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Abstract

Background Computer-assisted surgery (CAS) for cup
placement has been developed to improve the functional
results and to reduce the dislocation rate and wear after
total hip arthroplasty (THA). Previously published studies
demonstrated radiographic benefits of CAS in terms of
implant position, but whether these improvements result in
clinically important differences that patients might per-
ceive remains largely unknown.
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Questions/purposes We hypothesized that THA per-
formed with CAS would improve 10-year patient-reported
outcomes measured by validated scoring tools, reduce
acetabular polyethylene wear as measured using a vali-
dated radiological method, and increase survivorship.

Methods  Sixty patients operated on for a THA between
April 2004 and April 2005 were randomized into two
groups using either the CAS technique or a conventional
technique for cup placement. All patient candidates for a
THA with the diagnosis of primary arthritis or avascular
necrosis were eligible for the CAS procedure and randomly
assigned to the CAS group by the Hospital Informatics
Department with use of a systematic sampling method. The
patients assigned to the freehand cup placement group were
matched for sex, age within 5 years, pathological condition,
operatively treated side, and body mass index within 3
points. All patients were operated on through an antero-
lateral approach (patient in the supine position) using
cementless implants. In the CAS group, a specific surgical
procedure using an imageless cup positioning computer-
based navigation system was performed. There were 16
men and 14 women in each group; mean age was 62 years
(range, 24-80 years), and mean body mass index was 25 &
3 kg/m?. No patient was lost to followup at 10 years, but
five patients have died (two in the CAS group and three in
the control group). At the 10-year followup, an indepen-
dent observer blinded to the type of technique performed
patients’ evaluation. Cup positioning was evaluated post-
operatively using a CT scan in the two groups with results
previously published. At 10 years, we assessed subjective
functional outcome and quality of life using validated
questionnaires (SF-12, Harris hip score [HHS], Hip injury
and Osteoarthritis Outcome Score). Wear rate was then
evaluated on standardized radiographs using a previously
validated semiautomated computer analogic measurement
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method (dual circle method). Complications and sur-
vivorship were compared between groups. With our
available sample size, this study had 80% power to detect a
difference of 4 points out of 100 on the HHS at the p < 0.05
level.

Results With the numbers available, we found we found
no differences between groups regarding HSS at last fol-
lowup 95.3 £+ 5.9 points (CAS group) versus 96.2 &+ 4.5
points, a mean difference of 0.9 points (95% confidence
interval [CI], —4.3 to 4.6; p = 0.6). There was no difference
between the groups in terms of the mean (+ SD) acetabular
linear wear at 10 years. The mean wear was 0.71 £ 0.6 mm
in the CAS group versus 0.77 £ 0.52 mm in the control
group, a mean difference of 0.06 mm (95% CI, —0.1 to 0.2;
p = 0.54). With the numbers available, there was no dif-
ference between the CAS group and the conventional THA
groups in terms of survivorship free from aseptic loosening
(100%; 95% CI, 100%-95%, versus 100%; 95% CI,
100%-94%; p = 0.3).

Conclusions Our observations suggest that CAS used for
cup placement does not confer any substantial advantage in
function, wear rate, or survivorship at 10 years after THA.
Because CAS is associated with added costs and surgical
time, future studies need to identify what clinically relevant
advantages it offers, if any, to justify its continued use in
THA.

Level of Evidence Level 11, therapeutic study.

Introduction

Improper acetabular component positioning during THA
may increase the risk of dislocation, reduce the ROM free
from intraarticular impingement, and cause increased
acetabular wear [1-5, 8, 10]. There have been numerous
reports regarding the optimal orientation of the acetabular
component in THA [1-5, 8]. Although debate remains on
this topic, the classical target for cup orientation in THA is
the so-called “Lewinnek safe zone” with an abduction
angle of 40° & 10° and an anteversion angle of 15° 4+ 10°
[1-5, 8]. Use of mechanical acetabular guides for intra-
operative alignment leads to variations between the actual
and desired implant orientation mainly as a result of the
variations of the patient position on the operative table [5].
To limit the potential cup malposition, computer-assisted
orthopaedic navigation systems were developed in the
early 2000s. After initial adoption and demonstration of
their usefulness to improve the reliability of cup placement
[5, 6, 18], standard computer-assisted systems have been
improved to limit the extra time required for the procedure.
The latest evolution of computer-assisted surgery (CAS)
for THA has been recently introduced based on systems
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using robotic-assisted computer navigation. The concept
behind this technology is that the robot assists the user to
follow the navigated plan for cup positioning, and the
guided process could result in potentially more accurate
reaming [6]. In a previous prospective comparative ran-
domized study, we demonstrated the usefulness of CAS in
THA to improve cup positioning [18].

However, to our knowledge, few studies have looked at
CAS over the longer term to see whether it confers any
advantages in terms of endpoints that a patient might per-
ceive such as differences in validated outcome scores,
differences in acetabular wear (which can lead to osteolysis
or revision surgery), or differences in the proportion of
patients undergoing revision surgery [11, 21, 23]. There-
fore and as a result of the resurgence of interest for
computer-assisted cup positioning in THA, as a followup
of this prospective case-matching cohort study, we aimed
to compare the 10-year results between patients undergoing
THA with CAS and those undergoing THA with a con-
ventional technique for component implantation.
Specifically, we compared the groups in terms of (1) val-
idated outcomes scores (Harris hip score [HHS], Hip injury
and Osteoarthritis Outcome Score [HOOS], and SF-12); (2)
acetabular polyethylene wear as measured using a vali-
dated in vivo radiographic method; and (3) survivorship
free from aseptic loosening.

Patients and Methods

From April 2004 to April 2005, we performed a prospec-
tive case-matching cohort study including two groups of 30
patients. Between April 2004 and April 2005, we per-
formed 260 elective THAs for primary arthritis or
avascular osteonecrosis. Of those, 30 (12%) were per-
formed using the CAS. During that period, we used CAS
for the patients meeting the inclusion criteria of our study
and randomly assigned to the CAS group by the Hospital
Informatics Department with use of a systematic sampling
method. Of those who were treated with this approach, two
patients (6%) had died, and no patients were lost to fol-
lowup, whereas 28 patients (28 hips [94%]) were available
for followup at a minimum of 10 years (median, 10 years;
range, 10—11 years). The study protocol (including the use
of navigation and postoperative CT evaluation) and con-
sent forms were approved by the local ethical committee.
The patient inclusion criteria were an age of 20 to 80 years
old, a weight of < 100 kg, a primary hip arthroplasty, an
anterolateral approach, and procedure performed by the
senior author (J-NAA). The exclusion criteria included use
of a trochanteric osteotomy, THA performed for a post-
traumatic  indication, or revision hip  surgery.
Randomization of patients into the computer-assisted
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Fig. 1 This is our series’ flowchart.

group was done by the Hospital Informatics Department
with use of a systematic sampling method according to a
previously described method. All of the patients provided
informed consent to participate in the study. The patients
assigned to the freehand cup placement group were mat-
ched for sex, age within 5 years, pathological condition,
operatively treated side, and body mass index within 3
points (Fig. 1). Traditional mechanical guides were used in
the freehand placement group. Before the beginning of the
study, the senior author had performed more than 2000
THAs, which included 50 computer-assisted procedures.
There were no differences in demographic data between
the two study groups with the numbers available. There
were 16 men and 14 women and 14 right hips and 16 left
hips in each group. The median age of the patients was 60
years (range, 24—80 years) in the computer-assisted group
and 61 (range, 2678 years) in the freehand placement
group (p = 0.29). The mean body mass index was 26 + 5
kg/m? (range, 17-37 kg/m?) in the computer-assisted group
and 25 + 4 kg/m” (range, 20-38 kg/m?) in the freehand
placement group (p = 0.28). The etiologies were primary
osteoarthritis in 27 hips and osteonecrosis in three hips in

Analyzed (n = 30)
* Excluded From Analysis (n = 0)

the computer-assisted group and primary osteoarthritis in
26 hips and osteonecrosis in four hips in the freehand
placement group.

The operation was done through a modified Watson-
Jones anterolateral approach with the patient lying supine.
Patient position allowed palpation of both anterosuperior
iliac spines and the symphysis pubis. No additional skin
incision had to be made to accommodate navigation. In the
control group, manual positioning of the cup was per-
formed. In the CAS group, an imageless cup positioning
computer-based navigation system was used following a
previously described protocol [18]. A cementless press-fit
hydroxyapatite-coated titanium acetabular component with
a conventional (not highly crosslinked) UHWPE (steril-
ization with gamma radiation under nitrogen) and a
cementless fully hydroxyapatite-coated titanium femoral
stem were used (Symbios@\, Yverdon, Switzerland, FDA-
approved) in the two groups. The stems were not navigated
and were inserted with a nonspecific fixed angle of
anteversion according to surgeon judgment. A 28-mm
ceramic head was systematically used in both groups. The
median diameter of the acetabular cup was 50 mm (range,
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46-58 mm) in the CAS group and 52 mm (range, 46-58
mm) in the freehand placement group. Postoperative
rehabilitation protocols included immediate weightbearing
protected by crutches during the first 2 or 3 weeks
according to patient tolerance and exercises focused on
passive ROM immediately and then active recuperation of
ROM. All patients in the present study received routine
prophylaxis with low-molecular-weight heparin pre- and
postoperatively for 21 days.

All patients were evaluated clinically preoperatively, at
3 months postoperatively, and at yearly intervals postop-
eratively by one of the authors (SP). At the 10-year
followup, the evaluation was performed by two indepen-
dent observers blinded to the type of technique (MO, AL).
Pre- and postoperatively we obtained a HHS to objectively
determine the patient’s functional level. At last followup,
the HOOS was used to evaluate the patient’s hip-related
quality of life [17] and the SF-12 to evaluate the patient’s
general health-related quality of life [22]. The HOOS is a
self-administrated hip-related quality-of-life questionnaire
corresponding to a validated and improved WOMAC [23].
The HOOS includes five dimensions scored separately:
pain (nine items); symptoms (seven items); activities of
daily life function (17 items); sport and recreation function
(five items); and quality of life (four items). Because it is
desirable to analyze and interpret the five dimensions
separately, an aggregate score was not calculated. All items
are scored from O to 4, and each of the five scores is cal-
culated as the sum of the items included. Scores are then
transformed using free calculation software available
online on the website www.koos.nu to a 0 to 100 scale with
zero representing extreme hip problems and 100 repre-
senting no hip problems. In this study the HOOS and the
SF-12 scores were not calculated preoperatively because
they were not available in our country.

Postoperatively, cup positioning was analyzed using a
validated specific CT scan protocol. As published by
Lewinnek et al. [12], the safe zone for cup orientation was
defined by an abduction angle of 40° £+ 10° and an
anteversion angle of 15° £ 10°. Acetabular components
were described as inside or outside of the safe zone or
outliers based on this definition.

For the followup, radiographic postoperative evaluation
consisted of AP and lateral views of the hip and pelvis and
a true lateral view of the hip. The first postoperative
radiograph was then used as a baseline from which sub-
sequent radiographs were interpreted. At last followup, the
radiographs were digitalized with a high-density scanner
(SIERRA Advantage VIDAR Systems Corporation®™,
Herndon, VA, USA) and examined by two independent
observers (MO, AL). Magnification correction factors were
calculated for each film based on the known diameter of the
prosthetic head. Polyethylene wear was measured using
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IMAGIKA® software (GSI Medical, Neuilly sur Seine,
France), data processing procedures based on the dual
circle method to analyze digitalized radiographs. This
software has already proved its reproducibility and accu-
racy [7]. The examiners analyzed each radiograph twice,
once on each of 2 separate days according to a previously
published protocol [16]. All data processing was performed
independently from one another. The total wear was
compared as well as wear rate per year, and this linear wear
was expressed as mean £ SD (millimeters per year).

Survivorship was compared in the two groups using the
Kaplan-Meier method [9] defining the endpoint as: dislo-
cation, revision of one or both of the components resulting
from a mechanical failure, or mechanical failure (fracture
excepted) defined as substantial migration of one or both of
the components, substantial wear, or osteolysis at last fol-
lowup potentially calling for a revision. Loosening was
analyzed using the following criteria for the femur and the
acetabular cup: acetabular cup stability was evaluated with
the Massin et al. method analyzing the distance between
femoral head center and landmark along a vertical axis (the
distance between the center of the cup and the teardrop
line) and horizontal axis (distance between the center of the
cup and the vertical line through the teardrop) [15]. A
difference between the postoperative value and at last
followup, greater than 3°, was considered as migration. The
tilt of the acetabular component (alpha angle) was defined
as the angle between the cup and the teardrop line. A
variation greater than 3° between initial and followup alpha
angle was interpreted as migration. Radiolucent lines in the
DeLee and Charnley zone were analyzed and interpreted as
important depending of their size, localization, and evo-
lution [4].

Statistical Analysis

Clinical improvement between the preoperative and the last
followup clinical evaluation (HHS) was compared between
the CAS group and the control group and between the cups
within the safe zone and the outliers using a t-test for
unpaired comparisons. A comparison of the HOOS and SF-
12 at last followup between CAS versus control patients as
well as safe zone versus outlier patients was performed
using either a parametric or nonparametric test (depending
on parameter distribution). With our available sample size
and postoperative score SD, this study had 80% power to
detect a difference of 4 points out of 100 on the HHS at the
p < 0.05 level. Because the minimal clinical important
difference (MCID) of the HHS score has been described to
be 10 points [20], our sample size was sufficient to detect
potential relevant differences between the CAS and control
groups regarding this clinical parameter. We compared
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Fig. 2A-B Ten-year HOOS analysis for (A) CAS versus control
group; and (B) safe zone versus outliers are shown. (A) No statistical
difference was found when comparing functional outcomes of CAS

survivorship in the two groups using the method of Kaplan-
Meier using the previously described criteria as the end-
point [9]. Revisions related to septic loosening or fractures
were not included in the survivorship comparison.

Analysis was performed using SPSS software (Version
12; SPSS Inc, Chicago, IL, USA). All calculations assumed
two-tailed tests.

Results

No differences with the numbers available were found
between the two groups for the HHS, SF-12, or HOOS
(Fig. 2) at last followup (Table 1). HHS increased in both

Sport QoL

and control groups. (B) No statistical difference was found when
comparing functional outcomes of safe zone and outlier patients.
ADL = activities of daily living; QOL = quality of life.

groups from preoperative to last followup evaluation with,
respectively, in the CAS group 62 & 10to 95 = 6 (p <
0.0001) and 57 £ 16 to 96 = 5 (p < 0.0001) for control
patients (Table 1). At last followup the HHS score was
95.3 £ 5.9 points (CAS group) versus 96.2 £ 4.5 points, a
mean difference of 0.9 points (95% confidence interval
[CI], —4.3 to 4.6; p = 0.6).

There was no difference, with the numbers available, in
wear between groups. The amount of wear at 10 years was
not different with the numbers available in the two groups:
0.71 £ 0.6 mm (CAS group) versus 0.77 £ 0.52 mm
(control group), a mean difference of 0.06 mm (95% ClI,
(—0.1 to 0.2; p = 0.54) as well as linear wear: 0.07 & 0.06
mm/year (CAS group) versus 0.07 £ 0.05 mm/year
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Table 1. Results of the functional scores analysis in the two groups

CAS group Control group
Postoperative scores Within safe Outliers (n = 6) p value Within safe Outliers (n = 17) p value
zone (n = 24) zone (n = 13)
Postoperative function (points)
HHS 95 +6 9 + 4 0.6
96 £ 6 93 +7 0.3 9% £ 5 97 £ 4 0.5
Pain HOOS 87 + 18 85 £ 19 0.6
85 + 20 92+5 0.4 90 £ 11 81 £ 23 0.2
Symptom HOOS 83 + 18 85 + 16 0.4
86 + 14 80 + 20 0.3 85+ 15 85 £ 22 0.9
ADL HOOS 85+ 21 84 + 21 0.6
85 + 23 88 + 15 0.7 83 £ 22 84 £+ 21 0.9
Sport HOOS 79 £ 22 75 £22 0.5
72 £ 21 81 £ 22 0.3 71 £ 24 79 £ 18 0.2
QOL HOOS 83+ 19 79 £ 19 0.3
83+ 15 83 + 20 0.9 83 + 16 75 £ 20 0.2
SF-12 physical 74 £ 12 76 £ 12 0.5
70 £ 18 74 £ 10 0.5 74 £ 6.5 72 £ 15 0.6
SF-12 mental 72 £ 14 71 £ 11 0.7
70 £9 72 £ 14 04 73 £6.7 70 £ 14 04

Values are mean + SD; CAS = computer-assisted surgery group; Within safe zone = cup orientation abduction angle of 40° £+ 10° and an
anteversion angle of 15° &= 10°; Outliers = cup orientation outside of the Lewinnek safe zone; HHS = Harris hip score; HOOS = Hip injury and
Osteoarthritis Outcome Score; ADL = activities of daily living; QOL = quality of life.

Table 2. Result of the functional score analysis based on inlier/outlier definition

Postoperative scores Within safe zone Outliers p value
(n=37) (n =23)
HHS 89 £ 11 89 £ 11 0.9
Pain HOOS 78 £ 16 76 + 18 0.9
Symptom HOOS 77 £ 12 74 £ 17 0.4
ADL HOOS 78 £ 21 77 £ 18 0.9
Sport HOOS 73 £ 17 69 £ 22 0.5
QOL HOOS 76 £ 16 74 £ 17 0.7
SF-12 physical 74 +£9 71 £ 15 0.4
SF-12 mental 73 +£ 12 70 +£ 13 0.6

Values are mean + SD; CAS = computer-assisted surgery group; Within safe zone = cup orientation abduction angle of 40° £ 10° and an
anteversion angle of 15° £ 10°; Outliers = cup orientation outside of the Lewinnek safe zone; HHS = Harris hip score; HOOS = Hip injury and
Osteoarthritis Outcome Score; ADL = activities of daily living; QOL = quality of life.

(control group), a mean difference of 0.007 mm (95% CI,
—0.02 to 0.02; p = 0.45). Radiological analysis did not
exhibit any difference between CAS versus control patients
as well as between the safe zone versus outlier patients
regarding osteolysis, implant migration, or “cup tilt”
variation (Tables 2, 3, 4).

With the numbers available, there was no difference
between the CAS group and the conventional THA groups
in terms of survivorship free from aseptic loosening (100%;
95% CI, 100%-95% versus 100%; 95% CI, 100%—-94%;
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p = 0.3; Fig. 3). No dislocation was observed in the series.
In the control group, one patient underwent reoperation
7 years after a periprosthetic fracture.

Discussion
Improper acetabular component during THA may increase

the risk of dislocation, reduce the ROM free of intraartic-
ular impingement, and cause increased acetabular wear.
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Table 3. Results of the radiographic analysis in the two groups
CAS group Control group
Radiographic Within safe Outliers (n = 6) p value Within safe Outliers (n = 17) p value
analysis zone (n = 24) zone (n = 13)
Amount of wear (mm)* 0.71 £ 0.62 0.77 £ 0.52 0.54
0.69 £+ 0.55 0.76 + 0.8 0.53 0.78 + 0.55 0.75 + 0.52 0.65
Linear wear (mm/year)* 0.07 £ 0.06 0.08 £ 0.05 0.45
0.07 £ 0.05 0.08 £+ 0.08 0.54 0.08 + 0.05 0.08 £+ 0.05 0.59
Cup tilt > 3° (number) 0 0 N/A
0 0 N/A 0 0 N/A
Radiographic osteolysis (number) 3 (10%) 1 (3%) 0.6
2 (8%) 1 (10%) 0.5 1 (7.5%) 0 N/A

* Mean £ SD; CAS = computer-assisted surgery; Within safe zone = cup orientation abduction angle of 40° & 10° and an anteversion angle of
15° £ 10°; Outliers = cup orientation outside of the Lewinnek safe zone; N/A = no statistical analysis available.

Table 4. Postoperative radiographic analysis based on inlier/outlier definition

Radiographic Within safe zone Outliers p value
analysis (n=37) (n =23)

Cup anteversion angle (°)* 14 (5-25) 19 (0-37) 0.01
Cup abduction angle (°)* 38 (30-50) 31 (24-51) 0.03
Amount of wear (mm)’ 0.72 + 0.73 0.75 + 0.71 0.5
Linear wear (mm/year)+ 0.07 + 0.07 0.07 £ 0.07 0.9
Cup tilt > 3° (number) 0 0 NA
Radiographic osteolysis (number) 3 (8%) 1 (4%) 1

* Median (range); ‘mean + SD; Within safe zone = cup orientation abduction angle of 40° + 10° and an anteversion angle of 15° + 10°; Outliers
= cup orientation outside of the Lewinnek safe zone; NA = no statistical analysis available.

100
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Time (Months)

Fig. 3 Ten-year survivorship (Kaplan-Meier analysis) without any
revision for mechanical failure or aseptic loosening (fractures
excluded) of computer-assisted and standard THA is shown

Recently, CAS for THA has been reintroduced using
robotic-assisted computer navigation [6]. In a previous
prospective comparative randomized study, we demon-
strated the usefulness of CAS in THA to improve cup
positioning [18]. However, to our knowledge, few studies
have looked at CAS over the longer term to see whether it

confers any advantages in terms of endpoints that a patient
might perceive such as differences in validated outcome
scores, differences in acetabular wear (which can lead to
osteolysis or revision surgery), or differences in the pro-
portion of patients undergoing revision surgery [11, 21,
23]. As a result of the resurgence of interest for computer-
assisted cup positioning in THA, as a followup of this
prospective, case-matching cohort study, we aimed to
compare the 10-year results between the two groups of
patients. The results of our study showed no differences in
validated outcomes scores, acetabular wear, or survivorship
at 10 years.

Several limitations can be outlined in our study. The first
issue is sample size. As a result of the small sample size,
the comparison between the safe zone and the outlier
patients was not possible. Although our study was rela-
tively small, we had 80% power to detect a difference
between the treatment groups of 4 points for the HSS score,
10 points for the SF-12, and 15 points for the HOOS.
Second, the wear rate was analyzed on standard radio-
graphs and not on CT scan with a standardization of the
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radiographs during the followup. The method used in our
study has, however, been previously validated [7]. Third,
the target used in this study was based on the Lewinnek
et al. [12] study and a recent paper showed that this target
may not be appropriate [1], although most of the available
systems today still use this target [6, 23]. Concerning the
surgical technique, the system was strictly a cup position-
ing software with no integration of the combined cup-stem
anteversion. Furthermore, the patients over 100 kg were
not included in the study. These limits are mainly related to
the fact that the system used in our study called anatomical
navigation and based on the acquisition of the anterior
pelvic plane was not validated for obese patients and for
the combined anteversion at the time of the original study
[18].

At 10 years, the clinical outcomes including the HSS,
the HOOS, and the SF-12 were comparable in the two
groups. In two previous studies (comparison of limb length
discrepancy after THA: with and without computer navi-
gation), no clinical difference was observed for the HHS or
the Postel-Merle score between the CAS group and stan-
dard groups at, respectively, 1 year and 13 years [13, 21].
To our knowledge, only one previous study used the HOOS
as a specific hip quality-of-life questionnaire to compare
the two techniques with no difference observed between
the two groups at 5 to 7 years after surgery. The authors of
this article concluded that “standard cup first” THA nav-
igation does not improve midterm functional outcome [11].
If most of the studies including the recent meta-analysis
comparing CAS THA versus a conventional technique
reported improvement in cup positioning, there is still a
lack of evidence to link this cup position improvement to
substantial clinical improvements at short and midterm
followup [23]. Based on our results at long term, and based
on the analysis of the work of others as noted, there is no
evidence at short or midterm followup showing a potential
functional benefit when using CAS for cup positioning.

The wear rates were not different with the numbers
available between the two groups in our study. At 5 to 7
years followup, Keshmiri et al. [11] likewise reported no
differences between navigated and conventional THAs in
terms of acetabular wear. Direct comparison of our results
is not possible because the followup was different and a 32-
mm metal head was used in the Keshmiri et al. [11] study,
whereas a 28-mm ceramic head was used in our study, but
in both studies, no difference between CAS and the stan-
dard group was observed. At 13 years followup, Sugano
et al. using ceramic-on-ceramic components reported a
higher rate of femoral neck erosion on the lateral radio-
graphs in the standard group compared with the navigated
group [21]. Careful placement of the acetabular component
to ensure an acetabular angle less than 45° in the recon-
structed hip has been shown as a factor to reduce wear in

@ Springer

conventional polyethylene [14]. However, many factors
may influence polyethylene wear including the reproduc-
tion of the femoral offset and also factors directly related to
the patient such as the degree of activity, age, and body
mass index. In our study, the femoral offset was not cal-
culated and the degree of activity was not recorded, but age
and body mass index were comparable between the two
groups.

In our study, survivorship was compared in the two
groups using the Kaplan-Meier method considering the
endpoint as: dislocation, revision of one or both of the
components resulting from a mechanical failure, or
mechanical failure defined as substantial migration of one
or both of the components, substantial wear, or osteolysis
at last followup potentially calling for a revision. No dif-
ference was observed between the two groups at 10 years.
To our knowledge, only one study has compared the sur-
vivorship between CAS THA and standard THA [21].
Sugano et al. found no difference at 13 years between the
CAS group and the standard group and no dislocation was
observed in the series [21]. One of the first premises of
CAS THA was to reduce the rate of dislocation because of
improved cup positioning within the classical so-called
safe zone. The results of our study did not show any dif-
ference between the two groups in terms of dislocation,
although with such small numbers, one might not neces-
sarily expect to observe a difference. No paper to our
knowledge has demonstrated any difference between CAS
and the standard technique concerning the risk of disloca-
tion. A recent paper [1] showed that the actual targeted
values for cup inclination and anteversion based on the
original Lewinnek et al. [12] paper may be useful but
should not be considered as a safe zone in the sense that
positioning the acetabular component within these param-
eters does not preclude dislocation. In fact, the majority of
dislocated THAs were within the targeted values.

To our knowledge, this study is the first prospective
comparative case-matching cohort study comparing the 10-
year clinical and radiological results including the sur-
vivorship of CAS cup positioning versus manual
positioning. No difference was observed at 10 years in this
prospective randomized study comparing the functional
outcomes, the wear rate, and the survivorship of CAS for
cup positioning in THA versus the standard technique at 10
years. Although CAS using either navigation or robotics is
an accurate tool to position the cup within targets as his-
torically defined, questions remain concerning the
relevance of these targets [1, 19]. The robotic era of THA
should take into account these actual limitations and further
studies are required to integrate the static and dynamic
parameters to define an individual optimal component
positioning in THA. Because CAS is associated with added
costs and surgical time, future studies need to identify what
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