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ABSTRACT

Aim: To explore an accurate method to calculate ace-
tabular cup anteversion after total hip arthroplasty.
Method: 1) A 3D coordinate system was established
with the center of the hip joint rotation center base as
coordinate center. The acetabular exit plane and Pet-
tersson formula acetabular anteversion and Riten
Pradhan formula acetabular anteversion and ace-
tabular true anteversion were drawn; 2) Determine
the mathematical expression of Pettersson formula
acetabular anteversion « and Riten Pradhan formula
acetabular anteversion g in the coordinate system.
The true acetabular anteversion is projection angle of
Pettersson formula acetabular anteversion « on
cross-section in the presence of acetabular abduction
J, determining mathematical expression of the ace-
tabular anteversion @ by trigonometric functions. Re-
sults: Real acetabular cup anteversion # = arctg
(tgp/cosd). Conclusion: The true acetabular cup ante-
version and Petter sson formula antever sion and Riten
Pradhan for mula anteversion were quite different.
The difference was increased with the acetabular cup
abduction angle increased. The formula was simple
and accur ate and worthy of clinical reference.
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1. INTRODUCTION

Good acetabular cup anteversion and abduction were the
basis of prosthesis stability, which was a key of a su-
ccessful operation. Bad position of acetabular prosthesis
easily leads to prosthesis loose which could lead to fe-
moral head prosthesis prolapse [1-3]. Determining the
Prosthesis location was very important in guiding post-
operative rehabilitation and expecting long-term effect.
Acetabular prosthesis included cement and non-cemented:
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the former was with a metal ring at the edge of the cup
oval in hip anteroposterior X-ray films, the latter could
only be seen a meta arc, eliptical arc, the middle part
was blocked by the femoral head prosthesis. Due to the
difficulty in measuring acetabular cup anteversion, Pet-
tersson formula acetabular cup anteversion [4] and Riten
Pradhan formula acetabular cup anteversion [5] were not
corresponding to theory, so we determined a mathemati-
cal formula of theoretical acetabular anteversion by estab-
lishing a three-dimensional coordinate system. These
were presented below.

2.METHOD

Establishing a three-dimensional coordinate system: O
was the hip rotation center, X-axis was corona axis, Y-
axis was vertical axis, Z-axis was sagittal axis, Plane
EDQP was the acetabular opening plane. The plane OHIF
was cross-section through the hip joint rotation center, IF
was projection of Ol in the corona plane, Plane OMJS
was the vertical section of the acetabular opening plane
through the hip rotation center, JS was projection OJ in
the coronal plane, Rectangular plane HIKL vertical plane
OMJS and plane OHL, KF was projection of OK in the
corond plane, Rectangular plane AGBC was vertica plane
of acetabular opening through 1/5 point A of elliptical
most diameter (supposing €elliptical most diameter was R,
acetabular radius was ), BC was projection of AB in the
corona plane. The plane OHL was the corona plane
through the hip joint rotation center.

Acetabular abduction ¢ was angle of acetabular open-
ing and sagittal plane in the coronal plane. That was £
1 in Figure 1, acetabular anteversion 0 was angle of
acetabular opening and sagittal plane in the cross-sec-
tional plane. That was £ OIH in Figure 1 [6], Pet-
tersson formula [4] acetabular anteversion o was £ OJM
in Figure 1, Riten Pradhan formula [5] acetabular ante-
versonfwas £ ABGinFigurel.
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Figure 1. Diagram of true acetabular cup anteversion and Pet-
tersson formula acetabular cup anteversion and Riten Pradhan
formula acetabular cup anteversionin a 3D system.

In Figure 1: Pettersson formula acetabular anteversion
(¢) £ OIM =arcsin (2 OM/R) = arcsin (OM/r).

Riten Pradhan formula acetabular anteversion (8) £
ABG = arcsin (AG/AB) = arcsin (5 AG/2R) = arcsin
(1.25 AGIr).

We can determine acetabular anteversion a = .

Acetabular cup theoretical anteversion (§) £ 1=arctg

(OH/HI)

s LK/ MJ
o ZL LKO=a=8
.~ coso = OL/OH
. OH = OL/cosd
© LK =HI
6= « 1=arctg (OH/HI) = arctg [(OL/coss)/LK]
= arctg [OL/(LK cosd)] = arctg (tgB/cosd)

3.RESULT

The true acetabular cup anteversion and Pettersson for-
mula anteversion and Riten Pradhan formula anteversion
were quite different, the difference was increased with
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the acetabular cup abduction angle increasd. True acetabu-
lar cup anteversion 0 = arctg (tgf/cos9).

4. DISCUSS

Good acetabular cup anteversion and abduction were the
basis of prosthesis stability, which was a key of a suc-
cessful operation. Bad position of acetabular prosthesis
easily leads to prosthesis loose which could lead to
femora head prosthesis prolapse [1-3]. Determining the
Prosthesis location was very important in guiding post-
operative rehabilitation and expecting long-term effect.
Acetabular prosthesis included cement and non-cemen-
ted: the former was with a metal ring at the edge of the
cup ova in hip anteroposterior X-ray films, the latter
could only be seen a metal arc, elliptical arc, the middle
part was blocked by the femora head prosthesis. Due to
the difficulty in measuring acetabular cup anteversion,
the fact that CT can not be used to measure acetabular
cup anteversion, Pettersson formula [4] and Riten Prad-
han formula [5] acetabular cup anteversion was not true.
So the effect of acetabular abduction on anteversion was
not taken into account and it was acetabular cup ante-
version when the abduction was 0.

The results show: 1) Acetabular cup anteversion was
impacted by the Acetabular cup abduction. There was a
positive correlation between Acetabular cup anteversion
and abduction. The anteversion was increased while the
abduction was increased. Assumption for the Pettersson
formula and Riten Pradhan formula acetabular cup ante-
version was 20°. When the abduction was 35°, the red
acetabular cup anteversion was 23.96°. When the abduc-
tion was 45°, the rea acetabular cup anteversion was
27.24°. When the abduction was 55°, the true acetabular
cup anteversion was 32.40°; 2) When the abduction was
0, the true acetabular cup anteversion and Pettersson
formula anteversion and Riten Pradhan formula antever-
sion were same; 3) When the acetabular abduction to-
wards 90°, the acetabular cup anteversion also tends to
0.

In short, the true acetabular cup anteversion and Pet-
tersson formula anteversion and Riten Pradhan formula
anteversion were quite different. The difference was in-
creased with the acetabular cup abduction angle in-
creased too. So intraoperation of total hip replacement plac-
ing acetabular cup needs to match abduction and ante-
version, and taking the impact of acetabular abduction on
acetabular anteversion into account, postoperation also
needs to take the impact of acetabular abduction on
acetabular anteversion into account in evauating aceta
bular cup angle. The accuracy of Pettersson formula ace-
tabular anteversion and Riten Pradhan formula acetabu-
lar anteversion had been confirmed. The formula was
simple and accurate and worthy of clinical reference.
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