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Abstract: Positions of acetabular implant generally are considered to be major causative factors of dislocation. 
Accurate and consistent achievement of the preoperatively anticipated orientation of the acetabular cup is a great 
challenge in total hip replacement (THR). In the present study, we investigated the surgical application of acetabular 
fossa as a guide for anticipated inclination of uncemented cup, and evaluated its accuracy as an anatomic refer-
ence for achieving the preoperatively anticipated abduction of the acetabular cup in comparison with traditional 
device method on cadaveric specimens. Sixteen normal adult pelvic cadaveric specimens were collected. On each 
of the sixteen normal adult pelvic cadaveric specimens, acetabular fossa related anatomic sites were marked and 
studied on pelvic radiographs. Our results showed that there is close correlation between most medial aspect of 
acetabular sourcil and central axis of the acetabular cup at anticipated inclination of 40° ± 5°. And the fossa group 
can achieve the preoperatively anticipated cup abduction more accurately than the device group. The current re-
sults demonstrated that acetabular fossa can be a reasonable alternative, or as a complement to the currently used 
methods guiding total hip replacement. 

Keywords: Acetabular fossa, total hip replacement, radiographic characteristics, accuracy, anatomic reference, 
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Introduction

Postoperative dislocation remains a major 
complication after total hip replacement (THR), 
with recent reports indicating an incidence of 
0.6% to 5% [1]. Positions of acetabular implant 
generally are considered to be major causative 
factors of dislocation [2-4]. Proper orientation 
of an acetabular implant can be obtained by 
careful consideration of abduction and version 
angles. Most manufacturers recommend place-
ment of the acetabulum within a so-called safe 
zone. This safe zone is based upon studies 
showing that the optimal radiographic orienta-
tion of the acetabulum is an abduction angle of 
40° ± 10° and an anteversion angle of 15° ± 
10° [5, 6]. Recently, abduction of 40° ± 5° has 
been advocated by most hip surgeons as the 
optimal inclination of the acetabular cup [6-9]. 
Abduction of the acetabular cup was also iden-
tified as being closely associated with prosthet-

ic wear, which was the great concern for the 
long-term survival of THR [7-9].

Accurate and consistent achievement of the 
preoperatively anticipated orientation of the 
acetabular cup is a great challenge in THR, this 
is especially true for abduction of 40° ± 5° to 
be the desired goal [6, 10]. Commonly used 
methods for cup implantation include freehand 
technique, acetabular device assistance and 
anatomic landmarks [11-16]. However, the for-
mer two methods were greatly affected by intra-
operative change of patient positioning, sur-
geon’s experience, and/or inherent design limi-
tation of the acetabular device, which may 
result in much deviation of the cup position 
from the anticipated values. Moreover, these 
techniques of measurement are subject to 
numerous problems including inaccuracies 
based on the variability of the patient’s pelvic 
position on the operating table and difficulty in 
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application of preoperative templating to intra-
operative decisions on radiographic landmarks 
[11, 17, 18]. The currently used landmarks, 
including acetabular notch angle, acetabular 
rim, and transverse acetabular ligament, have 
disadvantages such as false localization or 
necessitating extensive exposure [6, 14-16]. 
Computers have been suggested as an alterna-
tive combining preoperative radiographic data 
to intraoperative component orientation. 
DiGioia et al used computed tomographic (CT) 
scans and computerized component guidance 

to minimize dislocation in a small group of 
patients [19]. Although this technique demon-
strates promise, the high financial costs and 
limited availability restricts the usefulness in 
routine daily application in all centers perform-
ing hip arthroplasty [16].

The anatomical characteristics of the acetabu-
lar fossa are stable. Moreover, it is easy to be 
identified in the normal acetabulum with limit-
ed exposure [20]. As far as we know, its role as 
an intraoperative reference for THR has not 
been investigated. The purpose of this work is 
to describe the surgical application of acetabu-
lar fossa, and to determine its accuracy as an 
anatomic reference for achieving the preopera-
tively anticipated abduction of the acetabular 
cup in comparison with traditional device meth-
od on cadaveric specimens. 

Laboratory investigations were undertaken to 
prove the efficacy of these landmarks in place-
ment of acetabular components. The laborato-
ry investigation used in vitro measurement to 
establish a relationship between the native 
anatomical orientation of the acetabulum and 
of the acetabular fossa.

Materials and methods

Between May 1997 and February 2001, six-
teen normal adult pelvic cadaveric specimens 
were collected. All the specimens were provid-
ed by Anatomic Department of Medical College 
of Zhengzhou University and were donated 
from volunteers. There were ten males and six 
females. Devices needed included metal mark-
ers (lead wire), specialized immobilization 
device for pelvic specimens, the acetabular 

Figure 1. Central axis of the acetabular fossa (Z1Z2) 
extended through the top of fossa (at point T) and rim 
at point M. Z1 and Z2 were the midway of lineA1A2 
and line B1B2 respectively.

Figure 2. Markers were placed at T, M, and T1 which 
was near to T and at the edge of the fossa.

Figure 3. A hole was Drilled in the direction from 
midway of MZ1 toward point T, which was along the 
imaginary central axis of the cup.
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reamers and power, the acetabulum cup trials, 
Kirschner wire, drill (diameter 3 mm) and power.

First, radiographic characteristics of the ace-
tabular fossa related anatomy and its correla-
tion with the anticipated cup abduction on pre-
operative templating were investigated. The 
central axis of acetabular fossa was deter-
mined as followed (Figure 1). A1 and A2 were 
the two points equivalent to the insertions of 
the acetabular transverse ligament. Z1 was the 
midpoint of line A1A2. Line B1B2 was parallel 
with A1A2 and intersected with the anterior 
and posterior edge of the fossa at B1 and B2, 
respectively. Z2 was the midpoint of line B1B2. 
The line that connected Z1 and Z2 was the cen-
tral axis of acetabular fossa. The Z1Z2 line 
intersected the curved top of the fossa and the 
acetabular osseous rim at point T and point M 
respectively. Point T and point M were marked 

using metal markers. Point T1 was marked as a 
non-T point and was used as control (Figure 2). 
Standard anteroposterior pelvic X-ray was 
taken as recommended by previous study [21]. 
The radiographic projection of point T and point 
M on the standard anteroposterior pelvic X-ray 
film was observed. Preoperative templating 
was performed on the standard anteroposteri-
or pelvic X-ray films. The goal of acetabular cup 
placement met the following criteria: the infero-
medial corner should be at the interteardrop 
level; the innermost edge should not pass over 
the iliopubic line; the top should contact the 
subchondral bone; the superior-lateral cup 
should not be excessively uncovered [22, 23]. 
Based on the above templating technique, a 
line perpendicular to the acetabular cup diam-
eter through the center of the acetabular cup 
was made with the cup at 45° acetabular 
abduction. The central axis of the acetabular 
cup was actually equal to the anticipated direc-
tion of acetabular reaming, which intersected 
with medial wall at R1. Similarly, the central 
axis of cup placed at 35° abduction was deter-
mined, which intersected with medial wall at 
R2. The relationships between R1, R2 and 
point R (R was the radiographic projection of 
point T) were observed. When the central axis 
of acetabular cup passed through the point R, 
the anticipated abduction was measured.

Then, the accuracy of using fossa as reference 
was evaluated. Acetabular cup implantation 
was performed on both sides of the acetabu-
lum. On one side, acetabular fossa was used as 
reference for cup implantation, while on the 
other side the traditional acetabular device 
method was applied as a control. On the fossa 
reference side, pelvic specimens were fixed in 
standard lateral position, and were draped with 
only the acetabulum being exposed. With 40° 

Figure 4. Acetabular reaming was performed con-
centrically along the hole-drilling direction with the 
diameter of the reamer in line with the central axis of 
the acetabular fossa.

Figure 5. On anteroposterior pelvic film, abduction 
angle was determined by the intersection of long axis 
of cup and inter-teardrop line.

Figure 6. Markers at T and M correspond to most me-
dial and lateral aspect of acetabular sourcil respec-
tively, with T1 being away from the sourcil.
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Table 1. Difference of cup abduction before and after surgery and post-anteversion between groups

Groups Postoperative abduction Difference of Pre- and  
Post-operaton abduction Postoperative Anteversion

Fossa Group 40.19° ± 3.15° (34°~45°) 0.19° ± 3.14° (-6°~5°) 20.44° ± 2.63° (15°-25°)
device Group 42.13° ± 3.40° (36°-48°) 2.75° ± 2.89° (-2°-8°) 21.81° ± 4.12° (15°-30°)
Statistics t = -2.087, Ρ = 0.054 t = -2.453, Ρ = 0.027 t = -1.915, Ρ = 0.075

acetabular abduction as the goal for implanta-
tion, the relationship between the anticipated 
central axis of the cup and the most medial 
point of acetabular sourcil (point R, equivalent 
to T-point on specimens) was determined on 
preoperative templating. Their relationship is 
such that the central axis through point R in 11 
cases, about 1 mm medial to R in 3 cases, and 
about 1 mm lateral to R in 2 cases. On the 
basis of this measurement and prior to acetab-
ular reaming, the point T was marked by drilling 
a hole in 3 mm in diameter and 5 mm in depth. 
The drill was directed along the imaginary cen-
tral axis of the cup. This direction was practi-
cally determined by the line through the mid-
point of MZ1 and T point (or 1 mm medial or 
lateral to it based on measurement) (Figure 3). 
The acetabulum reaming was performed in the 
reaming center, and the maximum diameter of 
the reamer was in line with MZ1 (Figure 4). 
Concentrically, reaming was kept throughout 
the procedure until the appropriate cup size 
was reached. The acetabular trial in the final 
size was placed as follows: the center of the 
bottom hole of the cup must coincide with the 
drilling center, and its diameter in line with 
MZ1, the lower edge should not exceed the 
point Z1. The superior-lateral part of the cup 
was usually undercovered by no more than 5 

mm. Then, this desired position was marked by 
drawing a line along the anterior rim of the trial 
on the anterior wall, which was helpful for the 
subsequent implantation to ensure that the 
position of acetabular cup is consistent with 
the expected position. For the control group, 
acetabular reaming was performed on the 
basis of surgeon’ experience and acetabular 
device was used for final cup placement in 
accordance with the corresponding procedural 
instructions.

After implantation, standard anteroposterior 
pelvic X-ray film was taken. The long axis (L) and 
short axis (S) of the ellipse were depicted 
(Figure 5). Abduction of the cup was measured 
as the angle between the long axis of ellipse 
and the inter-teardrop line. Anteversion of the 
cup was calculated as β = arc sin (the S/L) 
according to the Pettersson formula [24]. Each 
X-ray film was measured by two orthopedic sur-
geons respectively, and repeated one week 
later. The average of the measurements was 
taken as the final value. 

Statistical analyses

All data were presented as mean ± standard 
error. The difference of abduction before and 
after operation for fossa reference group was 

Figure 7. With templating, central axis of cup intersected with medial wall at R1 when the inclinaton angle is 45° 
(A). With templating, central axis of cup intersected with medial wall at R2 when the inclinaton angle is 35° (B). R 
lies between R1 and R2.
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compared with that of device group using the 
paired Student’s t-test. Statistical analysis was 
performed with SPSS software (Version 13.0; 
SPSS Inc, Chicago, IL), and statistical signifi-
cance was set at P < 0.05.

Results

It was interesting that acetabular fossa inti-
mately correlated with acetabular sourcil, which 
closely correlated with desired abduction angle 
between 35° and 45°. The central axis approxi-
mately divided the fossa equally, which inter-
sected with the top of fossa at point T and with 
acetabular bony rim at M. On standard antero-
posterior pelvic films, the metal marker located 
at point T always corresponded to the most 
medial aspect of acetabular sourcil (point R), 
and the metal marker at point M constantly cor-
responded to the most lateral aspect of acetab-
ular sourcil (Figure 6). R points were constantly 
located between point R1 and R2 (Figure 7A, 
7B). When the central axis of cup passed 
through the most medial aspect of acetabular 
sourcil , the abduction averaged 40.66° ± 
2.44°, which was close to 40°. This suggested 
that central axis passed through the most 
medial aspect of acetabular sourcil (point R) 
should have an abduction angle between 35° 
and 45°.

Statistically significant difference in discrepan-
cy between preoperatively predicted abduction 
and actually postoperative value was found 
between fossa reference group and device 
group (Table 1), although the difference of 
postoperative cup abduction between the two 
groups was not statistically significant (Table 
1). In fossa group, one hip’s abduction was 34°, 
and the remaining 15 hips were in the range of 
40° ± 5°, whereas in device group, 3 hips’ 
abductions were more than 45°, The remaining 
13 hips had abduction in the range of 40° ± 5°.

Another interesting finding was the anteversion 
angle in the fossa group. The anteversion in the 
fossa group was all within the desired safe 
range (20° ± 5°) with its distribution close to 
20°. While among the device group, the ante-
version values were not so closely distributed 
and three cases had abduction greater than 
25°. Because the preoperative anteversion 
cannot be predicted by templating measure-
ment, deviation between preoperative and 
postoperative anteversion was not calculated. 

When postoperative anteversion were com-
pared between the two groups, the difference 
between was not statistically significant (Table 
1). These results showed that the fossa refer-
ence method can also accomplish reasonable 
anteversion of the acetabular cup.

Discussion

In THR, cup position is considered to be impor-
tant factors in risk of postoperative dislocation. 
Accurate and reproducible measurement of 
cup position is crucial for evaluation of the 
importance of component positions and esti-
mation of the risk of dislocation. Conventional 
methods cannot consistently provide accurate 
measurement, in spite of developments in pro-
cessing techniques. Also, it is often difficult to 
locate the elliptical opening of the cup for cal-
culation of anteversion from radiographs, espe-
cially when the cup is metal backed. Due to 
excellent stability, the acetabular fossa is a rel-
ative ideal anatomic landmark candidate [20]. 
With the unique anatomy of individual acetabu-
lar fossa, it may potentially have biomechanical 
advantage in serving as a reference for cup 
implantation. Furthermore, acetabular sourcil 
is a constant radiographic finding on antero-
posterior pelvic radiograph, so it is practically 
helpful to use it as reference for preoperative 
templating measurement. However, its role as 
an intraoperative reference for cup implanta-
tion has not been systemically investigated, as 
well as its radiographic characteristics of nor-
mal acetabular fossa on standard pelvic film 
and its correlation with cup abduction of 40° ± 
5° on templating measurement. In the current 
study, we demonstrated that intersection of 
central axis of acetabular fossa with fossa top 
edge and the most medial aspect of acetabular 
sourcil correlates closely with the central axis 
of the acetabular cup at anticipated abduction 
of 40° ± 5°. 

Our results showed that the fossa referencing 
technique not only has greater accuracy in 
achieving the preoperatively anticipated cup 
abduction compared with control group, but 
also has great consistency in obtaining reason-
able anteversion. These results were compara-
ble to that of computer navigation technology. 
Sotereanos and co-workers reported a tech-
nique using intraoperative pelvic landmarks for 
acetabular component placement in THR. In a 
series of 26 THR hips using the computer navi-
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gation system, higher consistency of postoper-
ative cup orientation with preoperatively antici-
pated inclination and anteversion was report-
ed. With the preoperative goal of abduction and 
anteversion as 40° and 30°, respectively, post-
operative abduction and anteversion were opti-
mized as 39.4° ± 4.0° and 32.6° ± 7.0° res- 
pectively [16, 25]. What is more, the fossa ref-
erence technique was relatively easier to per-
form without special equipment. Also, the index 
technique had advantages over other reported 
anatomic reference techniques. A study using 
osseous landmarks including the lowest point 
of the acetabular sulcus of the ischium as refer-
ence for acetabular cup implantation demon-
strated as high as 96% rate of consistency of 
postoperative inclination with preoperative pre-
dicted values. However, the preoperatively 
anticipated range of abduction was relatively 
wider (40° ± 10°), and the postoperative range 
of inclination achieved was also wider with a 
relatively higher mean angle of 44.4° (24°-
58°). In addition, there was need for more 
extensive exposure and difficulty with localiza-
tion of the described anatomical landmarks 
during operation [16]. In recent years, it has 
been reported that the transverse acetabular 
ligament (TAL) could be applied as reference to 
guide intraoperative cup implantation and 
reported lower dislocation rate (6/1000). 
Whereas, this method failed to accurately 
determine abduction angle. And there was no 
specific data about the postoperative abduc-
tion and anteversion [14]. Furthermore, the fea-
sibility and accuracy of the TAL reference meth-
od was controversial because TAL can only be 
identified in about 47% patients who under-
went primary THR. Also, this study failed to find 
the advantages of TAL reference technique 
over acetabular device method in terms of 
accuracy in cup implantation [15]. 

In this study, drilling a hole at the point T (around 
which reaming was performed) in the direction 
of the expected central axis of acetabular cup 
virtually guarantees that the vertex always can 
be identified. The bone defect created is very 
mild and can be filled with local bone if neces-
sary. The process of acetabular cup implanta-
tion may be affected by a variety of factors, 
which may compromise the consistency of the 
final position of cup with the reaming direction 
and the trial position [17]. For this purpose, in 
addition to the drilling hole method in the cur-
rent study, marking the trial position by drawing 

parallel line with the trial rim on the anterior 
wall of the acetabulum is reasonable. Of course, 
how to ensure that the final position of acetabu-
lar prosthesis should be consistent with the 
anticipated trial position needs further inves- 
tigation.

In conclusion, with carefully preoperative tem-
plating, the relationship between the desired 
inclined cup and lateral aspect of acetabular 
sourcil can be precisely determined, which 
implied that the anticipated acetabular cup can 
be accurately obtained if the preoperative mea-
surement was duplicated with the current tech-
nique. Meanwhile, appropriate cup anteversion 
can also be achieved using this technique. This 
method was not influenced intraoperatively by 
the change of patient position, and had advan-
tages over other commonly used anatomic 
landmarks in its greater accuracy, reproducibil-
ity, easier to perform and no need for extensive 
exposure. In primary THR with relative normal 
anatomy of acetabulum, this method has great 
value in obtaining the desired orientation of 
acetabular cup. Of course, combination with 
other methods available would add further 
accuracy.
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