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The current study investigated the relationship 
between the implantation angle of the acetabular 
component and the change in the pelvic postural 
angle during hip arthroplasty surgery. One pelvis 
with a left lower limb prosthesis was used. Total hip 
arthroplasty on the left pelvis was simulated with the 
help of a computer-assisted navigation system. The 
pelvis revolved around the horizontal, longitudinal and 
sagittal axes at different angles, and the anteversion 
and abduction of the acetabular component were 
measured. The changing angle of the pelvis rotating 
around the horizontal and longitudinal axes greatly 
influenced acetabular component anteversion. The 
changing angle of the pelvis rotating around the 
sagittal axis had a relatively great influence on the 
acetabular component abduction angle. The change 
in the postural angle of the pelvis had a great 
influence on the installation angle of the acetabular 
component. It is important to standardize posture 
prior to the operation. 

Keywords : total hip arthroplasty ; computer navigation 
system ; pelvic angle ; acetabular anteversion ; acetabu-
lar abduction 

INTRODUCTION

With the recent popularization and development 
of total hip arthroplasty, stability has become 
the critical factor influencing the life span of hip 
prostheses and the quality of life of patients. 

The accurate alignment angle of the acetabular 
component is important for the stability of the 
artificial hip joint. Whether the acetabular com-
ponent can be positioned optimally is a key factor 
influencing the short-term and long-term effects of 
the operation. Lewinnek et al. described a “range” 
(5-25° anteversion and 30-50° abduction) for safe 
acetabular component positioning (9). Implants 
outside this range have a dislocation rate four 
times higher than for those within the range (6% 
versus 1.5%) (5, 8). In addition to decreasing the 
dislocation rate, achieving the optimal acetabular 
component positioning angle has a great influence 
on relieving partial stress transformations of the 
acetabular component, osteolysis, wearing of the 
polyethylene liner material and aseptic loosening 
(10, 14, 17).

Numerous factors can affect the accurate 
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positioning of the acetabular component during 
total hip arthroplasty, among which pelvic posture 
is an important one. Pelvic posture can change in 
three directions (Fig. 1): 1) The angle at which 
the pelvis rotates around the horizontal axis (the 
bilateral anterior superior iliac spine connection 
line) is called pelvic inclination. Forward and 
backward rotation of the tail bone are referred to 
as anteversion and hypsokinesis, respectively. This 
angle is the pelvic inclination angle (inclination of 
the pelvis, PI); 2) The angle at which the pelvis 
rotates around the longitudinal axis (the line that 
is vertical to the horizontal axis and passes the 
line connecting the center of the bilateral pubic 
symphysis) is called pelvic rotation. This parameter 
is divided into right and left rotation (the hip rotates 
forward and backward), and the angle is referred to 
as the pelvic rotation angle (rotation of the pelvis, 
PR); 3) The angle at which the pelvis rotates around 
the sagittal axis (which is vertical to the horizontal 
and longitudinal axes and passes the joint of 
the two axes) is called pelvic obliquity (7). This 
parameter is divided into left and right obliquity, 
and the angle between these obliquities is referred 
to as the pelvic skew angle (skew of the pelvis, 
PS). For surgeons lacking experience, when the 
pelvic position is improper or the acetabular wall is 
impaired, visual measurement may lead to serious 
deviation of the acetabular component installation 

(22). These outcomes may result from the physician 
overlooking a change in pelvic posture in the 
lateral position. Eilander reported that supine THR 
provides reliable freehand acetabular component 
placement and, in most patients, a small reclination 
of the pelvis from supine to standing causes a 
small increase in anteversion of the acetabular 
component (3). Although surgeons can achieve 
acceptable prosthesis positions with intraoperative 
fluoroscopy, variations in pelvic tilt, pelvic rotation, 
and inclination alter acetabular orientation (16), and 
this issue remains to be further explored.

Computer navigation can be used to position the 
acetabular cup precisely in a planned orientation 
relative to predefined bony landmarks in order 
to increase the function and longevity of THA 
(4, 11, 15). In a randomized, controlled, matched, 
prospective study (13), operations were performed 
on two groups of thirty patients each comparing the 
computer-assisted system with freehand insertion 
of the acetabular component. Their results showed 
that the computer navigation system provided a 
large advantage in terms of spatial location. 

In this study, total hip arthroplasty was simulated 
with the help of the computer-assisted navigation 
system, and we measured the anteversion and 
abduction angles of the acetabular component 
when the pelvis rotated around the horizontal, 
longitudinal and sagittal axes at different angles. 
We then determined their changing trends and 
characteristics. The findings of this study may 
provide a reference for the accurate positioning of 
the acetabular component in total hip arthroplasty.

MATERIALS AND METHODS

Materials

One whole pelvis with a left lower limb prosthesis 
was used (Fig. 2). Two 2-mm Kirschner wires were 
drilled separately into the bilateral anterior superior 
iliac spine and bilateral pubic tubercle in parallel. 
The Kirschner wire that was drilled through the 
anterior superior iliac spine as a horizontal axis 
was removed, and another Kirschner wire was 
fixed to the former two Kirschner wires with 

Fig. 1. — Three dimensions of the pelvis. The red, green, and 
white planes represent the horizontal, sagittal, and coronal 
planes of the pelvis, respectively. 
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elastic. This latter wire coincided with the midpoint 
of the pubic symphysis and was vertical to the 
horizontal axis. This Kirschner wire was placed 
along the longitudinal axis of the pelvis, and 
another Kirschner wire was placed vertically to 
the longitudinal and horizontal axes. This wire was 
fixed to the prosthesis and considered the sagittal 
axis. A foam board was used (30-cm long, 20-cm 
wide, 5-mm thick). An inclinometer drill hole was 
made in the foam board with a 2-mm Kirschner 
wire; the holes were vertical to the board. A hole 
was drilled in the center of the board. This hole 
was considered to be the center, and a radius of 5 
cm was defined. An additional margin hole was 
generated. Separated by 5° between adjacent edges 
of the holes, the position was located with an 
HY-S005-400B (400 mm) leveling instrument (the 
operation table was kept in the horizontal position), 
and the angle was measured with an inclinometer 
(accuracy of 1°) and a computer navigation system 
(accuracy of 1°).

iliac spine into the center hole of the board. One 
Kirschner wire was fixed to the anterior pelvic plane 
(bilateral anterior superior iliac spine and bilateral 
pubic tubercle plane) parallel to the horizontal 
axis and 5 cm away from the horizontal axis. This 
Kirschner wire was drilled into the corresponding 
marginal hole. The pelvic rotation angle around the 
horizontal axis could then be adjusted. Two holes 
were used to draw a line parallel to the vertical 
axis of the operating table. Forward and backward 
rotation of the tailbone were denoted as anteversion 
and hypsokinesis, respectively. The operation was 
illustrated in Figure 3A. 

Longitudinal axis. 

The foam board was placed on the operating 
table lengthwise, and the Kirschner wire was 
drilled and represented the longitudinal axis in the 
center hole. Another Kirschner wire was fixed to 
the former plane of the pelvis. In parallel to the 
longitudinal axis, the wire was positioned 5 cm 
away from the longitudinal axis and drilled into the 
corresponding marginal hole. The pelvic rotation 
angle around the longitudinal axis could then be 
adjusted. Two holes were used to draw a line that 
was vertical to the operating table. Rotation to the 
left was considered left rotation (hip backward) and 
to the right was right rotation (hip forward). The 
operation was illustrated in Figure 3B.

Sagittal axis. 

The foam board was placed on the operating table 
lengthwise, and the Kirschner wire representing the 
sagittal axis was drilled into the center hole. Another 
Kirschner wire was fixed to the vertical plane of 
the former plane of the pelvis. It was positioned 5 
cm away from and parallel to the sagittal axis and 
was drilled into the corresponding marginal hole. 
The pelvic rotation angle around the sagittal axis 
could then be adjusted. Two holes were used to 
draw a line that was vertical to the operating table. 
Rotation of the tail bone to the left was called left 
inclination (in the Trendelenburg position) and to 
the right was called right inclination (in the dorsal 
elevated position). The operation was illustrated in 
Figure 3C.

Fig. 2. — A whole pelvis with a left lower limb prosthesis was 
used for computer navigation analysis.

Pelvic postural angle 

Horizontal axis. 

The foam board was placed horizontally on 
the operating table and measured with a leveling 
instrument. The left side of the Kirschner wire 
was drilled through the bilateral anterior superior 
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Statistical analysis

Using SPSS 20.0, linear regression was performed 
to study the relationships of the rotation angles of 
the pelvis around the horizontal, longitudinal, and 
sagittal axes with the acetabular anteversion and 
abduction angles.

RESULTS

Horizontal axis

The changing trends in the acetabular component 
acetabular anteversion and abduction angles 
when the pelvis was inclined at different angles 
around the horizontal axis are shown in Figure 4. 
When the pelvis was inclined forward along the 
horizontal axis and the inclination angle increased, 
the acetabular anteversion and abduction angles 
displayed linear decreasing and linear increasing 
trends, respectively (Fig. 4A). When the pelvis 
was rotated around the horizontal axis each time 
the pelvic inclination angle increased 5°, the 
acetabular component anteversion angle decreased 
approximately 7°, and the abduction angle increased 
approximately 2°. Each time the pelvis inclined 
forward by 10°, the acetabular anteversion angle 
decreased approximately 15°, and the abduction 
angle increased approximately 4°. Figure 4B shows 
the changing trend in the acetabular component 
acetabular anteversion and abduction angles when 
the pelvis was inclined backward at different angles 
around the horizontal axis. When the pelvis was 

Computer navigation system (CNS)

The computer navigation system used was 
Navigation System II-CartREF7700-100-000 from 
Stryker.

Operating procedure. 

One fixed piton with a connecting link was drilled 
into the anterior superior iliac spine, and one was 
drilled into the distal femur. One track was fixed to 
the side of the acetabulum, and another was fixed 
to the side of the femur. Registration was completed 
according to the computer instructions. The center 
position of the pelvis and caput femoris was located. 
The indicator was used to collect information about 
the acetabular fossa and acetabular rim to determine 
the depth and diameter of the acetabulum. The 
acetabular cup mold was positioned with an 
acetabular impactor equipped with a positioning 
tracker and conventional locator. The acetabular 
cup mold was mounted at an angle of 0°, and its 
acetabular anteversion and abduction angles were 
generated in a safe range. The pelvic angle was 
then adjusted gradually. Each time the angle was 
adjusted, the installment of the acetabular cup mold 
(mounted according to the standard lateral position) 
could be located using a conventional locator. The 
acetabular anteversion and abduction angles tested 
by the computer navigation system were recorded.

A senior physician was blinded to complete the 
simulation according to the above operations five 
times, and the average values of the data collected 
were analyzed.

Fig. 3. — Pelvic rotations. A, around the horizontal axis. B, around the longitudinal axis. C, around the sagittal axis.

CBA
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increasing rotation angle, the acetabular component 
anteversion and abduction angles displayed linear 
decreasing trends (Fig. 5B). Each time the pelvis 
was rotated forward around the longitudinal axis 
by 5°, the anteversion angle decreased 4°, and the 
abduction angle decreased 3°. Each time the pelvis 
was rotated backward by 10°, the anteversion angle 
decreased approximately 8°, and the abduction 
angle decreased 6°. 

Sagittal axis

The changing trends in the acetabular component 
acetabular anteversion and abduction angles are 
shown in Figure 6. When the pelvis was inclined 
to the right (in the Trendelenburg position) along 
the sagittal axis with an increasing inclination 
angle, the acetabular anteversion angle displayed 
a linear increasing trend, and the abduction angle 
showed a linear decreasing trend (Fig. 6A). Each 
time the pelvis was inclined to the right around the 
sagittal axis by 5°, the anteversion angle increased 
2°, and the abduction angle decreased 4°. Each 
time the pelvis was inclined to the right by 10°, the 
anteversion angle increased 4°, and the abduction 
angle decreased 8°. When the pelvis was inclined 
to the left (in the dorsal elevated position) along 
the sagittal axis with an increasing inclination 
angle, the acetabular anteversion and abduction 
angles displayed linear decreasing trend and linear 

inclined backward along the horizontal axis and the 
inclination, acetabular anteversion and abduction 
angles were increased, a linear increasing trend was 
observed. Each time the pelvis was rotated around 
the horizontal axis, it inclined backward by 5°. In 
addition, the acetabular component anteversion 
angle increased approximately 4°, and the abduction 
angle increased approximately 2°. Each time the 
pelvis inclined backward by 10°, the acetabular 
anteversion angle increased approximately 8°, and 
the abduction angle increased approximately 4°. 

Longitudinal axis

The changing trends in the acetabular component 
acetabular anteversion and abduction angles 
with the rotation of the pelvis at different angles 
around the longitudinal axis are shown in Figure 
5. When the pelvis was rotated to the left along the 
longitudinal axis with an increasing rotation angle, 
the acetabular anteversion and abduction angles 
displayed linear increasing and linear decreasing 
trends, respectively (Fig. 5A). Each time the pelvis 
was rotated backward around the longitudinal axis 
by 5°, the anteversion angle increased approximately 
7°, and the abduction angle decreased 3°. Each 
time the pelvis was rotated backward by 10°, 
the anteversion angle increased 16°, and the 
abduction angle decreased 7°. When the pelvis was 
rotated forward along the longitudinal axis with an 

Fig. 4. — The changing trend of the acetabular component with the inclination of the pelvis at different angles around the horizontal 
axis. A, forward. The respective linear regression equations were established as follows: acetabular anteversion angle Y=-1.51X+17.96; 
acetabular abduction angle Y=0.40X+42.54. B, backward. The linear regression equations were established as follows: acetabular an-
teversion angle Y=0.82X+19.66; Abduction angle Y=0.40X+42.54. Ante, anteversion angle. Ab, abduction angle.

B
A
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commonly used to measure acetabular components 
during THA surgery, navigation, which has become 
widely used in the last decade, greatly enhances 
the precision of cup positioning, thus eliminating 
malpositioning. With the assistance of a navigation 
system during the hip replacement procedure, 
images can reflect the position and direction of the 
bones, acetabular component and other surgical 
instruments. The surgeon can adjust the angle, 
direction and position of the acetabular component 
according to the reflected data (21), which provides 
a direct method for the accurate installment of 
the acetabular cup. However, many authors have 
complained that the pelvic posture of the patient 

increasing trends, respectively (Fig. 6B). Each 
time the pelvis was inclined to the left around the 
sagittal axis by 5°, the anteversion angle decreased 
approximately 1°, and the abduction angle increased 
approximately 4°. Each time the pelvis inclination 
angle increased by 10°, the anteversion angle 
decreased approximately 2°, and the abduction 
angle increased approximately 8°.

DISCUSSION

The accurate position of acetabular component 
is of great importance in total hip arthroplasty. 
Although cross-table lateral fluoroscopy is 

Fig. 6. — The changing trends in the acetabular component when the pelvis was inclined around the sagittal axis. A, to the right (in the 
Trendelenburg position). The linear regression equations were established as follows: acetabular anteversion angle Y=0.40X+19.18 
and abduction angle Y=-0.75X+44.33. B, to the left (in the dorsal elevated position). The linear regression equations were established 
as follows: acetabular anteversion angle Y=-0.21X+19.8 and abduction angle Y=0.85X+43.84. Ante, anteversion angle. Ab, abduction 
angle.

Fig. 5. — The changing trends in the acetabular component with the rotation of the pelvis at different angles around the longitudinal 
axis. A, backward. The linear regression equations were established as follows: acetabular anteversion angle Y=1.51X+20.27 and 
abduction angle Y=-0.72X+48.25. B, forward. The linear regression equations were established as follows: acetabular anteversion 
Y=-0.81X+22.82 and abduction angle Y=-0.66X+45.55. Ante, anteversion angle. Ab, abduction angle.

BA

BA
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the pelvis in order to accurately mount the abduction 
and anteversion of the acetabular component. The 
results of this study demonstrate the importance 
of the standard pelvic lateral position in total hip 
arthroplasty. The design of a more effective method 
to locate the pelvis requires further effort in a future 
study. 

We also believe that the reference plane of the 
computer navigation system is the anterior pelvic 
plane; when the pelvic position changes, its anterior 
plane will not change. Therefore, application of the 
computer navigation system to the placement of 
the acetabular cup will increase its accuracy. This 
effect has been demonstrated in many clinical cases 
(1, 12). However, this procedure is expensive and 
complicated. In addition, it has not been widely 
used in hospitals, and its man-made risk and system 
risk is high, which may increase the operation risk. 
If the pelvic position changes during the operation, 
then post-operation impact, dislocation and other 
complications will occur even if the computer-
assisted navigation system is used with the anterior 
pelvic plane as a reference to determine the angle 
and position of the acetabular cup.

The limitation of this study is the use of an 
idealized and simplified change in pelvic position. 
During clinical procedures, changes in the postural 
angle of the pelvis typically occur in three directions. 
When the pelvis rotated around two or three axes, 
we could not detect its influence on the orientation 
of the acetabular component.

In conclusion, the change in the pelvic postural 
angle has a great influence on the installation angle 
of the acetabular component. With the help of a 
computer navigation system, the influence of the 
pelvic postural angle change on the acetabular 
component installation angle will decrease. The 
findings of this study may provide useful data for the 
accurate positioning of the acetabular component in 
total hip arthroplasty.
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