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Validation and Usefulness of a 
Computer-Assisted Cup-Positioning 

System in Total Hip Arthroplasty
A Prospective, Randomized, Controlled Study

By Sebastien Parratte, MD, and Jean-Noel A. Argenson, MD

Investigation performed at the Department of Orthopedic Surgery, Aix-Marseille University, Hôpital Sainte-Marguerite, Marseille, France

Background: Malpositioning of the acetabular component during total hip arthroplasty increases the risk of disloca-
tion, reduces the range of motion, and can be responsible for early wear and loosening. The purpose of this study
was to compare computer-assisted with freehand insertion of the acetabular component.

Methods: A randomized, controlled, matched prospective study of two groups of thirty patients each was performed.
In the first group, cup positioning was assisted by an imageless computer-assisted surgical system based on bone
morphing. In the control group, the cup was placed freehand. All of the patients were operated on by the same sur-
geon through an anterolateral approach. Cup anteversion and abduction angles were measured on three-dimensional
computed tomography reconstructions postoperatively for each patient by an independent observer using special
cup-evaluation software.

Results: There were sixteen men and fourteen women in each group, and the mean body-mass index was approxi-
mately 25 in each group. The computer-assisted procedure took a mean of twelve minutes longer than the freehand
procedure. Fifty-seven percent (seventeen) of the thirty cups placed freehand and 20% (six) of the thirty in the computer-
assisted group were outside of the defined safe zone (outliers). This difference was significant (p = 0.002). There
were no differences between the computer-assisted group and the freehand-placement group with regard to the mean
abduction and anteversion angles, but there was a significant heterogeneity of variances, with the lowest variations
in the computer-assisted group.

Conclusions: Use of an imageless navigation system can improve cup positioning in total hip arthroplasty by reduc-
ing the percentage of outliers.

Level of Evidence: Therapeutic Level II. See Instructions to Authors for a complete description of levels of evidence.

alpositioning of the acetabular component during
total hip arthroplasty increases the risk of disloca-
tion1,2, reduces the range of motion free of intra-

articular impingement3, and may cause long-term wear4. There
have been numerous reports regarding the optimal orientation
of the acetabular component in total hip arthroplasty3. Lewin-
nek et al.1 recommended an abduction angle of 40° ± 10° and an
anteversion angle of 15° ± 10° as the safe zone for cup orienta-
tion in total hip arthroplasty. Use of mechanical acetabular
guides for intraoperative alignment leads to variations between
the actual and desired implant orientation because it is difficult
to know the patient’s exact position on the operating table5.
These problems have demonstrated a need to develop more re-

liable tools in order to prevent malpositioning of the implants
and to improve the reproducibility of implant alignment in to-
tal hip arthroplasty. After the initial work of DiGioia et al.6, a
number of computer-assisted orthopaedic navigation systems
have been developed. Some systems are based on computed
tomography images; others are independent of preoperative
imaging and are called imageless navigation. Computed
tomography-based navigation requires intraoperative match-
ing, which increases blood loss and surgical time7. Among the
imageless systems, one (Praxim Medivision, Grenoble, France)
is based on bone morphing, technology initially described by
Stindel et al.8 for computer-assisted knee arthroplasty and later
adapted for total hip arthroplasty. The principle is based on a
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three-dimensional reconstruction of a patient’s bones from
anatomical data collected intraoperatively with a three-dimen-
sional optical localizer with use of clouds of points and a three-
dimensional statistical deformable model8. For cup implantation
in total hip arthroplasty, the anterior pelvic plane is registered
intraoperatively by percutaneous palpation. Once this reference
plane is determined, the cup impactor is navigated in order to
achieve the safe zone described by Lewinnek et al.1 for cup ab-
duction and anteversion angles. This type of imageless system
does not involve additional radiation exposure and is faster than
the intraoperative matching with computed tomography-based
navigation7,8. However, the benefits of the use of such an image-
less system for cup positioning have not been demonstrated in
vivo, to our knowledge.

We hypothesized that the use of an imageless hip navi-
gation system would increase the accuracy of cup orientation
compared with that achieved with conventional freehand im-
plantation methods. The first goal of this prospective random-
ized comparative study was to validate the system in vivo. The
second goal was to compare computer-assisted with conven-
tional freehand cup placement.

Materials and Methods
Patient Selection

rom April 2004 to April 2005, we performed a prospective,
randomized, controlled study of two groups of thirty pa-

tients each. The study protocol (including the use of navigation
and postoperative computed tomography evaluation) and con-
sent forms were approved by the local ethical committee. The
patient inclusion criteria were an age of twenty to eighty years
old, a weight of <100 kg, a primary hip arthroplasty, an antero-
lateral approach, performance of the procedure by the senior
author (J.-N.A.A.), and use of one particular cementless press-
fit cup (Hilock; Symbios, Yverdon, Switzerland). The exclusion
criteria were a trochanteric osteotomy or revision hip surgery.
Randomization of patients into the computer-assisted group
was done by the Hospital Informatics Department with use of a
systematic sampling method. The first patient was randomly
chosen and then one patient was selected out of every eight pa-
tients on a list of all patients meeting the inclusion criteria who
were candidates for a total hip arthroplasty performed by the
senior author. All of the patients provided informed consent to
participate in the study. The randomization protocol was not
revealed to the authors, who received the information regard-
ing the group to which the patient was assigned in numbered,
sealed envelopes. The patients assigned to the freehand-cup-
placement group were matched for gender, age within five years,
pathological condition, operatively treated side, and body-mass
index within 3 points. The same number of patients in each
group was in each of the two categories of body-mass index
as defined in the French national recommendations9—i.e.,
a body-mass index of <27 or ≥27. Traditional mechanical
guides were used in the freehand-placement group. Before
the beginning of the study, the senior author had performed
more than 2000 total hip arthroplasties, which included fifty
computer-assisted procedures.

Surgical Procedure
We developed a specific hip surgical procedure for the use of an
imageless cup-positioning computer-based navigation system.
The operation is done through an anterolateral approach with
the patient supine. We performed an adaptation of the Hiplogics
Universal Protocol (Praxim Medivision) for cup-positioning
control. This system is based on bone morphing8. Preoperative
planning included analysis of pelvic version on a lateral standing
radiograph of the pelvis. The angle between the vertical plane
and the anterior pelvic plane was calculated preoperatively for
each patient and defined as the alpha angle5,10 (Fig. 1).

A cementless press-fit hydroxyapatite-coated titanium
acetabular component and a cementless fully hydroxyapatite-
coated titanium femoral stem were used. Patients were posi-
tioned so that both anterior superior iliac spines and the pubic
symphysis could be palpated. The system required the place-
ment of a tracker screw in the ilium. This tracker screw was
inserted in the acetabular roof on the surgically treated side
through the usual exposure for the total hip arthroplasty. The
anterior pelvic plane was determined by percutaneous palpa-
tion of the anterior superior iliac spines and the pubic sym-
physis with a special palpation device and was registered with
the computer. Then acetabular bone morphing was per-
formed by palpation of different parts of the acetabulum. Af-
ter this first step of anatomical landmark acquisition, reamer
calibration was performed. During the reaming procedure,
anteversion and abduction angles were measured. After cali-
bration of the cup impactor, we navigated the cup impactor in
order to determine the anteversion and abduction angles of
the cup. The standard operative, radiographic, and anatomical

F

Fig. 1

The angle between the vertical plane and the anterior pelvic plane 

was calculated preoperatively for each patient and defined as the 

“alpha angle.”
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definitions of cup orientation (anteversion and abduction an-
gles) described by Murray11 were used and were registered for
each patient in the computer-assisted group. The extra time
needed for the cup navigation with the computer guidance
system was noted. Once the cup was inserted in the acetabu-
lum, the abduction and anteversion angles were estimated,
with the cup impactor still in place, by the surgeon. The corre-
lation between the surgeon’s estimation and the value given by
the computer-assisted system was graded as “high” (complete
agreement), “weak,” or “poor” (not in agreement). The post-
operative protocols were the same in the two groups, with full
weight-bearing recommended.

Postoperative Evaluation
The position of the cup in each patient in each group was eval-
uated on a postoperative computed tomography scan by an
independent observer using special cup-evaluator software12

(Cup Evaluator 1.0; Praxim Medivision). Full pelvic computed
tomography scans, including both anterior superior iliac
spines, were performed one month after surgery for all pa-
tients with the same protocol in the same radiographic center.
A virtual three-dimensional model of the pelvis was recon-
structed with use of this software. Changing window parame-
ters of the postoperative computed tomography scans made
the implanted cup visible with a minimum amount of metal
artifact. The three points defining the anterior pelvic plane
were identified on each computed tomography scan. A virtual
implant model generated by the evaluator software was
aligned and fitted, by one of the authors (S.P.) familiar with
the software, to the contour of the real prosthetic cup in the
frontal, sagittal, and transverse computed tomography cuts.
The software then calculated the resulting operative, radio-
graphic, and anatomical anteversion and abduction angles of
the cup according to the definitions given by Murray11. Ac-
cording to these definitions, operative anteversion is measured
around a transverse axis; anatomical anteversion, around a
longitudinal axis; and radiographic anteversion, around an
oblique axis. According to Murray’s normogram11, 45° of ra-
diographic inclination and 15° of radiographic anteversion are
equivalent to 43° of operative inclination and 21° of operative
anteversion and to 47° of anatomical inclination and 21° of
anatomical anteversion. Murray recommended using the op-
erative definition during the procedure, the anatomical defini-
tion for computed tomography analysis, and the radiographic

definition for standard radiographic analysis. In our study, the
angles were expressed according to the three definitions, auto-
matically given by the system perioperatively and by the cup
evaluator software postoperatively.

Statistical Analysis
We first analyzed the accuracy of the navigation system through
a two-group pair comparison of the perioperative and postop-
erative abduction and anteversion angles in the patients in the
computer-assisted group with a body-mass index of <27 and in
those with a body-mass index of ≥27; the latter group was con-
sidered to be overweight according to the French national
recommendations9. Means and variances of the cup position
achieved with the computer-assisted technique were compared
with those achieved with the freehand method. Then we deter-
mined, within each group, the percentage of cups outside the
safe zone (outliers) as described by Lewinnek et al.1. The per-
centages of outliers were compared between groups with use of
a chi-square test. Finally, a gender comparison was performed
in order to analyze the effect of anatomical differences as well as
body fat distribution. Statistical analysis was performed, with
SPSS software (version 12; SPSS, Chicago, Illinois), as a two-
group pair comparison with use of the t test for the means com-
parisons and a variance comparison test for link data. P < 0.05
was considered to be the level of significance.

Results
here were no significant differences in demographic data
between the two study groups, with the numbers available.

There were sixteen men and fourteen women and fourteen
right hips and sixteen left hips in each group. The mean age
(and standard deviation) of the patients was 61.2 ± 13.15 years
(range, twenty-four to eighty years) in the computer-assisted
group and 62.6 ± 9.6 years (range, twenty-six to seventy-eight
years) in the freehand-placement group (p = 0.29). The mean
body-mass index was 25.6 ± 4.53 (range, 17 to 37) in the
computer-assisted group and 25.2 ± 4.1 (range, 19.53 to 38.2)
in the freehand-placement group (p = 0.28). The mean alpha
angle measured preoperatively on a standing lateral pelvic
radiograph was −1.72° ± 7.5° (range, −15° to 14°) in the
computer-assisted group and 0.6° ± 7.8° (range, −22° to 11°) in
the freehand-placement group (p = 0.29). The etiologies were
primary osteoarthritis in twenty-seven hips and osteonecrosis
in three hips in the computer-assisted group and primary os-

T

TABLE I Deviation Between Perioperative and Postoperative Abduction and Anteversion Angles in the Patients in the 
Computer-Assisted Group with a Body-Mass Index of <27

Abduction (deg) Anteversion

Deviation* (deg) P Value Deviation* (deg) P Value

Operative 3 ± 2 0.30 4 ± 3.8 0.125

Radiographic 4 ± 2.8 0.23 3.4 ± 3.6 0.063

Anatomical 4 ± 2.9 0.09 4.8 ± 4 0.234

*The values are given as the mean and standard deviation.
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teoarthritis in twenty-six hips and osteonecrosis in four hips in
the freehand-placement group. The mean diameter of the ace-
tabular cup was 52 mm in both groups. No additional skin inci-
sion had to be made to accommodate navigation. The mean
additional time for the computer-assisted procedure was twelve
minutes (range, eight to twenty minutes). The correlation be-
tween the surgeon’s intraoperative subjective estimation of the
abduction and anteversion angles and the angles provided by
the computer-assisted system was graded as high in twenty-
three cases, weak in six, and poor in one.

No patient had a neurovascular complication and no
dislocation occurred in the first year after surgery.

The angles of abduction and anteversion recorded by the
imageless navigation system in the computer-assisted group pe-
rioperatively were compared with the position of the acetabular
component postoperatively. The results of the comparison for
the patients with a body-mass index of <27 and for the patients
with a body-mass index of ≥27 are detailed in Tables I and II.

In the freehand-placement group, the mean operative, ra-
diographic, and anatomical abduction angles, as calculated with

the postoperative software, were, respectively, 32° ± 7.1° (range,
21° to 48°), 34 °± 7.62° (range, 24° to 50°), and 38° ± 8° (range,
28° to 55°) and the mean operative, radiographic, and anatomi-
cal anteversion angles were 16.6° ± 10.4° (range, 0° to 37°),
16.2° ± 9.6° (range, 2° to 35°), and 20.6° ± 10° (range, 2° to
39°). In the computer-assisted group, the respective abduction
angles were 32° ± 4.8° (range, 25° to 45°), 34° ± 5.7° (range, 25°
to 45°), and 40° ± 5.0° (range, 27° to 47°) and the respective an-
teversion angles were 14.8° ± 4.6° (range, 6° to 23°), 14.4° ± 4.5°
(range, 7° to 25°), and 18.6° ± 5.0° (range, 9° to 27°). There was
no difference between the computer-assisted group and the
freehand-placement group with regard to the mean abduction
angles (p = 0.668, p = 0.113, p = 0.316) or the mean anteversion
angles (p = 0.243, p = 0.311, p = 0.312). According to these re-
sults and with use of a 0.80 test power, a minimal difference of
3.5° in abduction and 5.5° in anteversion would have been de-
tected. A smaller variation in the positioning of the acetabular
component in the computer-assisted group than in the free-
hand-placement group was indicated by the lower standard
deviations in the computer-assisted group for the abduction (p =
0.025, p = 0.066, p = 0.028) (Fig. 2-A) and anteversion angles
(p < 0.001 in the three referentials) (Fig. 2-B). The percentage

TABLE II Deviation Between Perioperative and Postoperative Abduction and Anteversion Angles in the Patients in the 
Computer-Assisted Group with a Body-Mass Index of ≥27

Abduction (deg) Anteversion

Deviation* (deg) P Value Deviation* (deg) P Value

Operative 2.8 ± 2 0.28 11 ± 6.2 <0.001

Radiographic 3.3 ± 3.06 0.18 11.6 ± 6.1 <0.001

Anatomical 5.3 ± 3.8 0.08 11.5 ± 8.4 0.002

*The values are given as the mean and standard deviation. 

Fig. 2-A

Operative abduction (Fig. 2-A) and anteversion (Fig. 2-B) angles of the acetabular component in the computer-assisted and the freehand-placement 

groups. The boundaries of the boxes indicate the twenty-fifth and seventy-fifth percentiles, and the black lines within the boxes mark the mean val-

ues. The whiskers above and below the boxes indicate the ninetieth and tenth percentiles.

Fig. 2-B
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of outliers was 57% (seventeen of thirty) in the freehand-
placement group and 20% (six of thirty) in the computer-
assisted group. This difference in the percentage of outliers
between the two groups was significant (p = 0.002).

The gender comparisons revealed no significant differ-
ences in the abduction or anteversion angles, with the num-
bers available.

Discussion
he first goal of this study was to validate this imageless
navigation system in vivo, and the second goal was to

compare conventional cup placement with computer-assisted
cup placement. The results of our study demonstrated a good
correlation between intraoperative and postoperative mea-
surements for patients with a body-mass index of <27. The re-
sults did not show any differences between treatment groups
with regard to the mean cup abduction and anteversion an-
gles, but the computer-assisted-surgery system significantly
reduced the percentage of outliers according to the criteria de-
scribed by Lewinnek et al.1, from 57% (seventeen of thirty) in
the freehand-placement group to 20% (six of thirty) in the
computer-assisted group. One of the limitations of this study
was the absence of variation in surgeons’ levels of skill in the
use of computer-assisted technology for cup positioning.
However, we chose two groups that were strictly comparable
with regard to all parameters, including surgical approach,
surgeon, type of implant, gender, age, body-mass index, oper-
atively treated side, and disease etiology.

Postoperative measurements on three-dimensional
computed tomography reconstructions allowed comparison
between intraoperative and postoperative abduction and ante-
version angles. The anterior pelvic plane, known as the Lewin-
nek plane1, was the basis for all angle measurements during the
procedure with the navigation software and after the proce-
dure with the postoperative evaluation software. Thus, three
osseous landmarks—the two anterior superior iliac spines and
the pubic symphysis—are necessary in this system. The angles
can be calculated irrespective of the patient and pelvic posi-
tion. Tannast et al.13 showed that measurements of the version
of the prosthetic cup on postoperative anteroposterior radio-
graphs or standard computed tomography scans without ac-
curate definition of the position of the pelvis are highly
inaccurate as a result of pelvic tilt, rotation, and obliquity.
Currently, in almost all computer-assisted orthopaedic sur-
gery systems that rely on definition of the anterior pelvic
plane, the plane is derived by percutaneously identifying three
osseous landmarks: the anterior superior iliac spines and the
pubic symphysis14-16. Considering that the registration of the
anterior pelvic plane is modified by subcutaneous fat tissue,
we call it the cutaneous Lewinnek plane. Using a kinematic
model, Wolf et al.14 showed how to examine the effects of these
inaccuracies on the final orientation of the acetabular cup.
Simulation results indicated that if, for example, a surgeon
aimed for 45° of abduction and 20° of anteversion a total error
of 4 mm in the measurement of the anterior superior iliac
spine and the pubic tubercles would result in a final cup orien-

tation of 47° and 27° of abduction and anteversion, respectively,
which would be a 2° abduction error and a 7° anteversion error.
Thus, the poor correlation between intraoperative and post-
operative measurements in patients with a body-mass index of
≥27 observed in our study was probably due to the limits of
the percutaneous registration of the Lewinnek plane1. This is
probably one of the most obvious technical limitations of an
imageless anatomical navigation system based on bone mor-
phing in total hip arthroplasty. Perioperative echographic mor-
phing of the anterior pelvic plane may overcome this limitation
in the future.

The second purpose of our study was to compare
computer-assisted acetabular component positioning with
conventional freehand placement. Our study did not show any
differences between the computer-assisted group and the free-
hand-placement group with regard to the mean abduction and
anteversion angles, but there were significantly smaller standard
deviations in the computer-assisted group. Furthermore, the use
of a computer-assisted surgery system significantly reduced the
percentage of outliers in our study from 57% (in the freehand-
placement group) to 20% (p = 0.002), which is in agreement
with previously reported findings17-20. In the study by Wixson
and MacDonald18, 30% (twenty-five) of eighty-two hips in the
computer-assisted group were in the combined zone of 40° to
45° of abduction and 17° to 23° of anteversion, whereas only 6%
(three) of fifty hips in the freehand-placement group were.
However the postoperative evaluations in these previous studies
were based on conventional radiographic analysis17-19, which
may prevent direct comparison with our study8. Kalteis et al., in
a prospective randomized study comparing freehand placement
with computed tomography-based and imageless navigation in
total hip arthroplasty, demonstrated with postoperative com-
puted tomography that navigation significantly reduced cup
orientation outliers20. According to Jolles et al., the differences
between computer-assisted and freehand cup placement are
greater for less skilled surgeons17. Thus, the lack of differences in
the mean abduction and anteversion angles between the two
groups in our study could be explained by the senior author’s
experience with total hip arthroplasty. We did not observe any
complications related to computer-assisted surgery, and no dis-
location or neurovascular complication was recorded in the two
groups. It would be interesting to replicate this study with a vari-
ety of surgeons with different skill levels to identify differences in
cup positioning and calculate complication rates.

The computer-assisted surgery system used in this study,
which was based on bone morphing, reduced the percentage of
outliers for cup positioning in total hip arthroplasty. The next
challenge for computer-assisted cup positioning is threefold.
The first, technical concern involves registration of the anterior
pelvic plane during the procedure, especially in obese patients.
Echographic morphing could be a good alternative, and it needs
to be validated in a prospective randomized study. The second
challenge is the definition of optimal cup orientation in terms
of abduction and anteversion angles for each patient. Analysis
of the pelvic tilt in our study showed important inter-individual
differences, which should be considered preoperatively to pro-

T
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vide the best anteversion angle intraoperatively. The third issue
is the clinical impact of reducing outliers during cup position-
ing. The clinical differences, especially with regard to the dislo-
cation rate, range of motion, and wear, between patients treated
with the computer-assisted system and those treated with free-
hand cup positioning need to be evaluated at intermediate and
long-term follow-up time-periods in order to evaluate the addi-
tional costs and operative time involved with these systems. 

Sebastien Parratte, MD
Jean-Noel A. Argenson, MD
Service de Chirurgie Orthopédique, Hôpital Sainte-Marguerite, 270 
Boulevard Sainte-Marguerite, 13009 Marseille, France. E-mail address 
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