30–4.65 0.006 2.64 1.39–4.99 0.003
Ceramic-on-standard PE 3.51 1.37–9.00 0.009 3.07 1.18–8.00 0.022
Ceramic-on-XLPE 1.98 0.78–5.04 0.150 1.86 0.72–4.77 0.198
Ceramic-on-ceramic 2.29 1.23–4.26 0.009 1.93 1.00–3.69 0.049

Shell
Solid back 1 1
Multi-hole 1.54 1.06–2.24 0.024 1.70 1.16–2.48 0.006

Cement
Category 0.169
Palacos HV antibiotic 1
Simplex P antibiotic 0.97 0.67–1.41 0.876
Other 1.55 0.95–2.52 0.082

Surgical approach
Category 0.036
Posterior 1
Anterolateral 1.53 1.09–2.15 0.015
Other 0.51 0.07–3.63 0.497

Year of procedure 1.06 0.94–1.19 0.341
Operator
Consultant 1
Other 1.28 0.85–1.91 0.237

Consultant Exeter/Trident volume
Category 0.273
Low (≤ 50) 1.14 0.71–1.83 0.597
Medium (51–200) 1.40 0.91–2.13 0.130
High (≥ 201) 1

HR, hazards ratio; CI, confidence intervals; ASA, American Society of Anaesthesiologists;
XLPE, highly cross-linked polyethylene; PE, polyethylene.

Table 6
Revision Following 15 740 Exeter/Trident Hybrid Hip Arthroplasties: Multivariable Cox
Regressions With Multiplicative Interaction of Age and Shell Type (England andWales,
2003–2010).

Covariate

Multivariable analysis

HR 95% CI P value

Age (y)
Category 0.330
≤ 60 1
61–75 0.79 0.49–1.25 0.307
≥ 76 0.62 0.33–1.17 0.141

Bearing
Category 0.048
Metal-on-XLPE 1
Metal-on-standard PE 2.52 1.33–4.78 0.005
Ceramic-on-standard PE 2.99 1.50–7.78 0.025
Ceramic-on-XLPE 1.74 0.68–4.45 0.252
Ceramic-on-ceramic 1.86 0.97–3.56 0.061

Shell
Solid back 1
Multi-hole 1.37 0.91–2.07 0.135

Age * shell
Category 0.022
≤ 60 y 1
61–75 0.80 0.33–1.94 0.628
≥ 76 0.23 0.08–0.70 0.010

HR, hazards ratio; CI, confidence intervals; ASA, American Society of Anaesthesiologists;
XLPE, highly cross-linked polyethylene; PE, polyethylene.
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term data: as expected, only a small number of implants (23.4%) were
revised for aseptic loosening/lysis. Excluding dislocation, cup-related
failures (aseptic loosening/lysis, malalignment, dissociation of liner,
and liner wear) were cited in 39.7% (56) of revisions, compared with
9.9% [14] for stems. Of note, previous concerns regarding high rates of
mal-seating of the Trident ceramic liners (8%–16.4% of all procedures)
[23,24] do not appear to translate into liner dissociation and
subsequent revision procedures (3.5% of revisions were attributable
to ceramic liner dissociations in this series).

In summary, there were significant differences in implant failure
between bearing surface materials and acetabular shell fixation types,
after adjustment for a range of covariates in a large cohort of single-
brand hybrid THAs. In this study, standard polyethylene liners and
multi-hole Trident shells were associated with significantly higher
revision rates overall. Metal-on-highly-cross-linked polyethylene in a
shell with no holes appears to be the best choice in patients
aged ≤ 75 years, in short- to medium-term analysis of this popular
hybrid brand combination. CoC bearings may have a role in the
youngest patients. This study demonstrates that multiple factors can
influence revision risk; registry data analyses may mislead if they fail
to adjust for all relevant covariates when comparing across brands
and types. For surgeons using hybrid THA, the findings presentedmay
help guide their practice. Findings may also provide a useful reference
for comparison with future analyses comparing implant types.
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Appendix A. Supplementary material

The reliability of the Cox model was explored by alternative
stepwise procedures using the likelihood ratio test. Covariates found
not to be statistically significant were excluded from the model, based
on statistical entry (P b 0.05) and rejection (P N 0.10) criteria. The
same covariates were fitted forward and reverse stepwise to ensure
that findings were not qualitatively affected in the final model, with
any inconsistency reported. The final model was re-evaluated as a
directly entered model (non-stepwise) to provide unconditional
estimates, and was assessed by exploring two-way interactions
between covariates and for the constant proportionality over time

assumption. In order to improve efficiency of the final models, where
no differences were found within subcategories (e.g. shell geometry
type) during preliminary modeling, these were combined. All models
were fitted using SPSS version 19.0 (SPSS Inc, IBM Corporation,
Armonk, NY).

On univariable analysis, age as a continuous covariate was a
significant influence (HR = 0.98, 95% CI 0.96–1.00, P = 0.016). We
therefore created separate multivariable models to test age selection
(as continuous or categorical data). As a continuous covariate, age did
not affect selection within the model, nor the influence of the other
significant covariates (multi-hole shell: HR = 1.69, MoSP bearing:
HR = 2.65, CoSP: HR = 3.15, CoXLP: HR = 1.89, CoC: HR = 1.94).
The final model was therefore reported with age as categorical data.

High BMI (≥ 30 kg/m2) was associated with an increased risk of
revision compared to BMI b 30 kg/m2 on univariable analysis
(≥ 30 kg/m2: HR = 2.03, 95% CI 1.15–3.58, P = 0.015). This inclusion
of BMI in the preliminarymultivariablemodeling resulted in the loss of
58% of available procedures from the analysis, and while the HRs for
individual bearings where not qualitatively affected by this, shell type
and age were not selected within the model (Supplementary Table 1).
This substantial data loss was accompanied by stepwise selection
instability, and so BMI was therefore removed from the final analysis.

Tests for time dependency of covariates were not statistically
significant. Forward and reverse stepwise model construction led to
the same final model.
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Supplementary Table 1
Independent Predictors of Revision Following 15 740 Exeter/Trident Hybrid Hip Arthroplasties, Including BodyMass Index Data: Simple andMultivariable Cox Regressions (England
and Wales, 2003–2010).

Covariate

Simple Analysis Multivariable Analysisa

HR 95% CI P value HR 95% CI P value

Gender
Female 1
Male 1.04 0.74–1.45 0.829
Age
Category 0.033
≤ 60 1
61–75 0.79 0.54–1.14 0.201
≥ 76 0.50 0.30–0.84 0.009
ASA grade
1/2 1
≥ 3 1.08 0.66–1.77 0.766
Body mass index
b 30 kg/m2 1 1
≥ 30 kg/m2 2.03 1.15–3.58 0.015 2.00 1.13–3.54 0.017
Stem offset
Category 0.613
35.5 mm 0.73 0.34–1.59 0.429
37.5 mm 1.01 0.70–1.46 0.943
44 mm 1
50 mm 1.38 0.74–2.60 0.316
Stem taper
≤ 2 1
≥ 3 0.63 0.32–1.24 0.180
Head size
Category 0.152
28 mm 1.28 0.89–1.84 0.176
32 mm 1
≥ 36 mm 0.82 0.51–1.33 0.421
Neck offset
Category 0.139
Standard 1 0.152
Plus 1.38 0.89–2.15
Minus 1.41 0.95–2.10 0.085
Bearing
Category 0.050 0.159
Metal-on-XLPE 1 1

2.46 1.30–4.65 0.006 1.97 0.71–5.45 0.194
Ceramic-on-standard PE 3.51 1.37–9.00 0.009 5.44 1.08–27.36 0.040
Ceramic-on-XLPE 1.98 0.78–5.04 0.150 3.16 1.02–9.81 0.046
Ceramic-on-ceramic 2.29 1.23–4.26 0.009 2.50 1.02–6.15 0.046
Shell
Solid back 1
Multi-hole 1.54 1.06–2.24 0.024
Cement
Category 0.169
Palacos HV antibiotic 1
Simplex P antibiotic 0.97 0.67–1.41 0.876
Other 1.55 0.95–2.52 0.082
Surgical approach
Category 0.036
Posterior 1
Anterolateral 1.53 1.09–2.15 0.015
Other 0.51 0.07–3.63 0.497
Year of procedure 1.06 0.94–1.19 0.341
Operator
Consultant 1
Other 1.28 0.85–1.91 0.237
Consultant Exeter/Trident volume
Category 0.273
Low (≤ 50) 1.14 0.71–1.83 0.597
Medium (51–200) 1.40 0.91–2.13 0.130
High (≥ 201) 1

HR, hazards ratio; CI, confidence intervals; ASA, American Society of Anaesthesiologists; XLPE, highly cross-linked polyethylene; PE, polyethylene.
a Based on 6637 procedures with body mass index data.
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B<CC<D3EF8A7'.GHIJ'HKGH'LIGJ;'HKI'2JHMNECGJ'+EJBGNI'(IFCGNI3
OIPH' Q2+(R' #I%EL;' .IIST;' 5PMHIS' UMPVS<OW' DGT' DMHK3
SJGDP' BJ<O' SMTHJMXEHM<P' MP' HKI' 5PMHIS' UMPVS<O' GOMS
N<PNIJPT'JIVGJSMPV'KMVK'BGMCEJI'JGHIT;'MPMHMGCCL'SITNJMXIS'MP
TMPVCI3TEJVI<P'TIJMIT'GPS'TEXTIYEIPHCL'N<JJ<X<JGHIS'MP'JIV3
MTHJL' SGHG8Z;A[;A=' 2CHK<EVK' TFINMBMN' SITMVP' NKGJGNHIJMTHMNT
GTT<NMGHIS'DMHK'HKI'2+('OGL'XI'MOF<JHGPH;'<HKIJ'XJGPST
GCT<' FIJB<JO' F<<JCL8A6' %<HIPHMGCCL;' G' JGPVI' <B' TEJVMNGC;
FGHMIPH'GPS'MOFCGPH'BGNH<JT'OGL'N<PHJMXEHI'H<'HKI'KMVK'JGHIT
<B' BGMCEJI\' MOFCGPH' F<TMHM<P;' N<OF<PIPH' TM]I;' GPS' BIOGCI
VIPSIJ'KG^I'GCC'XIIP'MOFCMNGHIS'GT'JMT_T'B<J'BGMCEJI8AZ;A9

&KI'GMO'<B'HKMT'THESL'DGT'H<'I`FC<JI'HKI'JMT_'BGNH<JT'B<J
JI^MTM<P'MP'G'PGHM<PGC'N<K<JH'<B'FGHMIPHT'DK<'KG^I'EPSIJ3
V<PI'KMF' JITEJBGNMPV;'ETMPV'SGHG' BJ<O' HKI'"GHM<PGC' ><MPH
(IVMTHJL'B<J'$PVCGPS'GPS'/GCIT'Q">(W8?@

!"#$%&"'()"*+)!$#,-+(
&KMT'DGT'G'JIHJ<TFINHM^I'N<K<JH'THESL'GTTITTMPV'">('SGHG
B<J'HKI'TEJ^M^GC'HMOI'H<'JI^MTM<P'BJ<O'G'BMJTH'JITEJBGNMPV'FJ<3
NISEJI'GPS'I`FC<JMPV'HKI'JMT_'BGNH<JT'MPSIFIPSIPHCL'GTT<NM3
GHIS'DMHK'BGMCEJI8

&KI'">('KGT'GTTMOMCGHIS'SGHG'<P'FGHMIPHT;'TEJVI<PT'GPS
MOFCGPHT'FIJB<JOIS'MP'X<HK'HKI'FJM^GHI'TINH<J'GPS'HKI'"4+
MP'$PVCGPS'GPS'/GCIT'TMPNI'?@@a8'#GHG'DIJI'I`HJGNHIS'B<J

GCC'KMF'JITEJBGNMPVT'B<J'FGHMIPHT'DMHK'G'FJMOGJL'SMGVP<TMT'<B
<THI<GJHKJMHMT'Q*2W'TEXOMHHIS'H<'HKI'">('EPHMC'#INIOXIJ
?@A@8'(ITEJBGNMPV'N<OF<PIPHT'ETIS'DMHK'G'BIO<JGC'THIO;
O<SECGJ' JITEJBGNMPV' N<OF<PIPHT;' GPS' N<OFCI`' JITEJBGN3
MPVT'TENK'GT'HK<TI'ETMPV'SLTFCGTMG'<J'XJMSVI'GNIHGXECGJ'N<O3
F<PIPHT'DIJI'I`NCESIS8'&KI'GPHIJM<J'GFFJ<GNK'DGT'ETIS'B<J
b'A@@'FJ<NISEJIT'GPS'HKITI'DIJI'GCT<'I`NCESIS8'2'TEOOGJL
<B'HKI'MPNCETM<P'NJMHIJMG'MT'TK<DP'MP',MVEJI'A8

)<^GJMGHI' NGHIV<JMIT' I`GOMPIS' DIJI' FGHMIPH' GVI' GH' HKI
HMOI'<B'JITEJBGNMPV;'VIPSIJ;'2OIJMNGP'+<NMIHL'<B'2PITHKITM3
<C<VL' Q2+2W' VJGSI;?A' X<SL' OGTT' MPSI`' Q:1!W;' XJGPS' <B
FJ<THKITMT;'HKI'TM]I'<B'HKI'BIO<JGC'N<OF<PIPH;'HKI'VJGSI'<B
HKI'TEJVI<P;'HKI'TEJVMNGC'GFFJ<GNK'GPS'HKI'̂ <CEOI'<B'JITEJ3
BGNMPV'FJ<NISEJIT'EPSIJHG_IP'MP'HKI'N<PTECHGPHcT'FJGNHMNI8
)<^GJMGHIT'ETIS'GJI'TEOOGJMTIS'MP'&GXCI'!8'

,<J'GP'MOFCGPH'H<'KG^I'XIIP'JIN<JSIS'GT'JI^MTIS'QDKIJI
<PI'MOFCGPH'MT'I`NKGPVIS'B<J'GP<HKIJ;'<J'JIO<^IS'GT'FGJH'<B
G'THGVIS'FJ<NISEJIW'<P'HKI'">('SGHGTIH;'G'N<OFCIHI'JIN<JS
<B'HKI'JI^MTM<P'FJ<NISEJI'QMPNCESMPV'HKI'TMSI'<B'<FIJGHM<PW'MT
TEXOMHHIS'BJ<O'HKI'HJIGHMPV'K<TFMHGC'GPS'CMP_IS'H<'HKI'<JMV3
MPGC' FJ<NISEJI' XL' OGHNKMPV' EPMYEI' FGHMIPH' MSIPHMBMIJT8' 2
PEOXIJ'<B'NGETIT'<B'JI^MTM<P'NGP'XI'JIN<JSIS'B<J'IGNK'<FIJ3
GHM<P8'!P'<JSIJ'H<'TEOOGJMTI'HKITI'SGHG'IBBINHM^ICL;'MPBINHM<P
<J'FIJM3FJ<THKIHMN'BJGNHEJI'DIJI'HG_IP'H<'XI'HKI'FJMOGJL'JIG3
T<P'DKIP'JIN<JSIS8'+<BH3HMTTEI'JIGNHM<P'H<'OIHGC'SIXJMT'GPS
OIHGCC<TMT'QMPNCESMPV'<HKIJ'BJII'HI`H'HIJOT'TENK'GT'HKI'GNJ<3
PLO' 2.-2.' d' GTIFHMN' CLOFK<NLHMN' ^GTNECMHMT3GTT<NMGHIS
CITM<PT??W'DIJI'VJ<EFIS'H<VIHKIJ8'%GMP'DGT'<PCL'HG_IP'GT'G
NGETI'DKIP'P<'<HKIJ'JIGT<P'DGT'FJ<^MSIS8

!PB<JOGHM<P' JIVGJSMPV' HKI' SEJGHM<P' GPS' TI^IJMHL' <B
TLOFH<OT;'JGSM<C<VMNGC'GFFIGJGPNI'GPS'GNHM^MHL'CI^ICT'FJM<J
H<'GPS'B<CC<DMPV'HKI'JITEJBGNMPV'FJ<NISEJI'DGT'P<H'G^GMCG3
XCI'MP'HKI'">('SGHG;'XEH'OGL'XI'G^GMCGXCI'MP'SEI'N<EJTI'GT
FGHMIPH3JIF<JHIS' <EHN<OI' OIGTEJIT' Q%(*1TW' XIN<OI
CMP_IS'H<'HKI'">(8
.#"#&(#&/"')"*"'0(&(1)2'JI^MTM<P'FJ<NISEJI'DGT'N<PTMSIJIS'H<
XI'G'eBGMCEJI'I^IPHc;'GPS'HKI'HMOI'XIHDIIP'HKI'MPSI`'FJ<NI3
SEJI'GPS'JI^MTM<P'DGT'G'OIGTEJIOIPH'<B'TEJ^M^GC'<B'HKI'f<MPH8
+EJ^M^GC'HMOIT'B<J'FGHMIPHT'DK<'KGS'P<H'EPSIJV<PI'JI^MTM<P
DIJI'NIPT<JIS'GH'HKI'THESL'NIPTET'SGHI'QaA'#INIOXIJ'?@A@W8
$^IPH'GPGCLTMT'DGT'ETIS'H<'MP^ITHMVGHI'HKI'HMOI'H<'BGMCEJI8?a'!P
HKMT'O<SIC;'HKI'N<PHJMXEHM<P'<B'F<HIPHMGC'BGNH<JT'H<'HKI'JMT_'<B
BGMCEJI'NGP'XI'YEGPHMBMIS8')<`cT'FJ<F<JHM<PGC'KG]GJS'O<SICT
DIJI'ETIS'H<'GTTITT'HKI'I`HIPH'H<'DKMNK'HKI'HMOMPV'<B'BGMCEJI
N<ECS' XI' I`FCGMPIS' MP' HIJOT' <B' HKI' FGHMIPH;' TEJVI<P' GPS
MOFCGPH'N<^GJMGHIT8'&KI')<`'O<SIC'GTTEOIT'HKGH'HKIJI'MT'GP
EPSIJCLMPV'EPTFINMBMIS'XGTICMPI'KG]GJS' HKGH' THGLT' N<PTHGPH
HKJ<EVK'HMOI'GPS'DKMNK'MT'MPBCEIPNIS'XL'N<^GJMGHIT'HKGH'OMH3
MVGHI'<J'IPKGPNI'HKI'JMT_'<B'BGMCEJI8

2VI'GPS'N<PTECHGPH'^<CEOI'DIJI'GPGCLTIS'GT'NGHIV<JMNGC
SGHG'XINGETI'<B'HKI'VJIGHIJ'NCMPMNGC'JICI^GPNI'<B'VJ<EF'N<O3
FGJMT<PT8' 2VI' DGT' FGJHMHM<PIS' MPH<' B<EJ' VJ<EFT' XGTIS
GFFJ<`MOGHICL'<P'THGPSGJS'SI^MGHM<PT'BJ<O'HKI'OIGP8')<P3
TECHGPH'^<CEOI'DGT'FGJHMHM<PIS'MPH<'HKJII'VJ<EFT;'MPB<JOIS
XL' TFJIGS' <B' HKI' SGHG8' 2T' HKI' SMTHJMXEHM<P' <B' KIGS' TM]IT
SMBBIJT'XIHDIIP'VIPSIJT;'HKI'SGHG'DIJI'GPGCLTIS'MP'<JSIJ'H<

Exclude: THR using resurfacing 
components, modular implants, 

dysplasia, bridge cups, anterior approach,
 missing variables 

27 973 procedures

Primary diagnosis of osteoarthritis
43 329 procedures

Primary hip arthroplasty with resurfacing 
components

(Complete patient data from NJR database
performed between 2003 and 2010)

46 190 procedures

Date errors removed

Resurfacing arthroplasty 
population studied

 
27 971 procedures

!"#$%&
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35*&'+61,(2&+7&/+,*&(,4&'+8,3&$619*1:

;<=>?>?@A&?A>@&B@C=&D=@C;E&F@A><?A?AD&G@>H&I<JK&<AL&BKI<JK
;<>?KA>E& ?A&K<FH%&3HK&F<>KD@=?KE& B@=& EC=D?F<J&<;;=@<FH&@A
>HK&L<><&B@=IE&H<MK&KM@JMKL&@MK=&>HK&;K=?@L&@B&>HK&E>CLN%
7@=& >HK&;C=;@EKE&@B& >H?E& <A<JNE?E& >HK&<A>K=@J<>K=<J-&L?=KF>
J<>K=<J-& J<>K=<J& <AL& 5<=L?ADKO"& EC=D?F<J& <;;=@<FHKE& PK=K
D=@C;KL&>@DK>HK=&QR<A>K=@J<>K=<JST&<AL&F@I;<=KL&P?>H&>HK
;@E>K=?@=&<;;=@<FH%&7@=&F<>KD@=?F<J&F@M<=?<>K&H<U<=L&=<>?@E
Q51T&>HK&I@E>&B=KVCKA>&F<>KD@=N&P<E&CEKL&<E&>HK&G<EKJ?AK
<D<?AE>& PH?FH& >@& F@I;<=K& H<U<=LE& <EE@F?<>KL& P?>H& @>HK=
F<>KD@=?KE&?A&>H<>&F@M<=?<>KW&B@=&KX<I;JK-&>HK&/51&P<E&CEKL
<E& >HK&G<EKJ?AK&<D<?AE>&PH?FH&<JJ&@>HK=&G=<ALE&PK=K&F@IY
;<=KL%& *XFK;>?@AE& >@& >H?E& PK=K& <DK& QPHK=K& >HK& N@CADKE>
D=@C;&P<E&CEKL&<E&>HK&G<EKJ?AKT&<AL&HK<L&E?UK&QPHK=K&>HK
J<=DKE>& ?I;J<A>& D=@C;& P<E& CEKLT%& 0<;J<AY)K?K=& EC=M?M<J

D=<;HE& PK=K& DKAK=<>KL& >@& L?E;J<N& M?EC<J& L?BBK=KAFKE& ?A
CA<LZCE>KL&F@M<=?<>KE%&3HK&J@DY=<A[&Q)<A>KJY\@XT&>KE>&P<E
CEKL&>@&;K=B@=I&;<?=KL&F@I;<=?E@AE&GK>PKKA&K<FH&@B& >HK
F@M<=?<>KE&<AL&>HK&=KBK=KAFK&F@M<=?<>K&?A&K<FH&@B&>HK&B@JJ@PY
?AD&F<>KD@=?KE]&DKALK=-&($(&D=<LK-&G=<AL-&BKI@=<J&HK<L&E?UK
<AL& F@AECJ><A>& M@JCIK%& 2?BK& ><GJKE& PK=K& ?AFJCLKL& >@
LKEF=?GK&ACIGK=E& ?A& K<FH&F@M<=?<>K& KA>K=?AD&K<FH&NK<=&@B
>HK&E>CLN%

(JJ&I@LKJE&PK=K&B?>>KL&CE?AD&$.$$&MK=E?@A&̂ _%`&Q$.$$&8AF%-
8/)&\@=;@=<>?@A-&(=I@A[-&,KP&:@=[T%&aHKA&I@LKJJ?AD
LK>K=I?A<A>E-&<AN&F@M<=?<>KE&B@CAL&>@&H<MK&<&A@AYE><>?E>?Y
F<JJN&E?DA?B?F<A>&<EE@F?<>?@A&PK=K&KXFJCLKL&B=@I&>HK&I@LKJ-
G<EKL&@A&E><>?E>?F<J&KA>=N&Q;&b&`%`cT&<AL&=KZKF>?@A&Q;&d&`%^T
F=?>K=?<%&1KECJ>E&<=K&;=KEKA>KL&<E&51&P?>H&__e&F@AB?LKAFK

!"#$%&'(&)*+",-".%/&0/%1&-2&.3%&%+%2.&"2"$4/%/

!"#$%&'( )"'*"+,$-#(.$ !&/"'*"#$

56% )*2.-20*0/ 56%&".&.-7%&*8&/0,6%,4
9,1-2"$ &:;&4%",/

:<&.*&;;
;<&.*&<;
&<<&4%",/

=%21%, >-2",4 ?"$%
@%7"$%

57%,-A"2&B*A-%.4&*8&52%/.3%/-*$*6-/./&6,"1% 9,1-2"$ =,"1%&C
=,"1%&D
=,"1%& &E

>*14&7"//&-21%F&G>?'H )*2.-20*0/ >?'&".&.-7%&*8&/0,6%,4
9,1-2"$ I21%,J%-63.&GK&CL&M6N7DH

O*,7"$&GCL&K&D;&M6N7DH
9+%,J%-63.&GD;&K&EP&M6N7DH
9#%/%&G &EP&M6N7DH

>,"21 O*7-2"$ >-,7-263"7&Q-R&S%/0,8"A-26&GB7-.3&T&O%R3%JH
5,.-A0$",&B0,8"A%&S%R$"A%7%2.&GU%V04H&
51%R.&G@-2/#0,4&9,.3*R"%1-A/&W-7-.%1H
)*,7%.&G)*,-2&=,*0R&R$AH
)*2/%,+%&V$0/&GX,-63.&?%1-A"$&!%A32*$*64&'2A(H
U0,*7&GY-77%,&'2A(H
?-.A3&GB.,4M%,&9,.3*R"%1-A/H
S%A"R&G>-*7%.&'2A(H

Q%"1&/-Z%&A".%6*,4 )*2.-20*0/
9,1-2"$ [%,4&/7"$$&G &::&77H

B7"$$&G:;&77&.*&:\&77H
?%1-07&G:]&77&.*&;P&77H
W",6%&G !;C&77H

B0,6-A"$&"RR,*"A3 >-2",4 V*/.%,-*,
52.%,*$".%,"$

V,-7",4&/0,6%*2 >-2",4 )*2/0$."2.
9.3%,

)*2/0$."2.&,%/0,8"A-26&+*$07% )*2.-20*0/
9,1-2"$ W*J&G &;P&A"/%/&.3,*063*0.&/.014&R%,-*1H

?%1-07&G;C&.*&DPPH
Q-63&G &DPCH
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BCDEFGHIJ'K)!LM'FHDB<J'N'A'BCOBPHDE'DQHD'FBJR'BJ'QBSQEF'DQHC'DQE
FETEFECPE' P<GHFBHDE' PHDES<FU9' *VBCS' D<' DQE' JDHDBJDBPHI
WEDQ<OJ'XJEO'HCO'DQE'IHFSE'Y<YXIHDB<C'JBZE;'<CIU'P<GHFBHDEJ
TBDDBCS' W<OEIJ' VBDQ' Y' [' @9@A' VEFE' P<CJBOEFEO' JBSCBTBPHCD

BCTIXECPEJ;'D<'ECJXFE'DQHD'DQE'PQHCPE'<T'H'DUYE'A'EFF<F'VHJ
FEOXPEO9' &QE' FEIBH\BIBDU' <T' DQE' W<OEIJ' VHJ' E]YI<FEO' \U
HIDEFCHDBGE' JDEYVBJE' YF<PEOXFEJ' XJBCS' DQE' IBREIBQ<<O' FHDB<
DEJD9' &QE' JHWE' P<GHFBHDEJ' VEFE' TBDDEO' T<FVHFO' HCO' FEGEFJE
JDEYVBJE' D<' ECJXFE' DQHD' TBCOBCSJ' VEFE' C<D' ^XHIBDHDBGEIU
HTTEPDEO' BC' DQE' TBCHI' W<OEI;' HCO' HCU' BCP<CJBJDECPU' VHJ
FEY<FDEO9' &QE' TBCHI' W<OEI' VHJ' FE3EGHIXHDEO' HJ' H' OBFEPDIU
ECDEFEO'W<OEI'KC<C3JDEYVBJEL'D<'YF<GBOE'XCP<COBDB<CHI'EJDB3
WHDEJ;'HCO'VHJ'HJJEJJEO'\U'E]YI<FBCS'DV<3VHU'BCDEFHPDB<CJ
\EDVEEC'P<GHFBHDEJ'HCO'T<F'DQE'P<CJDHCD'YF<Y<FDB<CHIBDU'<GEF
DBWE' HJJXWYDB<C9' !C' HOOBDB<C;' \HJEIBCE' ECDFU' HCO' FE_EPDB<C
PFBDEFBH'T<F'DQE'W<OEI'VEFE'FEOXPEO'D<'Y'['@9@A'HCO'Y'N'@9@`;
FEJYEPDBGEIU;'D<'DEJD'P<GHFBHDE'JEIEPDB<C'VBDQBC'DQE'W<OEI9

,XFDQEF' HCHIUJBJ'VHJ' DQEC'YEFT<FWEO' D<' P<WYHFE'\FHCO
OBTTEFECPEJ'BC'WEC'['=@'UEHFJ'<IO9'*YEFHDB<CJ'VEFE'E]PIXOEO
BT'YFEGB<XJIU'BOECDBTBEO'JBSCBTBPHCD'BCTIXECPEJ'T<F'BWYIHCD'THBI3
XFE'VEFE'YFEJECD9'*CE3;'DQFEE3;'TBGE3'HCO'JEGEC3UEHF'FEGBJB<C
FHDEJ' KVBDQ'8`a')!JL'VEFE' DQEC'PHIPXIHDEO' T<F'EHPQ'\FHCO
HCO'BC'D<DHI'T<F'DQE'JX\SF<XY9'&Q<JE'\FHCOJ'VBDQ'['?@@'<YEF3
HDB<CJ'FESBJDEFEO'VEFE'E]PIXOEO9'#HDH'VEFE'P<WYHFEO'D<'DQE
EJDBWHDEO'FEGBJB<C'FHDEJ'T<F'HII'YHDBECDJ'BC'DQE'JDXOU9

!"#$%&#
2'D<DHI'<T'?6'86A'QBY'FEJXFTHPBCSJ'VEFE'HGHBIH\IE'T<F'HCHIUJBJ9
&QE'WH_<FBDU'VEFE'BC'WEC'KA8'bb`;'=89AaL;'HIW<JD'HII'QHO
HC'2+2'SFHOE' '?'K?6'A7c;'869AaL'HCO'DQE'WEHC'HSE'VHJ'̀ `
UEHFJ'KA`'D<'A@cL9'&QE'Y<JDEFB<F'HYYF<HPQ'VHJ'XJEO'BC'?@
@7c'PHJEJ' K6A96aL'HCO'DQE':4('VHJ' DQE'W<JD'P<WW<CIU
BWYIHCDEO'YF<JDQEJBJ'KA`'7`8;'``9baL9'+WHII'<F'GEFU'JWHII
TEW<FHI' P<WY<CECDJ' K ' 76 WWL' VEFE' XJEO' BC' 8??b' QBYJ
KbbaL9'%HDBECDJ'VEFE'XCOEF'DQE'PHFE'<T'6??'OBTTEFECD'P<CJXID3
HCDJ'BC'b6='OBTTEFECD'JXFSBPHI'XCBDJ;'HCO'W<JD'<YEFHDB<CJ'QHO
\EEC'YEFT<FWEO'\U'H'P<CJXIDHCD'K?= A=='<YEFHDB<CJ;'8b9`aL9
2'D<DHI'<T'6?@?'YF<PEOXFEJ'K?`96aL'VEFE'YEFT<FWEO'XCOEF
DQE'PHFE'<T'H'P<CJXIDHCD'VQ<'QHO'FEP<FOEO'['`@'FEJXFTHPBCS
YF<PEOXFEJ'OXFBCS'DQE'JDXOU'YEFB<O9'#EW<SFHYQBP'BCT<FWH3
DB<C'BJ'JQ<VC'BC'&H\IE'!!9

!C'HII;'A@@b'YHDBECDJ'Kb9`8aL'XCOEFVECD'H'FEGBJB<C'YF<3
PEOXFE9'&QE'W<JD'P<WW<C'FEHJ<C'VHJ'HJEYDBP'I<<JECBCS'BC
?=7PHJEJ'K?=9baL;'T<II<VEO'\U'YEFB3YF<JDQEDBP'TFHPDXFE' BC
?Ab' K?A9?aL' HCO' YHBC' VBDQ<XD' H' FEP<FOEO' PHXJE' BC' Acb
KAc9?aL9' (EGBJB<C' OXE' D<' H' J<TD3DBJJXE' FEHPDB<C' D<' WEDHI
OE\FBJ'VHJ'XCOEFDHREC'BC'6A'YHDBECDJ'K69AaL9'(EGBJB<C'OHDH
HFE'JXWWHFBJEO'BC'&H\IE'!!!9'&QE'8@3OHU'W<FDHIBDU'FHDE'VHJ
@9@ca9?`'2J'<T'#EPEW\EF'?@A@;'b7='YHDBECDJ'KA9?7aL'QHO
OBEO9

%HDBECD3JYEPBTBP'YFEOBPD<FJ'<T'BWYIHCD'THBIXFE'BC'DQE'XCHO3
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Life table showing numbers at risk in each year 
 
Brand Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 
BHR 15 459 14 172 12 314 10 069 7545 5092 2821 989 
ASR 2631 2554 2314 1819 1201 586 135 1 
Adept 2466 2049 1481 842 296 107 4 0 
Conserve 1173 1037 850 610 332 127 52 10 
Cormet 3193 3029 2590 1996 1334 883 463 159 
Durom 1381 1318 1117 862 595 311 82 10 
Mitch 339 314 272 151 39 0 0 0 
Recap 1329 1120 818 488 189 44 2 0 
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Femoral component size (mm)

Life table showing numbers at risk each year 
 
Femoral 

 Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

≤ 44 3928 3697 3178 2444 1613 966 474 167 
45-47 5295 4075 4368 3522 2492 1534 786 245 
48-50 10 720 9674 8124 6166 4186 2644 1362 488 
≥ 51 8028 7247 6086 4705 3240 2006 937 269 
 

size (mm)
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NPOM'RN'Y>SGL'X>EG'FGENDIQ'ZLGNPYIDEK'DE'FGOLGRNGF'OGTGEI
HGEGILRID>E8A'>L'RE'DEOLGRNG'DE'LDNV'>J'JLROIPLG[='RERI>TDORY
FDJJGLGEOGN' ZYGRFDEK' I>' DTHYREI' TRYRYDKETGEI' REF
DTHDEKGTGEI88[' REF' DTTPE>Y>KDORY' LGNH>ENGN98;' !I' DN' E>I
OYGRL'SMQ'MDKMGL'2+2'KLRFG'S>PYF'LGNPYI'DE'KLGRIGL'DTHYREI
JRDYPLG='XPI'IMGLG'TRQ'XG'RE'RNN>ODRID>E'SDIM'H>>LGL'X>EG
\PRYDIQ'>L'DTTPE>Y>KDORY'LGNGLUG9

,DUG'XLREFN'MRUG'R' NDKEDJDOREIYQ'MDKMGL' LDNV'>J' LGUDND>E
IMRE'IMG'T>NI'SDFGYQ'PNGF'FGUDOG' DE'IMG'5EDIGF']DEKF>T
Z<4([9' &MGLG' RHHGRLN' I>' XG' R' XLREF' DEJYPGEOG' RJIGL' LDNV
RF^PNITGEI=' NPKKGNIDEK' IMRI' IMGLG' RLG' NHGODJDO' FGNDKE' JGR3
IPLGN'>J'N>TG'XLREFN'IMRI'TRQ'HLGFDNH>NG'I>'JRDYPLG9'&MDN
TRQ'LGYRIG'I>'IMG'OMRLROIGLDNIDON'>J'IMG'ROGIRXPYRL'O>TH>3
EGEI='NPOM'RN'DIN'IMDOVEGNN'REF'IMG'RXDYDIQ'I>'HLGUGEI'FGJYGO3
ID>E'>L'Y>SGL'MGRF'O>UGLRKG='SMDOM'MRN'XGGE'DTHYDORIGF'DE
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NM>S'IMRI'NTRYYGL'DTHYREIN'MRUG'NDKEDJDOREIYQ'MDKMGL'LGUD3
ND>E'LRIGN'ROL>NN'RYY'LGNPLJRODEK'XLREFN='DEOYPFDEK'IMG'<4(9
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)>ENPYIREI'U>YPTG'O>EJYRIGN'IMG'EPTXGL'>J'QGRLN'R'NPL3
KG>E'MRN'XGGE'S>LVDEK'SDIM'IMGDL'LRIG'>J'NPLKGLQ9'&MPN'Y>S3
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Influence of BMI upon patient outcomes and complications following THA was examined across a national
cohort of patients. Outcomes were compared by BMI groups (19.0–29.9 kg/m2 [reference], 30.0–34.9 kg/m2

[obese class I], 35.0 kg/m2+ [obese class II/III]), adjusted for case-mix differences. Obese class I patients had a
significantly smaller improvement in OHS (18.9 versus 20.5, P b 0.001) and a greater risk of wound
complications (odds ratio [OR] = 1.57, P = 0.006). For obese class II/III patients, there were significantly
smaller improvements in OHS and EQ-5D index (P b 0.001), and greater risk of wound complications (P =
0.006), readmission (P = 0.001) and reoperation (P = 0.003). Large improvements in patient outcomes were
seen irrespective of BMI, although improvements were marginally smaller and complication rates higher in
obese patients.

© 2014 Elsevier Inc. All rights reserved.

Body mass index (BMI) and rates of obesity within the population
are increasing across the developed world [1], resulting in poorer
general health and greater risk of lower limb osteoarthritis (OA) [2,3].
The National Joint Registry (NJR) in England and Wales has noted a
year-on-year increase in total hip arthroplasties (THAs) performed
overall and in obese patients, with 38% having a BMI over 30 kg/m2 in
2011 compared with less than 30% in 2003 [4].

There is some evidence that lower limb arthroplasty in obese
patients is more technically demanding (due to instrumentation
issues), takes longer to perform [5], is associated with higher surgical
and medical complications in the early post-operative period [6,7],
and outcomes such as function and implant longevity may be poorer
[8–10]. Thus, raised BMI might be used to ration primary THA in a

public funded health service, in effect denying patients' access to
surgical intervention [11]. Restrictions might apply to BMIs N35 kg/m2,
although lower cut-off limits have been proposed [12]. However, the
evidence fordenying access to a hip surgeon forpatientswith ahighBMI
is limited, and may be inappropriate [13,14].

Patient reported outcome measures (PROMs) offer patient-
centred evidence of the benefit of a procedure, and supplement
clinical measures traditionally used to assess the success of joint
arthroplasty such as risk of revision [15]. PROMs have been routinely
collected by the Department of Health (DoH) for National Health
Service (NHS) patients undergoing THA in England and Wales since
2008. PROMs include a joint specific score, a general health measure
and self-reported complication data. These can now be linked to the
NJR dataset in order to compare early outcomes for specific patient
and implant groups at a national level. This analysis explores the
impact of BMI on PROMs and complications following primary THA.

Methods

Design

A retrospective cohort study was conducted using prospectively
collected patient-level NJR and PROMs-linked data to compare
general and joint specific outcome scores and self-reported
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complications at a minimum 6 months following primary THA in
patients with varying BMI.

Data

Data on hip arthroplasty patients, their surgeons and implants
used are collected by the NJR across England and Wales. The national
PROMs study collects joint-specific and general health scores pre-
operatively and six months post-operatively. Self-reported post-
operative complications are also available. By linking the two datasets
at the level of the patient we were able to combine PROMs with the
corresponding demographic and operative details held in the NJR. In
order to link the two datasets a number of linkage criteria were used.
Firstly, to ensure correct matching, two unique identifiers (NJR and
procedure numbers) recorded in both datasets were used. Secondly,
the operation date recorded by the patient in the PROMs data had to
be within ±30 days of the operation date recorded on the NJR record,
to ensure the patient was scoring the same procedure.

We chose to perform the analysis using the single most commonly
used brand of cemented and cementless THA, in order to control for
any implant influences whilst providing widely applicable results for
THAs performed in England and Wales. According to the NJR 8th
Annual Report, the commonest cemented THA brand used since 2003
is the Exeter V40 hip and Contemporary socket (Stryker Orthopaedics,
Mahwah, New Jersey, United States), accounting for 23.2% of all
cemented THAs (37,995 of 163,981) [16]. The Corail stem/Pinnacle
cup (DePuy Ltd, Leeds, United Kingdom) is the most commonly used
cementless THA (31.2% [40,879] of 130,920 cementless THAs).

There were a number of exclusion criteria. For the NJR data these
were: all procedures with an indication other than OA, procedures
with missing implant or patient data, and procedures with missing or
outlying BMI (b19 kg/m2 or N65 kg/m2) data were excluded.
Procedures with PROMs data that were missing, undated, dated
more than 12 months prior to or following the operation, or non-

identical duplicates were excluded; for identical duplicates the first
record was retained for analysis. Where the presence of a co-
morbidity or complication was sought in the questionnaire but left
blank by the patient, it was assumed to be absent. The study
population is summarised in Fig. 1. The demographic, surgical and
implant-related variables available for analysis are listed in Table 1.

The national PROMs project uses validated measures of hip-
specific (Oxford hip score [OHS]) [17] and general health outcomes
(EuroQol [EQ-5D-3L]) [18]. For this analysis the outcomes of interest
were improvements between the pre-operative and post-operative
scores (the ‘change scores’) and self-reported post-operative compli-
cations (bleeding, wound problems, readmission and reoperation).
Change scores, being approximately normally distributed, are analyt-
ically preferable to post-operative scores [19]. The OHS (scored 0
lowest to 48 highest) has previously been shown to be a reliable, valid
and responsive outcome measure and can be used for the clinical
assessment of large hip arthroplasty databases in a cross-sectional
population [20]. The EQ-5D-3L consists of 2 parts – the EQ-5D
descriptive system and the EQ visual analogue scale (EQ VAS). The EQ-
5D descriptive system evaluates five different aspects of general
health (mobility, self-care, usual activities, pain/discomfort and
anxiety/depression). Each dimension has 3 levels: no problems,
some problems, extreme problems. The respondent indicates his/her
health state by ticking (or placing a cross) in the box against the most
appropriate statement in each of the 5 dimensions. General population
weightings are thenapplied to these scores toproducea single summary
index value for health status (zero for death and one for full health, with
some health states being worse than dead [−0.59]) [18]. The EQ
VAS records the respondent's self-rated health on a visual analogue
scale where the endpoints are ‘best imaginable health state’ and
‘worst imaginable health state’. This information can be used as a
quantitative measure of health outcome; variations over time can be
used for clinical and economic appraisal. The EQ-5D-3L is commonly
used throughout Europe for assessment in a variety of different

Fig. 1. Flowchart describing study cohort.
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clinical settings, including joint replacement [21,22], andwas chosen by
the Department of Health in the United Kingdom as the most suitable
generic health measure for the PROMs project because reliable UK
population weighting values were available [23] (for more information
on EuroQol assessment visit http://www.euroqol.org). Patients are also
asked about comorbidities, general health and self-reported disabil-
ity as part of the pre-operative PROMs questionnaire. These can be
used to understand and match the differences in health status
between patient groups. Sample sizes for all the BMI groups were in
excess of the minimum numbers identified in the PROMs feasibility
pilot to identify meaningful differences (more than 150/group) [19].

Statistical Analysis

The variables available for the analyses are shown in Appendix Table
1. To align with its clinical application, BMI was grouped into three
categories: 19.0–29.9 kg/m2 (normal and overweight – reference
group), 30.0–34.9 kg/m2 (obese class I), 35.0 kg/m2+ (obese class
II and III). BMI was also assessed as a continuous variable to ensure
BMI categorisation did not qualitatively alter the findings. Differ-
ences in baseline characteristics across the BMI groups were
analysed using analysis of variance test (ANOVA, continuous data
variables) or Chi-square test (categorical data variables). Analyses of
cemented and cementless procedures were performed indepen-
dently as no attempt was made to adjust for baseline differences
between types of implants.

Univariable analysis was performed initially to identify variables
potentially influencing each outcome, based on statistical rejection
criteria of P N 0.10; these variables were then included in the multi-
variable models. Analysis of covariance (ANCOVA) was used for
testing differences in OHS and EQ5D index change scores across BMI
groups. Multi-variable logistic regression was used to analyse
differences in the risk of each of the complications across BMI groups.
Time from implantation to questionnaire completion was included in
models to evaluate whether differences in duration of follow-up
influenced findings. Pre-operative scores were included within all
models, as recommended by the Oxford group [20].

Reflecting analysis of a large dataset, statistical models for the
change scores were evaluated with the margins function in STATA in
order to provide predicted values (including 99% confidence inter-
vals) for each of the BMI categories. P-values are provided as statistical
tests of the differences between the reference and other BMI
categories. For complication risks, results are presented as odds ratios
(ORs) with 99% CIs: ratios greater than one indicate that risk is higher
when compared with the reference BMI category. Due to the
statistical methods employed, and the large population size, only
covariates fitting models with P b 0.01 were considered significant
influences, to reduce the risk of Type 1 error. All models were fitted
using STATA 12 (StataCorp LP, Texas, USA).

In order to provide ‘real-world’ clinical scenarios, predicted
changes in OHS were produced for the cemented model using the
margins function in STATA. This demonstrated the differences in hip

Table 1
Patient Demographics and Proms Data for Cemented Stryker Exeter V40 Contemporary Hip Replacement, by Body Mass Index.

All Patients

Body Mass Index
Differences
Between BMI

Groupsa
19–29.9 kg/m2

(Reference Group)
30–34.9 kg/m2

(Obese Class I)
35 kg/m2+

(Obese Class II/III)

Number (%) 2656 1640 (61.7) 695 (26.2) 321 (12.1)

Patient factors
Age, mean years
(standard deviation [sd], range)

73.3 (7.7, 36.7–93.7) 74.3 (7.6, 36.7–93.7) 72.3 (7.4, 45.1–92.9) 70.7 (7.4, 46.4–92.1) P b 0.001

Females 1687 (63.5) 1025 (62.5) 430 (61.9) 232 (72.3) P = 0.002
ASA
1 274 (10.3) 195 (11.9) 67 (9.6) 12 (3.7) P b 0.001
2 1912 (72.0) 1186 (72.3) 500 (71.9) 226 (70.4)
3+ 470 (17.7) 259 (15.8) 128 (18.4) 83 (25.9)
Co-morbidities
Heart disease 268 (10.1) 149 (9.1) 83 (11.9) 36 (11.2) P = 0.086
Stroke 32 (1.2) 16 (1.0) 12 (1.7) 4 (1.3) P = 0.314
Diabetes 270 (10.2) 120 (7.3) 102 (14.7) 48 (15.0) P b 0.001
Hypertension 1219 (45.9) 682 (41.6) 360 (51.8) 177 (55.1) P b 0.001
Circulation 220 (8.3) 117 (7.1) 68 (9.8) 35 (10.9) P = 0.020
Lung 187 (7.0) 119 (7.3) 40 (5.8) 28 (8.7) P = 0.196
Depression 132 (5.0) 71 (4.3) 41 (5.9) 20 (6.2) P = 0.151
Preoperative general health
Excellent 94 (3.6) 65 (4.0) 23 (3.4) 6 (1.9) P b 0.001
Very good 767 (29.4) 517 (32.1) 184 (26.9) 66 (20.9)
Good 1207 (46.3) 727 (45.2) 328 (47.9) 152 (48.1)
Fair 470 (18.0) 259 (16.1) 126 (18.4) 85 (26.9)
Poor 72 (2.8) 41 (2.6) 24 (3.5) 7 (2.2)
Preoperative disability 1548 (58.3) 901 (58.9) 425 (66.4) 222 (75.3) P b 0.001

Patient reported outcome scores
Oxford Hip scores
Pre-operative, mean (sd, range) 18.2 (8.1, 0–48) 19.2 (8.1, 0–44) 17.4 (7.9, 0–48) 15.3 (7.4, 1–40) P b 0.001
Post-operative, mean (sd, range) 38.3 (8.9, 2–48) 39.4 (8.3, 6–48) 36.8 (9.4, 2–48) 35.7 (9.6, 4–48) P b 0.001
EQ5D visual analogue score
Pre-operative, mean (sd, range) 67.1 (19.8, 0–100) 68.3 (19.2, 0–100) 67.2 (20.4, 0–100) 60.8 (20.7, 4–100) P b 0.001
Post-operative, mean (sd, range) 75.2 (17.8, 0–100) 76.6 (17.4, 0–100) 74.0 (18.1, 0–100) 70.7 (18.6, 0–100) P b 0.001
EQ5D index
Pre-operative, mean (sd, range) 0.368 (0.313, −0.484 to 1) 0.392 (0.307, −0.429 to 1) 0.345 (0.322, −0.484 to 1) 0.305 (0.315, −0.349 to 0.796) P b 0.001
Post-operative, mean (sd, range) 0.779 (0.225, −0.239 to 1) 0.799 (0.217, −0.239 to 1) 0.756 (0.232, −0.239 to 1) 0.728 (0.235, −0.074 to 1) P b 0.001
Time from operation to PROMs
completion, mean days (sd, range)

209.2 (29.1, 183–358) 209.1 (29.0, 183–358) 209.6 (29.4, 183–358) 209.0 (29.3, 184–337) P = 0.636

ASA – American Society of Anaesthesiologists score, PROMs – Patient reported outcomes measures.
a Analysis of variance test (continuous data variables) or Chi squared (categorical data variables).
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specific improvement when sex, differences in pre-existing health
status and disability, and level of pre-operative OHS were specified
within the model, in addition to BMI.

Results

There were 8547 NJR-PROMs linked primary procedures, of which
65% had BMI data. Of the remaining 5535, 2656were cemented Exeter
Contemporary and 2879 were cementless Corail Pinnacle.

Cemented Hip Arthroplasty Baseline Characteristics

There were 1640 patients (61.7%) with a BMI of 19–29.9 kg/m2,
695 (26.2%) 30–34.9 kg/m2 and 321 (12.1%) 35 kg/m2 and over
(Table 1). Obese patients were more likely to be younger (P b 0.001),
female (P = 0.002) and have a higher ASA grade (P b 0.001).
Similarly, diabetes (P b 0.001) and hypertension (P b 0.001) were
more prevalent in patients with higher BMI, but proportions of other
comorbidities were not significantly different. Pre-operative general
health (P b 0.001) was poorer and self-reported disability (P b 0.001)
more common in obese patients.

Pre-operative scores were significantly lower in obese patients
(OHS: P b 0.001, EuroQol VAS: P b 0.001, EQ5D index: P b 0.001);
time from operation to post-operative questionnaire completion was
similar across groups (209.0–209.6 days, P = 0.636) (Table 1).

Cementless Hip Arthroplasty Baseline Characteristics

There were 1738 patients (60.4%) with a BMI of 19–29.9 kg/m2,
713 (24.8%) 30–34.9 kg/m2 and 428 (14.9%) 35 kg/m2 and over
(Table 2). Similarly to the cemented group, obese patients were more
likely to be younger (P b 0.001) and have a higher ASA grade
(P b 0.001), but there were no differences in proportions of females.
Diabetes (P b 0.001), hypertension (P b 0.001) and depression (P =
0.006) were more prevalent in patients with higher BMI, but
proportions of other comorbidities were not significantly different.
Pre-operative general health (P b 0.001)was poorer and self-reported
disability (P b 0.001) more common in obese patients.

Pre-operative scores were significantly lower in obese patients
(OHS: P b 0.001, EuroQol VAS: P b 0.001, EQ5D index: P b 0.001);
time from operation to post-operative questionnaire completion was
similar across groups (207.6–210.0 days, P = 0.985) (Table 2).

Surgical Factors

The majority of operations were performed through the posterior
approach (cemented: 55.4% [1471]; cementless: 63.6% [1830]), with
the patient in a lateral position (79.1% [2102]; 78.4% [2256]), by a
consultant (64.0% [1700]; 77.0% [2216]), and using regional anaes-
thesia (78.8% [1792]; 80.4% [1923]). Low molecular weight heparin
(53.6% [1218]; 66.2% [1593]) and mechanical methods (80.3% [2133];
89.9% [2636]) were used as venous thromboembolic prophylaxis in
the majority of cases (Table 3).

Table 2
Patient Demographics and PROMs Data for Cementless DePuy Corail Pinnacle Hip Replacement, by Body Mass Index.

All Patients

Body Mass Index
Differences
Between BMI

Groupsa
19–29.9 kg/m2

(Reference Group)
30–34.9 kg/m2

(Obese Class I)
35 kg/m2+

(Obese Class II/III)

Number (%) 2879 1738 (60.4) 713 (24.8) 428 (14.9)

Patient factors
Age, mean years
(standard deviation [sd], range)

65.8 (9.5, 25.2–94.0) 66.7 (9.6, 26.2–94.0) 65.3 (9.2, 25.2–90.2) 62.9 (9.1, 28.7–88.2) P b 0.001

Females 1602 (55.6) 979 (56.3) 374 (52.5) 249 (58.2) P = 0.112
ASA
1 554 (19.2) 417 (24.0) 106 (14.9) 31 (7.2) P b 0.001
2 2057 (71.5) 1202 (69.2) 541 (75.9) 226 (73.4)
3+ 268 (9.3) 119 (6.9) 66 (9.3) 83 (19.4)
Co-morbidities
Heart disease 226 (7.8) 130 (7.5) 51 (7.2) 45 (10.5) P = 0.082
Stroke 35 (1.2) 22 (1.3) 8 (1.1) 5 (1.2) P = 0.953
Diabetes 219 (7.6) 81 (4.7) 76 (10.7) 62 (14.5) P b 0.001
Hypertension 1123 (39.0) 582 (33.5) 300 (42.1) 241 (56.3) P b 0.001
Circulation 136 (4.7) 74 (4.3) 34 (4.8) 28 (6.5) P = 0.136
Lung 158 (5.5) 88 (5.1) 36 (5.0) 34 (7.4) P = 0.054
Depression 172 (6.0) 96 (5.5) 36 (5.0) 40 (9.3) P = 0.006
Preoperative general health
Excellent 150 (5.4) 110 (6.6) 26 (3.8) 14 (3.4) P b 0.001
Very good 870 (31.5) 582 (35.0) 206 (30.0) 82 (19.8)
Good 1210 (43.8) 698 (42.0) 321 (46.7) 191 (46.1)
Fair 473 (17.1) 241 (14.5) 121 (17.6) 111 (26.8)
Poor 61 (2.2) 31 (1.9) 14 (2.0) 16 (3.7)
Preoperative disability 1405 (53.9) 783 (50.1) 350 (53.9) 272 (68.9) P b 0.001
Patient reported outcome scores
Oxford Hip scores
Pre-operative, mean (sd, range) 18.8 (8.1, 1–43) 19.9 (8.1, 2–43) 18.5 (7.8, 2–43) 15.1 (7.3, 1–39) P b 0.001
Post-operative, mean (sd, range) 40.1 (8.6, 0–48) 40.8 (8.1, 6–48) 40.0 (8.3, 8–48) 37.0 (10.1, 1–48) P b 0.001
EQ5D visual analogue score
Pre-operative, mean (sd, range) 66.7 (20.9, 0–100) 68.5 (20.1, 0–100) 66.5 (21.0, 0–100) 60.1 (22.7, 4–100) P b 0.001
Post-operative, mean (sd, range) 77.1 (18.4, 0–100) 78.6 (17.3, 0–100) 77.3 (17.3, 0–100) 70.9 (20.6, 0–100) P b 0.001
EQ5D index
Pre-operative, mean (sd, range) 0.381 (0.313,−0.349 to 1) 0.414 (0.306,−0.349 to 1) 0.379 (0.310,−0.239 to 1) 0.253 (0.316,−0.349 to 0.796) P b 0.001
Post-operative, mean (sd, range) 0.799 (0.246,−0.594 to 1) 0.823 (0.228,−0.594 to 1) 0.800 (0.231,−0.074 to 1) 0.705 (0.306, −0.319 to 1) P b 0.001
Time from operation to PROMs
completion, mean days (sd, range)

208.5 (27.8, 183–363) 208.5 (27.8, 183–363) 207.6 (27.1, 183–363) 2010.0 (28.6, 183–362) P = 0.985

ASA – American Society of Anaesthesiologists score, PROMs – Patient reported outcomes measures.
a Analysis of variance test (continuous data variables) or Chi squared (categorical data variables).
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Oxford Hip Score Improvement

For the cemented procedure, univariable analysis showed no
differences in OHS improvement across the BMI groups. However,
after adjusting for other influential variables, when compared with
the reference BMI group (20.5, 99% CI 20.0–21.1), both obese class I
(18.9, 99% CI 18.1–19.8, P b 0.001) and class II/III patients (18.7, 99%
CI 17.5–19.9, P b 0.001) had a significantly lower improvement in
OHS (Table 4).

For cementless procedure, there was no difference in OHS
improvement between BMI groups in univariable analysis. After
risk adjusting, when compared with the reference BMI group (21.5,
99% CI 21.1–22.1), obese class II/III patients (20.0, 99% CI 18.9–21.0,
P b 0.001) had a significantly lower improvement in OHS (Table 5).

In the ‘real-world’ scenarios, when a male patient with a BMI
between 19 and 29.9 kg/m2 reporting a pre-operative OHS of 10, no
disability, very good preoperative health and minimal comorbidities
undergoes a cemented THA, they should expect an improvement in
OHS of 32. A female patient with a BMI of 35 kg/m2+, self-reported

fair health, presence of disability and co-morbidities and a pre-
operative OHS of 25, an improvement in OHS of only 9 was predicted.
Self reported disability, pre-operative function and health scores, and
comorbidities were greater influences on OHS change than BMI. A
lower pre-operative OHS predicts a greater improvement, whilst
presence of a disability and comorbidities, poorer health and higher
BMI predict lower improvements in OHS (Table 6).

EQ5D Index Improvement

For the cemented procedure, there were no differences in EQ5D
index improvement between BMI groups in univariable analysis. After
risk adjusting, both obese class I (0.394, 99% CI 0.372–0.416, P =
0.036) and class II/III patients (0.387, 99% CI 0.353–0.420, P = 0.043)
had lower improvement in EQ5D index when compared with the
reference BMI group (0.416, 99% CI 0.401–0.431), but neither was
significant at the threshold value (Table 4).

For the cementless procedure and univariable analysis, the EQ5D
index improvement was actually higher in obese class II/III patients
(0.453, 99% CI 0.410–0.497, P = 0.016) when compared with the
reference group (0.408, 99% CI 0.386–0.429), but this failed to reach
the significance threshold specified. However, after risk adjustment
obese class II/III patients (0.371, 99% CI 0.341–0.401, P b 0.001) had a
significantly lower improvement in EQ5D index compared with the
reference BMI group (0.425, 99% CI 0.410–0.441) (Table 5).

Risk of Complications

In the cemented group there was a significantly increased risk of
complications in obese class II/III patients compared to the reference
group, adjusted for other variables: wound complications, OR = 2.06,
99% CI 1.25–3.40, P b 0.001; readmission, OR = 1.99, 99% CI 1.17–
3.39, P = 0.001; and, reoperation, (OR = 2.73, 99% CI 1.14–6.53, P =
0.003). Complications were less pronounced in obese class I patients
with only wound complications being significant at the 1% level
(P b 0.01), OR = 1.57, 99% CI 1.03–2.38, P = 0.006. Bleeding risk was
similar across all groups (Table 7).

For the cementless group, wound complications were significantly
higher in obese class II/III patients (OR = 2.39, 99% CI 1.52–3.75,
P b 0.001) when compared to the reference group, after risk adjusting.
Complication risk between the reference and other BMI groups for
bleeding, readmission and reoperation was similar (Table 8).

Discussion

This retrospective cohort study using NJR-PROMs linked data
provides evidence of large improvements in OHS and EQ5D index at
6 months following surgery irrespective of BMI, although improve-
mentsweremarginally smaller and complication rates higher in obese
patients, after adjusting for other influences. Our key finding was that
joint specific and general health gains were lower and the

Table 3
Surgical Factors for Populations Studied.

Cemented
(Exeter Contemporary)

Cementless
(Corail Pinnacle)

Number 2656 2879

Approach
Posterior 1471 (55.4) 1830 (63.6)
Direct lateral 1117 (42.1) 888 (30.8)
Other 68 (2.6) 161 (5.6)

Chemical VTE prophylaxis
LMWH only 1218 (53.6) 1593 (66.2)
Aspirin only 233 (10.2) 208 (8.7)
Other 701 (30.8) 379 (15.8)
None 122 (5.4) 225 (9.4)

Mechanical VTE prophylaxis
GCS 747 (28.1) 912 (37.9)
GCS/mechanical pump combination 663 (25.0) 662 (27.5)
Foot pump only 413 (15.6) 221 (9.2)
Mechanical calf pump only 280 (10.5) 350 (14.6)
Other 30 (1.1) 17 (0.7)
None 523 (19.7) 243 (10.1)

Anaesthesia
Regional 1085 (47.7) 1369 (57.2)
General 481 (21.2) 470 (19.6)
Regional and general 708 (31.1) 554 (23.2)

Grade
Consultant 1700 (64.0) 2216 (77.0)
Other 956 (36.0) 663 (23.0)

Position
Lateral 2102 (79.1) 2256 (78.4)
Supine 172 (6.5) 149 (5.2)
Unknown 382 (14.4) 474 (16.5)

VTE–Venous thromboembolism, LMWH– Lowmolecularweightheparin,GCS–Graduated
compression stockings.

Table 4
Patient Reported Outcome Scores Following Primary Cemented Stryker Exeter V40 Contemporary Hip Arthroplasty, by Body Mass Index (Simple and Multivariable Analyses).

Simple Multivariable

Value 99% CI P Value Value 99% CI P Value

Change in OHS
BMI 19–29.9 kg/m2 (n = 1640) 20.2 19.5–20.8 Reference 20.5 20.0–21.1 Reference
BMI 30–34.9 kg/m2 (n = 695) 19.5 18.5–20.4 0.116 18.9 18.1–19.8 b0.001
BMI 35 kg/m2+ (n = 321) 20.4 19.0–21.8 0.708 18.7 17.5–19.9 b0.001

Change EQ5D index
BMI 19–29.9 kg/m2 (n = 1640) 0.408 0.386–0.431 Reference 0.416 0.401–0.431 Reference
BMI 30–34.9 kg/m2 (n = 695) 0.410 0.376–0.444 0.928 0.394 0.372–0.416 0.036
BMI 35 kg/m2+ (n = 321) 0.418 0.367–0.468 0.669 0.387 0.353–0.420 0.043

OHS – Oxford Hip Score, BMI – Body mass index.
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complication risks higher as BMI increased from obesity class I to II/III.
These findings were similar for both cemented and cementless
implants. We also found that a number of other variables influence
outcome scores in addition to BMI including self reported disability,
pre-operative function and health scores, and comorbidities. This
finding is clinically important as it can be used to describe the
potential benefit in function, together with the risks of complications,
to individual patients. It also provides evidence that BMI in isolation
should not be the sole determinant of restrictions in referral to
orthopaedic services.

Whilst this is the largest study to date to report the affect of BMI on
functional outcome within single THA brands, there are some
potential limitations for the findings. The study design is observa-
tional and thus vulnerable to omitted variables, which may have

confounded our findings. Some data were unavailable for analysis; for
example, radiological data on cup positioning (which may be more
difficult in patients with higher BMI). Moreover, there were large
numbers of procedures that could not be analysed, either because of
dataset linkage issues, missing NJR or PROMs data fields or absent BMI
data (35% of the linked NJR-PROMs data). Despite these limitations,
the data available for analysis were extensive and adjustments for
differences in the baseline characteristics of BMI groups (where
available) were performed. In addition, similarities between the
unadjusted and adjusted models, and robustness under different
model fitting assumptions support the stability of estimates.

It could be argued that all THAbrands should be examined to increase
numbers for analysis and broaden the scope of findings of the study. By
restricting the implants to only the most commonly used from each

Table 5
Patient Reported Outcome Scores Following Primary Cementless DePuy Corail Pinnacle Hip Arthroplasty, by Body Mass Index (Simple and Multivariable Analyses).

Simple Multivariable

Value 99% CI P Value Value 99% CI P Value

Change in OHS
BMI 19–29.9 kg/m2 (n = 1738) 20.9 20.3–21.5 Reference 21.5 21.1–22.1 Reference
BMI 30–34.9 kg/m2 (n = 713) 21.5 20.5–22.4 0.188 21.3 20.5–22.1 0.532
BMI 35 kg/m2+ (n = 428) 21.9 20.7–23.1 0.065 20.0 18.9–21.0 b0.001

Change EQ5D index
BMI 19–29.9 kg/m2 (n = 1738) 0.408 0.386–0.429 Reference 0.425 0.410–0.441 Reference
BMI 30–34.9 kg/m2 (n = 713) 0.420 0.386–0.454 0.422 0.419 0.395–0.442 0.527
BMI 35 kg/m2+ (n = 428) 0.453 0.410–0.497 0.016 0.371 0.341–0.401 b0.001

OHS – Oxford Hip Score, BMI – Body mass index.

Table 6
Predicted OHS Improvement for Specific Self-Reported Patient Factors, Based on Cemented Hip Replacement Model.

Preoperative Very Good Health Preoperative Fair Health

No Disability Disability No Disability Disability

Minimal
Co-Morbiditya

Co-Morbidity
Presentb

Minimal
Co-Morbidity

Co-Morbidity
Present

Minimal
Co-Morbidity

Co-Morbidity
Present

Minimal
Co-Morbidity

Co-Morbidity
Present

Females
BMI 19–29.9 kg/m2

Pre-op OHS 10 30.4 26.0 28.4 23.9 29.6 25.1 26.2 23.1
Pre-op OHS 15 26.4 21.9 24.3 19.9 25.5 21.1 22.1 19.1
Pre-op OHS 20 22.4 17.9 20.3 15.9 21.5 17.1 18.1 15.0
Pre-op OHS 25 18.3 13.9 16.3 11.9 17.5 13.1 14.1 11.0
BMI 30–34.9 kg/m2

Pre-op OHS 10 28.9 24.5 26.9 22.4 28.1 23.6 24.7 21.6
Pre-op OHS 15 24.9 20.4 22.8 18.4 24.1 19.6 20.6 17.6
Pre-op OHS 20 20.9 16.4 18.8 14.4 20.0 15.6 16.6 13.5
Pre-op OHS 25 16.9 12.4 14.8 10.4 16.0 11.6 12.6 9.5
BMI 35 kg/m2+
Pre-op OHS 10 28.8 24.4 26.8 22.3 28.0 23.5 24.6 21.5
Pre-op OHS 15 24.8 20.4 22.8 18.3 24.0 19.5 20.6 17.5
Pre-op OHS 20 20.8 16.3 18.7 14.3 19.9 15.5 16.5 13.5
Pre-op OHS 25 16.8 12.3 14.7 10.3 15.9 11.5 12.5 9.4

Males
BMI 19–29.9 kg/m2

Pre-op OHS 10 32.2 27.8 30.2 25.7 31.4 26.9 28.0 24.9
Pre-op OHS 15 28.2 23.8 26.2 21.7 27.4 22.9 24.0 20.9
Pre-op OHS 20 24.2 19.8 22.1 17.7 23.4 18.9 19.9 16.9
Pre-op OHS 25 20.2 15.7 18.1 13.7 19.3 14.9 15.9 12.8
BMI 30–34.9 kg/m2

Pre-op OHS 10 30.7 26.3 28.7 24.2 29.9 25.5 26.5 23.4
Pre-op OHS 15 26.7 22.3 24.7 20.2 25.9 21.4 22.5 19.4
Pre-op OHS 20 22.7 18.3 20.7 16.2 21.9 17.4 18.5 15.4
Pre-op OHS 25 18.7 14.2 16.6 12.2 17.8 13.4 14.4 11.4
BMI 35 kg/m2+
Pre-op OHS 10 30.7 26.2 28.6 24.2 29.8 25.4 26.4 23.3
Pre-op OHS 15 26.6 22.2 24.6 20.1 25.8 21.4 22.4 19.3
Pre-op OHS 20 22.6 18.2 20.6 16.1 21.8 17.3 18.4 15.3
Pre-op OHS 25 18.6 14.2 16.6 12.1 17.8 13.3 14.4 11.3

BMI – Body mass index, ASA – American Society of Anaesthesiologists, Regional anaesthesia and posterior approach used in model.
a Minimal co-morbidity – ASA 2, no depression, no circulatory problems.
b Co-morbidity present – ASA 3, depression, circulatory problems.
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group wewere able to remove difficulties adjusting for the performance
of different brands, which may be used in far smaller numbers and
propensity indifferent sub-groups of patients. The two implants analysed
represent 29% (100,803) of all cemented and cementless implants
(344,185) used in England andWales since 2003. The remaining 71% are
made up of 140 femoral stembrands and 117 acetabular components [4].
Despite the exclusion of other brands, the study cohort provided
adequate numbers of procedures for analysis according to recommen-
dations for sample size arising from the PROMs feasibility study [19] and
by the Oxford score design group [20]. Additionally, our sensitivity
analyses, based on commonly used component sets in each type of hip,
provided similar results, suggesting our findings may generalise across
different bearings, head sizes and fixation methods.

Pre-operative health scores were included in our multi-variable
analyses; it might be argued that these should not be included since
patients with higher BMI are likely to have poorer function,
potentially creating a flaw in the study findings, as multi-variable
testing adjusts for the effect of pre-operative function. However,
demographic data support this; whilst different BMI groups were not
exactlymatched in terms of pre-operative scores, the differenceswere
clinically small. Moreover, by providing predicted OHS improvements
for different clinical situations, this study has confirmed that BMI is
only one of several important variables influencing outcome, and its
(independent) influence on change score is small. Interestingly, the

differences in OHS improvement across groups are less than the
threshold of 3 points suggested by the OHS designers to demonstrate
a clinical important difference [20].

Previous work has demonstrated that risk of revision is significantly
(1.5 times) higher in patients with a BMI N30 kg/m2 following
cementless hip arthroplasty with a Corail/Pinnacle [10], although BMI
was not found to influence implant survival in analyses of the cemented
Exeter Contemporary [24]. This could be a result of greater subsidence
risk with cementless implants in patients with a higher BMI, or may be
an erroneous finding, as previously published work has proposed that
weight rather than BMI directly influences implant survival [25].

Other studies suggest that arthroplasty patients with a high BMI
may have more complications [7], including a greater risk of infection
[26] and dislocation [9,27], slower recovery [28], and poorer function
[9] after THA. However, several studies have found consistently good
improvement irrespective of BMI with comparable satisfaction and
implant survival [29–31]. A study of 3290 THA patients found that
morbidly obese (BMI N40 kg/m2) patients had a similar change in
outcome scores postoperatively to those with lower BMIs. Although
final outcome scores were found to be lower (as in this current study)
and complications higher, the authors concluded that morbidly obese
patients may have as much to gain from THA as patients with a lower
BMI [13]. This view was supported by an analysis of 1421 THAs by
Andrew et al, in which no difference in OHS was found at 5 years

Table 7
Patient Reported Complications Following Primary Cemented Stryker Exeter V40 Contemporary Hip Arthroplasty, by Body Mass Index (Simple and Multivariable Analyses).

% n

Simple Multivariable

OR 99% CI P Value OR 99% CI P Value

Bleeding complications
BMI 19–29.9 kg/m2 (n = 1640) 3.7 (61) 1 1
BMI 30–34.9 kg/m2 (n = 695) 5.3 (37) 1.46 0.84–2.52 0.079 1.47 0.83–2.60 0.083
BMI 35 kg/m2+ (n = 321) 4.4 (14) 1.18 0.54–2.58 0.584 1.16 0.52–2.57 0.633

Wound complications
BMI 19–29.9 kg/m2 (n = 1640) 7.2 (118) 1 1
BMI 30–34.9 kg/m2 (n = 695) 10.8 (75) 1.56 1.04–2.33 0.004 1.57 1.03–2.38 0.006
BMI 35 kg/m2+ (n = 321) 15.0 (48) 2.27 1.41–3.64 b0.001 2.06 1.25–3.40 b0.001

Readmission
BMI 19–29.9 kg/m2 (n = 1640) 6.2 (102) 1 1
BMI 30–34.9 kg/m2 (n = 695) 8.8 (61) 1.45 0.94–2.24 0.027 1.45 0.94–2.24 0.028
BMI 35 kg/m2+ (n = 321) 11.2 (36) 1.90 1.13–3.22 0.002 1.99 1.17–3.39 0.001

Reoperation
BMI 19–29.9 kg/m2 (n = 1640) 1.6 (26) 1 1
BMI 30–34.9 kg/m2 (n = 695) 2.7 (19) 1.74 0.79–3.83 0.068 1.67 0.76–3.68 0.095
BMI 35 kg/m2+ (n = 321) 4.4 (14) 2.83 1.19–6.75 0.002 2.73 1.14 to 6.53 0.003

OR – Odds ratio, BMI – Body mass index.

Table 8
Patient Reported Complications Following Primary Cementless DePuy Corail Pinnacle Hip Arthroplasty, by Body Mass Index (Simple and Multivariable Analyses).

% n

Simple Multivariable

OR 99% CI P Value OR 99% CI P Value

Bleeding complications
BMI 19–29.9 kg/m2 (n = 1738) 5.1 (89) 1 1
BMI 30–34.9 kg/m2 (n = 713) 6.3 (45) 1.25 0.77–2.03 0.240 1.10 0.64–1.90 0.647
BMI 35 kg/m2+ (n = 428) 5.8 (25) 1.15 0.63–2.10 0.550 1.15 0.59–2.25 0.595

Wound complications
BMI 19–29.9 kg/m2 (n = 1738) 6.6 (115) 1 1
BMI 30–34.9 kg/m2 (n = 713) 9.5 (68) 1.49 0.99–2.25 0.013 1.43 0.93–2.21 0.032
BMI 35 kg/m2+ (n = 428) 14.5 (62) 2.39 1.55–3.68 b0.001 2.39 1.52–3.75 b0.001

Readmission
BMI 19–29.9 kg/m2 (n = 1738) 6.3 (110) 1 1
BMI 30–34.9 kg/m2 (n = 713) 5.5 (39) 0.86 0.52–1.40 0.419 0.87 0.50–1.50 0.503
BMI 35 kg/m2+ (n = 428) 7.0 (30) 1.12 0.64–1.93 0.608 1.32 0.72–2.41 0.233

Reoperation
BMI 19–29.9 kg/m2 (n = 1738) 2.0 (35) 1 1
BMI 30–34.9 kg/m2 (n = 713) 1.4 (10) 0.69 0.27–1.76 0.309 0.69 0.27–1.76 0.309
BMI 35 kg/m2+ (n = 428) 2.3 (10) 1.16 0.46–2.96 0.675 1.16 0.46–2.96 0.675

OR – Odds ratio, BMI – Body mass index.
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between BMI groups [14]. In addition, they found little difference in
change of OHS between 3 months and 5 years following arthroplasty,
suggesting that the results at 6–12 months post-operatively in our
current study are a reliable indication of longer-term outcome.
Interestingly, a similar study on TKA patients (without separate
brand analysis) found no difference in change scores across different
BMIs in 13,673 procedures [32].

In summary, patients experience a good improvement in outcome
following THA irrespective of BMI. However, improvements were
slightly smaller and complication rates higher in obese patients, after
adjusting for other influences. A number of other patient variables
also influence outcome scores in addition to BMI. In terms of
improvement in health and function, a high BMI in isolation should
not be a justifiable reason for denying surgery within a public funded

health service. This sub-group of patients should be counselled that
improvement following hip arthroplasty is likely to be less than that
for an equivalent normal weight individual. Strategies to lower BMI,
such as pre-operative weight loss programmes (including bariatric
intervention [33]), should be considered.
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Appendix Table 1
Summary of Demographic and Surgical Variables Available for Analysis (Those Found to Have a Significant Influence on Specific Statistical Models and Therefore Included in Final
Models Are Shown).

Source Description Included in Final Models*

Patient factors
Age (years) NJR/PROMs 7
Sex NJR/PROMs A,E,1,3
American Society of Anaesthesiology grade NJR Grades 1 to 4 E
Body mass index (BMI) (kg/m2) NJR Only BMI within 15 kg/m2 to 65 kg/m2 included All
Comorbidities PROMs Recorded by patients as part of the pre-operative

PROMs questionnaire. Ten co-morbidities:
i) ischaemic heart disease, ii) respiratory disease,
iii) diabetes, iv) hypertension, v) kidney disease,
vi) liver disease, vii) circulatory problems,
viii) cancer, ix) depression, x) stroke

A (vii), B (vii,ix), C (vii,ix), D (vii, ix, x), E (vii,ix),
F (i,vii,ix) G (vii,ix,x), H (vii, ix, x), 6 (iii), 4(v)

Pre-operative general health PROMs Indicates the patient's perception of their own
general health with five options: i) excellent,
ii) very good, iii) good, iv) fair, v) poor

A,B,C,D,E,F,G,H

Pre-operative disability PROMs Indicates whether the patient considers themselves
to have a disability

A,B,C,D,E,F,G,H, 1

Pre-operative Oxford Hip Score PROMs Derived from adding the points (0 to 4) together
from the response to hip symptom-specific
questions on a scale of 0 to 48 (0 worst, 48 best)

A,C,E,F,G

Pre-operative EQ5D Visual Analogue Score PROMs Indicates how well the patient feels on the day of
completing the questionnaire on a scale of 0-100
(0 worst, 100 best)

2

Pre-operative EQ5D index PROMs Single summary score derived from EQ5D profile
(based on response to 5 questions) by applying a
formula with appropriate operation specific
weightings (0 to 1)

B,D,F,H

Surgical factors
Lead surgeon grade NJR Consultant or other No
Hospital funding NJR NHS or other
Approach NJR Posterior or direct lateral A,B,C,D,E,F,G,H, 1,5
Patient position NJR Lateral or supine No
Anaesthesia NJR i) Regional only, ii) general only, iii) general

and regional
E

Chemical venous thromboembolism prophylaxis NJR Intended prophylaxis as recorded at time of
operation: i) aspirin only, ii) LMWH only,
iii) other, iv) none

7

Mechanical venous thromboembolism prophylaxis NJR Intended prophylaxis as recorded at time of
operation: i) TEDS only, ii) combination
TEDS/mechanical pump, iii) foot pump only,
iv) intermittent calf pump only, v) other,
and vi) none

6

Time from operation to post-operative
PROMs completion

PROMs Calculated from the date of operation as
recorded on the NJR database to the date
of post-operative PROMs as recorded on
the questionnaire

No

PROMS outcome scores for:
commonest cemented implants: A. OHS change, B. EQ5D index change
commonest cementless implants: C. OHS change, D. EQ5D index change
all cemented implants: E. OHS change, F. EQ5D index change
all cementless implants: G. OHS change, H. EQ5D index change

PROMS patient reported complications for:
cemented implants: 1. wound, 2. bleeding, 3. readmission, 4. further surgery
cementless implants: 5. wound, 6. bleeding, 7. readmission, 8. further surgery

Appendix A
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Appendix Table 2
Demographics for Sensitivity Analysis.

Cemented (Exeter Contemporary 28 mm Flanged
Polyethylene)

Cementless (Corail Pinnacle 36 mm Hard
Bearing)

Number 1532 1191

Patient factors
Age, mean years (standard deviation [sd], range) 72.8 (7.7, 36.7 to 92.9) 63.0 (9.7, 25.2 to 89.0)
Females 1036 (67.6) 540 (45.3)
ASA

1 165 (10.8) 282 (23.7)
2 1106 (72.2) 814 (68.4)
3 252 (16.5) 94 (7.9)
4/5 9 (0.6) 1 (0.1)

Body mass index (kg/m2)
BMI 19 to 29.9 924 (60.3) 712 (59.8)
30 to 34.9 417 (27.2) 285 (23.9)
35+ 191 (12.5) 194 (16.3)

Co-morbidities
Heart disease 137 (8.9) 95 (8.0)
Stroke 19 (1.2) 12 (1.0)
Diabetes 164 (10.7) 78 (6.6)
Hypertension 706 (46.1) 438 (36.8)
Circulation 122 (8.0) 37 (4.0)
Lung 112 (7.3) 69 (5.8)
Liver 6 (0.4) 5 (0.4)
Kidney 21 (1.4) 13 (1.1)
Nervous 13 (0.9) 7 (0.6)
Cancer 88 (5.7) 39 (3.3)
Depression 76 (5.0) 82 (6.9)

Preoperative general health
Excellent 57 (3.8) 62 (5.3)
Very good 467 (31.0) 375 (32.3)
Good 686 (45.5) 477 (41.1)
Fair 265 (17.6) 220 (19.0)
Poor 34 (2.3) 27 (2.3)

Preoperative disability 868 (56.7) 553 (46.4)
Preoperative OHS, mean score (sd, range) 18.4 (8.1, 0 to 44) 19.2 (8.1, 2 to 42)
Pre-op EQ5D VAS, mean score (sd, range) 67.6 (19.7, 0 to 100) 66.2 (20.6, 0 to 100)
Pre-op EQ5D index, mean (sd, range) 0.374 (0.311, -0.429 to 1) 0.387 (0.317, -0.349 to 1)

Time fromoperationtoPROMscompletion,meandays(sd, range) 208.9 (29.1, 183 to 358) 209.6 (29.0, 183 to 362)
Surgical factors
Provider

NHS 1313 (85.7) 1029 (86.4)
Other 3 (0.2) 4 (0.3)
Unknown 216 (14.1) 162 (13.6)

Approach
Posterior 866 (56.5) 765 (64.2)
Direct lateral 628 (40.1) 337 (28.3)
Other 38 (2.5) 89 (7.5)

Chemical VTE prophylaxis
LMWH only 623 (47.3) 625 (60.5)
Aspirin only 153 (11.6) 126 (12.2)
Other 438 (33.3) 193 (18.7)
None 102 (7.8) 89 (8.6)

Mechanical VTE prophylaxis
GCS 431 (28.1) 400 (38.7)
GCS/mechanical pump combination 335 (21.9) 342 (33.1)
Foot pump only 253 (16.5) 64 (6.2)
Mechanical calf pump only 204 (12.3) 133 (12.9)
Other 23 (1.5) 12 (1.2)
None 286 (18.7) 82 (7.9)

Anaesthesia
Regional 708 (53.8) 562 (54.5)
General 238 (18.1) 229 (22.2)
Regional and general 370 (28.1) 241 (23.4)

Grade
Consultant 943 (61.6) 920 (77.3)
Other 589 (38.5) 271 (22.8)

Position
Lateral 1211 (79.0) 964 (80.9)
Supine 105 (6.9) 69 (5.8)
Unknown 216 (14.1) 158 (13.3)

OHS – Oxford hip score, VAS – Visual analogue score, NHS – National Health Service, VTE – Venous thromboembolism, LMWH – Low molecular weight Heparin, GCS – Graduated
compression stockings.
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Appendix Table 3
Patient Reported Outcome Scores Following Primary Cemented Stryker Exeter V40 Contemporary Hip Replacement, by Body Mass Index (Simple and Multivariable Analyses).

Simple Multivariable

Value 99% CI P Value Value 99% CI P Value

Change in OHS (commonest implant specificationa)
BMI 19 to 29.9 kg/m2 (n = 924) 20.4 19.5 to 21.2 Reference 20.7 19.9 to 21.4 Reference
BMI 30 to 34.9 kg/m2 (n = 417) 19.8 18.5 to 21.1 0.331 19.2 18.2 to 20.3 0.005
BMI 35 kg/m2+ (n = 191) 20.0 18.1 to 21.9 0.643 18.6 17.0 to 20.1 0.002

Change EQ5D index (a)
BMI 19 to 29.9 kg/m2 (n = 924) 0.406 0.376 to 0.436 Reference 0.410 0.390 to 0.431 Reference
BMI 30 to 34.9 kg/m2 (n = 417) 0.414 0.370 to 0.457 0.722 0.392 0.363 to 0.422 0.190
BMI 35 kg/m2+ (n = 191) 0.408 0.343 to 0.474 0.945 0.377 0.334 to 0.421 0.082

OHS – Oxford Hip Score, BMI – Body mass index.
a Commonest implant specification: Exeter V40 Contemporary flanged polyethylene cup (internal diameter 28 mm).

Appendix Table 4
Patient Reported Outcome Scores Following Primary Cementless DePuy Corail Pinnacle Hip Replacement, by Body Mass Index (Simple and Multivariable Analyses).

Simple Multivariable

Value 99% CI P Value Value 99% CI P Value

Change in OHS (commonest implant specificationa)
BMI 19 to 29.9 kg/m2 (n = 712) 21.2 20.3 to 22.2 Reference 21.7 20.9 to 22.6 Reference
BMI 30 to 34.9 kg/m2 (n = 285) 20.7 19.2 to 22.3 0.481 21.0 19.7 to 22.3 0.218
BMI 35 kg/m2+ (n = 194) 22.0 20.1 to 23.8 0.369 19.9 18.3 to 21.5 0.009

Change EQ5D index (a)
BMI 19 to 29.9 kg/m2 (n = 712) 0.413 0.379 to 0.448 Reference 0.440 0.416 to 0.465 Reference
BMI 30 to 34.9 kg/m2 (n = 285) 0.404 0.350 to 0.459 0.722 0.406 0.367 to 0.445 0.059
BMI 35 kg/m2+ (n = 194) 0.449 0.383 to 0.515 0.217 0.358 0.312 to 0.405 b0.001

OHS – Oxford Hip Score, BMI – Body mass index.
a Commonest implant specification: Corail Pinnacle ceramic-on-ceramic or metal-on-metal with 36 mm head.
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Background and purpose — There has been a recent trend 
towards the use of greater femoral head sizes in an attempt to 
improve function and enhance stability after primary hip replace-
ment. This has been associated with the use of alternative bear-
ings, theoretically to reduce wear and improve implant longevity.

Methods — We examined the influence of these variables on 
patient-reported outcome measures (PROMs) for a consecutive 
series of primary hip replacements using National Joint Regis-
try (NJR) and PROMs-linked data. To minimize the confound-
ing influence of implant design factors, the single most commonly 
used brand in England and Wales (DePuy Corail Pinnacle) was 
examined. Improvement in patient hip-specific outcomes (Oxford 
hip score, OHS), general health outcomes (Euroqol, EQ-5D), and 
rates of self-reported complications (bleeding, wound problems, re-
admission, and reoperation) were compared for different head sizes 
(28-mm, 32-mm, and 36-mm) and bearings (metal-on-polyethylene 
(MoP), ceramic-on-polyethylene (CoP), and ceramic-on-ceramic 
(CoC)), adjusting for differences in case mix. 

Results — At a mean follow-up of 7 months, improvements in 
OHS and EQ5D index were similar for 28-mm and 36-mm heads. 
A 32-mm head was associated with poorer function (OHS: 20, 
99% CI: 19–21, p = 0.002; EQ5D index: 0.39, 99% CI: 0.36–0.42, 
p = 0.004), although these small differences may not be of clini-
cal importance. There were no statistically significant benefits of 
either CoP or CoC bearings compared to a MoP bearing.  Com-
plication rates were similar within comparisons of head sizes or 
bearings.

Interpretation — In this short-term study, we did not find 
any functional benefits of larger head sizes or alternative bear-
ings, after adjusting for other influences. We question their use 
in routine primary hip replacement given the lack of evidence of 
improved long-term survival in the literature.

Greater femoral head size may improve function and enhance 
stability after primary total hip replacement (THR) (Bartz et 
al. 2000, Cuckler et al. 2004, Hummel et al. 2009). Previous 
studies have shown a greater range of movement with increas-
ing head size (Amstutz et al. 1975, Matsushita et al. 2009). 
Use of a larger head size is an attractive option in younger 
patients who require stability at higher levels of function, and 
in older patients in order to reduce dislocation risk. However, 
greater surface area may also increase wear rates, irrespec-
tive of bearing materials (Charnley et al. 1969, Dowling et al. 
1978, Livermore et al. 1990, Bragdon et al. 2013, Jack et al. 
2013), and there have been reports of excessive taper load with 
large-diameter bearings (Langton et al. 2012, Meyer et al. 
2012). Larger heads have been associated with the use of alter-
native bearings, in order to reduce wear and improve implant 
longevity. The National Joint Registry (NJR) in England and 
Wales has described an increase in the use of larger femoral 
head sizes (over 28 mm)—from 5% to 50% between 2005 and 
2010 (England and Wales National Joint Registry 2012). Over 
the same period, the use of ceramic-on-polyethylene (CoP) 
and ceramic-on-ceramic (CoC) bearings has increased.  

Medium-term revision rates are higher with CoC bearings 
than with metal-on-polyethylene (MoP) bearings generally, 
across registry data, and specifically, when the most com-
monly used implant in England and Wales (Corail stem/Pin-
nacle cup; DePuy Ltd., Leeds, UK) was analyzed (Sexton et 
al. 2009, Jameson et al. 2013). Larger femoral sizes using 
hard-bearing technology did not give any functional improve-
ment over 28-mm MoP (Hanna et al. 2012) in a small random-
ized trial, and larger head sizes have not been found to offer 
any gait-related benefits (Zagra et al. 2013). The functional 
benefits of increasing head size and alternative bearings have 
yet to fully assessed.
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with the corresponding demographic and operative details 
held in the NJR. To link them, a number of criteria were used: 
firstly, to ensure correct matching, 2 unique identifiers (NJR 
and procedure numbers) recorded in both datasets were used; 
secondly, the operation date recorded by the patient in the 
PROMs data had to be within ± 30 days of the operation date 
recorded on the NJR record, to ensure that the patient was 
scoring the same procedure.    

We chose to perform the analysis using the single most com-
monly used brand of THR used in England and Wales (Corail 
stem/Pinnacle cup; DePuy Ltd., Leeds, UK), in order to con-
trol for any implant-related influences (England and Wales 
National Joint Registry 2012). 

There were a number of exclusion criteria.  For the NJR 
data, these were: all procedures with an indication other than 
OA, procedures with missing implant or patient data, head 
sizes smaller than 28 mm and larger than 36 mm, and rarely 
used bearings (ceramic-on-metal and metal-on-ceramic). 
Metal-on-metal bearings were also excluded, as few of these 
are now implanted (England and Wales National Joint Reg-
istry 2012). Procedures with PROMs data that were missing, 
undated, dated more than 12 months prior to or following the 

operation, or that had non-identical duplicates were excluded; 
for identical duplicates, the first record was retained for analy-
sis. Where the presence of a co-morbidity or complication was 
asked for in the questionnaire but left blank by the patient, it 
was assumed to be absent.  The study population is summa-
rized in Figure 1. The PROMs project was introduced in April 
2008. Linkage of NJR data to PROMs was possible between 
this date and December 2010 (the limit of our access to NJR 
data). Details regarding the delivery and return of PROMs 
questionnaires were not available for this study. The demo-
graphic, surgical, and implant-related variables available for 
analysis are listed in Table 1 (see Supplementary data).  

The national PROMs project uses validated measures of 
hip-specific outcomes (Oxford hip score (OHS)) (Dawson et 
al. 1996) and general health outcomes (EuroQol (EQ-5D)) 
(EuroQol group 2009). For this analysis, the outcomes of 
interest were improvements between preoperative and postop-
erative scores (the “change scores”) and self-reported postop-
erative complications (bleeding, wound problems, re-admis-
sion, and reoperation). Change scores, being approximately 
normally distributed, are analytically preferable to postopera-
tive scores (Browne et al. 2007). The OHS (score 0–48) has 

Primary hip replacements with pre-
and postoperative patient reported

outcome measures (PROMs)
n = 85,215

Hip replacements performed for
osteoarthritis using the cementless

DePuy Corail stem and Pinnacle cup
n = 6,827

EXCLUDED: n = 2,231
– invalid PROMs data a (1,484)
– head sizes other than 28, 32 or
   36 mm (60)
– bearings other than MoP, CoP 
   or CoC (687)

Population studied
n = 4,596

No linkage data available
n = 28,417

NJR–PROMs linked records
n = 56,789

Primary hip replacements 
with complete patient data 
submitted to the National 

Joint Registry (NJR) database
and performed 

between April 2008 and 
December 31, 2010

n = 179,735

Figure 1. Flow chart describing the study cohort. MoP – metal-on-polyethylene, CoP – 
ceramic-on-polyethylene, CoC –ceramic-on-ceramic. a Invalid PROMs data includes 
records with missing outcome score rccords, preoperative scores dated more than 12 
months prior to operation, postoperative records without a date or dated < 6 months 
or > 12 months following the primary hip replacement, non-identical duplicates (all 
excluded) and identical duplicates (only one record retained). 

Patient-reported outcome measures (PROMs) 
supplement revision risk in the assessment of suc-
cess after joint replacement (Devlin et al. 2010). 
PROMs are routinely collected on National Health 
Service (NHS) patients undergoing THR in Eng-
land. Data on hip replacement patients, their sur-
geons, and the implants used are collected by the 
NJR. These datasets can be linked in order to 
compare early outcomes for specific patient and 
implant groups at the national level. The present 
analysis explored the effect of bearing surface and 
femoral head size on PROMs and complications 
following THR. We hypothesized that larger heads 
and alternative bearings would have no functional 
benefit over standard (28-mm MoP) bearings.

Material and methods
Design
We conducted a cohort study using prospectively 
collected patient-level NJR and PROMs-linked 
data to compare outcome scores and self-reported 
complications after primary THR for different 
head sizes and different bearings.  

Data
The national PROMs study collects joint-spe-
cific and general health scores preoperatively 
and around 6 months postoperatively, and self-
reported complications. By linking databases at 
the patient level, PROMs data can be combined 
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previously been shown to be a reliable, valid, and responsive 
outcome measure (Murray et al. 2007). A threshold of 3 points 
has been proposed to demonstrate a clinically important dif-
ference (Murray et al. 2007). The EQ-5D index (score –0.59 
to 1.00) is a generic measure of health used for clinical and 
economic appraisal. It evaluates 5 different aspects of gen-
eral health (mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression) that are scored and combined 
using population weightings to produce a single index value 
for health status (group 2009). Patients are also asked about 
comorbidities, general health, and self-reported disability as 
part of the preoperative PROMs questionnaire. These can be 
used to adjust for differences in health status between patient 
groups. Sample sizes for all the head-size and bearing groups 
were in excess of the minimum numbers identified in the 
PROMs feasibility pilot for identification of meaningful dif-
ferences (more than 150 per group) (Browne et al. 2007).

Patients are also asked to indicate their satisfaction with the 
outcome following surgery (excellent, very good, good, fair, or 
poor), and whether they deem surgery to have been a success 
(much better, a little better, about the same, a little worse, or 
much worse). While unadjusted values have been provided for 
information, no attempt was made to adjust for baseline dif-
ferences in either success or satisfaction, as previous analyses 
have demonstrated that the variables available within the NJR 
and PROMs databases are insufficient to explain these differ-
ences (i.e. the influence of unmeasured variables has a greater 
effect than the effect of the measured variables) (Browne et al. 
2007, Hamilton et al. 2013).

Statistics
The variables available for the analyses are shown in Table 1 
(see Supplementary data). The head sizes analyzed were 28 
mm, 32 mm, and 36 mm. The bearings were MoP, CoP, and 
CoC. Differences in baseline characteristics across the groups 
would be a source of confounding in any comparative analy-
sis. Thus, to test the hypothesis that there were no differences 
between groups, the following tests were employed: 1-way 
analysis of variance (ANOVA, parametric continuous data vari-
ables), the Kruskal-Wallis test (non-parametric continuous data 
variables), or the chi-square test (categorical data variables). 

Univariable analysis was performed initially to identify 
variables that possibly influenced each outcome, based on 
statistical rejection criteria of p > 0.1; these variables were 
then included in the multivariable models. Analysis of covari-
ance (ANCOVA) was used for testing of differences in OHS 
and EQ5D index change scores across head size and bearing 
groups. Multivariable logistic regression was used to analyze 
differences in the risk of each of the complications across 
groups. Time from implantation to questionnaire completion 
was included in models to evaluate whether differences in 
duration of follow-up influenced findings. Preoperative scores 
were included in all models, as recommended by the designers 
of the Oxford hip score (Murray et al. 2007). 

Reflecting analysis of a large dataset, statistical models 
for the change scores were evaluated with the margins func-
tion in STATA in order to provide predicted values (includ-
ing 99% confidence intervals (CIs)) separately for each of the 
head-size and bearing categories. p-values are provided as 
statistical evaluation of the differences between the reference 
(head size of 28 mm and MoP bearing) and other variables 
within the category. For complication risks, results are pre-
sented as odds ratios (ORs) with CIs: ratios greater than 1 
indicate that risk is higher when compared with the reference 
category. Due to the statistical methods employed and the 
large population size, only covariates fitting models with p < 
0.01 were retained in final models as significant influences, to 
reduce the risk of type-1 error. All models were fitted using 
STATA 12. 

For more information on the statistical techniques used, see 
Supplementary data.

Ethics
Explicit patient consent was taken for both the NJR and 
PROMs data collection. Further ethics approval is not required 
for registry studies in the UK.

Results
There were 4,596 NJR-PROMs linked primary procedures. 
MoP accounted for 47% (2,171), CoC for 45% (2,064), and 
CoP for 7.9% (361). A standard (28-mm) head size was used 
in 41% of procedures (1,864), the 36-mm in 41% (1,863), and 
the 32-mm in 19% (869). When the demographics were com-
pared across bearing groups, patients with a CoC bearing were 
generally younger and in better health, but there were compa-
rable numbers of women in each group and mean BMI was 
similar. Patients who had a larger head size implanted were 
generally younger and in better health (Table 2). Patients fitted 
with a 32-mm head generally had a higher ASA grade and 
higher BMI, and poorer general health. Although there were 
statistically significant differences between categories of bear-
ing and head size for each of the surgical covariates as a result 
of the large study population, the groups were qualitatively 
similar and therefore broadly comparable (Tables 2 and 3).

In the unadjusted PROMs data, patients with a CoC bearing 
and a larger head size generally had higher preoperative and 
postoperative OHS and EQ5D indices. Patient-reported levels 
of satisfaction and success were similar across the bearing 
groups and the 28-mm and 36-mm head size groups, although 
the 32-mm head size group had poorer scores (Tables 4 and 5). 

Improvement in outcome score
Improvements in OHS and EQ5D index were similar for MoP, 
CoP, and CoC bearings (Table 6, see Supplementary data).

Improvements in OHS and EQ5D index were similar for a 
28-mm and a 36-mm head. Although the difference was small, 
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the 32-mm head was associated with a poorer outcome (OHS: 
20, 99% CI: 19–21, p = 0.002; EQ5D index: 0.39, 99% CI: 
0.36–0.42, p = 0.004) (Table 7, see Supplementary data). 

Risk of complications
There were no statistically significant differences in risk of 

Table 2. Patient demographics for the population studied, by head size

    Head size  
  All patients 28 mm (Reference) 32 mm 36 mm p-value a

Number (%) 4,596 1,864  (40.6)  869  (18.9) 1,863  (40.5)
Patient factors     
 Age, mean (SD) range 66.0 (9.7) 25.2–95.1 68.0 (8.9) 31.0–95.1  68.2 (10.1) 26.2– 94.1 62.9 (9.5) 25.2–90.2 < 0.001
 Females, n (%)  2,620 (57.0) 1,303  (69.9)  535  (61.6)    782  (42.0) < 0.001
 ASA, n (%)     < 0.001
    1    804  (17.5)    286  (15.3)    93  (10.7)    425  (22.8) 
    2 3,360  (73.1) 1,410  (75.6)  644  (74.1) 1,306  (70.1) 
    3+    432  (9.4)    168  (9.0)  132  (15.2)    132  (7.1) 
 BMI (SD) range b   29.0  (5.4) 15–65   28.7  (5.2) 15–56 29.1  (5.6) 16–50   29.5  (5.4) 16–65 0.03
 Comorbidities, n (%)     
    Heart disease    388  (8.4)    152  (8.2)    91  (10.5)    145  (7.8) 0.05
    Stroke      67  (1.5)      29  (1.6)    13  (1.5)      25  (1.3) 0.9
    Diabetes    355  (7.7)    158  (8.5)    70  (8.1)    127  (6.8) 0.2
    Hypertension 1,764  (38.4)    739  (39.7)  366  (42.1)    659  (35.4) 0.001
    Circulation    221  (4.8)    102  (5.5)    45  (5.2)      74  (4.0) 0.09
    Lung    270  (5.9)    112  (6.0)    42  (4.8)    116  (6.2) 0.3
    Depression    309  (6.7)    126  (6.8)    44  (5.1)    139  (6.7) 0.07
 Preoperative general health     0.02
    Excellent    265  (5.8)    100  (5.4)    53  (6.1)    114  (6.1) 
    Very good 1,413  (30.7)    566  (30.4)  235  (27.0)    611  (32.8) 
    Good 2,008  (43.7)    862  (46.2)  394  (45.3)    755  (40.5) 
    Fair    781  (17.0)    285  (15.3)  165  (19.0)    330  (17.7) 
    Poor    129  (2.9)      51  (2.7)    22  (2.5)      53  (2.8) 
 Preoperative disability 2,229  (48.5)    928  (50.0)  448  (51.6)    853  (45.8) 0.007
Surgical factors     
 Chemical VTE prophylaxis     < 0.001
    LMWH only 2,583  (56.2) 1,115  (59.8)  518  (59.6)    950  (51.0) 
    Aspirin only    415  (9.0)    146  (7.8)    50  (5.8)    219  (11.8) 
    Other    544  (11.8)    163  (8.7)    98  (11.3)    283  (15.2) 
    None    304  (6.6)    133  (7.1)    36  (4.1)    135  (7.3) 
    Not recorded    750  (16.3)    307  (16.5)  167  (19.2)    276  (14.8) 
 Mechanical VTE prophylaxis     < 0.001
    Compression stockings (CS) 1,249  (27.2)    500  (26.8)  222  (25.6)    527  (28.3) 
    CS + mechanical pump    918  (20.0)    296  (15.9)  134  (15.4)    488  (26.2) 
    Foot pump only    523  (11.4)    278  (14.9)    86  (9.9)    159  (8.5) 
    Mechanical calf pump only    756  (16.5)    312  (16.7)  173  (19.9)    271  (14.6) 
    Other      22  (0.5)        7  (0.4)      0  (0.0)      15  (1.0) 
    None    378  (8.2)    164  (8.8)    87  (6.8)    127  (6.8) 
    Not recorded    750  (16.3)    307  (16.5)  167  (19.2)    276  (14.8) 
 Bearing     < 0.001
    Metal-on-polyethylene 2,171  (47.2) 1,423  (76.3)  510  (58.7)    238  (12.8) 
    Ceramic-on-polyethylene    361  (7.9)    198  (10.6)  100  (11.5)      63  (3.4) 
    Ceramic-on-ceramic 2,064  (44.9)    243  (13.0)  259  (29.8) 1,562  (83.8) 
 Anesthesia     < 0.001
    Regional 2,077  (45.2)    871  (46.7)  303  (34.9)    903  (48.5) 
    General    827  (18.0)    312  (16.7)  168  (19.3)    347  (18.6) 
    Regional and general    906  (19.7)    357  (19.2)  224  (25.8)    325  (17.4) 
    Not recorded    786  (17.1)    324  (17.4)  174  (20.0)    288  (15.5) 
 Lead surgeon grade     < 0.001
    Consultant 3,475  (75.6) 1,484  (79.6)  618  (71.1) 1,373  (73.7) 
    Other 1,121  (24.4)    380  (20.4)  251  (28.9)    490  (26.3) 
 Position      0.02
    Lateral 3,598  (78.3) 1,449  (77.7)  666  (76.6) 1,483  (79.6) 
    Supine    248  (5.4)    108  (5.8)    36  (4.1)    104  (5.6) 
    Not recorded    750  (16.3)    307  (16.5)  167  (19.2)    276  (14.8) 

ASA: American Society of Anaesthesiologists score; PROMs: patient-reported outcomes measures.
a Difference between groups with 1-way ANOVA (continuous data variables) or chi-squared test (categorical data variables). 
b BMI (body mass index) data on 2,726.
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bleeding, wound complications, re-admission, or reoperation 
after case-mix adjustment when the bearing groups were com-
pared (Table 8, see Supplementary data). Bleeding risk was 

higher in the 32-mm head-size group (OR = 1.8, 99% CI: 1.2–
2.8, p < 0.001) but not in the 36-mm head-size group (OR 1.3, 
CI 0.9 to 2.0, 0.063) when compared with the 28-mm group. 

Table 3. Patient demographics for the population studied, by bearing

    Bearing  
   Metal-on- Ceramic-on- Ceramic-on-
  All patients polyethylene (Reference) polyethylene ceramic p-value a

Number (%) 4,596  2,171 (47.2)   361 (7.9)  2,064 (44.9)
Patient factors     
 Age, mean (SD) range 66.0 (9.7) 25.2–95.1 70.8 (8.0) 31.0–95.1 64.6 (8.3) 39.0–87.2 61.1 (9.1) 25.2–91.5 < 0.001
 Females, n (%)  2,620 (57.0) 1,259  (58.0)  220  (60.9) 1,141  (55.3) 0.06
 ASA, n (%)     < 0.001
    1    804  (17.5)    246  (11.3)    64  (17.7)    494  (23.9) 
    2 3,360  (73.1) 1,673  (77.1)  249  (69.0) 1,438  (69.7) 
    3+    432  (9.4)    252  (11.6)    48  (13.3)    132  (6.4) 
 BMI (SD) range b   29.0  (5.4) 15–65   28.7  (5.2) 15–56 29.3  (5.3) 18–54   29.2  (5.6) 18–65 0.09
 Comorbidities, n (%)     
    Heart disease    388  (8.4)    233  (10.7)    28  (7.8)    127  (6.2) < 0.001
    Stroke      67  (1.5)      42  (1.9)      4  (1.1)      21  (1.0) 0.04
    Diabetes    355  (7.7)    201  (9.3)    27  (7.5)    127  (6.2) 0.001
    Hypertension 1,764  (38.4)    960  (44.2)  136  (37.7)    668  (32.4) < 0.001
    Circulation    221  (4.8)    132  (6.1)    25  (6.9)      64  (3.1) < 0.001
    Lung    270  (5.9)    122  (5.6)    21  (5.8)    127  (6.2) 0.8
    Depression    309  (6.7)    123  (5.7)    25  (6.9)    161  (7.8) 0.02
 Preoperative general health     0.001
    Excellent    265  (5.8)    104  (4.8)    20  (5.5)    137  (6.6) 
    Very good 1,413  (30.7)    649  (29.9)    93  (25.8)    669  (32.4) 
    Good 2,008  (43.7) 1,004  (46.2)  184  (51.0)    819  (39.7) 
    Fair    781  (17.0)    363  (16.7)    53  (14.7)    380  (18.4) 
    Poor    129  (2.9)      51  (2.3)    11  (3.0)      59  (2.9) 
 Preoperative disability 2,229  (48.5) 1,117  (51.5)  192  (53.2)    920  (44.6) < 0.001
Surgical factors     
 Chemical VTE prophylaxis     < 0.001
    LMWH only 2,583  (56.2) 1,322  (60.9)  211  (49.0) 1,050  (50.9) 
    Aspirin only    415    (9.0)    179  (8.3)    21  (5.8)    215  (10.4) 
    Other    544  (11.8)    189  (8.7)    45  (12.5)    310  (15.0) 
    None    304    (6.6)    115  (5.3)    27  (7.5)      62   (7.8) 
    Not recorded    750  (16.3)    366  (16.9)    57  (15.8)    327 (15.8) 
 Mechanical VTE prophylaxis     < 0.001
    Compression stockings (CS) 1,249  (27.2)    644  (29.7)    98  (27.2)    507  (24.6) 
    CS + mechanical pump    918  (20.0)    342  (15.8)    79  (21.9)    497  (24.1) 
    Foot pump only    523  (11.4)    324  (14.9)    10  (2.8)    189  (9.2) 
    Mechanical calf pump only    756  (16.5)    311  (14.3)    70  (19.4)    375  (18.2) 
    Other      22  (0.5)        4  (0.2)      1  (0.3)      17  (0.8) 
    None    378  (8.2)    180  (8.3)    46  (12.7)    152  (7.4) 
    Not recorded    750  (16.3)    366  (16.9)    57  (15.8)    327  (15.4) 
 Head size     < 0.001
    28 mm 1,864  (40.6) 1,423  (65.6)  198  (54.9)    243  (11.8) 
    32 mm    869  (18.9)    510  (23.5)  100  (27.7)    869  (18.9) 
    36 mm 1,863  (40.5)    238  (11.0)    63  (17.5) 1,562  (40.5) 
 Anesthesia     0.01
    Regional 2,077  (45.2)    987  (45.5)  153  (42.4)    937  (45.4) 
    General    827  (18.0)    344  (15.9)    72  (19.9)    411  (19.9) 
    Regional and general    906  (19.7)    454  (20.9)    77  (18.2)    375  (18.2) 
    Not recorded    786  (17.1)    386  (17.8)    59  (16.3)    341  (16.5) 
 Lead surgeon grade     0.002
    Consultant 3,475  (75.6) 1,600  (73.7)  294  (81.4) 1,581  (76.6) 
    Other 1,121  (24.4)    571  (26.3)    67  (18.6)    483  (23.4) 
 Position      0.1
    Lateral 3,598  (78.3) 1,708  (78.7)  284  (78.7) 1,606  (77.8) 
    Supine    248    (5.4)      97  (4.5)    20  (5.5)    131  (6.4) 
    Not recorded    750  (16.3)    366  (16.9)    57  (15.8)    327  (15.8) 

ASA: American Society of Anaesthesiologists score; PROMs: patient-reported outcomes measures.
a Difference between groups with 1-way ANOVA (continuous data variables) or chi-squared test (categorical data variables). 
b BMI (body mass index) data on 2,726.
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Risk of wound complications was higher in the 36-mm group 
(OR = 1.7, 99% CI: 1.1–2.6, p = 0.002). Re-admission and 
reoperation risks were similar when the different head sizes 
were compared (Table 9, see Supplementary data). 

Discussion
This large cohort study using NJR-PROMs linked data from a 
single hip system showed no functional benefit when femoral 

Table 4. Patient-reported outcomes for populations studied, by bearing

 Metal-on-polyethylene Ceramic-on-polyethylene Ceramic-on-ceramic p-value a

Number (%) 2,171 (47.2) 361 (7.9) 2,064 (44.9) 
Oxford hip score    
     Preoperative, mean (SD) range 18.4 (8.0) 1–43 18.5 (8.4) 0–43 19.2 (8.1) 1–46 0.003
     Postoperative, median (range) 42 (0–48) 41 (7–48) 43 (2–48) < 0.001
EQ5D index    
 Preoperative, mean (SD)  0.368 (0.314) 0.375 (0.331) 0.394 (0.311) 0.01
    range -0.349 to 1 -0.484 to 0.883 -0.594 to 1 
    Postoperative, median (range) 0.815 (-0.319 to 1) 0.796 (-0.319 to 1) 0.848 (-0.594 to 1) 0.008
Satisfaction, n (%)    0.3
 Excellent    882  (40.6) 144  (39.9)    887  (43.0) 
 Very good    804  (37.0) 123  (34.1)    728  (35.3) 
 Good    364  (16.8)   66  (18.3)    321  (15.6) 
 Fair      90  (4.2)   23    (6.4)      89  (4.3) 
 Poor      31  (1.4)     5    (1.4)      39  (1.9) 
Success, n (%)    0.05
 Much better 1,936  (89.2) 303  (83.9) 1,828  (88.6) 
 A little better    157  (7.2)   46  (12.7)    158  (7.7) 
 About the same      33  (1.5)     3  (0.8)      35  (1.7) 
 A little worse      26  (1.2)     6  (1.7)      29  (1.4) 
 Much worse      19  (0.9)     3  (0.8)      14  (0.7) 
Time from operation to PROMs completion, 
 mean days (SD) range 208 (28) 183–363 207 (23) 183–333 210 (29) 183–361 0.002

PROMs: patient-reported outcome measures.
a 1-way ANOVA was used for parametric data, Kruskal-Wallis test for non-parametric data, and chi-squared test for proportions.

Table 5. Patient-reported outcomes for populations studied, by head size

 28 mm 32 mm 36 mm p-value a

Number (%) 1,864  (40.6) 869  (18.9) 1,863  (40.5) 
Oxford hip score    
     Preoperative, mean (SD) range 18.2 (8.0) 1–44 18.3 (7.9) 2–43 19.6 (8.2) 0–46 < 0.001
     Postoperative, median (range) 43 (0–48) 41 (4–48) 48 (2–48) < 0.001
EQ5D index    
 Preoperative, mean (SD)  0.366 (0.315) 0.365 (0.316) 0.401 (0.311) 0.001
    range -0.484 to 1 -0.319 to 1 -0.594 to 1 
    Postoperative, median (range) 0.848 (-0.319 to 1) 0.796 (-0.126 to 1) 0.850 (-0.594 to 1) < 0.001
Satisfaction, n (%)    < 0.001
 Excellent    791  (42.4) 319  (36.7)    803  (43.1) 
 Very good    683  (36.6) 299  (34.4)    673  (36.1) 
 Good    288  (15.5) 190  (21.9)    273  (14.7) 
 Fair      77  (4.1)   46  (5.3)      79  (4.2) 
 Poor      25  (1.3)   15  (1.7)      35  (1.9) 
Success, n (%)    0.001
 Much better 1,673  (89.8) 736  (84.7) 1,658  (89.0) 
 A little better    124  (6.7) 103  (11.9)    134  (7.2) 
 About the same      27  (1.5)   14  (1.6)      30  (1.6) 
 A little worse      22  (1.2)   10  (1.2)      29  (1.6) 
 Much worse      18  (1.0)     6  (0.7)      12  (0.6) 
Time from operation to PROMs completion, 
 mean days (SD) range 207 (26) 183–361 209 (28) 184–357 210 (29) 183–363 0.002

PROMs: patient-reported outcome measures.
a 1-way ANOVA was used for parametric data, Kruskal-Wallis test for non-parametric data, and chi-squared test for proportions.
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head sizes greater than 28 mm and bearings other than MoP 
were used for primary THR. These findings are important 
for clinicians attempting to determine the most suitable hip 
implants for patients with osteoarthritis. 

While this is the largest study to date to report the effects of 
head size and bearing type on functional outcome for a single 
hip replacement brand, there are some potential limitations 
to our findings. The study design was observational and thus 
vulnerable to omitted variables, which may have confounded 
the findings. Some data were unavailable for analysis; for 
example, radiological data on cup positioning. There were 
also large numbers of procedures that could not be analyzed, 
either because the datasets could not be linked (for example, 
due to missing patient identification details) or because there 
were specific data fields with incomplete data. Moreover, any 
bias in completion and return of PROMs cannot be assessed, 
as no details were available regarding the number of question-
naires sent out or returned.  Non-responders are more likely 
to be younger patients (and therefore more likely to have 
larger head sizes and alternative bearings). However, previous 
PROMs analyses have demonstrated that non-responders gen-
erally perform more poorly (Ostendorf et al. 2004).  Irrespec-
tive of these issues, similarities between the unadjusted and 
adjusted models and robustness under different model fitting 
assumptions support the stability of estimates.

By restricting the implants to the most commonly used 
brand only, we were able to remove the problems associated 
with adjusting for multiple brands (differing implant design 
characteristics and bearing surface manufacturing processes). 
The Corail Pinnacle constitutes 14% of all hip implants used 
in England and Wales since 2003. Cementless components 
now predominate, and around 40% of those implanted in 
2011 were Corail Pinnacle (England-and-Wales-National-
Joint-Registry 2012). [Ann-Britt: v.v. ta bort bindestrecken] 
This implant combination also offers a wide range of bearing 
options and head sizes, making it a good choice for analysis, 
and sample sizes of each of the comparison groups were in 
excess of the minimum numbers required to identify meaning-
ful differences (Browne et al. 2007).  False-negative results 
are therefore unlikely, especially as OHS and EQ5D indices 
for each of the groups were qualitatively similar, irrespective 
of confidence intervals. 

As with all NJR-PROMs studies, the design of the study 
was constrained by the data available. In particular, this lim-
ited the length of follow-up available and the measures of hip 
function used. Although functional outcome at 6 months can 
be described as early, the follow-up in this study was adequate 
for group comparisons. The literature shows little improve-
ment in change in OHS between 6 months and 5 years follow-
ing hip replacement, suggesting that the results in our short-
term study are a reliable indication of longer-term outcome 
(Andrew et al. 2008, Judge et al. 2013).

Greater femoral head size may reduce dislocation risk. In 
a randomized trial of patients undergoing metal-on-highly-

crosslinked polyethylene hip replacements, Howie et al. 
(2012) found that a head size of 36 mm reduced the 1-year 
dislocation risk compared to 28 mm in 533 primary proce-
dures—from 4.4% to 0.8%. In addition, a large cohort study 
of over 240,000 THRs performed in England and Wales found 
a reduction in 1-year dislocation risk from 1.4% to 1.1% over 
a period of 5 years, during which the use of large femoral 
head sizes increased. However, there was no change in the 
12-month revision rate (Jameson et al. 2011). Lower dislo-
cation rates with larger femoral head sizes have also been 
found in Australian and Norwegian registry data (Bystrom et 
al. 2003, ANJRR 2013). Without radiographic data, disloca-
tion risk is difficult to analyze. The 1-year risk in the study 
by Howie et al. (2012) is high compared to others; Stroh et al. 
(2013) reported dislocation with head sizes less than 36 mm 
of only 1.8% (10 in 559) at 5 years, which is similar to the 
English NHS data  (taking into account that most dislocations 
occur in the first year after surgery) (Jameson et al. 2011). 
Before larger head sizes are recommended, the incidence of 
late dislocation, wear, periprosthetic osteolysis, and liner frac-
ture should also be established (Howie et al. 2012). Impor-
tantly, revision risk did not decrease in the English NHS data, 
suggesting that most early dislocations are relatively benign 
and do not require a revision procedure. Although dislocation 
data were unavailable in the current study, other outcomes 
were used as surrogate endpoints. The majority of dislocations 
following primary THR occur within the first 5 weeks after 
surgery (Bourne and Mehin 2004); therefore, patient-reported 
complications associated with a dislocation, such as re-admis-
sion and reoperation, should demonstrate a difference if, for 
example, one head size had a lower risk than another. Increas-
ing femoral head size may also increase range of movement, 
but several studies have shown that it is the patient’s bony 
anatomy that causes impingement, and therefore limits this 
range irrespective of head size (Bunn et al. 2012, Klingenstein 
et al. 2012). Interestingly, PROMs were poorer and bleeding 
risk was higher in patients implanted with a 32-mm head. This 
may be explained by the patient demographics, which showed 
a slightly greater mean BMI and relatively more patients 
with higher ASA grade and poorer health. In these patients, 
a surgeon may choose to increase head size from 28 mm in 
an attempt to increase stability, thereby potentially reducing a 
need for further revision surgery.  Differences in unmeasured 
patient variables across groups (which cannot be controlled) 
may also account for this finding. However, it must be stressed 
that the statistically significant OHS change difference of 1.4 
between 28-mm and 32-mm femoral heads is unlikely to be 
clinically significant.

Medium- to long-term risk of revision is lowest in MoP bear-
ings across worldwide registries and published trials, and no 
functional benefit of alternative bearings has so far been found 
(Sedrakyan et al. 2011). When implant survival of 35,386 
Corail Pinnacle THRs was examined in the NJR cohort, hard 
bearings had a higher revision risk than MoP (MoM: HR = 
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1.9, p < 0.001; CoC: HR = 1.6, p = 0.003) (Jameson et al. 
2013). In a randomized trial of 49 patients who received either 
large-head MoM articulations or standard (28- to 32-mm) 
MoP THRs, no statistically significant benefits were found in 
function, dislocation, or implant failure (Hanna et al. 2012), 
although the numbers are small and this could be a conse-
quence of type-II statistical error.

Metal-on-metal bearings were not included in this study. 
Although a large number of Corail Pinnacle THRs have been 
implanted in England and Wales with these bearings, their use 
is now low due to high revision rates and concerns regarding 
the systemic effects of excessive metal wear debris.  

In summary, no functional benefits of larger head sizes or 
alternative bearings were found in this national analysis of 
NJR-PROMs linked THRs, after adjusting for other influ-
ences.  Given the lack of evidence in the literature of improved 
implant survival with these implant options, we question their 
use in routine primary THR.

Supplementary data
Tables 1 and 6–9 are available at Acta’s website (www.actaor-
thop.org), identification number 7059.
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The posterior and lateral approaches to primary hip arthroplasty were compared using national data from
England and Wales. Specific component combinations of the most commonly used cemented and cementless
implant brands were analysed separately. There was no significant difference between the approaches for all-
cause revision risk (cemented: P = 0.726, cementless: P = 0.295) and revision for dislocation (P = 0.176,
P = 0.695) at 12 months following 37,593 procedures, after adjusting for patient and surgical variables.
Analysis of 3881 linked episodes found the posterior approach was associated with significantly higher
improvement in function (Oxford Hip Score: 20.8 versus 18.9, P b 0.001 (cemented procedures); 21.7 versus
20.2, P = 0.008 (cementless), EQ5D index: 0.416 versus 0.383, P = 0.003; 0.431 versus 0.384, P = 0.003).
The posterior approach may offer a functional benefit (albeit small clinically), without increased revision risk.

© 2013 Elsevier Inc. All rights reserved.

The most appropriate surgical approach for primary total hip
arthroplasty (THA) continues to stimulate debate. The two most
commonly used techniques are the posterior approach, where the
joint capsule is approached through the external rotator muscles on
the posterior aspect of the femoral neck [1], and the lateral approach
[2], where the abductormuscles are dividedmid-tendon and reflected
from the anterior aspect of the femoral neck. Post-operative limping
secondary to abductor weakness occurs in 4% to 20% of procedures

performed through a lateral approach [3]. Proponents of the posterior
approach cite the benefits of less tissue damage, more rapid functional
recovery and lower incidence of limp, and recommend this in younger
patients. However, dislocation rates following a posterior approach
may be higher due to the inherent weakness of the posterior capsular
and soft tissue structures following surgery.

The 9th Annual Report of the National Joint Registry for England
and Wales states that 59% (42,566 of 71,642) of primary THAs are
currently implanted via the posterior approach compared to 35%
(25,244) through the lateral approach [4]. Other approaches account
for around 5% (3882). In previous analyses of the NJR dataset, surgical
approach was not found to significantly affect mid-term implant
survival of the most commonly implanted cemented and cementless
THAs [5,6]. However, functional outcome and early revisionmay differ
depending on surgical approach. Patient-reported outcome measures
(PROMs) are increasingly being used to supplement risk of revision in
the assessment of joint arthroplasty [7]. A single unit study
demonstrated a functional benefit of the posterior approach at one
to three years following THA [8], but a multi-centre study found no
differences in improvement of Oxford hip score (OHS) and dislocation
or revision rates between surgical approaches at five years [9].
However, these analyses are limited by modest numbers of pro-
cedures and the heterogeneity of implants used.
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Since 2008 the Department of Health (DoH) has routinely
collected PROMs for NHS-funded elective THA performed in England
andWales. Outcome scores and self-reported complications following
the THA can be linked to the NJR dataset in order to compare early
PROMs for specific patient groups on a national level.

This analysis therefore aims to identify a benefit, if any, of the
posterior approach in the first 12 months after primary THA using
fixed implant characteristics, in terms of PROMs and revision risk, and
after adjustment for a range of patient and surgical factors.

Methods

Design

A retrospective cohort study was conducted using patient-level
NJR-PROMs-linked primary THA data to compare outcome scores and
early revision risk for the posterior and lateral surgical approaches.

Data

Data on hip arthroplasty patients, their surgeons and implants
used are collected by the NJR across England and Wales. Revision risk
can be determined as primary procedures are linked within the
database to any subsequent revision procedure on the same hip. The
national PROMs study collects functional scores pre-operatively and
six months post-operatively, together with self-reported post-
operative complications. By linking the NJR and the PROMs datasets
at the level of the patient, function and complication data can be

determined for a specific subset of the NJR data. In order to link the
two datasets a number of linkage criteria were used. Firstly, to ensure
correct matching, two unique identifiers (NJR and procedure
numbers) recorded in both datasets were used. Secondly, the
operation date recorded by the patient in the PROMs data had to be
within ±30 days of the operation date recorded on the NJR record, to
ensure the patient was scoring the same procedure.

We chose to perform this analysis using specific component
combinations of the commonest cemented and cementless brands, in
order to control for any implant influences. According to the NJR 8th
Annual Report, the commonest cemented THA brand used since 2003 is
the Exeter V40 hip and Contemporary cup (Stryker Orthopaedics,
Mahwah, New Jersey, United States), accounting for 23% of all cemented
THAs (37,995 of 163,981) [10]. Femoral head size and type of
Contemporary cup (hooded or flanged) have previously been shown
to independently influence revision risk [6]. For this analysis we
therefore choose to examine all procedures performed with a 28-mm
head and a flanged cup design (representing 70% of all Exeter V40-
Contemporary THAs implanted in 2010). The Corail stem/Pinnacle cup
(DePuy Ltd, Leeds, United Kingdom) is the most commonly used
cementless THA (31% [40,879] of 130,920 cementless THAs). We
analysed procedures that employed a 36-mm hard bearing (ceramic-
on-ceramic [CoC] and metal-on-metal [MoM]) as these represent
almost half of components implanted (48%), and provide a suitable
contrast with the cemented implants to ensure the results from this
study can be applied generally across different surgeons’ practice.

There were a number of exclusion criteria. For the NJR data these
were: all procedures with an indication other than osteoarthritis (OA)

Fig. 1. Flow chart showing study inclusion criteria.
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and procedures with missing implant or patient data were excluded.
As several stem and cup options were used rarely, these were also
excluded from analyses. Procedures with PROMs data that were
missing, undated, dated more than 12 months prior to or following
the operation, or non-identical duplicates were excluded; for identical
duplicates the first record was retained for analysis. Where the
presence of a co-morbidity or complication was sought in the
questionnaire but left blank by the patient, it was assumed to be
absent. A summary of the population studied is shown in Fig. 1. The
demographic, surgical and implant-related variables available for
analysis are listed in Table 1.

The national PROMs project uses validated measures of hip-
specific (Oxford Hip Score, OHS) [11] and general quality of life
outcomes (EuroQol EQ-5D) [12]. For this analysis the outcomes of
interest were improvements between the pre-operative and post-

operative scores (the ‘change scores’) and self-reported post-
operative complications (bleeding, wound problems, readmission
and reoperation). Change scores, being approximately normally
distributed, are analytically preferable to post-operative scores [13].
The OHS (scored 0 lowest to 48 highest) has previously been shown to
be a reliable, valid and responsive outcome measure and can be used
for the clinical assessment of large hip arthroplasty databases in a
cross-sectional population [14]. The EQ-5D index (scored −0.59 to
1.00) is a generic measure of health used for clinical and economic
appraisal. It evaluates five different aspects of general health
(mobility, self-care, usual activities, pain/discomfort and anxiety/
depression) that are scored and combined using population weight-
ings to produce a single index value for health status [12]. For post-
operative complications, patients were specifically asked if they were
readmitted as a consequence of a problem with the operated hip, or if

Table 1
Demographics for NJR-PROMS linked Populations Studied, by Surgical Approach.

Cemented (Exeter V40/Contemporary Flanged 28 mm) Cementless (Corail/Pinnacle MoM/CoC 36 mm)

Posterior Lateral P Value Posterior Lateral P Value

Number (%) 1121 (57.9) 816 (42.1) 1266 (65.1) 678 (34.9)
Patient factors
Age, mean years (standard deviation [sd], range) 72.6 (8.1, 36.7 to 93.5) 73.2 (7.2, 47.8 to 92.9) 0.945 63.2 (9.9, 25.2 to 96.2) 64.3 (8.9, 37.2 to 87.9) 0.994
Females, n (%) 765 (68.2) 523 (64.1) 0.056 585 (46.2) 284 (41.9) 0.068
ASA grade
1 112 (10.1) 90 (11.0) 0.003 273 (21.6) 133 (19.6) 0.583
2 831 (74.8) 551 (67.5) 895 (70.7) 489 (72.1)
3+ 178 (15.1) 175 (21.5) 98 (7.7) 56 (8.3)
BMI, mean kg/m2 (sd, range)a 28.6 (4.9, 16 to 52) 28.9 (5.1, 18 to 59) 0.285 29.0 (5.3, 16 to 58) 29.7 (5.9, 18 to 65) 0.058
Co-morbidities
Heart disease 87 (7.8) 94 (11.5) 0.005 98 (7.7) 62 (9.1) 0.283
Stroke 12 (1.1) 17 (2.1) 0.070 15 (1.2) 9 (1.3) 0.786
Diabetes 109 (9.7) 94 (11.5) 0.203 80 (6.3) 50 (7.4) 0.375
Hypertension 527 (47.0) 368 (45.1) 0.404 478 (37.8) 228 (33.6) 0.071
Circulation 90 (8.0) 67 (8.2) 0.885 45 (3.6) 34 (5.0) 0.120
Lung 63 (5.6) 67 (8.2) 0.024 79 (6.2) 50 (7.4) 0.338
Depression 49 (4.4) 53 (6.5) 0.039 81 (6.4) 62 (9.1) 0.027
Preoperative general health
Excellent 56 (5.0) 25 (3.1) 0.001 73 (5.8) 38 (5.6) 0.818
Very good 361 (32.2) 211 (25.9) 408 (32.2) 201 (29.6)
Good 506 (45.1) 393 (48.2) 514 (40.6) 288 (42.5)
Fair 172 (15.3) 162 (19.9) 235 (18.6) 132 (19.5)
Poor 26 (2.4) 25 (3.1) 36 (2.8) 19 (2.8)
Preoperative disability 608 (54.2) 482 (59.1) 0.002 580 (45.8) 322 (47.5) 0.576

Surgical factors
Chemical VTE prophylaxis
LMWH only 470 (49.0) 355 (50.8) b0.001 637 (57.8) 409 (71.3) b0.001
Aspirin only 115 (12.0) 57 (8.2) 179 (16.2) 24 (4.2)
Other 355 (37.0) 178 (25.5) 186 (16.9) 104 (18.1)
None 19 (2.0) 109 (15.6) 101 (9.2) 37 (6.5)
Mechanical VTE prophylaxis
Compression stockings (CS) 260 (23.2) 261 (32.0) b0.001 401 (36.4) 207 (36.1) 0.003
CS/mechanical pump combination 235 (20.1) 210 (25.7) 364 (33.0) 178 (31.0)
Foot pump only 276 (24.6) 38 (4.7) 107 (9.7) 32 (5.6)
Mechanical calf pump only 140 (12.5) 128 (15.7) 148 (13.4) 104 (18.1)
Other 21 (1.9) 1 (0.1) 14 (1.3) 4 (0.7)
None 189 (16.9) 178 (21.8) 69 (6.3) 49 (8.5)
Anaesthesia
Regional 502 (44.8) 379 (46.4) 0.607 625 (49.4) 341 (50.3) 0.433
General 195 (17.4) 129 (15.8) 246 (19.4) 119 (17.6)
Regional and general 262 (23.4) 191 (19.0) 230 (18.2) 108 (15.9)
Not recorded 162 (14.5) 117 (11.6) 165 (13.0) 110 (16.2)
Lead surgeon grade
Consultant 731 (65.2) 515 (63.1) 0.341 977 (77.2) 494 (72.7) 0.035
Other 390 (34.8) 301 (36.9) 289 (22.8) 184 (27.1)
Position
Lateral 933 (83.2) 600 (73.5) b0.001 1096 (86.6) 500 (73.7) b0.001
Supine 26 (2.3) 99 (12.1) 7 (0.6) 74 (10.9)
Not recorded 162 (14.5) 117 (14.3) 163 (12.9) 104 (15.3)

MoM,metal-on-metal; CoC, ceramic-on-ceramic; ASA, American Society of Anaesthesiologists; BMI, bodymass index; VTE, venous thromboembolism; LMWH, lowmolecular weight
heparin.
Statistical notes: two tailed independent t-test with assumed equal variance used for parametric data, Chi squared test for proportions.

a BMI data available for 1501 cemented implants (77.5%) and 1104 cementless implants (56.8%).
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they underwent a further operation on the hip in question. Patients
are also asked about comorbidities, general health and self-reported
disability as part of the pre-operative PROMs questionnaire. These can
be used to understand and match the differences in health status
between patient groups. Sample sizes for the two groups were in
excess of the minimum numbers identified in the PROMs feasibility
pilot to identify meaningful differences (more than 150/group) [13].

Patients are also asked to indicate a perception of their health pre-
operatively and post-operatively on a visual analogue score (VAS,
0 poorest health, 100 best), their satisfaction with the outcome
following surgery (excellent, very good, good, fair, poor), andwhether
they deem surgery to have been a success (much better, a little better,
about the same, a little worse, muchworse). Whilst unadjusted values
have been provided for information, no attempt was made to adjust
for baseline differences. Previous analyses have demonstrated that the
variables available within the NJR and PROMs databases are
insufficient to explain differences in the VAS, patient satisfaction
and success of the procedure (i.e. the influence of unmeasured
variables is much greater) [13].

Statistical Analysis

The variables available for the analyses are shown in Appendix Table
1. Differences in baseline characteristics between the two surgical
approach groupswere analysed using the two-tailed independent t-test
with assumed equal variance (continuous parametric data variables),
the two sampleWilcoxon rank-sum (Mann–Whitney) test (continuous
non-parametric data variables) or Chi-square test (categorical data
variables). Analyses of cemented and cementless procedures were
performed independently; no attempt was made to adjust for baseline
differences between types of implants.

Univariable analysis was performed initially to identify variables
potentially influencing each outcome; these were then subsequently
included in the multivariable models. Multivariable linear regression
was used for testing differences in OHS and EQ5D index change scores
between the approach groups. Multivariable logistic regression was

used to analyse differences in the risk of each of the self-reported
complications available within the PROMs data, and revision risk at
one-year (using data from the unlinked NJR cohort). Time from
implantation to questionnaire completion was included in models to
evaluate whether differences in duration of follow-up influenced
findings. Pre-operative scores were included within all models, as
recommended by the designers of the Oxford score [14]. Body mass
index (BMI) is known to have an influence on PROMs and was
therefore included in models where its influence was significant,
despite a reduction in numbers as a consequence of incomplete
recording of BMI. For the revision analysis NJR data unlinked to
PROMs were preferred due to the larger population size.

Reflecting analysis of a large dataset, statistical models for the
change scores were evaluated with the margins function in STATA in
order to provide predicted values (including 99% confidence intervals)
for the posterior and the lateral approach groups. P values are provided
as statistical tests of the differences between the two groups. For
complication risks, results are presented as odds ratios (ORs) with 99%
CIs: ratios greater than one indicate that risk is higher with the lateral
approach. Due to the statistical methods employed, and the large
population size, only covariates fitting models with P b 0.01 were
considered significant influences, to reduce the risk of Type 1 error. All
models were fitted using STATA 12 (StataCorp LP, Texas, USA).

In order to provide ‘real-world’ clinical scenarios, predicted
changes in OHSwere produced for both the cemented and cementless
models using the margins function in STATA. This demonstrated the
differences in hip specific improvement when gender, pre-existing
health status, disability, and comorbidities were specified within the
model, in addition to surgical approach.

Results

There were 37,593 primary procedures on the NJR database which
met the inclusion criteria. Of these, 3881 could be linked to PROMs
data; 1937 were cemented Exeter Contemporary with a flanged cup
design and a 28-mm head, and 1944 were cementless Corail Pinnacle

Table 2
Patient Reported Outcomes for Populations Studied, by Surgical Approach.

Cemented (Exeter V40/Contemporary Flanged 28 mm) Cementless (Corail/Pinnacle MoM/CoC 36 mm)

Posterior Lateral P Value Posterior Lateral P Value

Number (%) 1121 (57.9) 816 (42.1) 1266 (65.1) 678 (34.9)
Oxford Hip scores
Pre-operative, mean (sd, range) 18.9 (8.0, 0 to 44) 17.4 (7.8, 2 to 43) b0.001 19.3 (8.1, 0 to 46) 18.6 (8.2, 1 to 42) 0.078
Post-operative, median (range) 42 (4 to 48) 39 (0 to 48) b0.001 44 (2 to 48) 43 (5 to 48) 0.004
EQ5D visual analogue score
Pre-operative, mean (sd, range) 68.7 (19.3, 4 to 100) 65.9 (20.2, 0 to 100) 0.003 66.8 (20.3, 0 to 100) 66.6 (21.0, 0 to 100) 0.848
Post-operative, mean (sd, range) 77.4 (16.7, 0 to 100) 73.0 (19.3, 0 to 100) b0.001 78.5 (17.9, 0 to 100) 76.4 (17.6, 15 to 100) 0.015
EQ5D index
Pre-operative, mean (sd, range) 0.393 (0.307, −0.358 to 1) 0.341 (0.313, −0.429 to 0.883) b0.001 0.390 (0.316, −0.594 to 1) 0.377 (0.318, −0.239 to 1) 0.401
Post-operative, median (range) 0.815 (−0.003 to 1) 0.760 (−0.016 to 1) b0.001 0.883 (−0.074 to 1) 0.812 (−0.077 to 1) 0.010
Satisfaction
Excellent 454 (40.5) 249 (30.5) b0.001 595 (47.0) 273 (40.3) b0.001
Very good 395 (35.2) 290 (35.5) 442 (34.9) 228 (29.6)
Good 212 (18.9) 192 (23.5) 160 (12.6) 121 (17.8)
Fair 46 (4.1) 65 (8.0) 45 (3.6) 43 (6.3)
Poor 14 (1.2) 20 (2.5) 25 (2.0) 13 (1.9)
Success
Much better 1003 (89.5) 669 (82.0) b0.001 1136 (89.7) 584 (86.1) 0.131
A little better 86 (7.7) 102 (12.5) 81 (6.4) 60 (8.8)
About the same 19 (1.7) 20 (2.5) 29 (3.6) 16 (2.4)
A little worse 10 (0.9) 15 (1.8) 12 (1.5) 12 (1.8)
Much worse 3 (0.3) 10 (1.2) 8 (1.0) 6 (0.9)
Time from operation to
PROMs completion,
mean days (sd, range)

208.5 (28.2, 183 to 358) 209.0 (30.0, 183 to 363) 0.729 209.9 (30.3, 183 to 362) 208.7 (27.7, 183 to 343) 0.410

MoM, metal-on-metal; CoC, ceramic-on-ceramic; PROMs, patient reported outcome measures.
Statistical notes: two tailed independent t-test with assumed equal variance used for parametric data, two sample Wilcoxon rank-sum (Mann–Whitney) test for non parametric
data, Chi squared test for proportions.
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with a hard bearing (MoM or CoC) with a 36-mm head (Table 1).
PROMs questionnaires were completed at a mean of 7 months
following surgery (Table 2).

Cemented Hip Arthroplasty Baseline Characteristics

The majority of procedures were performed through a posterior
approach (57.9%, 1121) (Table 1). These patients were more likely to
have a lower ASA grade (P = 0.003), fewer comorbidities (P =
0.002), better pre-operative general health (P = 0.001) and less self
reported disability (0.002).

Pre-operative and post-operative scores were significantly higher in
hip arthroplasties performed through a posterior approach (OHS:
P b 0.001 and b0.001, EuroQol VAS: P = 0.003 and b0.001, EQ5D

index: P b 0.001 and b0.001); time from operation to post-operative
questionnaire completion was equivalent to arthroplasties performed
througha lateral approach(Table2). Levelsof satisfaction(P b 0.001)and
perceived success (P b 0.001) were higher with the posterior approach.

Cementless Hip Arthroplasty Baseline Characteristics

The majority of procedures were performed through a posterior
approach (65.1%, 1266) (Table1). Therewereno significantdifferences
in patient baseline characteristics across the two approach groups.

Post-operative scores were significantly higher in cementless hip
arthroplasties performed through a posterior approach (OHS: P =
0.004, EuroQol VAS: P = 0.015, EQ5D index: P = 0.010); time from
operation to post-operative questionnaire completion was equivalent

Table 3
Demographics for NJR Populations Studied, by Surgical Approach.

Cemented (Exeter V40/Contemporary Flanged 28 mm) Cementless (Corail/Pinnacle MoM/CoC 36 mm)

Posterior Lateral P Value Posterior Lateral P Value

Number (%) 9345 (50.4) 9208 (49.6) 11995 (63.0) 7033 (37.0)
Patient factors
Age, mean years (standard deviation [sd], range) 73.8 (8.1, 26.2 to 99.5) 73.9 (7.8, 26.7 to 97.0) 0.418 64.2 (10.2, 19.4 to 106.2) 65.1 (10.0, 17.9 to 95.5) b0.001
Females, n (%) 6277 (67.2) 5981 (65.0) 0.001 6033 (50.3) 3230 (45.9) 0.001
ASA grade
1 1037 (11.1) 1496 (16.3) b0.001 2615 (21.8) 1326 (18.8) b0.001
2 6754 (72.3) 6126 (66.5) 8128 (67.7) 4878 (69.3)
3+ 1554 (16.6) 1586 (17.2) 1260 (10.5) 833 (11.8)
BMI, mean kg/m2 (sd, range)a 28.2 (5.0, 16 to 63) 28.5 (5.3, 16 to 63) 0.025 28.9 (5.4, 16 to 62) 29.1 (5.3, 15 to 65) 0.116

Surgical factors
Chemical VTE prophylaxis
LMWH only 3910 (46.6) 4386 (52.7) b0.001 5986 (55.7) 3962 (62.6) b0.001
Aspirin only 1169 (13.9) 970 (11.7) 1960 (18.2) 294 (4.7)
Other 2900 (34.6) 2230 (26.8) 1284 (12.0) 1171 (18.5)
None 409 (4.9) 736 (8.8) 1513 (14.1) 899 (14.2)
Mechanical VTE prophylaxis
Compression stockings (CS) 1624 (17.4) 3132 (34.0) b0.001 2650 (24.7) 1765 (27.9) b0.001
CS/mechanical pump combination 2628 (28.1) 2865 (31.1) 3846 (35.8) 1917 (30.3)
Foot pump only 1973 (21.1) 383 (4.2) 1152 (10.7) 249 (3.9)
Mechanical calf pump only 1421 (15.2) 831 (9.0) 1406 (13.1) 1260 (19.9)
Other 534 (5.7) 762 (8.3) 119 (1.1) 18 (0.3)
None 1165 (12.5) 1235 (13.4) 1570 (14.6) 1117 (17.7)
Anaesthesia
Regional 4261 (45.6) 4031 (43.8) b0.001 5512 (45.9) 3740 (53.2) b0.001
General 1283 (13.7) 1275 (13.9) 2461 (20.5) 1098 (15.6)
Regional and general 2760 (29.5) 2698 (29.3) 2524 (21.0) 1225 (17.4)
Not recorded 1041 (11.1) 1204 (13.1) 1498 (12.6) 970 (13.4)
Lead surgeon grade
Consultant 6972 (74.6) 6650 (72.2) b0.001 10231 (85.2) 5563 (79.1) b0.001
Other 2373 (25.4) 2558 (27.8) 1772 (14.8) 1474 (21.0)
Position
Lateral 8275 (88.6) 6916 (75.1) b0.001 10584 (88.2) 5208 (74.0) b0.001
Supine 119 (1.3) 1409 (15.3) 159 (1.3) 1118 (15.9)
Not recorded 951 (10.2) 883 (9.6) 1260 (10.5) 711 (10.1)

MoM,metal-on-metal; CoC, ceramic-on-ceramic; ASA, American Society of Anaesthesiologists; BMI, bodymass index; VTE, venous thromboembolism; LMWH, lowmolecular weight
heparin.
Statistical notes: two tailed independent t-test with assumed equal variance used for parametric data, Chi squared test for proportions.

a BMI data available for 7570 cemented implants (40.8%) and 8609 cementless implants (45.2%).

Table 4
Change in Patient Reported Outcome Scores at 7 Months Following Primary Total Hip Arthroplasty Through Either a Posterior or a Lateral Approach (Simple and Multivariable
Analyses).

Simple Multivariable

Posterior Lateral P Value Posterior Lateral P Value

Change in Oxford hip score (99% confidence intervals)
Cemented 20.4 (19.6 to 21.2) 19.8 (18.9 to 20.6) 0.156 20.8 (20.0 to 21.5) 18.9 (18.0 to 19.7) b0.001
Cementless 21.2 (20.5 to 22.0) 20.7 (19.7 to 21.8) 0.336 21.7 (20.9 to 22.4) 20.2 (19.1 to 21.4) 0.008

Change in EQ5D index
Cemented 0.407 (0.380 to 0.434) 0.405 (0.374 to 0.436) 0.903 0.416 (0.397 to 0.434) 0.383 (0.361 to 0.404) 0.003
Cementless 0.418 (0.392 to 0.445) 0.398 (0.362 to 0.434) 0.231 0.431 (0.409 to 0.454) 0.384 (0.350 to 0.419) 0.003

Cemented: Stryker Exeter V40 stem with Flanged Contemporary internal diameter 28-mm cup
Cementless: DePuy Corail stem with Pinnacle shell and 36-mm metal-on-metal or ceramic-on-ceramic bearing
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to arthroplasties performed through a lateral approach (Table 2).
Levels of satisfaction (P b 0.001) were higher with the posterior
approach but there was no significant difference in perceived success
(P = 0.131).

The NJR-PROMs linked data subgroups were representative of the
entire unlinked NJR populations (18,553 cemented and 19,040
cementless procedures) (Table 3).

Surgical Factors

Themost commonly used chemical venous thromboembolic (VTE)
prophylaxis agent was lowmolecular weight heparin (LMWH, used in
49.0% to 71.3%). Patterns of chemical and mechanical venous
thromboembolic prophylaxis differed across the approaches for
both cemented (both P b 0.001) and cementless hip arthroplasties
(P b 0.001 and P = 0.003 respectively). The most common anaesthe-
sia regime was regional (46.4% to 50.3%, depending on study sub-
group). Type of anaesthesia and grade of lead surgeon were
equivalent. The majority of patients were in the lateral position
(73.5% to 86.6%), with procedures performed through a posterior
approach more likely to utilise this position (cemented and cement-
less P b 0.001) (Table 1). Other than approach, surgical factors did not
influence any of the multivariable models.

Oxford Hip Score Improvement

For both cemented and cementless procedures, univariable
analysis showed no differences in OHS improvement between the
posterior and the lateral approaches. However, after adjusting for
influential variables, when compared with the posterior approach
(cemented: 20.8, 99% CI 20.0 to 21.5, cementless: 21.7, 99% CI 20.9 to
22.4), the lateral approach was associated with a significantly lower
improvement in OHS (cemented: 18.9, 99% CI 18.0 to 19.7, P b 0.001,
cementless: 20.2, 99% CI 19.1 to 21.4, P = 0.008) (Table 4).

By fixing the pre-operative OHS to its mean value we have
demonstrated the effect other influential variables have on change in
OHS (Table 5). Males, those in good health with no disability and no
comorbidities, and those who have a hip arthroplasty through a
posterior approach have the greatest predicted improvement in OHS,
irrespective of implant type.

EQ5D Index Improvement

For both cemented and cementless procedures, univariable
analysis showed no differences in EQ5D index improvement between
the posterior and the lateral approaches. However, after adjusting for
influential variables, when compared with the posterior approach

Table 5
Predicted Change in Oxford Hip Score at 7 Months Following Primary THA Performed
Through a Posterior or Lateral Approach for Specific Patient Groups.

Oxford Hip Score Change (99% CIs)

Posterior Approach Lateral Approach

Good health
Male
Cemented 27.3 (24.7 to 29.9) 25.9 (23.2 to 28.5)
Cementless 26.9 (24.6 to 29.3) 26.0 (23.6 to 28.4)
Female
Cemented 25.6 (23.1 to 28.2) 24.2 (21.6 to 26.8)
Cementless 26.2 (23.9 to 28.5) 25.2 (22.9 to 27.6)

Intermediate health
Male
Cemented 23.8 (22.4 to 25.1) 22.3 (21.0 to 23.7)
Cementless 23.7 (22.4 to 24.9) 22.7 (21.4 to 24.1)
Female
Cemented 22.1 (21.0 to 23.2) 20.7 (19.5 to 21.9)
Cementless 22.9 (21.6 to 24.2) 22.0 (20.6 to 23.4)

Poor health
Male
Cemented 11.4 (7.9 to 14.9) 10.0 (6.5 to 13.5)
Cementless 10.2 (6.4 to 14.1) 9.3 (5.5 to 13.1)
Female
Cemented 9.8 (6.3 to 13.2) 8.3 (4.9 to 11.8)
Cementless 9.5 (5.6 to 13.3) 8.5 (4.6 to 12.4)

CI, confidence interval.
Cemented: Stryker Exeter V40 stem with Flanged Contemporary internal diameter 28-mm
cup.
Cementless: DePuy Corail stem with Pinnacle shell and 36-mm metal-on-metal or
ceramic-on-ceramic bearing.
Good health: self-reported excellent health, no disability, no circulatory problems,
Intermediate health: self-reported good health, no disability, no circulatory problems,
Poor health: self-reported poor health and disability, circulatory problems. Pre-op
Oxford hip score taken as the mean for the cohort.

Table 6
Patient Reported Complications and Revision Rates at One-Year Following Primary Total Hip Arthroplasty Through a Posterior or a Lateral Approach (Simple and Multivariable
Analyses).

Posterior Lateral Simple Analysis OR (99% CI, P Value) Multivariable OR (99% CI, P Value)

Bleeding complications
Cemented, % (n) 4.2 (47) 5.0 (49) 1.20 (0.67 to 2.14, 0.415) 1.20 (0.67 to 2.17, 0.424)
Cementless 6.4 (81) 6.8 (46) 1.06 (0.64 to 1.76, 0.766) 1.02 (0.60 to 1.75, 0.913)
Wound complications
Cemented 8.6 (96) 11.5 (94) 1.33 (0.88 to 2.01, 0.074) 1.02 (0.62 to 1.69, 0.916)
Cementless 9.6 (121) 13.6 (92) 1.41 (0.95 to 2.10, 0.026) 1.44 (0.97 to 2.17, 0.017)
Readmission
Cemented 7.7 (86) 8.8 (72) 1.15 (0.73 to 1.79, 0.434) 1.16 (0.73 to 1.85, 0.405)
Cementless 5.8 (73) 7.3 (49) 1.26 (0.76 to 2.10, 0.236) 1.16 (0.68 to 1.99, 0.463)
Reoperation
Cemented 2.6 (29) 2.5 (20) 0.98 (0.46 to 2.10, 0.948) 0.94 (0.44 to 2.02, 0.833)
Cementless 1.6 (20) 2.1 (14) 1.31 (0.53 to 3.25, 0.438) 1.26 (0.48 to 3.32, 0.546)
One-year all-cause revision rate
Cemented 0.3 (26) 0.2 (21) 0.82 (0.38 to 1.75, 0.497) 0.89 (0.37 to 2.12, 0.726)
Cementless 0.8 (101) 0.9 (61) 1.03 (0.68 to 1.57, 0.854) 0.82 (0.50 to 1.34, 0.295)
One-year revision rate for dislocation
Cemented 0.1 (12) 0.1 (6) 0.51 (0.14 to 1.84, 0.176) 0.51 (0.14 to 1.84, 0.176)
Cementless 0.2 (22) 0.2 (15) 1.16 (0.49 to 2.77, 0.644) 0.85 (0.30 to 2.41, 0.695)

OR, odds ratio; CI, confidence interval.
An odds ratio N1 indicates that the risk of a complication is greater in the lateral approach group if the confidence intervals do not cross 1.
Analyses are based on the NJR-PROMs linked dataset (1937 cemented and 1944 cementless procedures) for the self reported complications and the unlinked NJR database (18553
cemented and 19040 cementless procedures) for one-year revision. Patients revised for other reasons were excluded from the revision for dislocation analysis.
Cemented: Stryker Exeter V40 stem with Flanged Contemporary internal diameter 28-mm cup.
Cementless: DePuy Corail stem with Pinnacle shell and 36-mm metal-on-metal or ceramic-on-ceramic bearing.

6 S.S. Jameson et al. / The Journal of Arthroplasty xxx (2014) xxx–xxx

Please cite this article as: Jameson SS, et al, A Comparison of Surgical Approaches for Primary Hip Arthroplasty: A Cohort Study of Patient
Reported Outcome Measures (PROMs) and ..., J Arthroplasty (2014), http://dx.doi.org/10.1016/j.arth.2013.11.027

http://dx.doi.org/10.1016/j.arth.2013.11.027


(cemented: 0.416, 99% CI 0.397 to 0.434, cementless: 0.431, 99% CI
0.409 to 0.454), the lateral approach was associated with a
significantly lower improvement in EQ5D index (cemented: 0.383,
99% CI 0.361 to 0.404, P = 0.003, cementless: 0.384, 99% CI 0.350 to
0.419, P = 0.003) (Table 4).

Risk of Complications

There were no significant differences after multivariable testing
between surgical approaches with either a cemented or cementless
hip arthroplasty in terms of bleeding, wound complications, read-
mission, reoperation or one-year revision risk (Table 6).

Discussion

This large cohort study using NJR-PROMs linked data provides
evidence that the posterior approach may offer a functional benefit to
patients compared with the lateral, whilst appearing not to confer an
additional risk of dislocation or requirement for revision during the
first post-operative year. These findings were similar for both
cemented and cementless implants and are clinically important as
they identify a modifiable surgical parameter that may result in
improved patient outcome.

Whilst these data are the largest to date reporting functional
outcome following different surgical approaches, we accept that there
are limitations. The study design is observational and thus vulnerable
to omitted variables, which may have confounded our findings.
Published dislocation rates are between 1% and 3% [15]. True first-
time dislocation rates (without subsequent revision) were unavail-
able in this analysis; revision rates (all cause and revision for
dislocation) at one-year were therefore used as a surrogate endpoint.
Around half of all first-time dislocations ultimately require revision
[16], and the majority occur within the first few months following
surgery [15]; revision for recurrent early dislocation would be
captured within the one-year revision data. Moreover, patient
reported complications associated with a dislocation, such as read-
mission and reoperation, were reported in our current study. Patients
are likely to report complications associated with the operated hip,
irrespective of whether they underwent closed reduction in the
emergency department or open reduction in theatre. Differences in
dislocation risk for the two approach groups may therefore be
apparent from these outcome measures, although we accept the
limitations with this methodology.

Radiographic findings are currently unavailable within the NJR
dataset. Cup positioning and femoral anteversion may influence risk
of dislocation and subsequent revision. However, both approaches
afford good exposure to the acetabulum so poorly positioned implants
are unlikely to influence the results of one approach more than the
other. In addition, previous studies have found no radiographic
predictors of patient reported pain, function or satisfaction at 1–
3 years following THA [17].

Despite these limitations, similarities between the unadjusted and
adjusted models and robustness under different model fitting
assumptions support the stability of estimates. Additionally, similar
results were produced when BMI data were removed from the
analyses to increase numbers available within statistical models,
suggesting our findings are robust.

In this study the implants analysedwere limited to the commonest
component specification of the most popular brands in England and
Wales. This ensured control over certain variables, such as bearings
and head size, which may influence risk of dislocation, revision and
functional outcome.

Although a statistically significant benefit of the posterior
approach was found, this difference may not be clinically important.
The Oxford score design group has previously described theminimum
clinically important difference to be between 2 and 5 points [9,14].

The difference found in this study was only 1.9 in the cemented
analysis. Nevertheless, it would seem prudent to explore all avenues
of benefit to optimize patient outcome, especially in the immediate
post-operative phase. Although these are early outcome data,
previous analyses have shown the functional benefits of the posterior
approach may persist for up to three years [8]. Comparison of OHS
improvement following primary THA is now possible between
surgical units in England (DoH Hospital Episode Statistics (HES)
online website) [18], and the data presented here may prompt
practicing surgeons to reconsider their choice of surgical approach in
order to improve their patient scores. Whilst this should not be
discouraged, it is important to appreciate that the benefits are small,
and complications may be higher in the learning curve period
associated with perfecting a surgical approach.

Other published studies demonstrate mixed findings when
surgical approaches to the hip are compared. A single unit analysis
of PROMs data in 911 patients demonstrated a functional benefit of
the posterior approach at 1–3 years following THA [8], whilst a multi-
centre study of 1035 patients found there were no differences in
change in OHS and in dislocation or revision rates between surgical
approaches at 5 years [9]. Both of these analyses are limited by the
heterogeneity of implants used.

In summary, greater improvements in outcome scores were found
when a posterior approach was employed, after adjusting for patient
and surgical factors. A larger effect was found with the cemented
implant. Although these differences are small and may not be
clinically important, the posterior approach offered significantly
better early functional outcome scores to patients without an
increased risk of revision or other complications.
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Appendix

Univariable analysis to identify variables potentially influencing each outcome was based on statistical rejection criteria of P N 0.10. The
reliability of the multivariable statistical models was explored in a number of ways: covariates found not to be statistically significant were
excluded from the model, based on statistical entry (P b 0.05) criteria; the same covariates were fitted forward and reverse stepwise manually
to ensure findings were not qualitatively affected in the final model, with any inconsistency reported; the final models were re-evaluated as a
directly entered model (non-stepwise), and were assessed by exploring 2-way interactions between covariates.

The purpose of the analysis was hypothesis generating rather than hypothesis testing, consequently the choice of level of statistical
significance is somewhat arbitrary.

Tests for interaction (multiplicative) between covariates were not statistically significant. Forward and reverse stepwise model construction
and varying significance thresholds led to the same final models. BMI data were available for 1501 cemented implants (77.5%) and 1104
cementless implants (56.8%); therefore final OHS and EQ5D index change models analysed fewer procedures than available in the entire cohort.
Despite this, testing with BMI excluded from the model did not qualitatively affect the change scores or significance levels. Variables included in
the change score models, and their significance levels within the final models, are shown in Appendix Table 2.

Appendix Table 1
Summary of the Demographic and Surgical Variables Available for Analysis.

Source Description

Patient factors
Age (years) NJR/PROMs
Gender NJR/PROMs
American Society of Anaesthesiology (ASA) grade NJR Grades 1 to 4
Body mass index (BMI) (kg/m2) NJR Only BMI within 15 kg/m2 to 60 kg/m2 included
Comorbidities PROMs Recorded by patients as part of the pre-operative PROMs questionnaire. Nine

co-morbidities: i) ischaemic heart disease, ii) respiratory disease, iii)
diabetes, iv) hypertension, v) kidney disease, vi) liver disease, vii)
circulatory problems, viii) cancer, ix) depression

Pre-operative general health PROMs Indicates the patient’s perception of their own general health with five options: i)
excellent, ii) very good, iii) good, iv) fair, v) poor

Pre-operative disability PROMs Indicates whether the patient considers themselves to have a disability
Pre-operative Oxford Hip Score (OHS) PROMs Derived from adding the points (0 to 4) together from the response to hip

symptom-specific questions on a scale of 0 to 48 (0 worst, 48 best)
Pre-operative EQ5D Visual Analogue Score PROMs Indicates how well the patient feels on the day of completing the

questionnaire on a scale of 0–100 (0 worst, 100 best)
Pre-operative EQ5D index PROMs Single summary score derived from EQ5D profile (based on response to 5 questions)

by applying a formula with appropriate operation specific weightings
Surgical factors
Lead surgeon grade NJR Consultant or other
Approach NJR Posterior or direct lateral
Patient position NJR Lateral or supine
Anaesthesia NJR i) Regional only, ii) general only, iii) general and regional
Chemical venous thromboembolism prophylaxis NJR Intended prophylaxis as recorded at time of operation: i) aspirin only, ii)

LMWH only, iii) other, iv) none
Mechanical venous thromboembolism prophylaxis NJR Intended prophylaxis as recorded at time of operation: i) Compression stockings

(CS) only, ii) combination CS/mechanical pump, iii) foot pump only, iv)
intermittent calf pump only, v) other, and vi) none

Time from operation to post-operative PROMs completion PROMs Calculated from the date of operation as recorded on the NJR database to the
date of post-operative PROMs as recorded on the questionnaire

NJR, National Joint Registry; PROMs, patient reported outcome measures; LMWH, low molecular weight heparin.

Appendix Table 2
Variables Included in the Change Score Multivariable Linear Regression Models.

Oxford Hip Score Change EQ5D Index Change

Cemented Model Cementless Model Cemented Model Cementless Model

Approach b0.001 0.008 0.003 0.003
Preoperative Oxford hip score b0.001 b0.001 0.002 –

Preoperative EQ5D index – – b0.001 b0.001
Preoperative general health b0.001 b0.001 b0.001 b0.001
Preoperative disability 0.003 0.001 b0.001 b0.001
Circulatory problems b0.001 b0.001 b0.001 0.002
History of depression – 0.001 b0.001 b0.001
BMIa b0.001 0.040 – 0.001
Gender b0.001 – –

Goodness of fit of model (adjusted R2) 36% 41% 58% 60%

BMI, body mass index.
Cemented: Stryker Exeter V40 stem with Flanged Contemporary internal diameter 28-mm cup.
Cementless: DePuy Corail stem with Pinnacle shell and 36-mm metal-on-metal or ceramic-on-ceramic bearing.

a BMI data available for 1501 cemented implants (77.5%) and 1104 cementless implants (56.8%) therefore final change models analyse fewer procedures than entire cohort.
Despite this, testing with BMI excluded from the model did not qualitatively affect the change scores or significance levels.
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Background and purpose — The optimal hip replacement for 
young patients remains unknown. We compared patient-reported 
outcome measures (PROMs), revision risk, and implant costs over 
a range of hip replacements.

Methods — We included hip replacements for osteoarthritis in 
patients under 60 years of age performed between 2003 and 2010 
using the commonest brand of cemented, cementless, hybrid, or 
resurfacing prosthesis (11,622 women and 13,087 men). The ref-
erence implant comprised a cemented stem with a conventional 
polyethylene cemented cup and a standard-sized head (28- or 
32-mm). Differences in implant survival were assessed using 
competing-risks models, adjusted for known prognostic influ-
ences. Analysis of covariance was used to assess improvement in 
PROMs (Oxford hip score (OHS) and EQ5D index) in 2014 linked 
procedures.

Results — In males, PROMs and implant survival were similar 
across all types of implants. In females, revision was statistically 
significantly higher in hard-bearing and/or small-stem cementless 
implants (hazard ratio (HR) = 4) and resurfacings (small head 
sizes (< 48 mm): HR = 6; large head sizes (  48 mm): HR = 5) 
when compared to the reference cemented implant. In component 
combinations with equivalent survival, women reported signifi-
cantly greater improvements in OHS with hybrid implants (22, 
p = 0.006) and cementless implants (21, p = 0.03) (reference, 18), 
but similar EQ5D index. For men and women, National Health 
Service (NHS) costs were lowest with the reference implant and 
highest with a hard-bearing cementless replacement.

Interpretation — In young women, hybrids offer a balance of 
good early functional improvement and low revision risk. Fully 
cementless and resurfacing components are more costly and do 
not provide any additional benefit for younger patients. 

!

Implants in young patients must perform to a higher level 
while lasting longer. Literature from the 1980s described 
high rates of early loosening and implant failure following 
cemented hip replacement in younger patients (Chandler et al. 
1981, Dorr et al. 1983, Collis 1984, Ranawat et al. 1984, Sharp 
and Porter 1985). These problems drove the development of 
cementless implants; larger, more anatomical head sizes; and 
hard bearings (Lord et al. 1979, Sedel et al. 1990, Cuckler 
et al. 2004, Delaunay et al. 2008). It was hoped that these 
advances would reduce rates of aseptic revision by address-
ing the main causes of failure (polyethylene (PE) debris and 
polymethylmethacrylate-bone interface loosening) and reduce 
early dislocation rates. Resurfacing devices were also intro-
duced to provide an anatomical solution, providing a lower 
risk of dislocation, a perceived greater function, and “easier” 
revision if required (Spencer 2011). Implant failures remain, 
however, but the mode of failure has changed: high disloca-
tion rates with ceramic-on-ceramic (CoC) bearings and metal 
wear-related failures with large-head metal-on-metal (MoM) 
bearings (Sexton et al. 2009, Haddad et al. 2011, Smith et al. 
2012b). 

Findings from worldwide registry data show that cemented 
implants outperform all others, in terms of implant survival 
(Finnish National Arthoplasty Registry 2006, New Zealand 
National Joint Registry 2008, Norwegian Arthroplasty Reg-
istry 2008, Australian National Joint Registry 2010, Swedish 
Hip Registry 2010, England and Wales National Joint Registry 
2012). Following their analysis of the literature, Sedrakyan et 
al. (2011) found that there were no benefits of using hard bear-
ings instead of PE bearings. 

Of the primary hip replacements performed in 2011 in 
England and Wales with patient data available, 20% (13,871 
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We conducted a cohort study using prospectively collected 
patient-level NJR and PROMs data to compare implant sur-
vival and patient-reported outcomes in different primary hip 
replacements. Material costs were analyzed using National 
Health Service (NHS) procurement data. 

Data
We chose the single most commonly used brand of each type 
of hip replacement performed in England and Wales for the 
analysis, in order to control for brand heterogeneity within 
groups: (1) cemented (taper slip design), Exeter V40 stem/
Contemporary cup (Stryker Orthopaedics, Mahwah, NJ) 
(23% of cemented implants); (2) cementless, Corail stem/
Pinnacle cup (DePuy Ltd., Leeds UK) (31% of cementless); 
(3) hybrid, Exeter V40 stem/Trident cup (Stryker Orthopae-
dics) (33% of hybrids); and (4) resurfacing, Birmingham Hip 
Resurfacing (BHR) (Smith and Nephew, Memphis, TN) (55% 
of resurfacings) (England and Wales National Joint Registry 
2012). These implants have been separately stratified into 2 
groups based on revision risk of component options (Jameson 
et al. 2012a, b, 2013b, c). The “best”-performing component 
sets were: cemented Exeter with the Contemporary flanged 
cup and a 28-mm or 32-mm femoral head (metal or ceramic); 
hybrid Exeter with solid shell Trident cup and either a CoC 

bearing or a highly crosslinked PE liner (with either a metal 
head or a ceramic head); cementless Corail stem (size 11 or 
greater) with a Pinnacle cup and a PE liner (metal or ceramic 
head); and BHR using components with a head size of 48 mm 
or greater. All the remaining options had statistically signifi-
cantly higher revision risk and were separately grouped as 
“others”: cemented Exeter with the Contemporary hooded cup 
and/or a head size less than 28 mm; hybrid Exeter with Trident 
multi-hole shell and/or a conventional PE liner; cementless 
small-stem Corail (less than size 11) and/or a Pinnacle cup 
with any hard-bearing liner; and BHR using head sizes of less 
than 48 mm (Figure).

The NJR has collected patient, implant, and surgeon data 
on all hip replacements performed in the public and private 
health systems in England and Wales since 2003. Submission 
of private health system data was mandatory from 2003, but 
public health providers were not obliged to submit data during 
the period of study. Despite this, compliance (the number of 
procedures recorded by the NJR compared with the number 
recorded by the NHS) rose from 60% in 2003 to 100% in 2010 
(England and Wales National Joint Registry 2012). 

In this study, all primary hip replacements were included 
if performed using the specified implants on patients under 
60 years of age and submitted to the NJR between April 1, 

Flow chart describing inclusion criteria.

of 68,331; 7,249 women and 6,622 men) 
were implanted in patients under 60 years 
of age. The majority of these replace-
ments used cementless fixation (either 
fully cementless (60%, 8,372 of 13,871) 
or hybrid (15%, 2,064)), or used a resur-
facing device (8.4%, 1,159). The evidence 
for this practice therefore remains elusive. 
It may be that some combinations improve 
implant survival or function, but the subtle-
ties of brand differences may be lost when 
implants are analyzed within groups, as in 
joint registry analyses.

Implant survival data and patient func-
tional outcome can now be assessed by 
using linked data from the Patient-Reported 
Outcomes Measures (PROMs) project and 
the National Joint Registry (NJR) in Eng-
land and Wales. Hypothesizing that no 
implants offer superior functional outcome 
and survival, we compared different types 
of replacements to identify optimal combi-
nations for young patients, employing the 
most commonly used standard cemented 
hip replacement as the reference case.

Methods
Design

NJR data for 
survival analysis

Primary hip replacement with complete patient data
submitted to the National Joint Registry (NJR) database,
performed between April 2003 and 31st December 2010

n = 384,313

Primary hip replacement with pre- 
and post-operative patient reported 

outcome measures (PROMs)
n = 85,215

No linkage possible
n = 28,417

Exclusions:
Patients aged 60 or more

Invalid PROMs data a

Exclusions:
Patients aged 60 or more

Other brands
Rarely used components (<200)

NJR–PROMs linked records
n = 56,798

NJR–PROMs
linked recordsCemented Exeter V40 stem and Contemporary cup

Best = 28/32 mm head with flanged cup

Other = <28 mm head and/or hooded cup

Hybrid Exeter V40 stem and Trident cup

Best = CoC/XLPE liner with solid shell

Other = cPE liner and/or multi-hole shell

Cementless Corail stem and Pinnacle cup

Best = stem size 11+ with any PE liner

Other = CoC/MoM and/or stem size <11

Birmingham Hip Resurfacing

Best = head sizes ≥48 mm

Other = head sizes <48 mm

Performed for osteoarthritis,
valid implant and patient data

n = 111

n = 52

n = 118

n = 213

n = 159

n = 1,117

n = 187

n = 57

n = 885

n = 667

n = 1,140

n = 2,098

n = 920

n = 8,597

n = 6,679

n = 3,723
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2003 and December 31, 2010. There were a number of other 
exclusion criteria: all procedures with an indication other than 
OA (which represents only 7% of procedures (England and 
Wales National Joint Registry 2012); procedures with missing 
implant or patient data; and rarely used implant options. From 
data described in the original studies, between 4.0% and 14% 
of correctly specified procedures on patients with OA were 
excluded due to rarely used implant components or missing 
component data fields. 

The national PROMs project was introduced in 2008 and 
uses validated measures of hip-specific function (Oxford hip 
score (OHS)) (Dawson et al. 1996) and general health status 
(EuroQol (EQ-5D-3L)) (group E 2009), collected preop-
eratively and around 6 months postoperatively (public health 
system patients only). By linking databases at the patient 
level, PROMs data can be combined with the corresponding 
demographic and operative details held in the NJR. To carry 
out linkage, we used a number of criteria: firstly, to ensure 
correct matching, 2 unique identifiers (NJR and procedure 
numbers) recorded in both datasets were used; secondly, the 
operation date recorded by the patient in the PROMs data 
had to be within ± 30 days of the operation date recorded in 
the NJR record, to ensure the patient was scoring the same 
procedure. Procedures with PROMs data that were missing, 
undated, dated more than 12 months prior to or following 
the operation, or non-identical duplicates were excluded; for 
identical duplicates, the first record was retained for analysis. 
Where the presence of a comorbidity was sought in the ques-
tionnaire but left blank by the patient, it was assumed to be 
absent. The study population is summarized in the Figure. The 
demographic, surgical, and implant-related variables available 
for analysis are listed in Table 1 (Supplementary data). 

For this analysis, the patient-reported outcomes of interest 
were improvements between the preoperative and postop-
erative scores (the “change scores”). Change scores, being 
approximately normally distributed, are analytically prefer-
able to postoperative scores (Browne et al. 2007). The OHS 

(score 0–48) has been shown to be a reliable, valid, and 
responsive outcome measure (Murray et al. 2007). A clini-
cally relevant improvement in OHS is considered to be greater 
than 3 (Murray et al. 2007). The EQ-5D-3L index (where 0 
is death, 1 is perfect health, and < 1 is “worse than death”) is 
a measure of health status that is used widely in clinical and 
economic evaluations. Patients are asked about comorbidities, 
general health, and self-reported disability as part of the pre-
operative PROMs questionnaire. These can be used to adjust 
for differences in health status between patient groups. 

In the PROMs after surgery, patients are also requested to 
indicate their satisfaction with the outcome (excellent, very 
good, good, fair, or poor), and whether they deem surgery 
to have been a success (much better, a little better, about the 
same, a little worse, or much worse). While unadjusted values 
of success and satisfaction have been provided for information 
in this study, we made no attempt to adjust for baseline dif-
ferences in these measures, as previous analyses have shown 
that the variables available in the NJR and PROMs databases 
are insufficient to explain any differences (i.e. the influence 
of unmeasured variables has a greater effect than the effect of 
the measured variables) (Browne et al. 2007, Hamilton et al. 
2013).

24,709 procedures were available for analysis in the NJR 
dataset, comprising the most commonly used brands of 
cemented (1,552, 6.3%), hybrid (3,238, 13%), cementless 
(9,517, 39%), and resurfacing (10,402, 42%) replacements 
(Figure). Due to relatively poor compliance and fewer hip 
replacements performed in the early years of the registry, mean 
follow-up time was 2.7 years (median 2.4) despite the fact that 
the range was 0–8 years. Numbers of patients with 6-year sur-
vival data were: 153 best cemented, 212 other cemented, 212 
best hybrid, 244 other hybrid, 107 best cementless, 381 other 
cementless, 1,573 best resurfacing, and 2,223 other resurfac-
ing. Resurfacing procedures were more likely to have been 
performed in younger, fitter patients (Table 2). The majority of 
smaller (< 48-mm head size) resurfacing procedures (“other”) 

Table 2. Patient demographics for the National Joint Registry population studied, by implant group

 Cemented Hybrid Cementless Resurfacing 
 Best Others Best Others Best Others Best Others p-value a

Number (%) 885 (4) 667 (3) 1,140 (5) 2,098 (9) 920 (4) 8,597 (35) 6,679 (27) 3,723 (15) 
Age, median (range) 56 (23–60) 57 (26–60) 54 (18–60) 55 (20–60) 57 (27–60) 54 (16–60) 52 (19–60) 52 (19–60) < 0.001
Females, n (%) 548 (62) 412 (62) 642 (56) 1,340 (64) 454 (49) 4,880 (57) 432 (7) 2,914 (78) < 0.001
ASA, n (%) b         
 1 263 (30) 193 (29) 430 (38)    677 (32) 252 (27) 2,815 (33) 3,750 (56) 1,969 (53) < 0.001
 2 543 (61) 421 (63) 664 (58) 1,246 (59) 603 (66) 5,233 (61) 2,748 (41) 1,677 (45) 
 3+   79 (9)   53 (8)   46 (4)    175 (8)   65 (7)    549 (6)    181 (3)      77 (2) 
BMI, mean (SD) 30 (6) 30 (5) 30 (5) 30 (6) 30 (5) 30 (5) 29 (4) 28 (5) < 0.001 
 (range) c (18–59) (16–50) (18–56) (16–54) (17–52) (16–65) (16–51) (16–63) 

a Differences between groups. Statistical notes: 1-way analysis of variance (ANOVA) was used for normally distributed data, Kruskal-Wallis test 
for non-normally distributed data, and chi-squared test for proportions;
b ASA: American Society of Anaesthesiologists; 
c BMI: body mass index, kg/m2 (data based on 9,544 procedures (39%)).
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were performed in women (78%). Across the total hip replace-
ment groups, patient variables were clinically very similar, 
although the “best” hybrid procedures were more likely to be 
performed in younger, fitter patients. The entire NJR popula-
tion demographics profile was qualitatively similar to that of 
the smaller NJR-PROMs linked population (Tables 2 and 3). 

Statistics
Implants were analyzed based on previously stratified revi-
sion risk; thus, we compared 8 groups (the optimal implant 
options were defined as “best”, while the remaining options 
were grouped as “other” for each of the 4 types of replace-
ment) (Figure). Differences in baseline characteristics across 
the groups would be a source of confounding in any compara-
tive analysis. Therefore, to test the hypothesis that there were 
no differences between groups, we employed the following 
tests: 1-way analysis of variance (ANOVA, normally distrib-
uted continuous data variables), the Kruskal-Wallis test (non-
normally distributed continuous data variables), and the chi-
squared test (categorical data variables). 

Bivariable analysis was performed initially to identify vari-
ables potentially influencing each outcome, based on statis-
tical rejection criteria of p > 0.1; these variables were then 
included in the multivariable models. 

We used competing-risks regression models (CRR) to test 
adjusted differences in survival across the implant groups, 
where patient death prior to either revision or censoring was 
the competing risk. In contrast to Cox proportional hazards 
(CPH) models, death is treated as a permanent condition that 
prevents future revision from occurring (and so is a compet-
ing event to revision) rather than merely a censoring event. 
CPH analysis tends to overestimate the risk of revision, which 
progressively worsens over time, particularly when the risk of 
death is higher than the risk of revision (for example, in elderly 
patients). Although it could be argued that a young population 
is not particularly susceptible to this inaccuracy at medium-

term follow-up, we felt this approach was the most suitable. 
We used the ‘stcrreg’ command in STATA to implement the 
competing-risks regression based on the proportional sub-haz-
ards model of Fine and Gray (1999). CRR is semi-parametric 
in that the baseline sub-hazard of the event of interest is left 
unspecified, and the effects of covariates are assumed to be 
proportional. Although it is possible to allow the same covari-
ate to have a different effect on the main risk and the compet-
ing risk, we felt that this was unnecessary given that the risk 
of death and revision was unlikely to vary greatly across the 
age range analyzed. Survival times for patients who had not 
undergone revision or had not died were censored at the study 
census date (December 31, 2010). 

We used analysis of covariance (ANCOVA) for testing of 
differences in OHS and EQ5D index change scores. Time 
from implantation to questionnaire completion was included 
in models to evaluate whether differences in duration of fol-
low-up influenced findings. Preoperative scores were included 
within all models, as recommended by the designers of the 
OHS (Murray et al. 2007). 

The reliability of the multivariable statistical models was 
explored in a number of ways: covariates found not to be sta-
tistically significant were excluded from the model, based on 
statistical entry criteria (p < 0.1); the same covariates were 
fitted forward and reverse stepwise manually to ensure that 
findings were not qualitatively affected in the final model, 
with any inconsistency reported. We then re-evaluated the 
final models as a directly entered model (non-stepwise), 
assessed by exploring 2-way interactions between covari-
ates and, for the survival analysis, assessed for the assump-
tion of constant proportionality over time. Clustering of data 
may have an adverse effect on the results of one particular 
group, especially in registry studies where comparison groups 
are relatively small. For example, if a poorly performing hos-
pital or surgeon contributes disproportionally to one group, 
the results of that group may be incorrectly poor. We did not 

Table 3. Patient demographics for the National Joint Registry-PROMs a linked population studied, by implant group

 Cemented Hybrid Cementless Resurfacing 
 Best Others Best Others Best Others Best Others p-value b

Number (%) 111 (6) 52 (3) 118 (6) 213 (11) 159 (8) 1,117 (56) 187 (9) 57 (3) 
Age, median (range) 56 (37–60) 57 (48–60) 54 (30–60) 56 (28–60) 57 (39–60) 54 (25–60) 52 (32–60) 54 (35–60) < 0.001
Females, n (%) 70 (63) 37 (72) 73 (62) 147 (69) 82 (52) 671 (60) 8 (4) 41 (72) < 0.001
ASA c         
 1 34 (31) 11 (21) 44 (37)   75 (35)   40 (25) 377 (34)   84 (45) 24 (42) < 0.001
 2 63 (57) 33 (64) 67 (57) 123 (58) 109 (69) 687 (62) 101 (54) 31 (54) 
 3+ 14 (13)   8 (15)   7 (6)   15 (7)   10 (6)   53 (5)     2 (1)   2 (4) 
BMI, mean (SD) 29 (6) 30 (6) 30 (5)   30 (6)   31 (5)   30 (6)   29 (4) 29 (6)
 (range) d  (19–59) (19–49) (20–47)   (18–50)   (17–46)   (18–65)   (18–45) (19–43) 0.7

a PROMs: patient-reported outcome measures; 
b Statistical notes: 1-way ANOVA was used for normally distributed data, Kruskal-Wallis test for non-normally distributed data, and chi-squared 
  test for proportions;
c ASA: American Society of Anaesthesiologists; 
d BMI: body mass index, kg/m2 (data based on 1,293 procedures (64%)).
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adjust for clustering. However, previous registry analyses have 
found little difference in results when attempting this adjust-
ment (Smith et al. 2012b).

The results of survival analysis are presented as hazard ratios 
(HRs). Statistical models for the change scores were evaluated 
with the margins function in STATA in order to provide pre-
dicted values separately for each of the implant groups. The 
p-values refer to statistical tests of the differences between 
the reference implant (cemented Exeter with a Contemporary 
flanged PE cup and 28- or 32-mm metal or ceramic head) and 
the 7 others. Significance was assumed at p < 0.05. Estimates 
are reported with 95% confidence intervals (CIs). All models 
were fitted using STATA software version 12. For the purpose 
of identification, parameter estimates with probabilities < 5% 
were considered significant, with further consideration of the 
clinical importance of magnitude of estimates.

Costs for specific implant combinations were provided by 
NHS Wales (all 7 units within Wales) and an NHS supply 
chain (buyers on behalf of 30 units within the English NHS). 
The highest and lowest prices paid for implants during 2012 
were analyzed and a modal cost was provided for each of the 
implant components. These costs represent actual prices paid, 
after discounts but excluding value-added tax (VAT) at 20% 
and the NJR levy fee (£20, which is included in the cost of 
each implant). Costs presented also include acetabular screws 
(for cementless cup fixation) when used, the commonest 

cement used for each implant type, femoral cement restrictors, 
and all the equipment required to mix and perform pressurized 
cementation. For the purposes of this analysis, we assumed 
that theater use and length of stay were similar for all types of 
replacement; thus, differences between implant combination 
costs approximate to differences in NHS costs. £1 is equiva-
lent to 1.22 and to $1.70 (correct as of May 7, 2014).

Explicit patient consent was taken for both the NJR and 
PROMs data collection. Further ethics approval is not required 
for registry studies in the UK.

Results
Patient-reported outcomes were available for 2014 procedures 
(8.2%), comprising cemented (163, 11% of NJR data), hybrid 
(331, 10%), cementless (1,276, 13%), and resurfacing (244, 
2.3%) replacements (Table 4). Preoperative OHS and EQ5D 
indices were similar across implant groups, except the large-
head resurfacing group (“best”) where patients had a 3.3 to 
6.0 times higher preoperative OHS. Postoperative OHS values 
were generally lower in the cemented group, but postoperative 
EQ5D indices were similar in all groups. There were no statis-
tically significant differences between groups regarding those 
who reported their satisfaction with the procedure and those 
who reported that the operation had been successful (Table 4). 

Table 4. Patient-reported outcomes for populations studied, by implant group

 Cemented Hybrid Cementless Resurfacing 
 Best Others Best Others Best Others Best Others p-value a

Number (%) 111 (6) 52 (3) 118 (6) 213 (11) 159 (8) 1,117 (56) 187 (9) 57 (3) 
Oxford hip scores         
 Preoperative
     mean (SD) 19 (9) 16 (7) 19 (8) 18 (8) 17 (7) 18 (8) 22 (8) 19 (8) 0.02
      range   3–40   3–33   4–37   1–36   2–39   2–46   4–43   4–37 0.02
 Postoperative, 
     median (range) 41 (0–48) 40 (4–48) 43 (8–48) 43 (7–48) 42 (4–48) 43 (2–48) 46 (2–48) 43 (5–48) < 0.001
EQ5D index         
 Preoperative, 
    mean (SD)   0.40 (0.30)  0.28 (0.32)  0.41 (0.32)  0.35 (0.33)  0.32 (0.31)  0.35 (0.32)  0.47 (0.31)  0.38 (0.34)  0.3
      range -0.24–0.85 -0.18–0.80 -0.24–0.80 -0.59–0.81 -0.35–0.73 -0.25–1 -0.24–1 -0.24–0.81
 Postoperative, 
    median  0.81  0.73  0.81   0.82  0.80  0.82  1.00  0.81 < 0.001
      range -0.59–1 -0.02–1 -0.24–1 -0.35–1 -0.07–1 -0.24–1 -0.35–1 -0.24–1 < 0.001
Satisfaction (n, %)         
 Good to excellent   99 (89) 44 (85) 110 (93) 198 (93) 150 (94) 1,033 (93) 170 (91) 50 (88) 0.3
 Poor/fair   12 (11)   8 (15)     8 (7)   15 (7)     9 (6)      84 (8)   17 (9)   7 (12) 
Success (n, %)         
 Better 105 (95) 47 (90) 113 (96) 207 (98) 155 (98) 1,072 (96) 181 (97) 53 (93) 0.3
 About the same 
    or worse     6 (5)   5 (10)     5 (4)     6 (3)     4 (3)      45 (4)     6 (3)   4 (7) 
Time from op. to 
 PROMs complete, 
 mean days (SD) 213 (32) 219 (37) 211 (26) 210 (28) 210 (30) 210 (28) 272 (45) 269 (49) < 0.001
    range 188–343 186–329 186–315 183–332 187–350 183– 361 186–360 186–353 

PROMs: patient-reported outcome measures.
a Statistical notes: 1-way ANOVA was used for normally distributed data, Kruskal-Wallis test for non-normally distributed data, and chi-squared 
test for proportions.
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In women, revision was higher in “other” (hard-bearing 
or small-stem) cementless implants (HR = 3.4, CI: 1.1–11) 
and resurfacings (“best”, large head: HR = 5.0, CI: 1.5–17; 
“other”, small head: HR = 6.7, CI: 2–30) when compared to 
the reference (cemented) group. The “best” hybrid group (solid 
shell with a CoC or metal/ceramic on highly crosslinked PE) 
had similar implant survival (HR = 1.4, CI: 0.3–6) (Table 5). 
Greater improvements in OHS were seen in the hybrid groups 
(“best”: 22, CI: 20–24; “other”, multi-hole shells or standard 
PE liner: 22, CI: 20–24) and the cementless groups (“best”, PE 
liners: 21, CI: 19–23; “other”: 22, CI: 22–23) when compared 

£3,551 (Table 11). Cost data were obtained from units across 
England and Wales.

Discussion
This large cohort study using medium-term stratified revision-
risk NJR-PROMs linked data comparing types of hip replace-
ment in patients below 60 years of age showed no advantage 
of resurfacing or cementless implants over standard cemented 
hip replacement in male patients. For women, functional 

Table 6. Patient-reported outcome change scores following hip replacement in female patients < 
60 years of age (simple and multivariable analyses)

 Simple Multivariable
 Value 95% CI p-value Value 95% CI p-value

Change in Oxford hip score (n = 1,129)     
 Best cemented (n = 70) 18.0 15.6–20.4  Ref. 18.2 16.1–20.3 Ref.
 Other cemented (n = 37) 22.2 18.8–25.5 0.051 21.7 18.8–24.6 0.052
 Best hybrid (n = 73) 21.2 18.8–23.6 0.06 22.3 20.2–24.3 0.006
 Other hybrid (n = 147) 22.2 20.5–23.9 0.006 21.9 20.4–23.3 0.005
 Best cementless (n = 82) 23.1 20.8–25.3 0.003 21.3 19.4–23.3 0.03
 Other cementless (n = 671) 22.1 21.3–22.9 0.002 22.2 21.6–22.9 < 0.001
 Best resurfacing (n = 8) 29.4 22.2–36.5 0.003 26.6 20.2–33.0 0.01
 Other resurfacing (n = 41) 22.0 18.8–25.2 0.05 21.0 18.1–24.0 0.1
Change in EQ5D index (n = 1,129)      
 Best cemented (n = 70) 0.367 0.280–0.453  Ref. 0.407 0.347–0.466  Ref.
 Other cemented (n = 37) 0.458 0.334–0.581 0.2 0.432 0.348–0.517 0.6
 Best hybrid (n = 73) 0.462 0.375–0.548 0.1 0.486 0.428–0.545 0.06
 Other hybrid (n = 147) 0.462 0.401–0.523 0.1 0.453 0.411–0.495 0.2
 Best cementless (n = 82) 0.453 0.372–0.535 0.2 0.430 0.372–0.487 0.6
 Other cementless (n = 671) 0.440 0.412–0.468 0.1 0.438 0.418–0.457 0.3
 Best resurfacing (n = 8) 0.623 0.377–0.870 0.054 0.517 0.338–0.696 0.2
 Other resurfacing (n = 41) 0.454 0.341–0.567 0.2 0.421 0.338–0.503 0.8

Table 5. Risk of revision following hip replacement in patients aged < 60 years of age (simple and 
multivariable analyses)

 Simple Multivariable
 HR 95% CI p-value HR 95% CI p-value

Females (n = 11,622)      
 Best cemented (n = 548) 1   1  
 Other cemented (n = 412) 3.06 0.81–11.5 0.1 3.12 0.83–11.8 0.1
 Best hybrid (n = 642) 1.42 0.34–5.94 0.6 1.39 0.33–5.78 0.7
 Other hybrid (n = 1,340) 2.87 0.85–9.65 0.1 2.78 0.83–9.35 0.1
 Best cementless (n = 454) 1.47 0.30–7.24 0.6 1.50 0.30–7.38 0.6
 Other cementless (n = 4,880) 3.45 1.10–10.9 0.03 3.35 1.06–10.6 0.04
 Best resurfacing (n = 432) 5.12 1.50–17.5 0.009 4.95 1.45–16.9 0.01
 Other resurfacing (n = 2,914) 6.57 2.09–20.6 0.001 6.36 2.02–30.0 0.002
Males (n = 13,087)      
 Best cemented (n = 337) 1   1  
 Other cemented (n = 255) 0.78 0.17–3.46 0.7 0.77 0.17–3.45 0.7
 Best hybrid (n = 498) 0.48 0.11–2.16 0.3 0.48 0.11–2.16 0.3
 Other hybrid (n = 758) 1.40 0.45–4.35 0.6 1.34 0.43–4.17 0.6
 Best cementless (n = 466) 0.62 0.14–2.79 0.5 0.62 0.14–2.78 0.5
 Other cementless (n = 3,717) 1.51 0.55–4.18 0.4 1.46 0.53–4.05 0.4
 Best resurfacing (n = 6,247) 1.01 0.37–2.76 1.0 1.02 0.37–2.78 1.0
 Other resurfacing (n = 809) 2.08 0.72–6.00 0.2 2.06 0.71–5.97 0.2
 

with the “best” cemented (18, CI: 
16–20). The “best” resurfacing 
procedures showed good results, 
but this was based on only 8 pro-
cedures (Table 6). EQ5D indices 
were similar in all groups.

In men, improvements in revi-
sion (Table 5) and PROMs were 
equivalent in all groups when 
compared to the reference (Table 
7). 

Tests for interaction (multipli-
cative) between covariates and 
for time-dependency were not 
statistically significant. Forward 
and reverse stepwise model con-
struction led to the same final 
models. Body mass index (BMI) 
was selected as a variable within 
the competing-risks survival 
model for men. However, this 
approach excluded 63% of data. 
BMI was therefore excluded and 
the model was constructed with 
age and ASA group. The output 
from these models (simple and 
multivariable with either BMI or 
age and ASA group included) is 
shown in Table 8 (Supplementary 
data). Variables included in the 
statistical models, and their sig-
nificance levels within the final 
models, are shown in Tables 9 
and 10 (Supplementary data).  

Implant cost data showed the 
standard cemented replacement 
in this analysis to be the cheapest 
(median and modal price: £928, 
with a range from £899 to £1,250). 
Resurfacing implants ranged 
from £1,662.01 to £2,472.34. A 
cementless 36-mm CoC implant 
cost the NHS between £2,064 and 
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outcome was better with hybrid and cementless implants. 
Although revision risk was similar to that of cemented for the 
best cementless and hybrid implants, the risk was 3.5 times 
higher with the commonly used hard-bearing cementless 
implants. Material costs, approximating to NHS costs, were 

lowest with a standard cemented hip replacement and high-
est with hard-bearing cementless implants. These findings are 
important for clinicians and healthcare providers to determine 
the most suitable and cost-effective hip implants for young 
patients with osteoarthritis. 

Table 7. Patient-reported outcome scores following hip replacement in male patients < 60 years of 
age (simple and multivariable analyses)

 Simple Multivariable
 Value 95% CI p-value Value 95% CI p-value

Change in Oxford hip score (n = 885)      
 Best cemented (n = 41) 18.4 15.4–21.4  Ref. 20.1 17.6–22.7 Ref.
 Other cemented (n = 15) 17.9 12.9–22.9 0.8 17.9 13.7–22.1 0.4
 Best hybrid (n = 45) 21.0 18.1–23.8 0.2 21.0 18.5–23.4 0.6
 Other hybrid (n = 66) 21.6 19.2–24.0 0.1 20.8 18.8–22.8 0.7
 Best cementless (n = 77) 20.4 18.2–22.6 0.3 19.8 17.9–21.6 0.8
 Other cementless (n = 446) 20.9 19.9–21.7 0.1 20.3 19.6–21.1 0.9
 Best resurfacing (n = 179) 19.7 18.3–21.2 0.5 20.8 19.5–22.1 0.6
 Other resurfacing (n = 16) 18.4 13.6–23.3 1.0 20.0 15.8–24.2 1.0
Change in EQ5D index (n = 885)      
 Best cemented (n = 41) 0.368 0.262–0.475  Ref. 0.392 0.318–0.467  Ref.
 Other cemented (n = 15) 0.397 0.219–0.574 0.8 0.336 0.212–0.459 0.4
 Best hybrid (n = 45) 0.255 0.157–0.354 0.1 0.325 0.255–0.394 0.2
 Other hybrid (n = 66) 0.419 0.340–0.498 0.5 0.413 0.357–0.469 0.7
 Best cementless (n = 77) 0.395 0.320–0.470 0.7 0.388 0.335–0.442 0.9
 Other cementless (n = 446) 0.410 0.379–0.441 0.5 0.396 0.374–0.417 0.9
 Best resurfacing (n = 179) 0.370 0.321–0.419 1.0 0.398 0.361–0.435 0.9
 Other resurfacing (n = 16) 0.307 0.142–0.472 0.5 0.357 0.238–0.476 0.6

Table 11. Cost of specific hip implants (NHS costs 2011/12). The figures are based on actual implant costs paid to manufacturers 
by NHS Wales (7 Trusts) and NHS supply chain (30 Trusts in England), excluding value-added tax (VAT, 20%) and NJR levy costs 
(£20). £1 is equivalent to 1.22 and to $1.70 (correct as of May 7, 2014)

   Costs (£)
  Modal  Low  High 

Best cemented   
 Exeter stem / 28-mm metallic head / flanged Contemporary cup a  928 899 1,250
 Exeter stem / 32-mm ceramic head / flanged Contemporary cup a 1,343 1,183 1,580
Other cemented   
 Exeter stem / 26-mm metallic head / hooded Contemporary cup a 928 899 1,250
Best hybrid   
 Exeter stem / 32-mm metallic head / highly crosslinked polyethylene liner / solid-back Trident shell a 1,465 1,440 2,092
 Exeter stem / 36-mm ceramic head / ceramic liner / solid-back Trident shell a 1,780 1,780 2,619
Other hybrid   
 Exeter stem / 28-mm metallic head / conventional polyethylene liner / multi-hole Trident shell a 1,405 1,405 2,040
Best cementless   
 Corail stem / 28-mm metallic head / conventional polyethylene liner / Pinnacle shell 1,587 1,587 2,722
Other cementless   
 Corail stem / 36-mm metallic head / metallic liner / Pinnacle shell 1,791 1,703 2,924
 Corail stem / 36-mm ceramic head / ceramic liner / Pinnacle shell 2,210 2,064 3,551
Best resurfacing   
 Birmingham Hip Resurfacing using head size  48 mm a 1,944 1,662 2,472
Other resurfacing   
 Birmingham Hip Resurfacing using head size < 48 mm a 1,944 1,662 2,472

a Including cement (cemented implants, 4 mixes of Heraeus Palacos R+G at £26.75 per mix; hybrid, 2 mixes of Palacos R+G; 
resurfacing, 1 mix of Stryker Antibiotic Simplex at £27.72), mixing set (Optivac £44.29, 2 sets for fully cemented), cement restrictor 
(Hardinge £22.00, not resurfacing). For multi-hole Trident shells, costs of 2 Stryker screws are included (£40 per screw). For Pinnacle 
shells, the cost of 2 screws for half of the implants is included (£54.05 per screw). 
Note: Exeter stems 44/5, 44/6, and all 50 offsets increase cost by £614.27 (< 5% Exeter stems) (Jameson et al. 2012).
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We have not found any previous analyses describing strati-
fied implant revision-risk data, patient-reported outcomes, and 
material costs for specific implants in young patients requir-
ing hip replacement. However, the findings may have some 
limitations. As with all database analyses, the study design was 
observational and therefore vulnerable to omitted variables, 
which may have confounded our findings. Potentially impor-
tant variables such as race, socioeconomic status, patient expe-
riences, and levels of perioperative pain were unavailable, yet 
they are known to influence certain patient outcomes such as 
satisfaction (Hamilton et al. 2013). In addition, important clini-
cal information such as radiological data was not available. 

A decision about a particular patient’s surgical treatment 
is based on patient-related, surgical, and unit factors, and is 
not randomly determined. Patients who receive cementless or 
resurfacing implants may be more aware of implant choice 
and they may be more highly educated. Although statistical 
adjustment can help, a large proportion of variation within 
the models remains unexplained. There is also the possibility 
of over-adjustment, which may influence the precision of the 
results. However, despite the inherent limitations of statistical 
adjustment in cohort studies, the variables we selected in the 
models appear logical. Some surgical factors such as volume, 
grade of surgeon, and approach have been included in analy-
ses, but analysis of the effects of data clustering (in terms of 
surgeon and unit) was not possible. 

As a result of limiting the study to specific brands and 
stratifying implant options, the numbers in some groups 
were low and there may have been bias. The PROMs feasi-
bility pilot indicated that the minimum numbers of PROMs 
required within each comparison group were in the order of 
150 for identification of meaningful differences (Browne et 
al. 2007). The analyses were possibly underpowered to detect 
differences between implants, and this might—in isolation—
explain the lack of significant findings in men. However, 
similar numbers gave clearly significant findings in women. 
Qualitatively, this is unlikely to have occurred by chance given 
the consistent interaction with gender, although this analysis 
could usefully be replicated in other future database analyses 
to correlate theses findings.

The NJR currently only covers medium-term survival; many 
procedures have short follow-up. Polyethylene wear-associ-
ated revision may occur in greater numbers beyond 10 years, 
and hard bearings may ultimately have greater longevity, but 
there is currently no evidence to support this. A systematic 
review of worldwide registry and cohort study data failed to 
show any benefit of other bearings over metal-on-PE (MoP) 
bearings (Sedrakyan et al. 2011). Furthermore, Australian 
joint registry data suggest that metal on highly crosslinked 
PE has the lowest 10-year revision risk (Australian National-
Joint Registry 2012) and dislocation rates are higher with CoC 
bearings (Sexton et al. 2009). In England and Wales, the use 
of MoM has declined dramatically over the last 5 years due to 
concerns about metal wear debris reactions (Medicines and 

Healthcare products Regulatory Agency 2011, England and 
Wales National Joint Registry 2012). 

The validity of NJR data has been questioned, with loss 
of data or under-reporting of revision numbers a possibility, 
although this should affect each group equally. The PROMs 
data are recorded at 6 months only. This may be too early for 
determination of the success of a joint replacement. However, 
the Oxford group has published data showing that PROMs 
improve to 12 months, with the greatest improvement in 
the first 3 months. No improvements were seen between 12 
months and 5 years, suggesting that the results of our short-
term study are a reliable indication of longer-term outcome 
(Andrew et al. 2008, Judge et al. 2013). There may be selec-
tion bias in the PROMs data, as response rates may be differ in 
patients of different ages, different socioeconomic groups, and 
different races. However, we could not assess whether there 
was any bias in completion and return of PROMs, as no details 
were available regarding the number of questionnaires sent 
out or returned. The point at which a patient undergoes a hip 
procedure may also be different (reflecting the need to adjust 
for preoperative scores) depending on age, expectations, and 
occupation. Patients undergoing resurfacing tended to have 
higher preoperative scores. This may in turn limit their ability 
to improve after joint replacement, due to the ceiling effect in 
the OHS and EQ5D index. 

The discrepancy between the ratio of NJR-PROMS linked 
episodes to total NJR episodes across implants (1:10 for 
cemented vs. 1:50 for resurfacing) is difficult to explain, but 
may be due to a generally younger resurfacing population, or 
because there was a higher proportion of resurfacings in the 
private sector (for which PROMs are not available). This may 
limit the conclusions that can be drawn from the resurfacing 
data.

Pennington et al. (2013) recently published a paper on cost 
effectiveness using NJR, PROMs, and implant cost data, 
which compared types of hip replacement. Hybrid implants 
were found to have the most cost-effective profile. As in our 
study, the authors found that cementless implants offered no 
net advantage while being more costly. However, there were a 
number of limitations, which may have influenced the reliabil-
ity of their results: resurfacings were not included; all brands 
within each group were analyzed together, with no adjustment 
for the heterogeneity of implants; and analyses were limited to 
MoP bearings only.

Although hybrid implants appeared to offer a balance 
between implant survival and functional benefit for young 
women in the present study, it must be stressed that this 
requires adequate fixation with a solid acetabular shell. Analy-
sis of the hybrid data previously demonstrated that multi-hole 
shell (with screw fixation) had poorer survival ( Jameson et 
al. 2013b). The risk of revision in women with this combina-
tion was 3 times greater than for the best cemented implant 
in our data, which approached significance (p = 0.1). While 
a cemented procedure will have reproducible results, the suc-
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cess of a cementless cup is reliant on adequacy of the press-
fit. In addition, there is no obvious explanation for the dif-
ference in the effect of implant type on men and women in 
our study. It is reasonable to suggest, therefore, that a surgeon 
using cemented implants in the majority of patients could also 
use the same implants in young women with acceptable and 
reproducible results. 

Despite the poor results of cemented implants during the 
1980s, more contemporary analyses have shown equivalent or 
better survival compared to cementless implants (Busch et al. 
2010, Pakvis et al. 2011, Schmitz et al. 2013, Toossi et al. 
2013), supporting the encouraging results of registry data. The 
findings from the earlier studies may have been influenced by 
previous generations of implants and poor cementation tech-
niques. Data from our previous study suggest that the Exeter 
Contemporary system using the flanged cup design and a head 
size of 28 mm or greater had good and reproducible results 
in all patients, from all surgeons across England and Wales 
(Jameson et al. 2012a). Moreover, no additional survival ben-
efit was seen when 32-mm and/or ceramic heads were used in 
place of 28-mm metal heads. In addition, head size and bear-
ing type appear to have no influence on PROMs and complica-
tions across a range of implant options ( Jameson et al. 2014). 

Although our study found no benefit of a resurfacing pro-
cedure in young men over a standard cemented replacement 
(despite inclusion of only the best-performing brand and use 
of large femoral head sizes), there may be long-term implant 
survival benefit. However, it is known that high-volume 
surgeons have lower revision rates in complex procedures 
(Jameson et al. 2012b, Baker et al. 2013), and there remain 
concerns regarding the local and systemic complications asso-
ciated with MoM bearings (Haddad et al. 2011); the regula-
tory body in the United Kingdom currently stipulates that all 
MoM implants should be reviewed on an annual basis (Medi-
cines and Healthcare products Regulatory Agency 2011). In 
addition, Costa et al. (2012) found no evidence of benefit at 
12 months when patients were randomized to resurfacing 
or hip replacement. A cost analysis performed on the same 
cohort found that resurfacing offered only very short-term 
efficiency benefits over THA in a selected patient group (Edlin 
et al. 2012). A dramatic fall in the use of resurfacings, with 
clustered use predominantly in the young male group during 
2011, would suggest that surgeons in England and Wales are 
responding to the evidence (England and Wales National Joint 
Registry 2012). 

Cementless implants with mid/large stems and MoP or CoP 
performed well in young women with equivalent survival and 
better improvement in OHS compared to cemented implants. 
However, this group represented only 8.5% of cementless 
implants used in women (454 of 5,334). Moreover, 39% of 
females required a small stem size (7,932 of 20,166) in a 
previous analysis ( Jameson et al. 2013a) and implant fail-
ure increased with higher BMI, suggesting that the group of 
women that could benefit is small. Proponents of fully cement-

less procedures argue that operative time is also shorter, 
increasing patient turnover and theater use. However, there is 
no good evidence of this. Such an efficiency benefit is relevant 
only when implants offer equivalent clinical benefit and mate-
rial costs, a finding that is not supported by our analysis. The 
use of cement on the femoral side has many advantages that 
outweigh the disadvantage of a slightly longer operating time 
(Murray 2011).

We found no advantage in the use of fully cementless or 
resurfacing implants in young patients when compared with 
a standard cemented hip replacement. For young women, 
hybrid implants that employ adequate press-fit acetabular fixa-
tion and either highly crosslinked PE or ceramic bearings may 
provide the best balance of early improvement in outcome, 
revision risk, and cost.

Supplementary data
Tables 1 and 8–10 are available at Acta’s website (www.
actaorthop.org), identification number 6590.
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Abstract

Background
Hip replacement is one of the most commonly performed surgical procedures worldwide;
hundreds of implant configurations provide options for femoral head size, joint surface
material and fixation method with dramatically varying costs. Robust comparative evidence
to inform the choice of implant is needed. This retrospective cohort study uses linked
national databases from England and Wales to determine the optimal type of replacement
for patients over 60 years undergoing hip replacement for osteoarthritis.

Methods and Findings
Implants included were the commonest brand from each of the four types of replacement
(cemented, cementless, hybrid and resurfacing); the reference prosthesis was the cemented
hip procedure. Patient reported outcome scores (PROMs), costs and risk of repeat (revision)
surgery were examined. Multivariable analyses included analysis of covariance to assess
improvement in PROMs (Oxford hip score, OHS, and EQ5D index) (9159 linked episodes)
and competing risks modelling of implant survival (79,775 procedures). Cost of implants and
ancillary equipment were obtained from National Health Service procurement data.

Results
EQ5D score improvements (at 6 months) were similar for all hip replacement types. In
females, revision risk was significantly higher in cementless hip prostheses (hazard ratio,
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HR = 2.22, p<0.001), when compared to the reference hip. Although improvement in OHS
was statistically higher (22.1 versus 20.5, p<0.001) for cementless implants, this small dif-
ference is unlikely to be clinically important. In males, revision risk was significantly higher
in cementless (HR = 1.95, p = 0.003) and resurfacing implants, HR = 3.46, p<0.001), with
no differences in OHS. Material costs were lowest with the reference implant (cemented,
range £1103 to £1524) and highest with cementless implants (£1928 to £4285).

Limitations include the design of the study, which is intrinsically vulnerable to omitted var-
iables, a paucity of long-term implant survival data (reflecting the duration of data collection),
the possibility of revision under-reporting, response bias within PROMs data, and issues
associated with current outcome scoring systems, which may not accurately reflect level of
improvement in some patients.

Conclusions
Cement fixation, using a polyethylene cup and a standard sized head offers good out-
comes, with the lowest risks and at the lowest costs. The most commonly used cementless
and resurfacing implants were associated with higher risk of revision and were more costly,
while perceptions of improved function and longevity were unsupported.

Introduction
Management of osteoarthritis (OA) of the hip is a significant global health burden. Hip
replacement is an established and successful treatment of end-stage OA, with excellent quality
of life improvement and cost-effectiveness [1,2]. Over 270,000 hip replacements are performed
in the United States (US) annually, and almost 90,000 within the United Kingdom (UK)
[3,4,5]. The national tariff for a hip replacement is £5280 in England. This equates to approxi-
mately £475million in annual UK healthcare costs. These costs are expected to triple over the
next five years, whilst annual volume is expected to double within ten [6].

Cemented hip replacements (which utilise a polymer known as ‘cement’ to secure the
implant in place) with a metal-on-polyethylene (MoP) articulating (‘bearing’) surface account
for one third of all hip replacements implanted in England andWales since 2003. These devices
show consistently good implant survival in long-term cohort studies and worldwide joint
replacement registries [3,6,7,8,9,10,11,12,13,14,15,16,17,18]. They utilise tried and tested tech-
nology, and are inexpensive. However, concerns of early loosening and implant failure during
the 1980s [19,20,21,22,23] drove the development of cementless implants, which rely on press-
fit stability and bone integration for fixation rather than cement [24]. Advances in engineering
also led to a proliferation of implant options available within brands; larger, more anatomical
femoral head sizes in an attempt to reduce dislocation risk, and ‘hard’ articulations, where
highly engineered metal-on-metal (MoM) or ceramic-on-ceramic (CoC) bearings are
employed in an effort to minimise long-term wear and subsequent failure [25,26,27]. Cement-
less implants now account for the majority of replacements in North America and Australia,
and their use in England andWales has recently surpassed cemented implants [3,28,29]. Resur-
facing devices, which resurface the femoral head and preserve bone (rather than excising femo-
ral head/neck and replacing with a ball and stem, as in standard hip replacement), provide near
anatomically-sized components and were introduced in the 1990s with the aim of reducing dis-
location risk, improving function and allowing an ‘easier’ revision if required [30]. These were
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designed predominantly for younger patients, but surgeons widened their indications as good
early results encouraged use in older patients. Although there is little data on implant costs in
the literature, there is a logical perception that implants with modular components (providing
numerous options), modern technologies and complex, highly engineered components are
more costly. Despite this, thorough evaluation of the evidence for different types of hip replace-
ment is absent from the literature.

Some patients with hip replacements will require a revision procedure to replace a failed or
worn implant. The National Joint Registry (NJR) was established in 2003 to provide a record of
hip replacements and any subsequent revisions performed in the pubic and private health sys-
tems in England and Wales. Patient Reported Outcomes Measures (PROMs) have been col-
lected on hip replacement patients in the public system since 2008. Linkage of these national
datasets allows the analysis of patient functional outcome following hip replacement and sub-
sequent implant failure rates for specific implants. Taking the most commonly used cemented
hip replacement as the reference implant for comparison, the objective of this study was to pro-
vide a summative evaluation of different implant types in order to determine the most cost-
effective components for hip replacement, referencing patient reported outcomes and risk of
implant revision. This study examines the eighty percent of all primary hip replacements that
are performed in patients 60 years and over [3]. Younger patients (under 60 years is arbitrarily
a reasonable threshold) may have differing demands of their prostheses, and as such have been
analysed elsewhere [31].

Methods
Design
A retrospective cohort study design assessed prospectively collected patient-level PROMs and
NJR data to compare outcomes and implant survival across different primary hip replace-
ments, with supplementary material costs for specific implant combinations obtained through
National Health Service (NHS) procurement.

Data
The single most commonly used brands of each type of hip replacement performed in England
andWales were chosen for the analysis, in order to control for brand heterogeneity within each
type (the NJR annual report provides adequate analysis of the entire breadth of replacements
available–our intention was to specifically analyse component options within brands, which
would be impossible across all brands). Individual analyses of the same data on each individual
hip replacement type have already defined component options within brand that confer the
lowest revision risk (i.e. the longest survival) [32,33,34,35]. For this current analysis we strati-
fied each hip replacement type based on these previously established component revision risks
into ‘optimal’ component sets (with significantly lower revision risk) and ‘sub-optimal’ (all
remaining component options) (Table 1).

All primary hip replacements performed using the specified implants on patients over 60
years and submitted to the NJR between 1st April 2003 and 31st December 2010 were initially
included. Subsequently, exclusion criteria were employed as follows: all procedures with an
indication other than OA; procedures with missing implant or patient data; and rarely used
implant options [32,33,34,35].

The national PROMs project uses validated measures of hip-specific (Oxford hip score
[OHS]) [36] and general health status outcomes (EuroQol [EQ-5D-3L]) [37] collected pre-
and around six months post-operatively. By linking databases at the patient level, PROMs data
can be combined with the corresponding demographic and operative details held in the NJR.
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The study population is summarised in Fig 1. The demographic, surgical and implant-related
variables available for analysis are listed in S1 Table.

For this analysis PROMs of interest were improvements between the pre- and post-opera-
tive scores (the ‘change scores’) and self-reported readmission and reoperation in the post-
operative period. Change scores, being approximately normally distributed, are analytically
preferable to post-operative scores [38]. The OHS (scored 0 lowest to 48 highest) has previ-
ously been shown to be a reliable, valid and responsive outcome measure for patients with hip
OA undergoing replacement surgery [39]. The EQ-5D index (scored 0 to 1, where 0 is no
health [i.e. dead] and 1 is perfect health) is a measure of health status used for clinical and eco-
nomic appraisal. It evaluates five different aspects of general health (mobility, self-care, usual
activities, pain/ discomfort and anxiety/depression) that are scored and combined using

Table 1. Implants studied by type of hip replacement, with descriptions of optimal and sub-optimal component configurations.

Type Brand combination Manufacturer Market share, by type (England &
Wales)

Cemented Exeter V40 stem Stryker Orthopaedics, Mahwah, New Jersey, United
States

23%

Contemporary polyethylene cup

Optimal component set:
Any Exeter stem

Flanged version of Contemporary cup

28mm or 32mm femoral head (metal or ceramic*)
Sub-optimal component set:
Small heads (<28mm)

Hooded version of Contemporary cup

Cementless Corail stem DePuy Ltd, Leeds, United Kingdom 31%

Pinnacle modular (shell and liner)
cup

Optimal component set:
Medium/large Corail stem (size 11 or greater)

Pinnacle cup / polyethylene liner (metal or ceramic head*)

Sub-optimal component set:
Small Corail stems (<size 11)

Pinnacle metal and ceramic liners*
Hybrid Exeter V40 stem Stryker Orthopaedics, Mahwah, New Jersey, United

States
33%

Trident modular (shell and liner) cup

Optimal component set:
Any Exeter stem

Solid shell Trident cup

Ceramic bearing or a XLPE liner (metal or ceramic head*)

Sub-optimal component set:
Cluster hole Trident shell

Conventional polyethylene liner

Resurfacing Birmingham Hip Resurfacing (BHR) Smith & Nephew, Memphis, Tennessee, United States 55%

Optimal component set:
Components with head size of 48mm or greater

Sub-optimal component set:
Components with head size <48mm

*grouped together as no significant benefit of options was identified, XLPE–highly cross-linked polyethylene

doi:10.1371/journal.pone.0140309.t001
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population weightings to produce a single index value for health status [37]. In this context,
readmission and reoperation are used as a crude surrogate marker for hip dislocation. Disloca-
tion occurs when the femoral component disarticulates from within the acetabular component.
This is an acute event that requires readmission and manipulation under anaesthesia to restore
normal component positions. Unfortunately this data is not captured by the NJR, but may vary
depending on head size and bearing material. Thus, to provide a summative evaluation, it is
reasonable to include these measures, despite the limitations. Within the pre-operative PROMs
questionnaire, patients are also asked about comorbidities, general health and self-reported dis-
ability. These can be used to adjust for differences in health status between patient groups.

Statistical Analysis
Implants were compared based on previously stratified revision risk within prosthesis types.
Therefore, eight groups were compared (four ‘optimal’ groups and four ‘sub-optimal’ groups)

Fig 1. Flowchart describing inclusion criteria and study populations.

doi:10.1371/journal.pone.0140309.g001
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(Fig 1). Differences in baseline characteristics across the groups were analysed using one-way
analysis of variance test (ANOVA, parametric continuous data variables), the Kruskal-Wallis
test (non-parametric continuous data variables) or the Chi-square test (categorical data
variables).

Univariable analysis was performed initially to identify variables potentially influencing
each outcome, based on statistical rejection criteria of p>0.10; these variables were then
included in the multivariable models (see supplementary material for complete statistical
methods). Due to the large population sizes and the questionable merits of statistically adjust-
ing for gender, we chose to analyse data on males and females separately.

Implant survival times for patients who had not undergone revision were censored on the
31st December 2010. Competing risks models were used to adjust for potential differences in
mortality across the implant groups, where patient death prior to either revision or censoring
was the competing risk [40]. Cumulative incidence charts were then produced for each type of
implant and by gender. Analysis of covariance (ANCOVA) was used for testing differences in
OHS and EQ5D index change scores. Multivariable logistic regression was used to analyse dif-
ferences in the risk of readmission and reoperation. Time from implantation to questionnaire
completion was included in models to evaluate whether differences in duration of follow-up
influenced findings. Pre-operative scores were included within all models, as recommended by
the designers of the OHS [39].

Results of the survival analysis were presented as hazard ratios (HRs). Statistical models for
the change scores were evaluated with the margins function in STATA in order to provide pre-
dicted values separately for each of the implant groups. P-values are provided as statistical tests
of the differences between the reference implant and the seven others. Significance was taken
as p<0.05. All values are provided with 95% confidence intervals (CIs): ratios greater than one
indicate that risk is higher when compared with the reference category. All models were fitted
using STATA 12 (StataCorp LP, Texas, USA). Further supplementary information is available
in S1 Text and S2 to S5 Tables.

Costs for specific implant combinations were provided by NHSWales (all seven hospital
Trusts) and NHS supply chain (buyers on behalf of 30 hospital Trusts within the English
NHS). Highest and lowest prices paid for implants during 2012 are provided for each of the
implant components. A mode cost was also produced at source and provided. These costs rep-
resent actual prices paid, after discounts. In addition, the NJR levy fee (£20, which is included
in the amount paid for each implant) and Value Added Tax (VAT, at 20%) were added for the
total costs. The costs presented in this study also include acetabular screws (for cementless cup
fixation) when used, the commonest cement used for each implant type, femoral cement
restrictors and all equipment required to mix and perform pressurised cementation. Although
it is acknowledged that hip replacement with cementless implants may result in slightly shorter
operative time, for the purposes of this analysis it is assumed that theatre utilisation and length
of stay was similar for all types of replacement, and that differences in specific implant costs
approximated to incremental costs.

Ethics
The National Joint Registry (England andWales) Research Committee approved this study.
Explicit patient consent is taken at the time of data collection for both the NJR and PROMs.
Further ethical approval was not required for this study. Patient records/information was
anonymized and de-identified prior to receipt of data and analysis.
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Results
There were 79,775 procedures available for implant survival analysis within the NJR dataset.
Significant baseline differences were seen in age, ASA grade, proportions of females and BMI
for the type of implant received (Table 2). Linkage of PROMs data with data stored in the NJR
dataset was possible in 9159 procedures. The demographics of patients and implants for the
linked procedures were qualitatively similar to the NJR population (Table 3). Unadjusted pre-
operative OHS and EQ5D index scores were clinically similar across the cemented, cementless

Table 2. Patient demographics for National Joint Registry population studied, by implant group.

Cemented Hybrid Cementless Resurfacing Difference

Optimal Sub-opt. Optimal Sub-opt. Optimal Sub-opt. Optimal Sub-opt.

Number (%) 19815
(24.8)

13673
(17.1)

2388 (3.0) 9768 (12.2) 9867 (12.4) 19726
(24.7)

3317 (4.2) 1221 (1.5)

Age, median
years (range)

74.8 (60 to
100)

74.8 (60 to
97)

67.6 (60 to
97)

71.7 (60 to
103)

72.2 (60 to
98)

68.7 (60 to
106)

63.8 (60 to
89)

63.3 (60 to
88)

p<0.001

Female 12788
(64.5)

9163 (67.0) 1238 (51.8) 6142 (62.9) 5303 (53.7) 11559
(58.6)

166 (5.0) 872 (71.4) p<0.001

ASA

1 2461 (12.4) 1822 (13.3) 508 (21.3) 1336 (13.7) 1219 (12.4) 2921 (14.8) 1343 (40.5) 542 (44.4) p<0.001

2 13835
(69.8)

9496 (69.5) 1637 (68.6) 6888 (70.5) 7186 (72.8) 14280
(72.4)

1833 (55.3) 644 (52.7)

3+ 3519 (17.8) 2355 (17.2) 243 (10.2) 1544 (15.8) 1462 (14.8) 2525 (12.8) 141 (4.3) 35 (2.9)

BMI, mean kg/
m2(sd, range)

28.3 (5.0, 15
to 63)

27.9 (5.0, 15
to 65)

28.4 (5.1 16
to 56)

28.1 (5.1, 15
to 61)

28.4 (5.1, 15
to 64)

28.5 (5.2, 15
to 64)

27.8 (4.3, 18
to 64)

27.3 (4.2, 18
to 40)

p = 0.015

ASA–American Society of Anesthesiologists, BMI–body mass index (data based on 34756 procedures [44%])
Statistical notes: one-way analysis of variance (ANOVA) used for parametric data, Kruskal-Wallis test for non parametric data, Chi squared test for
proportions

doi:10.1371/journal.pone.0140309.t002

Table 3. Patient demographics for National Joint Registry-PROMs linked population studied, by implant group.

Cemented Hybrid Cementless Resurfacing Difference

Optimal Sub-opt. Optimal Sub-opt. Optimal Sub-opt. Optimal Sub-opt.

Number (%) 2369 (25.9) 1133 (12.4) 300 (3.3) 1168 (12.8) 1582 (17.3) 2485 (27.2) 97 (1.1) 15 (0.2)

Age, median
years (range)

74.0 (60 to
93)

75.2 (60 to
94)

68.1 (60 to
91)

71.6 (60 to
93)

72.0 (60 to
95)

67.8 (60 to
96)

64.2 (60 to
75)

62.8 (60 to
67)

p<0.001

Female 1463 (61.8) 747 (65.9) 164 (54.7) 744 (63.7) 776 (49.1) 1425 (57.3) 1 (1.0) 13 (86.7) p<0.001

ASA

1 213 (9.0) 96 (8.5) 53 (17.7) 122 (10.5) 162 (10.2) 345 (13.9) 35 (36.1) 5 (33.3) p<0.001

2 1709 (72.1) 829 (73.2) 217 (72.3) 888 (76.0) 1201 (75.9) 1897 (76.3) 59 (60.8) 10 (66.6)

3+ 447 (18.9) 208 (18.4) 30 (10.0) 158 (13.5) 219 (13.8) 243 (9.8) 3 (3.1) 0 (0)

BMI, mean kg/m
(sd, range)

28.6 (5.0, 16
to 55)

28.1 (4.7, 15
to 46)

28.4 (4.6 17
to 44)

28.2 (4.8, 17
to 43)

28.5 (4.9, 16
to 56)

28.6 (5.2, 15
to 50)

28.0 (4.0, 20
to 38)

27.8 (2.9, 23
to 32)

p = 0.679

PROMs–patient reported outcome measures, ASA–American Society of Anesthesiologists, BMI–body mass index (data based on 5843 procedures
[64%])
Statistical notes: one-way analysis of variance (ANOVA) used for parametric data, Kruskal-Wallis test for non parametric data, Chi squared test for
proportions

doi:10.1371/journal.pone.0140309.t003
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and hybrid replacements, but higher prior to resurfacings (Table 4). Post-operative scores were
lowest in the sub-optimal cemented group and highest after any resurfacing.

Patient Reported Outcome Measures
In females OHS change was significantly higher (22.1 versus 20.5, p<0.001) in the optimal
cementless group when compared with the reference implant. No other implant combination
had a significantly better OHS improvement. There were no significant OHS improvement
benefits across the implant types in males. No implant combination displayed an EQ5D index
improvement significantly greater than the reference, in either sex (Table 5). For OHS, 40% to
42% of variation within the models could be explained by known variables; for EQ5D index

Table 4. Patient reported outcomes for populations studied, by implant group and gender.

Cemented Hybrid Cementless Resurfacing p
value

Optimal Sub-
optimal

Optimal Sub-
optimal

Optimal Sub-
optimal

Optimal Sub-
optimal

Females (n, %) 1463
(27.4)

747 (14.0) 164 (3.1) 744 (14.0) 776 (14.6) 1425
(26.7)

1 (0.0) 13 (0.2)

Oxford Hip scores

Pre-operative, mean (sd,
range)

17.4 (8.0,
0 to 44)

16.8 (8.0, 0
to 42)

19.7 (7.8, 4
to 37)

18.3 (8.0,
1 to 38)

17.3 (7.7,
1 to 43)

18.5 (8.1,
0 to 44)

13 25.9 (4.5,18
to 33)

<0.001

Post-operative, median
(range)

40 (4 to
48)

38 (2 to 48) 43 (13 to 48) 42 (5 to
48)

42 (6 to
48)

42 (2 to
48)

48 46 (21 to
48)

<0.001

EQ5D index

Pre-operative, mean (sd,
range)

0.342
(0.313,
-0.43 to 1)

0.319
(0.325, -0.48
to 1)

0.432
(0.301, -0.24
to 0.88)

0.356
(0.323,
-0.59 to 1)

0.346
(0.317,
-0.35 to 1)

0.366
(0.318,
-0.59 to 1)

0.516 0.586
(0.192, 0.09
to 0.76)

0.008

Post-operative, median
(range)

0.796
(-0.24 to 1)

0.760 (-0.24
to 1)

0.850 (-0.18
to 1)

0.814
(-0.24 to 1)

0.812
(-0.13 to 1)

0.796
(-0.32 to 1)

1 1 (0.52 to 1) <0.001

Time from op to PROMs
complete, mean days (sd,
range)

208.8
(29.0, 183
to 358)

209.5 (29.2,
183 to 358)

209.5 (30.6,
184 to 360)

209.4
(28.5, 183
to 364)

207.2
(25.8, 185
to 357)

208.3
(28.4, 183
to 360)

193 258.8 (46.8,
192 to 316)

0.323

Males (n, %) 906 (23.7) 386 (10.1) 136 (3.6) 424 (11.1) 806 (21.1) 1060
(27.8)

96 (2.5) 2 (0.1)

Oxford Hip scores

Pre-operative, mean (sd,
range)

19.8 (7.9,
0 to 44)

19.1 (8.1, 2
to 48)

22.1 (7.9, 4
to 41)

20.4 (8.5,
2 to 42)

19.9 (8.0,
2 to 42)

20.4 (8.3,
3 to 44)

25.7 (8.2, 4
to 43)

21.5 (0.7,21
to 22)

0.001

Post-operative, median
(range)

43 (7 to
48)

41 (12 to 48) 44 (14 to 48) 43 (11 to
48)

43 (2 to
48)

44 (1 to
48)

45 (13 to
48)

48 <0.001

EQ5D index

Pre-operative, mean (sd,
range)

0.425
(0.300,
-0.32 to 1)

0.439
(0.288, -0.48
to 0.88)

0.439
(0.288, -0.07
to 0.80)

0.422
(0.302,
-0.35 to 1)

0.418
(0.301,
-0.35 to 1)

0.425
(0.311,
-0.35 to 1)

0.551
(0.253,
-0.18 to 81)

0.516 0.016

Post-operative, median
(range)

0.814
(-0.18 to 1)

0.814 (-0.18
to 1)

0.883 (0.88
to 1)

1 (-0.24 to
1)

0.850
(-0.18 to 1)

0.883
(-0.59 to 1)

1 (-0.02 to
1)

1 <0.001

Time from op to PROMs
complete, mean days (sd,
range)

208.2
(28.5, 183
to 363)

207.6 (27.2,
183 to 355)

208.5 (27.1,
183 to 336)

205.0
(22.3, 184
to 355)

207.9
(28.7, 183
to 363)

207.2
(27.5, 183
to 362)

272.4
(44.3, 184
to 336)

195.5 (3.5,
193 to 198)

0.192

SD–standard deviation, PROMs–patient reported outcome measures
Statistical notes: one-way analysis of variance (ANOVA) used for parametric data, Kruskal-Wallis test for non parametric data, Chi squared test for
proportions

doi:10.1371/journal.pone.0140309.t004
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this was 61% to 63% (S4 Table). There were no significant differences in readmission or further
surgery (Table 6).

Implant Revision Risk
When compared to the reference hip in females, the following had significantly higher revision
risks: sub-optimal cemented (HR = 1.85, p<0.001), sub-optimal hybrid (HR = 1.68, p = 0.012),
optimal cementless (HR = 2.22, p<0.001), sub-optimal cementless (HR = 3.60, p<0.001), and
sub-optimal resurfacing (HR = 8.74, p<0.001). Optimal hybrid and optimal resurfacing had
similar implant survival, but confidence intervals were wide for resurfacing (Table 7).

Table 5. Patient reported outcome scores following hip replacement in patients aged 60 years and over (simple andmultivariable analyses).

Simple Multivariable

Value 95% CI P value Value 95% CI P value

Females (n = 5333)

Change in OHS

Optimal cemented (n = 1463) 20.2 19.7 to 20.7 Reference 20.5 20.1 to 21.0 Reference

Sub-optimal cemented (n = 747) 19.2 18.4 to 19.9 0.029 19.7 19.0 to 20.5 0.075

Optimal hybrid (n = 164) 20.4 18.9 to 21.9 0.773 21.7 20.0 to 23.4 0.207

Sub-optimal hybrid (n = 744) 20.7 20.0 to 21.4 0.227 20.9 20.1 to 21.6 0.463

Optimal cementless (n = 776) 21.9 21.2 to 22.6 <0.001 22.1 21.3 to 22.8 <0.001

Sub-optimal cementless (n = 1425) 20.7 20.2 to 21.2 0.169 21.0 20.4 to 21.5 0.270

Change in EQ5D index

Optimal cemented (n = 1463) 0.421 0.402 to 0.439 Reference 0.426 0.414 to 0.439 Reference

Sub-optimal cemented (n = 747) 0.429 0.403 to 0.454 0.619 0.418 0.398 to 0.439 0.502

Optimal hybrid (n = 164) 0.373 0.320 to 0.427 0.103 0.452 0.404 to 0.499 0.312

Sub-optimal hybrid (n = 744) 0.433 0.408 to 0.459 0.421 0.436 0.416 to 0.457 0.430

Optimal cementless (n = 776) 0.446 0.421 to 0.471 0.100 0.447 0.427 to 0.467 0.086

Sub-optimal cementless (n = 1425) 0.417 0.398 to 0.435 0.765 0.420 0.404 to 0.435 0.182

Males (n = 3826)

Change in OHS

Optimal cemented (n = 906) 20.1 19.5 to 20.7 Reference 20.3 19.7 to 20.9 Reference

Sub-optimal cemented (n = 386) 20.4 19.5 to 21.4 0.553 19.9 18.9 to 20.9 0.521

Optimal hybrid (n = 136) 20.0 18.3 to 21.6 0.882 18.9 17.2 to 20.6 0.140

Sub-optimal hybrid (n = 424) 20.5 19.6 to 21.4 0.488 20.6 19.7 to 21.5 0.603

Optimal cementless (n = 806) 20.7 20.0 to 21.3 0.222 20.6 19.9 to 21.3 0.521

Sub-optimal cementless (n = 1060) 20.2 19.6 to 20.8 0.820 19.8 19.1 to 20.5 0.295

Optimal resurfacing (n = 96) 17.1 15.2 to 19.0 0.004 19.1 17.2 to 21.1 0.282

Change in EQ5D index

Optimal cemented (n = 906) 0.379 0.357 to 0.401 Reference 0.390 0.374 to 0.407 Reference

Sub-optimal cemented (n = 386) 0.417 0.384 to 0.450 0.060 0.391 0.364 to 0.418 0.988

Optimal hybrid (n = 136) 0.377 0.322 to 0.432 0.941 0.364 0.316 to 0.411 0.302

Sub-optimal hybrid (n = 424) 0.419 0.387 to 0.450 0.044 0.415 0.389 to 0.441 0.121

Optimal cementless (n = 806) 0.395 0.371 to 0.418 0.345 0.401 0.381 to 0.421 0.428

Sub-optimal cementless (n = 1060) 0.390 0.370 to 0.410 0.482 0.358 0.340 to 0.377 0.011

Optimal resurfacing (n = 96) 0.340 0.273 to 0.406 0.270 0.398 0.343 to 0.453 0.790

OHS–Oxford Hip Score, CI–confidence interval
Note: No predicted values are available for resurfacings in females (14 PROMs available only) and others resurfacing in males (2 PROMs only)

doi:10.1371/journal.pone.0140309.t005
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For males, all implants except hybrids had significantly higher revision risk: sub-optimal
cemented (HR = 2.09, p = 0.001), optimal cementless (HR = 1.95, p = 0.003), sub-optimal
cementless (HR = 2.53, p<0.001), optimal resurfacing (HR = 3.46, p<0.001) and sub-optimal
resurfacing (HR = 6.21, p<0.001) (Table 7).

Material Costs
The reference (cemented) replacement in this analysis was the cheapest (most commonly paid
total price £1138). Resurfacing implants ranged in total cost from £2018 to £2991. A cementless
36mm CoC implant cost the NHS between £2500 and £4285 (Table 8).

Table 6. Risk of readmission and reoperation following hip replacement in patients aged 60 years and over (simple andmultivariable analyses).

Simple Multivariable

Number (%) OR 95% CI P value OR 95% CI P value

Females (n = 5333)

Readmission

Optimal cemented (n = 1463) 92 (6.3) 1 1

Sub-opt. cemented (n = 747) 67 (8.9) 1.47 1.06 to 2.04 0.022 1.67 1.11 to 2.51 0.013

Optimal hybrid (n = 164) 8 (4.9) 0.76 0.36 to 1.60 0.477 1.76 0.23 to 2.50 0.651

Sub-optimal hybrid (n = 744) 47 (6.3) 1.00 0.70 to 1.44 0.979 1.24 0.77 to 2.00 0.379

Optimal cementless (n = 776) 56 (7.2) 1.16 0.82 to 1.64 0.401 1.25 0.79 to 1.98 0.340

Sub-opt cementless (n = 1425) 82 (5.8) 0.91 0.67 to 1.24 0.547 1.18 0.78 to 1.78 0.423

Reoperation

Optimal cemented (n = 1463) 29 (2.0) 1 1

Sub-opt. cemented (n = 747) 20 (2.7) 1.36 0.76 to 2.42 0.296 1.22 0.67 to 2.22 0.522

Optimal hybrid (n = 164) 3 (1.8) 0.92 0.28 to 3.06 0.894 0.99 0.29 to 3.31 0.982

Sub-optimal hybrid (n = 744) 15 (2.0) 1.02 0.54 to 1.91 0.957 0.95 0.50 to 1.82 0.879

Optimal cementless (n = 776) 6 (0.8) 0.39 0.16 to 0.93 0.034 0.46 0.16 to 1.35 0.156

Sub-opt cementless (n = 1425) 27 (1.9) 0.96 0.56 to 1.62 0.865 0.83 0.47 to 1.46 0.519

Males (n = 3826)

Readmission

Optimal cemented (n = 906) 88 (9.7) 1 1

Sub-opt. cemented (n = 386) 32 (8.3) 0.84 0.55 to 1.28 0.420 0.97 0.57 to 1.63 0.894

Optimal hybrid (n = 136) 14 (4.5) 1.07 0.59 to 1.93 0.832 0.74 0.29 to 1.93 0.542

Optimal cementless (n = 806) 69 (8.6) 0.87 0.63 to 1.21 0.410 0.82 0.53 to 1.27 0.381

Sub-opt cementless (n = 1060) 68 (6.4) 0.64 0.46 to 0.87 0.007 0.77 0.50 to 1.19 0.238

Optimal resurfacing (n = 96) 4 (4.2) 0.40 0.15 to 1.13 0.083 0.60 0.18 to 2.03 0.411

Reoperation

Optimal cemented (n = 906) 21 (2.3) 1 1

Sub-opt. cemented (n = 386) 6 (1.6) 0.67 0.27 to 1.66 0.383 0.85 0.31 to 2.34 0.749

Optimal hybrid (n = 136) 5 (3.7) 1.61 0.59 to 4.34 0.348 1.34 0.37 to 4.83 0.658

Sub-optimal hybrid (n = 424) 6 (1.4) 0.60 0.24 to 1.51 0.281 0.55 0.18 to 1.68 0.297

Optimal cementless (n = 806) 17 (2.1) 0.91 0.48 to 1.73 0.770 0.47 0.18 to 1.21 0.116

Sub-opt cementless (n = 1060) 18 (1.7) 0.73 0.39 to 1.37 0.328 0.72 0.33 to 1.56 0.409

Optimal resurfacing (n = 96) 1 (1.0) 0.44 0.06 to 3.33 0.430 1 -

OR–odds ratio, CI–confidence interval
Note: No predicted values are available for resurfacings in females (14 PROMs available only) and others resurfacing in males (2 PROMs only)

doi:10.1371/journal.pone.0140309.t006
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Discussion
The reference implant (fully cemented, standard head size and conventional polyethylene cup)
offered the lowest risk of implant failure at the lowest cost in patients over 60 years. No func-
tional benefit of any implant was found in males relative to the reference implant; some differ-
ences for females were statistically significant but of unclear clinical importance. Readmission
and reoperation rates were similar across all groups, suggesting there are no large variations in
dislocation risk across implants. Notably higher costs and poorer implant survival was found
when resurfacing and cementless implants were used. The findings of this summative evalua-
tion of a range of hip replacements are contrary to current trends in surgery and may be useful
for healthcare providers, surgeons and those commissioning hip replacement services.

As with all database analyses, the study design is observational and thus vulnerable to omit-
ted variables. Implant choices in this cohort result from the interplay of patient, surgical and
provider factors, and are not assigned randomly. Potentially important variables that were
unavailable, such as radiological data, race, socioeconomic status, patient experiences, levels of
perioperative pain and preoperative expectations, are known to influence outcome [41,42]; a
large proportion of variation within the models in this study therefore remains unexplained.

The numbers within comparison groups were adequate in order to identify meaningful dif-
ferences in PROMs, despite limiting to specific brands (to reduce the confounding effect of
implant heterogeneity) [38]. Additionally, raw data from the NJR annual report suggests no
other brands afford better implant survival than the commonest brands as used here [3].
Whilst the NJR only describes mid-term implant survival, there is currently no evidence
to support the assertion that polyethylene-wear associated revision may occur in greater num-
bers beyond ten years, as other national registries established many decades ago show good

Table 7. Risk of revision following hip replacement in patients aged 60 years and over (simple andmultivariable analyses).

Simple Multivariable

HR 95% CI P value HR 95% CI P value

Females (n = 47231)

Optimal cemented (n = 12788) 1 1

Sub-optimal cemented (n = 9163) 1.77 1.28 to 2.44 0.001 1.85 1.31 to 2.61 <0.001

Optimal hybrid (n = 1238) 1.30 0.60 to 2.85 0.507 1.26 0.56 to 2.81 0.578

Sub-optimal hybrid (n = 6142) 1.73 1.19 to 2.52 0.004 1.68 1.12 to 2.52 0.012

Optimal cementless (n = 5303) 2.15 1.47 to 3.14 <0.001 2.22 1.48 to 3.34 <0.001

Sub-optimal cementless (n = 11559) 3.62 2.70 to 4.85 <0.001 3.60 2.63 to 4.94 <0.001

Optimal resurfacing (n = 166) 1.98 0.49 to 8.07 0.339 2.31 0.57 to 9.41 0.244

Sub-optimal resurfacing (n = 872) 7.66 5.21 to 11.3 <0.001 8.74 5.81 to 13.2 <0.001

Males (n = 32544)

Optimal cemented (n = 7027) 1 1

Sub-optimal cemented (n = 4510) 2.03 1.36 to 3.04 0.001 2.09 1.37 to 3.18 0.001

Optimal hybrid (n = 1150) 0.94 0.40 to 2.21 0.882 0.68 0.26 to 1.76 0.425

Sub-optimal hybrid (n = 3626) 1.47 0.92 to 2.37 0.108 1.28 0.78 to 2.11 0.327

Optimal cementless (n = 4564) 2.08 1.36 to 3.16 0.001 1.95 1.25 to 3.05 0.003

Sub-optimal cementless (n = 8167) 2.79 1.95 to 3.98 <0.001 2.53 1.74 to 3.68 <0.001

Optimal resurfacing (n = 3151) 3.30 2.23 to 4.88 <0.001 3.46 2.28 to 5.26 <0.001

Sub-optimal resurfacing (n = 349) 6.13 3.37 to 11.2 <0.001 6.21 3.36 to 11.5 <0.001

HR–hazard ratio, CI–confidence interval

doi:10.1371/journal.pone.0140309.t007
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Table 8. Cost of specific hip implant combinations (NHS costs 2011/12).

Implant description Stem Femoral head Cup Ancillary items Cost,
mode /
range (£)

Total
cost*
(£)Description Cost

(£)
Description Cost

(£)
Description Cost (£) Description Cost (£)

CEMENTED Stryker Exeter V40 Contemporary

Most
commonly
used
‘optimal’
component
set

Flanged
cup /
28mm
metal
head

44/size 1 397.90
to

547.40

Stainless
steel

(Orthinox)
V40

standard
offset
28mm

145.00
to

257.60

Flanged cup 138.40
to

227.50

Heraeus Palacos R
+Gentamycin antibiotic

cement (4 mixes required)

26.75 /mix 928.41
(898.88

to
1250.08)

1138.09

Alternative
‘optimal’

Flanged
cup /
32mm
ceramic
head

44/size 1 397.90
to

547.40

Ceramic
(Alumina)

V40
standard

offset
32mm

415.00
to

588.00

Flanged cup 138.40
to

227.50

DePuy Hardinge restrictor 22.00 1343.41
(951.30

to
1580.48)

1636.09

Most
commonly
used ‘sub-
optimal’

Hooded
cup/
26mm
head

44/ size 1 397.90
to

547.40

Stainless
steel

(Orthinox)
standard

offset
26mm

138.40
to

227.50

Hooded cup 138.40
to

227.50

Biomet Optivac vacuum
mixing and delivery
system (2 required)

44.29 /kit 928.41
(898.88

to
1250.08)

1138.09

HYBRID Stryker Exeter V40 Trident

Most
commonly
used
‘optimal’
component
set

Solid
shell/
36mm
CoC

44/ size 1 397.90
to

547.40

Ceramic
(Alumina)

V40
standard

offset
36mm

415.00
to

588.00

Ceramic
36mm liner
plus PSL
solid back

shell

415.00
to

717.50
plus

432.40
to

646.10

Heraeus Palacos R
+Gentamycin antibiotic

cement (2 mixes required)
DePuy Hardinge

restrictorBiomet Optivac
vacuum mixing and
delivery system (1

required)

26.75
/mix22.0044.29

1780.09
(1780.09

to
2618.79)

2160.11

Alternative
‘optimal’

Solid
shell/
32mm
MoXLP

44/ size 1 397.90
to

547.40

Cobalt-
chrome

(Vitallium)
V40

standard
offset
32mm

145.00
to

271.60

X3 XLPE
32mm 10

degree liner
plus PSL
solid back

shell

345.14
to

506.80
plus

432.40
to

646.10

1465.00
(1440.23

to
2091.69)

1782.00

Most
commonly
used ‘sub-
optimal’

Multi-
hole
shell/
28mm
MoP

44/ size 1 397.90
to

547.40

Cobalt-
chrome

(Vitallium)
V40

standard
offset
28mm

145.00
to

271.60

Conventional
Polyethylene
28mm liner
plus PSL

5-hole

230.09
to

375.20
plus

432.40
to

646.10

As above, plus 2 Stryker
acetabular screws

40.00 to 51.10 1405.18
(1405.18

to
2051.19)

1710.22

RESURFACING Smith & Nephew Birmingham Hip Resurfacing

Optimal Head
size
!48mm

- - BHR head 540.00
to

865.52

BHR cup 1050.00
to

1534.81

Stryker Antibiotic Simplex
cement (1 mix required)

27.72 1943.71
(1662.01

to
2472.34)

2356.45

Sub-
optimal

Head
size
<48mm

- - BHR head 540.00
to

865.52

BHR cup 1050.00
to

1534.81

CEMENTLESS DePuy Corail Pinnacle

(Continued)
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long-term survival of cemented implants with polyethylene bearings (cemented polyethylene
cup 90% survival at 16 years, compared with 85% for cementless, Swedish Annual Report
2011) [11]. A systematic review of world wide registry and cohort study data failed to show a
benefit of other bearings when compared with MoP [6]. Furthermore, dislocation risk has been
shown to be higher with CoC [43] and there are concerns surrounding metal wear debris reac-
tions in patients with MoM implants, which has prompted a dramatic reduction in their use
over the last five years [3,44].

This analysis covers an entire nation of surgeons and surgical units providing hip replace-
ment, and therefore provides strong external validity. However, NJR data validity has been
questioned; data loss and under-reporting of revision numbers remains a concern (although
this should affect comparison groups equally). PROMs data are currently recorded only once
post-operatively, at around six months following surgery, which may be too early to determine
success of a joint replacement. Nevertheless, the greatest improvement in OHS occurs in the
first three months, with no improvements seen beyond 12 months; results from this current
study are therefore a reliable indication of longer-term outcome [45,46]. There may also be
selection bias within the PROMs data; questionnaire response rates may vary across different
ages, socioeconomic groups or race. The point at which a patient undergoes a hip procedure
may also be different (reflecting the need to adjust for pre-operative scores), depending on age,
expectations and occupation. Patients undergoing resurfacing tend to have higher pre-opera-
tive scores. This may in turn limit their ability to improve within the constraints of the current
scoring systems, due to a ceiling effect of both the OHS and EQ5D index.

Pennington et al recently published a cost effectiveness paper using NJR, PROMs and
implant cost data to compare types of hip replacement [47]. Hybrid implants were found to

Table 8. (Continued)

Implant description Stem Femoral head Cup Ancillary items Cost,
mode /
range (£)

Total
cost*
(£)Description Cost

(£)
Description Cost

(£)
Description Cost (£) Description Cost (£)

Most
commonly
used
‘optimal’
component
set

28mm
MoP

Size 11 KS 642.85
to 1118

Metal
standard
offset
28mm

130.53
to

227.00

Marathon
28mm PE
neutral lip
liner plus

cluster-hole
Duofix

252.43
to

439.00
plus

510.03
to

887.00

1 DePuy acetabular screw
included

54.05 1586.94
(1586.94

to
2722.10)

1928.33

Commonly
used ‘sub-
optimal’

36mm
MoM

Size 11 KS 642.85
to 1118

Ultamet
standard
offset
36mm

249.55
to

434.00

Metal liner
plus Sector
cluster-hole

Duofix

249.55
to

434.00
plus

510.03
to

887.00

1790.78
(1703.08

to
2924.10)

2172.94

Commonly
used ‘sub-
optimal’

36mm
CoC

Size 11 KS 642.85
to 1118

Ceramic
36mm

standard
offset

431.25
to

750.00

Ceramic liner
plus Sector
cluster-hole

Duofix

428.38
to

745.00
plus

510.03
to

887.00

2209.95
(2063.61

to
3551.10)

2675.94

CoC–ceramic-on-ceramic, MoXLP–metal-on-highly cross-linked polyethylene, MoP–metal-on polyethylene, MoM–metal-on-metal, PE–polyethylene.
Figures based on actual implant costs paid to manufacturers by NHS Wales (seven Trusts) and NHS Supply chain (30 Trusts in England). *Total cost is
calculated using the mode cost plus NJR levy costs (£20) and Value Added Tax (20%). Note–very large Exeter stems (offset 44 sizes 4 and 5, and all 50
offset stems) increase cost by £614.27 (this represents less than 5% of all Exeter stems used) [32]

doi:10.1371/journal.pone.0140309.t008
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have the most cost-effective profile. Corroborating the findings presented in this current study,
the authors found that cementless implants offered no benefit whilst being more costly. How-
ever, all brands within each hip replacement type were analysed collectively (using only MoP
bearings), with no adjustment for the heterogeneity of implants. This limits the implications of
their findings as pooling brands and configurations (when comparing procedures) may mask
important differences between brand, configuration and procedure. However, Pulikottil-Jacob
et al took this a step further by examining different types of hip replacement fixation and bear-
ing, and found that available evidence does not support recommending a particular device on
cost effectiveness grounds alone, although the authors did not examine PROMs or complica-
tion data [48].

Although hybrid implants have good implant survival in this current study, it must be
stressed these results rely on rigid press-fit of the acetabular component into the bony socket
without the need for supplementary screws to aid fixation. The use of multi-hole shells to allow
supplementary screw fixation (as apposed to ‘solid’ shells, without holes) have a 37% higher
risk of revision [34]. Whilst a cemented procedure will have reproducible results, adequate
cementless cup fixation may be more difficult to achieve.

The fully cementless implant analysed here has a 1.9 to 3.6 times higher revision risk than
the standard cemented implant. Although there was a higher OHS improvement (1.6 points)
in females, this is below the clinical important threshold of 3 to 5 points suggested by the OHS
designers [39,49]. Proponents of fully cementless procedures argue that the costs may actually
be lower than those of cemented implants, as cementation requires greater operative time [50].
Although we chose to analyse the commonest cementless implant, we acknowledge that others
may have lower costs. We have assumed that implant specific costs approximate to the incre-
mental costs of different implants. There remains no good evidence of improved theatre effi-
ciency for cementless implants in the literature; savings of 15 to 20 minute per case have been
suggested [50,51,52], but equating this to monetary savings is only credible when extra replace-
ments are actually performed within an operating schedule. Additionally, our analysis is likely
to understate the true incremental costs of implants: subsequent revision surgery (which occurs
more commonly with cementless and resurfacing procedures) would increase the overall costs
of these types relative to cemented implants. One study found that annual hip replacement
costs in the US (where cementless implants are used almost exclusively) could be reduced by
$2billion if there was a joint registry comparable to the Swedish registry (enabling reductions
in revision rates) [53]. The use of cement on the femoral side has many advantages that out-
weigh the disadvantage of a slightly longer operative time [28], and the available literature sug-
gests that cemented fixation of acetabular components is more reliable than cementless beyond
the first postoperative decade [14].

This study demonstrates no benefit of a resurfacing procedure in patients over 60 years
across any of the domains studied in this analysis. Given the high failure rates, the risks of local
and systemic complications, and the long-term concerns surrounding these implants, includ-
ing a medical device warning and mandatory annual follow-up, there appears to be no routine
place for a resurfacing procedure in patients over 60 years [44,54]. Even in the ideal resurfacing
patient (a young male), Heintzbergen et al showed that absolute differences in cost-utility were
small when a BHR was compared to conventional hip replacement [55]. A dramatic fall in the
use of resurfacings, with use predominantly in young males during 2011 suggests surgeons
practising in England and Wales are responding to the evidence [3].

Long-term observational studies of mortality after hip replacement suggest a higher risk of
death when cement is used, but these fail to account for the confounding effect of true patient
differences and provide no logical reason for the increased death rate many years after cemen-
tation [56,57]. However, an analysis of over 400,000 hip replacements performed in England
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andWales between 2003 and 2011, using a combination of NJR and hospital episodes data
(allowing for extensive patient and provider variable adjustment) found the use of hip replace-
ment type to have no impact on mortality at 90 days following surgery [58], implying that
cement pressurisation at the time of surgery does not influence surgery-associated mortality.

In the past decade hip surgeons have been guilty of using implants with limited long-term
evidence at great expense to the NHS and other healthcare providers (as a result of costs
incurred initially and at revision surgery), and with significant adverse impact on patient out-
comes [59]. Fordham et al stated that the most cost-effective implants are those with the best
survival rates (and hence the fewest revisions), with the best patient outcomes and the least
cost [1]. Within this multi-outcome study of national data, a cemented stem with a cemented
polyethylene cup and a standard sized head offered similar outcomes to other implants, but
with lower revision risk and at the lowest costs. This category of implant should be the gold
standard for hip replacement, and used for comparisons with new implants within future
robust, randomised clinical trials. Uptake of new implants should depend upon evidence of
reduced revisions, patient morbidity and healthcare resource use.

The proliferation of hip replacement options has meant that any analysis aiming to deter-
mine ‘optimal’ hip replacement is inherently complex. However, the intention of this study was
to provide a summative evaluation of a range of hip replacements for the patient over 60 years
with hip OA. This type of evaluation is crucial to inform commissioning decisions by helping
to answer the question 'what is the most cost-effective hip replacement?’We believe the find-
ings of this paper will appeal to commissioners, surgeons, healthcare management and the
broader medical community striving to delivery high quality and cost effective healthcare.
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