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The cup safe-zone and optimum combination of the acetabular and femoral anteversions that fulfills the desired range
of motion of the hip LI Yong-jiang,CAI Chun-yuan ,ZHANG Li-cheng,YANG Guo-jing, ZHOU De-biao ,PENG Mao-xiu
CHEN Wen-liang,ZHA O Liang-wei. Department of Orthopaedics ,the Third Alffiliated Hospital of Wenzhou Medical College ,
Ruian 325200, Zhejiang, China
ABSTRACT Objective:To investigate safe range of acetabular prosthesis angle and the optimum combination of cup and
neck in the range of activities of daily living (ADL). Methods: A three-dimensional generic parametric and kinematic simula-
tion module of THA was developed. Range of motion(ROM) of flexion =110°, internal-rotation =30° at 90° flexion, extension
=30° and external rotation =40° were defined as the normal criteria for desired ROM for activities of daily living(ADL) , and
ROM of flexion =120°, internal-rotation =45° at 90° flexion, extension =30° and external rotation =40° as the severe crite-
ria. The range of the changes in the general head-neck ratios(GR) , the femoral neck anteversion (FA),the operative antever-
sion (OA) and operative inclination (OI) of the cup component were 2-2.92,0°-30°,0°-70°,10°-60°respectively. For the
collodiaphyseal angle (CCD) of 135°,the corresponding OA related to the OI which every 5° was calculated , and described us-
ing dots and lines in a coordinate system in which Ol of acetabular cup was the horizontal ordinate and OA of acetabular cup
was the vertical ordinate. All data was analyzed by SAS 6.12 software. Results: Large GR greatly increased the size of safe
range and it was recommended that GR be more than 2.37 when the CCD-angle was 135° as it further increases the size of safe-
zone. The size of cup safety range of the severe criteria was smaller than normal criteria. When the CCD-angle was 135°,the
optimum relationship between OA of acetabular and FA of the normal criteria and the severe criteria can be estimated by the
formula:Y,=-0.816X,+39.76 (R*=0.993),Y,=-0.873X,+47.04 (R?*=0.999) respectively. Conclusion: Large GR greatly in-
creases the size of safe-zone and it is recommended that GR be more than 2.37,so0 it extends the acceptable range of error that
clinicians cannot avoid it completely. The larger range of the hip motion, the smaller size of the cup safe-zone,but can retrieve
by increase the GR. The OA is negative with FA.
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Fig.1 The prosthetic design and ROM ; 0 is the oscillation angle of THA
D and d respectively show the diameters of the head and the neck,and a is

the critical angle when impingement occurs
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Fig.2 The coordinate system of a left THA module with anterior-posterior

and lateral views
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Fig.3 The OA and OI of acetabular components. OYZ is the sagittal
plane,0XZ is the transverse plane and OXY is coronal plane. ON is the

acetabular axis
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Tab.1 For the CCD-angle of 135°and the OI of 35°-55°,
the average of OA fulfilling the normal and severe hip ROM
under varying FA (0°,10°,15°,20° and 30°) (x+s)

M ET U )

*x1

JEe R A () - -
Hrm b FEREARE
0 40.445£9.941 47.243+8.944
10 31.385+10.338 38.280+9.086
15 26.995+10.568 33.7779.243
20 22.595+10.735 29.300+9.603
30 16.170+8.444 21.130£9.262

/M BRSO T 400, 3 BT BIeAT i e
SRTTA | B8P A 2 Ay [l Y

40 #4044

N

30

MW
y=-0.816x+39.76

BREIARHI AP EC0)

25 b - e

EH /N R L BB AR L R 2.17
BF, B AR AT A4 ) de N L A
JEf KT 330, HBUETERA
BEL T A A S5 A N A2 v Rl
B NT— AR T Y (E ™ 4%
PRS0 2 423 el AT DAl ok
TR A A 3k BB A% LU AR Ak 2
1E, U™ AR S, SR
R 2.37 AU FIBAAR 2235
YA R — bR 5 T, Sk 8

» 1517

HARLEN 2 W22 AT FEAR AL A

1 RE=0.993
11
N
o
o 5 10 15 20 25 30
JBe SR A ()

&5

FA were analyzed by a linear regression. The linear correlation between OA and FA of the normal 3

criteriais is shown by the formula; 0A=-0.816xFA+39.76 with R*=0.993

50

43

®47 14333

an
33
a0

y=-0.873x+ 47.04

AR AT 24 B ()

0 5 10 15 20
JBEB SR A (°)

E 6

FA was analyzed by a linear regression. The linear correlation between OA and FA of the severe cri-

teria is shown by the formula; 0A=-0.873xFA+47.04 with R’=0.999

BT AR 135°, AAMNESA 35°~55° #EOCT I BB —fBehrk R ARSTRT MR M OE R
Fig.5 With a CCD-angle fixed at 135° and OI was in 35°-55°, the correlation of average OA and

R RI=(r99%——————————

25 30

HIT AR 135°, ASMNE A 35°~55° MEOCTT I BB M Al MRS air s 45 R
Fig.6 With a CCD-angle fixed at 135° and OI was in 35°-55° the correlation of OA average and

PRUESSAE T SR BTEAR LY 2.61 Al
— bR AT Sk BUEAR I 2.17
12 2 FLAR D), RO A
Wit
3.1 ABRFEBOHIRRR SRR
R AR T, N TG A Y
PRALH MM, AR 22 R
A G PR S £ o 4 T AR 223
ORI AR, AR R TS X il
KA [ARE AT R
[RGB NP o i aa o G A ]
ZH KRR B B FI AR R 9
LA P A Dy 1 T R T AR A
Wl PR BRI B 452, i LB 2 A
FE A AR T L 4 i 30 99 55 Y
FIPRRIT A o FIARA IR f 21 1 il
5 IR Z [ F4 F BE | R FH 2228 AT
PUSCIEE , NI TR 25 LR
L A B R A AR
PRAY 2T

IEH B BB AT 120~

e 1113



+934 . A 2011 4F 11 H 48 24 555 11 3

China J Orthop Trauma,Nov.2011,Vol.24,No.11

15° fHA] A =328 fk 5] 35° 4 BIERA LT A
R B sl M A b S K fER A Y
RIBEEBUARE EmE, R T iR BN Ee R A B4 i e At
BESEREST, B IR R I ST B A
JREr AR, PR e AR 22 2 S5 R i A AN B2
S ERAR Y 150 3 I AN SR ARSI I R AT sl
FEBH LB AR )45 o 1 7= AR A, e B A o R 4
FUBRAARZE%E | e 2 S5 (AR IR A7 1) AU 23 DA 5, 5K
PRFAR, MRANEMA AT LS8 S R B
LA, I, 26 BRI A BRAR A1 0 AT LA
T o R 3 1) AU Oh A b BT S A
Wt R, S ASTFSE BT S AR )

P T A1 i i R PN G sl
Rz FHA I M G sl SORRE E LT 2 FiOR
EORESIL R 8
3.2 MRIIATMA  ARFRRAIT M 135°0), B
W AR (R A, FE AR R AR D80, Tk — P
SlBRUE A TG AR AR AT (Y) 5 SR
(X) fEHERLM LR, 200V, =-0.816X +
39.76(R?=0.993) ,Y,=—0.873X,+47.04(R*=0.999) , M
X 2 AU DL BAFE R 2 B EMRSNR AT, ARET
B £ b S0 M0 7 o3k 2 A R MR B K AR, 3X 2 AN
T2 A 5 R I A (RAEAR SN B AR 2 VE A,
Il R _E HAR AR S BN i gk e, ke — N S
TR EAR L BUA S FiEr A By, R AR AT LA
MAERYE F 85 AT 16 shy i R, BRIt s A AR A 5
AT SE AR TARE B, ATk 30
HiE,

3.3 SkHEA  WT—ANEE LI EAS A
KA, EAR A 2 A R 58 08 T30 slibn ife
T SC, 84K S S AR, 55 UM AR B v Ay
M, ABFIE R, X TG I Sl R R R
H, ALl vE Rk AR ROk R AR R
B PBER VO, B AR R Sk 3 R (]
— B R — 7 G S RS, SARFIE 4
WAL, B b X F— ARG HECT IS S ER A
R R UL, BERE— /NI Sk AR H R AR A S
ATLLAY (R B R R TR G L 2 B AR E M
GRS iR 25, BMAL AR il ST A6 S8 38 i Ar
BB, A A S A T 2 A ) B e
FRIFAS LA AR F A0 208, IR L, i B4R e
ARAF—A RAF RO 1 30 BE XS 0 A K i
RITRCR AR BN, AT R B2k F AR /)
F 237 W), FAMETT A 4E 43 FRl B an sl AR /1N, B

BT E SRR N TBHERASC R S, KT

SEPRIEH RO TE SV, P, e Sk S

FRIERT 237 flih, BEFFPICH N T A

FERTRCR A Sk 0 AR LU 5 3 A 2 8 5 n N A 5

REGTESIVE R, SAPTFERESRARRL, A EHE—1

TR Sk 1B AR LA, B 2.61,2.92 IR ] i —

A RRST N TSSO T5 S90S Al AR 22 07 oz

A FLVRE R, AHEFE R A — DR BRI 00 T 2R

AN, it A A2 S H O Sk S AR

LU SRAF A5G T 1 Sha RIS e R 3R S0 PR 30

FFRRZ, WARAEA | RIRS B B 2R Ay

iy RGPl RE R B IR T R4S

Sk

(1] ZR, sk, B IEAL, 55, SMEEA S BRI TR (1],

hEE4,2008,21(3) : 173-175.
Li YJ,Zhang LC, Yang GJ, et al. Prevention of prothesis dislocation
afterthe revision of total hip arthroplasty[J]. Zhongguo Gu Shang/
China J Orthop Trauma,2008,21 (3):173-175. Chinese with ab-
stract in English.

[2] Gonzdlez della Valle A,Ruzo PS,Li S,et al. Dislodgment of
polyethylene liners in first and second-generation Harris-Galante ac-
etabular components. A report of eighteen cases[J]. ] Bone Joint
Surg Am,2001,83(4).:553-559.

[3] Widmer KH,Zurfluh B. Compliant positioning of total hip compo-
nents for optimal range of motion[J]. J Orthop Res,2004,22(4).
815-821.

[4] LiYJ,Yang GJ,Zhang LC,et al. Influences of head/neck ratio and
femoral antetorsion on the safe-zone of operative acetabular orienta-
tions in total hip arthroplasty[J]. Chin J Traumatol,2010,13(4).
206-211.

[5] Wu G,Siegler S, Allard P, et al. ISB recommendation on definitions
of joint coordinate system of various joints for the reporting of hu-
man joint motion—Part 1;ankle,hip,and spine. International Soci-
ety of Biomechanics[J]. ] Biomech,2002,35(4):543-548.

[6] Yoshimine F. The safe-zones for combined cup and neck antever-
sions that fulfill the essential range of motion and their optimum
combination in total hip replacements[J]. ] Biomech,2006,39(7) .
1315-1323.

[7] Murry DW. The definition and measurement of acetabular orienta-
tion[ J]. J Bone Joint Surg Br, 1993,75(2) :228-232.

[8] Lewinnek GE,Lewis JL,Tarr R, et al. Dislocation after total hip-re-
placement arthroplasties[J]. J Bone Joint Surg Am,1978,60(2):
217-220.

(9] ZEF, S ARk HUE AR S8 A XA TR
g T]. PEBHESMAGE, 2005, 13(10) 1 757-760.

Luo ZP,Dai M. The influence of head-neck ratio and implant posi-
tion on the range of motion after total hip arthroplasty[J]. Zhongguo
Jiao Xing Wai Ke Za Zhi,2005,13(10) : 757-760. Chinese.

(ki H 3 :2011-04-20 A ER1E)





