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Hemispheric cups do not reproduce acetabular rim 
morphology
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Background   Iliopsoas impingement is a recurrent 
complication following THA, caused by muscle fric-
tion against a protrusive prosthetic cup. This study 
was designed to quantify the dimensional variations in 
acetabular rim profiles, with particular regard to the 
iliopubic valley, in order to suggest means to prevent 
iliopsoas impingement. 

Material and methods   34 cadaver pelvises were ana-
lyzed using a hip navigation system. The morphometric 
data were processed to plot profiles of all acetabular 
rims with particular regard to the shape and depth of 
the psoas valley. 

Results   The acetabular rim is an asymmetric suc-
cession of 3 peaks and 3 troughs. The psoas valley is a 
salient feature in most pelvises and there is only a weak 
correlation between its depth (mean 3.8 mm, SD 2.0) 
and acetabular diameter, anteversion, or inclination. 

Interpretation   It would be difficult to obviate the 
anterior overlap of the acetabulum using a hemispheric 
cup, a fortiori in certain morphotypes, without compro-
mising range of motion or risk of dislocation. The solu-
tion for prevention of iliopsoas impingement would be 
to adapt cup design to acetabular anatomy, which may 
require different implants for the right and left sides, 
and hence a doubled inventory. 

■

Ilio-psoas impingement is a recurrent cause of pain 
following total hip arthroplasty (THA). The syn-
drome develops as a result of chronic friction of the 
ilio-psoas muscle against a prosthetic cup that over-
laps the iliopubic valley of the acetabulum. Such 

prosthetic overlap is commonly observed in cases 
where the implant is too large, insufficiently ante-
verted, or protrusive due to inadequate reaming.

Ilio-psoas impingement was first suspected 
to cause pain in 1975 by Postel, and was later 
described by Kolmert et al. (1984), Lequesne et al. 
(1991), and Trousdale et al. (1995). Furthermore, 
2 series were reported in France—9 cases by Ala 
Eddine et al. (2001) and 12 cases by Bricteux et 
al. (2001). A review of what little literature exists 
on the syndrome would suggest an incidence of 
around 5% of all THA (Ala Eddine et al. 2001). 
This figure is difficult to estimate, because the syn-
drome takes various clinical forms. Most patients 
develop an early anterior groin pain that can some-
times be cured by infiltration or tenotomy, but it 
can sometimes take several months before the 
onset of symptoms. 

Iliopsoas impingement can be analyzed using 
various imaging techniques, starting with standard 
radiographs—notably in the Arcelin profile, which 
helps determine whether the implanted cup is over-
sized (Lequesne et al. 1991, Trousdale et al. 1995). 
Ultrasonography (Rezig et al. 2004, Wank et al. 
2004), bursography (Cheung et al. 2004), and MRI 
can all reveal bursitis, whereas CT is considered to 
be the optimal imaging modality as it highlights the 
impingement zone (Cyteval et al. 2003). Therapeu-
tic attitudes regarding the syndrome have ranged 
from simple negligence, since symptoms some-
times disappear spontaneously, to surgical revision 
by iliopsoas tenotomy or even replacement of the 
prosthetic cup. 
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An important element in eliciting the syndrome 
is the anatomical factor, which has never been 
specifically examined in the literature, although 
it evidently influences the degree of prosthetic 
overlap. It was only when faced with difficulties 
in calculating acetabular angles on radiographs 
that Fabeck et al. (1999) observed the variations 
in the iliopubic valley, over which the iliopsoas 
muscle passes to leave the pelvis. The anatomical 
study of Maruyama et al. (2001) investigated these 
profile variations and distinguished 4 psoas valley 
configurations with the following distribution in 
the population: 4% straight, 60% curved, 26% 
angular, and 10% irregular. Acetabular dysplasia, 
which favors anterior overlap of prosthetic cups, 
was reported in cases of iliopsoas impingement, 
affecting 17% in the study of Bricteux et al. (2001) 
and 50% in Lequesne et al. (1991). To our knowl-
edge, however, no anatomical work has yet been 
performed to quantify the variations in dimensions 
of the acetabular rim. 

We have quantified the variations in profile of the 
acetabular rim with particular regard to the psoas 
valley, in the belief that a better understanding of 
acetabular rim morphology will help prevent ilio-
psoas impingement through improvements in sur-
gical technique or implant design. Our study also 
employs an innovative imaging technique using a 
surgical navigation device. We have thus endeav-
ored to assess the repeatability of the method for 
future use. 

Material and methods  

34 fresh non-embalmed cadaver pelvises, all free 
from dysplasia and arthritis, were dissected and 
cleared of soft tissue. The specimens were from 13 
men and 21 women aged 65–88 years. Measure-
ments were taken from each pelvis using a surgical 
navigation system (Stryker Hip Navigation v.1.1). 

The pelvic tracker was anchored firmly into one 
of the iliac crests to keep a record of its position 
and orientation throughout all manipulations. The 
navigation pointer was then used to digitize four 
anatomical landmarks on the pelvis, which were 
then used to calculate the frontal pelvic plane and to 
define the pelvic coordinate system, with its origin 
at the midpoint between the anterior superior iliac 

spines (Figure 1). Thereafter, the rotation axis (z) 
was used to define anteversion, the circumduction 
axis (y) for inclination, and the flexion axis (x) for 
position along the acetabular rim. 

The right and left acetabulae were digitized into 
separate data files, differentiating between points 
measured on the articular surface, the cotyloid 
fossa, or the acetabular rim. The number of points 
digitized on each acetabular rim was between 
60 and 70. The navigation software deduced the 
acetabular radius and center of rotation from the 
curvature of the articular surface. It also calculated 
the anteversion and inclination angles by fitting a 
mean plane to the acetabular rim points using the 
method of least squares. It is noteworthy that the 
acetabular notch was not digitized as part of the 
acetabular rim, as that would have falsified the 
estimates of anteversion and inclination. However, 
3 distinct anatomical landmarks were recorded to 
indicate the start, the midpoint, and the end of the 
acetabular notch: the anterior inferior horn (AIH), 
the posterior inferior horn (PIH), and the inferior 
margin of the acetabular notch (IMAN).

The data files of 68 acetabulae were imported 
into spreadsheets and processed to represent each 
acetabular rim as a two-dimensional profile (Figure 
2). This was done by treating the acetabular rim 
coordinates and the center of acetabular rotation 
as a single data set, then applying the following 3 
mathematical manipulations: (i) translation of the 
data set such that the center of acetabular rotation 
coincides with the origin of the pelvic coordinate 

Figure 1. The frontal pelvic plane and the pelvic coordinate 
system as defined by four anatomical landmarks on the 
pelvis, the anterior superior iliac spines (ASIS) and the 
pubic tubercles (PT).
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system; (ii) rotation of the data set such that the 
mean acetabular plane coincides with the y-z plane 
of the pelvic coordinate system; and (iii) transfor-
mation of the coordinate system from Cartesian to 
cylindrical, such that (x, y, z) are expressed as (x, 
r, θ).

To make all acetabular profiles directly compara-
ble, the inferior margin of the acetabular notch was 
set at 360° along the θ axis for all acetabulae. The 
profiles of left acetabulae were mirrored to become 
superimposable over right acetabulae. The graph of 

each acetabular rim was observed individually and 
the shape of its psoas valley was noted. The depth 
and width of each psoas valley was then calculated 
from the coordinates of the two adjacent peaks and 
of its central trough (Figure 2). 

A chart of superposed profiles was produced 
for all acetabulae and an eighth-order polynomial 
mean curve was fitted with the 95% confidence 
band (SigmaPlot 9.0; Systat Software Inc., San 
José, CA). 

Figure 2. An acetabular rim shown as a two-dimensional profile using cylindrical coordi-
nates. The anatomical landmarks identified on the acetabular rim are the posterior inferior 
horn (PIH), anterior inferior horn (AIH), and inferior margin of the acetabular notch (IMAN). 
The depth of the psoas valley is the difference between the average heights of adjacent 
peaks (P1 and P2) and the height of the central trough (T).

Figure 3. Superposition of acetabular rim profiles with an eighth-order mean polynomial 
curve and the 95% confidence bands.
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Results

The chart of superposed acetabular rim profiles 
suggests that the acetabular rim follows an asym-
metrical succession of three peaks and three 
troughs (Figure 3). The eighth-order polynomial 
fit was chosen to represent the average profile, as 
it admits all 7 extrema almost independently. The 
individual charts of acetabular profiles reveal the 
prominence of the psoas valley, the mean depth of 
which was 3.8 mm (SD 2.0).

The morphometric data revealed significant sex-
related variation in acetabular diameter (p < 0.001), 
anteversion (p < 0.01), and depth of the psoas 
valley (p < 0.01) (Table). Analysis of psoas valley 
configuration produced the following distribution: 
3% straight, 58% curved, 22% angular, and 17% 
irregular. The sex-related variations suggested that 
psoas valley depth could be related to either ace-
tabular diameter or anteversion, and this led us to 
test for correlation between these 3 variables. By 
regression analysis, we found only a weak corre-
lation between psoas valley depth and acetabular 
diameter (R = 0.26, p > 0.01), and between psoas 
valley depth and anteversion (R = 0.14, p > 0.1). 

The results reveal some morphometric varia-
tion between right and left acetabulae of the same 
pelvis, the most variable parameter being antever-
sion, with differences greater than 10° in 12 (35%) 
pelvises (mean 5.2°, SD 4.3, range 0.5–18). The 
difference in diameter was greater than 2 mm in 8 
(24%) pelvises (mean 1.4 mm, SD 1.6, range 0.1–
6.0) whereas a difference of more than 10° inclina-
tion was observed in only 5 (15%) pelvises (mean 
3.0°, SD 2.3, range 0.1–8.2).

Discussion

The results of analysis of the psoas valley show 
that it is a salient feature in most acetabulae, and 
the morphological distribution we found closely 
matches that observed by Maruyama et al. (2001). 
The depth of the psoas valley is greater in men 
than in women, but the absence of a clear corre-
lation with either acetabular diameter or antever-
sion suggests that depth might also be related to 
the musculature of the individual. The unpredict-
ability of psoas valley configuration might explain 
the irregular incidence of iliopsoas impingement 
following THA. 

The curvaceous profile of the acetabular rim can 
be explained from the progressive development 
of the hip joint, which starts prenatally as early as 
the embryonic period (Olivier 1967, Uthoff 1990, 
Uthoff and Jarvis 1997). At birth, the pelvis is still 
partially cartilaginous, most notably the entire iliac 
crest, the acetabular floor, and its inferior margin. 
The acetabulum is still a cartilaginous cup with a 
triradiate stem, forming an articular surface with 
a Y-shaped epiphyseal plate between the ilium, 
ischium, and pubis (Strayer 1971, Watanabe 
1974). Ossification of the pelvis continues from 
three primary centers in the innominate bones, and 
around puberty secondary centers appear in the 
iliac crest, ischial tuberosity, and pubic symphysis. 
The epiphyseal plate develops additional centers 
of ossification between the eighth and ninth years, 
with greater growth potential in the iliac center 
than in the ischial or pubic centers. At puberty these 
epiphyses expand towards the periphery of the ace-
tabulum, contributing to its depth. An important 
consideration is that the acetabulum is not formed 
by ‘digging’ into the pelvis, but rather by outward 

Acetabular morphometric data and sex-related variation

 
Parameter  Total group  Male  Female P-value
 (n = 68) (n = 26)  (n = 42)

Acetabular diameter (mm) 48.9 (4.6) (40.1–57.6) 52.8 (2.9) (48.0–57.6) 46.5 (3.6) (40.1–57.0) < 0.001
Depth of psoas valley (mm)   3.8 (2.0) (0.1–8.4)   4.7 (2.2) (1.2–8.4)   3.2 (1.6) (0.0–7.1) < 0.01
Width of psoas valley (°) 71.0 (18)  (24–131) 72.7 (11)  (59–92) 70.4 (20)  (24–131) > 0.1
Acetabular anteversion (°) 20.9 (9.1) (-4.6–45.1) 15.7 (8.8) (-4.6–27.8) 24.1 (7.8) (12.1–45.2) < 0.01
Acetabular inclination (°) 40.7 (4.4) (31.4–51.6) 41.0 (4.8) (33.2–51.6) 40.5 (4.3) (31.4– 48.3) > 0.1 
 
Values are expressed as mean (SD) (minimum–maximum) 
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ossification of its rim. This process continues until 
maturity and it ensures that the acetabular rim 
adapts structure to function (Olivier 1967).

The irregularity of the acetabular rim profile 
makes it difficult to accurately calculate the mean 
acetabular plane, and hence anteversion and incli-
nation. This presents a source of error in our study 
because our method used these angles to plot the 
rim profile. With this in mind, we chose a more 
localized way to measure depth of the psoas valley, 
with respect to its two adjacent peaks and the cen-
tral trough. Another criticism of our method might 
be our reference to the frontal pelvic plane. We 
chose to position the pelvis with its anterior supe-
rior iliac spines and pubic tubercles in the frontal 
plane in order to facilitate measurements. In reality, 
the positioning of the pelvis under the spine in the 
sagittal plane varies depending on the individual 
(Zilber et al. 2004). It has been demonstrated that 
the frontal pelvic plane has little or no change in tilt 
in the supine and in the standing positions, making 
it a valid reference for acetabular cup implantation 
(Anda et al. 1990, Mayr et al. 2005). In any case, 
the choice of referential merits reproducibility con-
sidering the difficulty of orienting the pelvis. 

The existence of a valley in the iliopectinal emi-
nence of the acetabulum is not a recent observa-
tion, but the function that this valley serves as a 
passage for the iliopsoas muscle is a relatively new 
finding (Fabeck et al. 1999, Maruyama et al. 2001). 
Our lack of knowledge about the psoas valley is 
exemplified by the anatomical study of Lazennec 
et al. (1997), in which they report 11% of pelvises 
with minor acetabular dysplasia. The study further 
describes the presence of prominent psoas valleys 
as “hypoplasia of the anterior acetabular rim that 
reduces coverage of the femoral head”. It was only 
while analyzing the difficulty of calculating the 
anterosuperior angle of the acetabular ceiling that 
Fabeck et al. (1999) identified the various shapes 
of the psoas valley on the iliopectinal eminence. 

Unlike the majority of prosthetic cups, the ace-
tabular rim is not planar. It is therefore difficult to 
obviate the anterior overlap of the acetabular rim 
with a hemispherical implant. The degree of pros-
thetic overlap depends largely on the individual’s 
acetabular morphology and on the dimensions 
of their psoas valley. We believe that it would be 
advantageous to adapt the design of prosthetic 

cups to reproduce acetabular rim morphology. 
This would necessitate cups with asymmetrically 
curved rim profiles, and might require different 
implants for right and left sides. This solution has 
its economic limitations as it would double the 
implant inventory, but it would most likely reduce 
the incidence of iliopsoas impingement without 
compromising range of motion or increasing the 
risk of dislocation. 
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