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Image-based robotic-assisted total hip arthroplasty through direct
anterior approach allows a better orientation of the acetabular cup
and a better restitution of the centre of rotation than a conventional
procedure
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Abstract

Purpose The aim was to investigate the contribution of robotics assisted total hip arthroplasty (THA) through direct anterior
approach (DAA) in improving radiographic precision, functional results and complications.

Methods This retrospective study compared 100 primary conventional THA (cTHA) to 50 primary robotic THA (rTHA)
through DAA. All cups were placed with the objective of having no anterior overhang while respecting the safe zones
(SZ). Radiographic analysis included cup inclination and anteversion, vertical and horizontal changes of the rotation centre
(AVCOR, AHCOR), acetabular and femoral offset. SZ were 30-50° of inclination and 10-30° of anteversion. Outliers were
defined as medial displacement of the COR > 5 mm, vertical displacement of the COR >3 mm superiorly. Harris hip score
(HHS) and complications were compared at one year of follow-up.

Results The robotic cups were better oriented with 98% in the global SZ versus 68% in the cTHA group (p =0.0002). The
COR was on average better restored in the robotic group in both the horizontal and vertical planes (A HCOR= -5.0+5.0
vs—3.4+4.9,p=0.03; AVCOR=1.6+3.3vs0.2+2.7, p=0.04). There were fewer outliers in the rTHA group concerning
VCOR (28% versus 10%, p=0.03). There was no significant difference in HHS and complication rate at one year.
Conclusion The use of robotics for THA by DAA provided an advantage in controlling the orientation of the cup and the
restoration of its rotation centre. Thanks to the 3D planning on CT scan, it allowed to respect the thresholds while avoiding
the anterior overhangs.

Keywords Total hip arthroplasty - Image-based robotic assisted system - Cup positioning - Centre of rotation - Safe zone -
Combined offset

Introduction

P< Constant Foissey

constant.foissey @chu-lyon.fr Among the possible approaches to perform total hip arthro-

plasty (THA), the direct anterior approach (DAA) has the
advantage of being a muscle preserving anatomic approach
with rapid early recovery and low risk of dislocation [1-4].
The DAA is typically performed supine which facilitates
the use of intra-operative fluoroscopy, allowing for more
accurate assessment of acetabular component positioning,
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and anatomically restore leg length [1-4].

The reported disadvantages of this procedure are the steep
learning curves for surgeons, the risks of injury to the lat-
eral femoral cutaneous nerve, and the risk of femoral frac-
ture due to the difficulties with adequate femoral exposure
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[4-6]. Surgeons transitioning from other approaches can
also potentially increase the risk of malpositioning of the
acetabular cup, due to familiarity with the orientation of the
acetabulum of their patients placed in the lateral position on
the operating table [7]. And yet, many factors depend on this
acetabular position (orientation and restoration of the centre
of rotation (COR)), such as stability, stem-cup and ilio-psoas
impingement, function and survival [8—12].

Foissey et al. have already studied the importance of
instrumentation in DAA and found that instrumentation
without offset was sufficient to achieve good cup position-
ing [7]. However, there was a learning curve to overcome,
and many outliers of cup placement and position were due
to an excess of anteversion. In order to make the procedure
reproducible and to control as many of the parameters of
the cup positioning as possible, enabling technologies and
robotic assisted surgery have become a widespread method
of improving component accuracy [13—-17]. However, to
our knowledge, there is very few series to date that focuses
solely on the contribution of robotics in DAA without trac-
tion table [18].

The aim of this study was to investigate the contribu-
tion of image-based robotics assisted THA through DAA
in improving radiographic precision primarily, but also the
potential differences in functional results and complications.

Methods
Patients

This retrospective case control study compared two cohorts
of patients operated upon by two experimented surgeons (SL,
PK) in two different centres. 100 consecutive primary THA
operated conventionally (cTHA) through DAA from Janu-
ary 2015 to May 2019 were compared to 50 primary THA
operated robotically ‘THA) through DAA between January
and December 2019. The DAA is performed routinely in
those departments unless in patients with BMI> 40 kg/m?,
with abnormal hip anatomy requiring complex THA (e.g.
congenital hip dysplasia), in elderly patients (over 85 years
old) with osteoporosis or when there was previous hip sur-
gery (e.g. femoral or pelvic osteotomy). All patients with
a follow-up lower than one year were considered as lost to
follow-up.

Pre-operative templating

Both conventional and CT-based templating were made
by the surgeon to define the level of the femoral cut, the
size and the position of the implants to recreate the native
anatomy (offset, length, COR), and if necessary, to correct a
leg length discrepancy or a change in the COR. Both groups
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were templated on standard pelvic anteroposterior radio-
graphs using Traumacad® software (Traumacad®, Petach-
Tikva, Israel). The rTHA group was templated as well on
a pre-operative pelvic and proximal femur CT scan using
the V3 MAKOplasty total hip application software (Mako
Surgical Corporation, Kalamazoo, Michigan). In addition
to allowing the surgeon to plan in 3D the abovementioned
data, this system makes it possible to control the position of
the cup in the transverse plane, to adjust its anteversion and
to check the absence of any anterior overhang (Fig. 1). The
objectives of the cup position were 40° + 10 of inclination
and 20° + 10 of anteversion, restoration of the COR +5 mm
in the horizontal plane (HCOR) and +3 mm in the vertical
plane (VCOR). In case of modification of the anatomical
landmarks due to osteoarthritis, the references of the healthy
contralateral hip were used. When using 3D planning, par-
ticular attention was paid to the anterior overhang; if this
was present with a restoration of the COR and anteversion of
20°, the anteversion was increased and the COR was medial-
ized (Fig. 2).

Operative technique

All THAs were performed through DAA in supine posi-
tion without any traction table as already describe by Fois-
sey et al. [7]. In both groups, stability and leg length were
assessed manually.

Cups in cTHA patients were put with standard
straight instrumentation and controlled by per-operative
fluoroscopic assessment. Implant position was guided by
both pre-operative templating and intra-operative anatomical
landmarks (anterior and posterior walls, transverse acetabular
ligament). The size of the reamers was progressively
increased to remove first the cartilage until the desired size
is achieved with satisfactory circumferential contact and
exposure of bleeding subchondral bone. In case of anterior
overhang, the cup was medialised and anteriorised. All shells
were cementless cups (Quattro (Lepine®, Genay, France)),
and all stems were cementless as well (Targos (Lepine®,
Genay, France)).

The rTHA patients were operated using the RIO robotic
arm (Mako Surgical Corporation) using the “express” proce-
dure. This express procedure helps to ream the acetabulum,
to impact the final cup, and to help to restore the ideal leg
length and global offset (Fig. 3) but does not guide femoral
neck resection and does not give stem anteversion and COR.
One array was placed on the contralateral iliac crest. One
checkpoint was placed on the proximal femur, one on the
acetabular side and one distal landmark was placed at the
level of the ipsilateral patella as part of the express proce-
dure. Femur was prepared manually after a registration of
the femoral checkpoint and of the distal landmark. Then,
the position of the pelvis was confirmed by registering and
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Fig. 1 Contribution of 3D
template: planning of the neck
resection site, femoral size
and version, leg length and
global offset (A), cup size and
positioning, COR restitution,
anterior overhang (B)

verifying the position of patient-specific anatomical land-
marks. The robotic arm with haptic control was used to
guide the reaming and the impaction of the cup according to
the template. After the reduction of the hip with the broach
or with the final stem in place, global offset restitution and
leg length restitution were assessed. All implants used in the
rTHA group were cementless cups (Trident, Stryker®) and
an uncemented Anato stem (Stryker®).

Radiological assessment

All measurements were recorded on the operated side by
two independent surgeons on the standing antero-posterior
X-rays at two months after surgery using the picture archive
and communication (PACS) software. Magnification was
corrected using the implanted acetabular component size
as the reference value. Radiographic analysis included
inclination and anteversion of the cup, VCOR, HCOR,
acetabular offset (AO), femoral offset (FO) and leg length
(LLA). Combined offset (CO) was defined as addition of AO
and FO [19]. The anteversion was determined by the method
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described by Widmer [20]. Cup abduction was the angle
between the cup axis and parallel between the inter-teardrop
line. All the other assessments were performed according
to the method described by Kayani et al. [21] (Fig. 4).
Cup orientation was classified whether inside or outside
the safe zone (SZ) concerning the inclination (30-50°),
the anteversion (10-30°) or both position (combined SZ)
[7]. Outliers were defined as medial displacement of the
COR (AHCOR) >S5 mm, vertical displacement of the
COR >3 mm superiorly (AVCOR), as these parameters
have been associated with greater wear and instability [22].
A difference of LLA > 10 mm compared to the contralateral
side was considered as an outlier [19].

Clinical assessment

During the pre-operative consultation, the demographic data,
pre-operative Harris hip score (HHS) were obtained. Opera-
tive time, peri and early post-operative complications and
length of hospitalisation were documented during the stay.
Routine follow-ups were planned at two months, one year
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Fig.2 Anterior overhang observed during 3D planning with COR
restoration and 20° anteversion (A). Application of a 24° anteversion
and a 3 mm medialization of the COR to eliminate this overhang (B)

and every two to five years. This study focused on the results
that were collected at one year (HHS, complications).

Statistical analysis

Mean value, standard deviation and minimum and maximum
values are presented for continuous variables that were nor-
mally distributed. Their distribution was evaluated using a
Shapiro—Wilk test. The following statistical tests were used
for continuous variables: Student’s 7 test when the variable
of interest was independent and normally distributed; paired
Student’s ¢ test when the variable of interest was paired,
independent and normally distributed; the Mann—Whitney
U test for independent variables that were not normally
distributed; and the Wilcoxon signed rank test for paired
variables that were not normally distributed. Qualitative
variables were summarized as percentages. A chi-square test
or Fisher’s exact test was used to ascertain any difference
among these. The significance threshold was set at 5%. The
statistical analysis was performed using XLSTAT™ soft-
ware (version 2021, AddInsoft, Paris, France).

Ethical approval

All procedures were performed in accordance with the
ethical standards of the institutional and/or national research
committee, the 1964 Helsinki Declaration and its later
amendments, or comparable ethical standards. The Advisory
Committee on Research Information Processing in the Field
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Fig.3 Per-operative contribution of robotic “express” procedure: reaming assistance (A), cup impaction assistance (B) and control of the leg

length and of the global offset (C)
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Fig.4 Radiographic assessments: HCOR, horizontal centre of rota-
tion; VCOR, vertical centre of rotation; LLA, radiographic leg-length
assessment; ML, midline; ITL, inter-teardrop line; VTL, vertical
trans-teardrop line; AO, acetabular offset; FO, femoral offset; FA,
femoral anatomical axis

of Health (CCTIRS) approved this study in Paris on February
17, 2016, under number 16-140. As per institutional
standards, formal patient consent was not required for this
type of study.

Results

All patients in both groups reached the one year follow-up
time, and there were no lost to follow-up. Pre-operative
demographic and clinical data are summarized in Table 1.
The two groups were comparable, 66% (66/100) were
women in the cTHA group versus 46% (23/50) in the rTHA
group but this difference was not statistically significant
(p=0.22).

Radiographical results

There was no significant difference in the mean orientation
of the cups in the coronal and sagittal planes. The mean
anteversion of the cups was greater than 23° in both groups
(Table 2). The overall orientation of the cups is shown in
Fig. 5. The robotic cups were better oriented with 98%
(49/50) of the cups being in the global SZ in the rTHA
group versus 68% (68/100) in the cTHA group (p =0.0002)
(Fig. 6). The main reason for poor positioning was excess
of anteversion (21% (21/100) in the cTHA group versus 2%
(1/50) in the rTHA group, p =0.005) (Fig. 6).

The COR was on average better restored in the robotic
group in both the horizontal and vertical planes, although
the cups were on average medialized by more than 3 mm
in both groups (Table 2). There were fewer outliers in the

Table 1 Demographic and

s Parameters Conventional group (n=100) Robotic group (n=50) p value

clinical data
Gender (%F) 66 (66%) 23 (46%) 0.22
Age (years) 68.0+8.5[31.8-88.5] 66.5+10.4 [39.0-89.0] 0.54
BMI (kg/m?) 27.1+4.0 [17.0-38.0] 26.9+4.8 [16.0-37.0] 0.64
ASA 2.0+0.4 [1-3] 1.7+0.6 [1-3] 0.76
HHS 48.5+10.3 [21-72] 47.7+13.4 [17-69] 0.72
BMI body mass index, HHS Harris hip score

Table2 Radiological results Parameters Conventional group (n=100) Robotic group (n=50) p value
Inclination (°) 41.8+4.7 [26.0-60.9] 40.5+3.4[32.8-47.2] 0.12
Anteversion (°) 24.3+6.0 [5.4-45.9] 23.4+3.5[14.3-309] 0.16
A HCOR (mm) -5.0£5.0[-19.0-27.9] —-34+49[-14.1-5.5] 0.03*
A VCOR (mm) 1.6+3.3 [-8.0-11.4] 0.2+2.7 [-5.6-6.8] 0.04*
A AO (mm) -33+3.8[-18.2-12.7] —-29+29[-12.4-2.6] 0.64
A FO (mm) 0.3+5.7[-28.8-17.5] -0.1+6.1 [-14.0-10.1] 0.12
A GO (mm) —-2.9+6.1[-28.4-30.2] -3.0+£6.5[-17.3-8.7] 0.90
A LLA** (mm) 3.0+3.4 [-3.0-22.5] 2.7+1.8[0.0-7.6] 0.047%*

A [postoperative-preoperative], HCOR horizontal centre of rotation, VCOR vertical centre of rotation, AO
acetabular offset, FO femoral offset, GO global offset, LLA limb length assessment

*Significant

**Compared to opposite side
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Fig. 5 Diagram depicting the a 3¢
number of cups inside the
safe zone in the conventional
group (A) and in the robotic
group (B). Sixty-eight percent
(68/100) of the conventional 35
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rTHA group concerning VCOR (10% (5/50) versus 28%
(28/100), p=0.03) (Fig. 7).

There was no significant difference in terms of restitu-
tion of the length of the lower limbs nor in terms of the
restitution of the different offsets (Table 3, Fig. 7).

Clinical results

The robotic procedure was significantly longer by 19 min
(p <0.0001). No complication relative to the robot was
reported. The length of hospital stay was similar as well as
the HHS at 1 year (Table 3). There was no significant dif-
ference in terms of complications between the two groups.
No iliopsoas impingement or dislocation was reported
(Table 3).
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Discussion

Our results favour the use of image based robotic system
when performing a THA by DAA. The control of the cup
placement by the robotic arm allowed to obtain a placement
in the SZ in 98% of the cases as well as a better control of
the COR restitution.

To our knowledge, there is only one study that focused
solely on the use of the robot via DAA and found excel-
lent results with 100% of the cups in the Lewinnek SZ
[18]. These results echo those found in the main series
using the same robotic assistance, as they found an accu-
racy in terms of orientation greater than 97% [21, 23, 24].
This is an advantage that would be all the more interesting
at the beginning of the DAA experience because it has
been shown that changes in spatial references during the
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transition to the DAA in supine position could lead to an
increased risk of malposition [7], whereas robotics does
not present a learning curve in terms of positioning the
cup [25].

Robotic restoration of the COR has been less studied
than orientation. Kayani et al. also found a better resto-
ration of the COR in the robotic group [21]. This is an
important advantage because until now, traditional navi-
gation systems have not proven their effectiveness [14,
26], wherein this restoration theoretically allows a bet-
ter longevity and a better function [27-29]. Although this
restoration of the COR has been improved, it remains
medialized by 3 mm on average in the robotic group. Also
the average anteversion of 23° seems important because
it is the upper limit in several safe zone descriptions [30,
31]. This can be explained by the deliberate choice of few
towards anterior overhangs even if it means medializing
and anteverting the cup (Fig. 2). This may also explain the
high outlier rates in the conventional group except that in
the absence of robotic control the cup placement tended to
be exaggerated with greater anteversion and medialization
outside the thresholds. Also, the higher rate of women may
be a secondary explanation for this high rate of outliers.
Indeed, women tend to have a more marked hypoplasia
of the anterior wall [32], making anteversion and greater
medialization mandatory in order to avoid an outlier. This
strategy seems to be successful because there was no ili-
opsoas-impingement diagnosed at 1 year. Finally, it should
be noted that the pre-operative COR measurements were
performed on hips with degenerative changes, which may
artificially increase the outlier rate, especially when the
surgeon wanted to restore the native COR [33].

Even if this better positioning did not result in a better
clinical outcome, it is reasonable to believe that it will
have a long-term benefit in terms of wear [22]. There
remains an absence of high-quality level I evidence to
answer this question whether or not the robot allows an

Table 3 Per- and post-operative

o Parameters Conventional group (n=100)  Robotic group (n=50)  p value

data and complications
Operative time (min) 93.1+14.9 [60-166] 112.1+21.9 [66-170] <0.0001*
Length of stay (days) 3.7+1.4[1-9] 32+1.6[1-7] 0.13
1 year HHS 91.2+9.7 [14-100] 89.0+16.3 [31-100] 0.56
Complications 1 (1%) 2 (4%) 0.27
------ Per-operative fracture 0 0 0.27
—————— Greater trochanter (partial) 0 0
—————— Femoral shaft 0 0
------ Infection 1 2 (4%)
—————— 1PI 0 0
—————— Stem sinking 0 0
------ Dislocation
—————— Loosening

HHS Harris hip score, IPI ilio-psoas-impingement

*Significant
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improvement of functional scores after THA but a recent
meta-analysis showed a significant improvement of HHS
after the use of the robot assisted surgery [24].

There are several limitations to this study. First, it is a
retrospective, non-randomized, unmatched study. Even if
the difference in the proportion of women was not signifi-
cant, this may have hindered the comparison of the groups.
Secondly, the cup used in each group was not the same,
which may have changed the way the implant was posi-
tioned. Finally, the measurements of the cup positioning
were on radiographs and not CT scans. But a CT scan with
irradiations is not recommended post-operatively.

Conclusion

The use of image-based robotic system when performing
a THA by DAA provided an advantage in controlling the
orientation of the cup and the restoration of its centre of
rotation. Thanks to the 3D planning on pre-operative scan-
ner, it allowed to respect the thresholds while avoiding the
anterior overhangs.
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