
There are various methods to locate the rotation cen-
tre of the hip joint on standard pelvic radiographs.
When the geometry of both femoral heads is abnor-
mal, a number of methods are available to locate the
physiological hip centre from anatomical landmarks
on pelvic radiographs.
The accuracy and reliability of six methods were
retrospectively investigated on 115 standard pelvic
radiographs of both hips of healthy individuals. As a
reference against the hip joint centre predicted by
these methods, we used the true anatomical centre of
the femoral head. Measurements were normalized in
relation to pelvic height.
The calculated hip rotation centre most closely
approached the true anatomical centre of the femoral
head when the acetabular teardrop was used as a
landmark. 

Keywords : hip joint centre ; anatomic hip centre ; total
hip arthroplasty ; landmarks.

INTRODUCTION

Many factors influence the longevity of hip
 prostheses, such as implant design and implant
materials, body weight and joint loading, but also
surgical technique and reconstruction of the anato-
mic hip centre. Several authors have described the
negative effects of an incorrect reconstruction of the
hip joint centre leading to increased hip joint forces,
early wear and loosening (2,7,10,17,19). 
Accurate positioning of the components implies

knowledge of the physiological hip joint centre. In

patients with unilateral hip disease the centre of
rotation can easily be determined by mirroring the
opposite unaffected hip joint. However, if both hip
joints show pathological deviations of the rotational
centre, other methods have to be applied. Most
methods determine the centre of rotation on antero-
posterior radiographs of the pelvis, using various
pelvic radiographic landmarks as a reference (11,18,
25,26). 
The aim of this study is to compare different

methods used to predict the position of the anatomi-
cal hip centre.

MATERIALS AND METHODS

The study has been approved by the local hospital
ethics committee. Six methods previously described to
determine the theoretical anatomical hip centre were
compared with the geometrical centre of a normal hip
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which served as a reference for the centre of the hip joint.
All authors who reported their calculation methods per-
formed their measurements on pelvic radiographs of
individuals with normal hips.

Method 1

Fessy et al (11) calculated the horizontal (X) and ver ti -
cal (Y) distance of the hip joint centre from the distal end
of the acetabular teardrop and the vertical distance (L)
between the lines connecting the inferior edge of both
sacroiliac joints and both teardrop figures : Y = 0.204 L
- 0.794 (fig 1). To calculate X they used Koehler’s line as
a reference : the distance of Koehler’s line from the
medial edge of the ilium to the intersection with the line
connecting both inferior sacroiliac joints (l). It was found
to be different in men and women. X was defined as
0.093 I + 33.195 in men (fig 1). In women, the horizontal
position of the hip joint centre X was directly correlated
with Y : X = 0.284 Y + 29.016.

Method 2

Fessy et al (11) defined the mean horizontal distance
(X) from a perpendicular to the inter-teardrop line and
the mean vertical distance (Y) from a perpendicular to
Koehler’s line (fig 2). Koehler’s line and the inter-
teardrop line were drawn on x-ray images, and the hip
joint centre was located : the mean X distance was
33.6 mm and the mean Y distance was 16.34 mm.

Method 3

John and Fisher (18) measured the vertical and
 horizontal distance of the femoral head centre from the
inferior edge of the teardrop figure. The pelvic height was
defined as the vertical distance between lines connecting
the superior pelvic rim and the ischiatic tuberosity on
both sides (fig 3). The authors divided the vertical and
horizontal distance of the femoral head from the teardrop
figure by pelvic height and defined the horizontal
 distance as 13% of pelvic height and the vertical distance
as 7% of pelvic height. These mean values were used to
determine the hip joint centre on pelvic radiographs.

Method 4 and 5

Pierchon et al (25) constructed horizontal lines
through both teardrop figures and the inferior edge of the
sacroiliac joint (fig 4) ; the vertical and horizontal distan-
ce from the teardrop figure was normalised by dividing
them by the inter-teardrop distance (method 4) and the
distance between the inter-teardrop line and the inferior
sacroiliac joint line (method 5), respectively. The hip
joint centre was reconstructed from the normalised valu-
es published by Pierchon et al.

Method 6

Ranawat et al (26) published an estimation of the ace-
tabular position and indirectly constructed the hip joint
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Fig. 1. — Analysis of pelvic radiograph according to Fessy et
al (11) (method 1). L is the vertical distance between the inter-
teardrop line and the inter-sacroiliac line, l the distance
between the contact point of the medial ilium with Koehler’s
line and the inter-sacroiliac line.

Fig. 2. — Analysis of pelvic radiograph according to Fessy et
al (11) (method 2). The mean perpendicular distances from
Koehler’s line (X) and the inter-teardrop line (Y) are indicated.



centre from an isosceles right triangle located 5 mm late-
rally from the intersection of Koehler’s and Shenton’s
line. The side length of the triangle was defined by
one fifth of pelvic height and the edge of the acetabulum
(fig 5).
These six methods were applied to both hips on

115 standard pelvic radiographs of patients (69 males,
mean age : 35 ± 11.48 years, ranging from 17 to 73, and
46 females, mean age : 41 ± 17.8 years, ranging from 18
to 74) to determine the hip rotation centre. All radio-
graphs were taken in 2001 in a consecutive series of
patients presenting with symptoms attributed to the hip
joint or pelvis but without structural pathological fin-
dings.
The X-ray images were digitised using a VIDAR®

VXR-12 scanner (VIDAR Systems Corporation,
Herndon VA, USA). For digitisation, data analysis and
storage, the DiagnostiX® software system was used
(Gemed, Freiburg, Germany).
The true centre of the femoral head was determined

by fitting a circle to the femoral head, and the centre was
determined by the intersection of two perpendicular dia-
meters (13). This point was defined as the physiological
hip centre. The distance between the rotation centre that
was predicted by each method and the centre of the
femoral head was calculated. The precision of prediction
and the reliability of the method were calculated. The
results were presented in two dimensions (x/y).
The exact magnification factor of pelvic radiographs

is usually unknown and cannot be determined without a

reference object (5). Therefore, a numerical calculation
of the x/y coordinates would not supply reliable data in
comparison to other studies. To avoid this problem, in
addition to absolute values the x/y coordinates were nor-
malised by dividing them by the pelvic height which was
defined by the vertical distance between the most crani-
al point of the iliac crest and the most caudal point of the
ischial tuberosity. This allowed for comparison of pelvic
radiographs independent of the magnification factor,
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Fig. 3. — Analysis of pelvic radiograph according to John and
Fisher (18) (method 3). The inferior teardrop figure is marked
by a black dot ; the hip joint centre is defined relative to this
point by mean horizontal (X) and vertical (Y) distances nor-
malized by pelvic height (H).

Fig. 4. — Analysis of pelvic radiograph according to Pierchon
et al (25). The hip joint centre was determined by using the
mean distance from the teardrop figure as published by
Pierchon et al. Distances were normalized by the inter-teardrop
distance (d, method 4) and the distance between the inter-
teardrop and inter-sacroiliac line (h, method 5) as shown above.

Fig. 5. — Measurement on pelvic radiograph according to
Ranawat et al (26). The pelvic height (H) is measured, and a
right isosceles triangle is constructed starting about 5 mm lat-
eral to the intersection of Shenton’s line (S) and Koehler’s line.
The size of the triangle L is one fifth of pelvic height H.



similar to the approach of Pierchon et al (25). The diffe-
rence between the hip centre calculated by the methods
described above and the anatomical hip centre was statis-
tically tested by Student’s t-test and the Wilcoxon test.
The 90% confidence interval of differences between

the geometrical centres of the femoral heads and the pre-
dicted rotation centres of the hip joint was also calcula-
ted for all methods.

RESULTS

Both hip joints were analysed, which led to a
total number of 138 male and 92 female hip joints.
In some cases the methods according to Ranawat et
al (26) and Fessy et al (11) could not be applied. This
led to the exclusion of one male patient’s radio-
graph for Ranawat’s method and eight radiographs
of female patients for Fessy’s method because parts
of the pelvis were obstructed by radioprotective
shields.
The medial and caudal deviation of the rotation

centre was defined as positive, the lateral and crani-
al position as negative. The method for calculating
the horizontal hip centre position according to
Fessy et al (11) (mean -1.69 ± 0.87 mm) was found
to be the most precise in male subjects (fig 6 a, b).
This was also true for the relative values. For the
vertical deviation, variations between the different
measuring methods were less distinct (fig 6 c, d).
Only the method according to Ranawat et al (26)
varied significantly. The data for female individuals
basically showed the same distribution (fig 7 a-d).
Remarkably, there was a larger variation in the hor -
izontal than in the vertical direction for all subjects.
The smallest 90% confidence intervals of distances
between the geometrical hip joint centre and the
predicted joint centre were also found in method 1
(fig 8).
We examined whether the different determinati-

on methods adequately describe the anatomic hip
centre. Both the Student’s t-test and Wilcoxon test
demonstrated that in all cases the calculated
assumption of the rotational centre was significant-
ly different from the true centre of the femoral head
which was used as reference (p < 0.05). These
results indicate that all methods locate the hip cen-
tre in a significantly different position compared to
the anatomic hip centre. 

The results obtained by the method according to
Ranawat et al (26) differ significantly from other
methods. The predicted hip rotation centre was pla-
ced more proximally in relation to the pelvic height
(male 2.7% of pelvic height, female 3.1%) and
more medially (male 5.4%, female 3.6%). The pre-
diction of the joint centre according to the method
of John and Fisher (18) came to similar results. 

DISCUSSION

We found that the method according to Fessy et
al (11) determines the anatomic hip centre most pre-
cisely. Furthermore, this method shows the smallest
statistical spread for both males and females, in ver-
tical as well as in horizontal directions. 
The common characteristic of the hip joint centre

calculation methods is that the authors define stan-
dard data in order to locate the physiological hip
centre relative to different anatomic landmarks or
reference lines. As mentioned above, most of the
authors neglect the X-ray magnification factor,
which may explain the different results compared to
our data. Apart from the methods according to John
and Fisher (18) and Pierchon et al (25), all other
authors  use absolute instead of relative or nor -
malised data. 
John and Fisher (18) use the pelvic height as a

reference, whereas Pierchon et al (25) refer their
results to the inter-teardrop line. We demonstrate
that the use of the inter-teardrop line leads to a
smaller standard deviation which is comparable in
both vertical and horizontal directions and indepen-
dent of gender. For methodological reasons, this
could only be demonstrated for the method accor-
ding to Pierchon et al (25), which uses both lines as
references.
The use of radiological landmarks presumes that

these landmarks can be determined precisely. Robb
et al (27) were only able to define the teardrop figu-
re in 93% of the pelvic radiographs. In this study
the teardrop figure could be defined in all cases,
since measurements were done mainly on healthy
individuals. In case of hip dysplasia or after hip
replacement this number decreases to 16% (1), limi-
ting the applicability of all those methods.
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An additional problem consists in the retrospec-
tive determination of pelvic tilt and rotation.
Sutherland et al (30) analysed the influence of pel-
vic tilt and rotation and found that the maximum
error due to incorrect pelvic rotation is 2 mm in
each direction. The measuring error can be reduced
by locating the reference point close to the rotation
centre (29). The teardrop figure represents an appro-
priate radiological landmark, which is situated in
the same plane as the hip rotation centre (23).
Another important radiological landmark is
Köhler’s line, which is located posterior to the ace-
tabulum (24). Gates et al (12) and Goodman et al (14)
demonstrated that pelvic rotation influences the
position of the teardrop figure less than the location
of Köhler’s line. However, Russotti and Harris (28)
showed that a 10° increase in pelvic tilt leads to a
2 mm shift of the rotation centre.
None of the measured pelvic radiographs were

analysed with regard to the amount of pelvic tilt and
rotation. This factor was omitted deliberately for
the following reasons : First, it is impossible to
determine the real inclination and rotation of the
pelvis retrospectively as it only can be estimated
from the relationship of different pelvic landmarks.

Secondly, this study was performed to find a sim-
ple, exact method to determine the anatomic hip
centre. The position of the pelvis cannot be exactly
controlled in routine pelvic radiographs, so this
study intended to represent the situation in a typical
hospital or office setting.
Mathematical analyses, as well as experimental

investigations, demonstrated that hip forces increase
with an incorrectly reconstructed hip centre.
Considering an increase in hip joint resultant forces
of up to ten times the body weight during single limb
stance with dynamic loading (jumping), the signifi-
cance of small changes in the position of the hip cen-
tre becomes obvious (3,6). Increased hip forces thus
increase the loading of the implant-bone interface.
Antoli� et al (2) demonstrated that a medial shift of
the hip joint centre significantly decreases and a late-
ral shift strongly increases the magnitude of hip joint
forces. A superior shift of the rotation centre dimi-
nishes the strength of the hip abductor muscles and
should therefore also be avoided.
The most detrimental effects were observed with

a proximal-lateral position of the rotation cen-
tre (10,17,20,22). Igli� et al (17) did not find an altera-
tion of forces by shifting the hip centre towards an
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Fig. 6. — 90% confidence interval span of the horizontal and vertical distance between predicted and real hip joint centre in millime-
tres. Results are grouped by calculation method



anterior-posterior direction, whereas Johnston et
al (20) demonstrated that a posterior shift increases
the resultant hip forces. Similar results were repor-
ted by Lengsfeld et al (22) in a multibody computer
simulation. Furthermore, the alteration of the rotati-
on centre strongly influences the forces of the
abductor muscles (2,7,19), the bending forces (2),
and the extent of micromotions at the bone-prosthe-
sis interface (9).
An alteration of the hip centre may influence the

loosening rate of the prosthesis (31). The higher hip
forces in a superior-lateral position of the rotation
centre correlate with a higher migration and loos-
ening rate of the implants (4,8,15,16,21).
Despite a limited accuracy of the methods pre-

sented for determining the centre of the hip joint,
there is hardly an alternative method available. Our
study showed that of all methods analysed, the cal-
culation according to Fessy et al (11) provides the
most reliable data. Except for the method according
to Ranawat et al (26), all other methods allowed the
prediction of the physiological rotation centre wit-
hin an acceptable deviation of ± 5 mm. This range
is supposed to be harmless regarding a potential
increase in hip forces and consecutive loosening of
the implants (22). Interestingly, this relatively small
deviation has been determined independently of
pelvic tilt and rotation.
In conclusion, the methods based on the radiolo-

gical teardrop figure provide a sufficiently precise
determination of the hip joint centre. Normalisation
of the results by a parameter such as the inter-tear-
drop distance or pelvic height accounts for varying
X-ray magnification factors and therefore facilitates
using these calculation methods in the clinical rou-
tine.
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