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Summary. In the last decades many innovations have improved the hip replacement and the hip reconstruc-
tion surgery such as the introduction of the robotic-arm assisted surgery associated with the direct anterior
approach (DAA). This surgical approach for total hip arthroplasty (THA) is growing in popularity and its ef-
fectiveness has been demonstrated to improve patients’ outcomes, especially regarding more accurate implant
placement, less post operative pain, faster recovery and lower of prosthesis dislocation risk. The robotic-arm
assisted surgery is another really great innovation for the orthopedic surgeons. It allows to create a patient-
specific THA pre-operative planning and to perform a much more accurate surgical procedure. This article
outlines authors’ surgical technique of performing accurate pre-operative planning and robotic-assisted THA
using direct anterior approach based on the experience of 534 patients and to discuss details of this technique.
(www.actabiomedica.it)
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Introduction

Total hip arthroplasty (THA) is the surgical
treatment of choice for patients with end-stage osteo-
arthritis that significantly reduces pain and improves
hip function and quality of life.

Despite good functional outcomes achieved for
the majority of patients, malpositioning of the com-
ponents still remains the most biomechanical issue as-
sociated with this procedure, which can results in me-
chanical failures including component impingement,
hip dislocation, leg length discrepancy, accelerated
bearing surface wear with peri-prosthetic bone resorp-
tion, and altered hip biomechanical function. (1-4).

Over the years, robotic technology has been
widespread used in the medical world, involving the
orthopaedic specialty, particularly in the adult hip and

knee reconstructive surgery. The robotic arm-assisted
surgical system allows to make a patient’s specific pre-
operative planning and to perform a robotic surgery
based on a three-dimensional (3D) computed tomog-
raphy (CT) models of the patient’s hip. This new sur-
gical technique is innovative allowing to minimize the
potential human errors, reducing the intra-operative
complication rates (5).

In addition, there is a debate if the surgical ap-
proach might have an influence on implant successful
outcome. The concept of minimal invasive approach is
expressed not only to reduce the size of the incision,
but also in less muscle damage and a better respect of
the soft tissues. The use of the direct anterior approach
(DAA) in total hip arthroplasty seems to gain popu-
larity thanks to a careful respect of soft tissues using
an anatomical inter-muscular approach (6). Thanks to
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this surgical approach, the patient might have a quick-
er recovery, a shorter hospitalization and can start with
an earlier rehab program (7).

In recent studies, it has been shown that the DAA
allows an improvement in clinical outcomes in the first
6 weeks, which seems to level out after that (8-11).

The purpose of this study is to describe the sur-
gical technique in performing a robotic arm-assisted
THA (Mako Robotic Arm assisted Total Hip™,
Stryker, Warsaw, Indiana USA) using the DAA based
on the experience of 534 patients and to discuss details
of this technique.

Surgical technique

Pre-operative planning

Pre-operative CT scans of pelvis and both knees
need to be obtained. Specific anatomical data are im-
ported into a preoperative workstation to be evaluated
creating a virtual planning and allowing the surgeon its
execution. The MAKO® robotic arm-assisted system
uses CT scan data to create a patient-specific pre-op-
erative planning for proper component size selection
and accurate intra-operative stem and cup position-
ing. Furthermore, 3D models of patients’ pelvis and
knees provide informations about the native anatomy,
including the pelvic tilt, leg length and hip offset (12).

This technology offers a virtual preoperative plan-
ning and the role of the robot is to assist the surgeon dur-
ing the stem and cup placement and in the final check.

Surgical technique

Patient position: The patient, under spinal or
general anesthesia, is positioned supine on a standard
operating room table with a gel cushion under the but-
tock of the operative side.

The lower extremities are prepared separately us-
ing a bilateral sterile limb drapes, allowing for manual
comparison of lengths intraoperatively and for stabil-
ity testing. This drape completely covers the two legs
leaving the anterior part of the iliac crest and the ante-
rolateral region of the thigh on both side on view and
protected by a sterile and transparent adhesive drape.

The surgeon requires an assistant and a theatre
nurse. A third assistant is not essential. The presence

of an experienced biomedical engineer during the
pre-operative planning and surgery is nevertheless
mandatory.

Positioning of the robotic system — Pre-operative
planning: The robotic arm should be located on the
operative side of the patient and aligned at the same
level of the anterior superior iliac spine (ASIS). The
approach angle between the robotic arm and the oper-
ating table should be about 45°. An infrared camera is
positioned next to patient’s head and it can be moved
intra-operatively. The computer screen showing in real
time the operative planning is positioned in front of
the surgeon whereas the biomedical engineer’s bench
is in a corner of the operating room (Figure 1).

Every pre-operative planning is made using the
“enhanced” procedure. The patient-specific pre-oper-
ative planning enables an accurate choice of the size
and position of stem and cup prosthesis, thanks to a
virtual 3D model of the patient’s joint that considers
the new implant on three spatial dimensions. This al-
lows to rebuild the articular geometry correctly and to
know the combined version (CV), planned on the pa-
tient’s hip anatomical features. The CV value is calcu-
lated summing the stem and cup version. Knowledge
of precise CV and center of rotation (COR) means to
create a stable and well-balanced implant without any
impingement between the components or muscular

Figure 1. Author’s operating room: infrared camera at the head
of the table, next to patient’s head, the computer screen in front
of the surgeon and the biomedical engineer in the corner of the
operating room
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Figure 2. The 3D preoperative model based on patient’s CT data. On panel A estimated hip length and combined offset are compared

to opposite hip. On panel B the orientation and depth of the acetabular component in the transverse view of the hip joint are showed.

forces imbalances due to an incorrect muscle levers
(13-16).

In the pre-operative step, the surgeon can modify
the planning (size and position of the components) in
order to optimize the offset values and the leg length
(17) (Figure 2).

Surgical incision (the direct anterior approach):
The use of the direct anterior approach with the ro-
botic technique requires to slightly modify the direc-

tion of the classical surgical incision. In contrast to the
manual technique, the incision should be more oblique
and distal towards the thigh, allowing a reduction in
muscle tension in order to have a better view and a
comfortable working space to the anterior trochanteric
region. In the meantime the assistant makes two small
stab skin wounds with 11 blade, over the anterior edge
of the contralateral iliac crest, about 1 cm apart from
each other and 2 threaded pins are inserted into the
thickest portion of iliac crest (they must protrude from
the skin by about 10 cm). After the two pins have been
fixed, the pelvic attachment device is inserted onto the
pins. This allows a connection between the surgeon
and the software through the infrared camera, during
the acetabular registration phase.

The skin incision, on the affect side, starts 2 cm
below and lateral to the anterior superior iliac spine
(ASIS). It must be continued distally and laterally to-

wards the greater trochanter region for about 10 cm,

Figure 3. Planned incision of modified direct anterior approach.

with an oblique course (the length of the incision can
vary related to the dimension of the patient) (Figure 3).

Under the skin there is an adipose layer placed over
the thin band of the tensor fasciae latae muscle. The fat
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tissue is taken out and the band is cut in the direction
of the muscle fibers. The upper portion of the fascia is
bluntly dissected from the muscular belly and using a
finger is possible to release it and identify the intermus-
cular septum between the tensor fasciae latae muscle
and the sartorius muscle. Deeply is well recognizable
the anterior and proximal part of the rectus muscle and
the “unnamed fascia”. The fascia must be cut in length-
wise and under it there is the vascular bundle originat-
ing from the lateral circumflex femoral artery. The vas-
cular bundle must be tied up and cauterized otherwise
it could be a bleeding source. Two retractors are placed
around the greater trochanter respectively in the medial
and lateral part of it and a third Homann fixed on the
top of the acetabulum creating a wide working area. A
C-shape capsulotomy is performed. It runs from lateral
to medial side along the anterior edge of the acetabulum
and encircling the femoral neck till the lesser trochanter.
We don’t remove the capsule entirely because we con-
sider it useful in protecting the medial vascular bundle
and the nervous structures from the surgical tools. At
the end of the surgery, if the condition of the capsule is
good we could suture it.

Screws placement: Once the capsule has been
opened the surgeon using a drill makes a hole on the
anterolateral part of the greater trochanter and inserts
two screws of different size. The smaller screw called
“check point” needs to verify the accuracy of bone reg-
istration and a second larger screw used for holding the
array required for connection with the infrared camera
(Figure 4). Both screws are positioned close together
and it is essential to check their stability. If they be-
come loose, the accuracy and registration are not valid,
and the measure of the leg length and offset values be-
comes inaccurate.

Femoral registration: In order to complete the
femoral registration, the surgeon has to touch thirty
two required points all around the anterior part of
the femoral head and the proximal femur (from the
femur neck to the lesser trochanter), as identified by
the software and showed on the computer screen. The
required points are took using a specific probe. This
is an essential step in verifying the compliance with
skeletal geometry. The registration must be done very

precisely with a margin of error less than 0.5 mm

(Figure 5), otherwise it will not be valid. Once kept all

Figure 4. A: schematic representation of acetabular and femoral checkpoint. B: trochanteric screw is showed



The Mako robotic arm-assisted total hip arthroplasty using direct anterior approach 25

points and completed the registration, the cutting line
of the femoral neck will be showed on the display and
the surgeon will marked it on the bone with a bovie tip,
following precisely the line on the screen (Figure 6).

The osteotomy is performed using an oscillating
saw. Once the neck is completely cut the femoral head
is extracted carefully using a corkscrew device.

Femoral preparation: The femur is always pre-
pared first. A correct exposure of the proximal femur
is fundamental because it allows the surgeon to work
comfortably avoiding complications, including canal
perforation, calcar and greater trochanter fractures.
Three retractors are placed around the trochanteric
area after freeing the greater trochanter bone from
the capsule. The first retractor is placed medially
above the lesser trochanter, the second under the
greater trochanter and the last one, a sharp retrac-
tor, is placed above the acetabulum in order to elevate
the rectus femoris muscle and iliocapsularis muscle
groups.

With the help of the assistant, the limb, initially
in an extended position, should be gradually externally
rotated and adducted. In the same time the first surgeon
lifts the proximal femur up by a small hook previously
inserted at the level of the osteotomy rim. The ischi-
ofemoral ligament is exposed (Figure 7) and partially
detached to release the apex of the greater trochanter
from the posterior part of the acetabular rim (postero-
lateral release). A curved retractor is placed under the
greater trochanter and applying a gentle force on it al-
lows to expose completely the proximal femur.

At this point the limb is placed in a figure-4 posi-
tion under the contralateral leg by the assistant sur-
geon. It is advised to apply a pressure on the knee to
further externally rotate the femur and facilitate the
preparation with the dedicated broaches. When the
femoral release is particularly difficult, the piriformis
tendon, which is often retracted in long-standing os-
teoarthritis, can be released in order to avoid a fracture
of the greater trochanter.

Femoral version registration: During the femoral
preparation, it is important to pay attention to the first
broach position, it must be in line with the femoral
canal. The correct enter point is at the bottom and
slightly posteromedial side of the greater trochanter
(Figure 8). Removing part of the cortical bone in the

central part of the trochanter recommended to allow
an easier approach to the canal.

The femoral canal is prepared using sequentially
increasing size broaches. Concerning the rotation of

Figure 6. Resection neck level can be identified on computer
screen

Figure 7. The ischiofemoral ligament consists of a triangular band
of strong fibers on the posterior side of the hip joint
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Figure 8. A and B: two different views of femoral neck resection

the rasp, it should be chosen based on the native femo-
ral version (NFV, the angle between the axis of the
femoral neck and the epicondylar axis of the knee),
as detected on the preoperative 3D CT scans. Once
the femur has been done, the definitive broach will be
leave in place and the surgeon will insert on its top a
trial neck that has three small holes (two on its base
and one on its top). With the probe, the three points
will be touched to measure (in millimetres) the femo-
ral version, the off-set and leg length. In choosing the
femoral version, it is mandatory to consider the native
femoral canal anatomy in order to obtain proper align-
ment and a correct stem fixation.

Acetabular registration: Before starting with the
acetabular registration, a pelvic check point is inserted
outside the acetabulum cavity, just above its superior rim
(the check point is essential to give spatial anatomical
information to the software). Thirty-two points placed
into the cavity and all around the acetabulum edge are
taken using the probe. The surgeon touches precisely all
the points displayed on the computer screen. An error
of more than 0,5 mm is not accepted and thus the re-
quired points must be retaken again.

The preoperative position of the cup (inclination
and anteversion) is planned based on the stem version

value (SV) recorded before during the femoral version
registration (18, 19). The software advices a CV range
for the male and female patients (25°-35° men and
30°-50° women) (13, 20).

Acetabular reaming and cup implantation: Before
starting to map the acetabulum area, the surgeon must
take out the soft tissues present all around the rim
and inside the cavity. Osteophytes should not be re-
moved to avoid altering the bone registration. First,
three landmarks are kept as indicated by the software
and subsequently carrying on with the sequence of 32
points scattered around and inside the cavity. Once the
request points have been recorded, osteophytes can be
removed. Now the surgeon, using the robotic arm is
ready to ream the acetabulum cavity. The reaming is
done using the planned socket plus one size more (1 mm)
to achieve the final right size. During this step the
reamer remains constrained to the plan so it cannot
go out of bounds in the superior, medial and anterior-
posterior directions. The reaming is line to line and is
very precise. The surgeon must keep doing with the
reaming until all the COR numbers on display are
zero and the colour of the reamed area on the digital
screen becomes green. This confirm that the process is
completed, and the correct depth and the acetabular
centre of rotation planned is reached. If the surgeon
tries to ream 1 mm over the robotic arm it will turn
off. Once this step is over the final cup (Trident PSL
HA™, Stryker, Warsaw, Indiana USA) is loaded onto
the robotic arm and it is inserted into the acetabular
area. A haptic tunnel keeps the planned version and
inclination and prevents the surgeon going off-line
or too deep. Every step is followed on the computer
screen. The cup is implanted into the acetabulum by
hitting the impactor with a mallet. The final position
cup is checked with a probe in terms of its inclination
and anteversion. This control is done by touching five
points on the cup edge implanted and displayed on the
screen (there is a tolerance, compared to the param-
eters planned of 2 degrees, which can be considered
“physiological”). Once the check has done a standard
plastic liner is inserted into the cup.

Leg length discrepancy and stability: The defini-
tive femoral stem (Accolade II ™, Stryker, Warsaw,
Indiana USA) is inserted into the canal manually and
fully seat with a specific instrument. Once cleaned
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and dried the neck taper, a trial head is placed onto
the taper. The hip is reduced, and the femoral array
is placed into the femoral screw so the surgeon can
check range of motion, prosthesis stability, leg length
and offset values indicated on the software screen. The
hip stability and the leg length are two priorities which
must be adjusted in case of excess or defect length in
order to get a hip biomechanically correctly working.
Once the balance is found, the computer will commu-
nicate the final values on the screen. A few millimeters
of leg-length discrepancy could be physiological, and
the procedure should be considered over.

The surgeon must pay attention when the opera-
tive limb is initially longer than the contralateral one.
In these cases, it is better to avoid increasing the ini-
tial leg-length discrepancy or, if possible, to reduce it,
preferably using a dual mobility head to guarantee a
greater implant stability.

All arrays, screws and check points are removed.
The definitive head is placed onto the taper. Pulse lav-
age is done in the surgical site, the hip is reduced, and
subcutaneous tissues are given closing by layer.
Discussion

Performing a successful hip prosthesis implant
requires an accurate pre-operative planning, choosing
prosthetic components suitable for the specific clini-
cal case and a correctly performed surgical procedure.
These are three conditions that allow to regain the
physiological range of motion, to restore the periar-
ticular muscle balance and to correct any leg length
discrepancy.

Restoring a biomechanically balanced hip pros-
thesis should enable less stress on the implanted com-
ponents and a great stability and durability.

Orthopedic surgeons’ attention and interest in
robotic surgery has recently increased thanks to the
promising clinical outcomes recorded on the field. This
technique allows to abolish conventional pre-operative
planning with templates, decreasing round-off error.
Pre-operative digital planning does not be linked ex-
clusively to the surgeon’s practical experience, but it
depends upon a pre-operative patient-specific proce-
dure (21).

Robotic technique combined to direct anterior
approach can be considered an excellent combina-
tion, able to give patients a quicker and satisfactory

post-surgical recovery.

The pre-operative planning includes 3D CT scan
of the pelvis and the both knee joints, according to the
established protocol.

In order to create a specific planning, it is impor-
tant to identify femoral and acetabular morphological
features, to detect osteophytic areas and the presence
of cystic bone lesions or necrotic bone areas. In the
pre-operatively step the surgeon studies the planning
shown by the software through a 3D graphical display.
The robotic software provides several data such as the
final size of the prosthetic components, skeletal spatial
orientation, inclination and version of acetabular cup
and femoral stem. These data must always be com-
pared with the contralateral hip and correct them in
case of anatomical discrepancy.

It is essential to know the values of the femoral
version and the inclination/version of the acetabular
cup in order to establish the optimal combined version.

Using the traditional surgical technique these
data are not available because not measurable. For
these reasons, the surgeon might have in his hands a
system that allows him to perform a stable and biome-
chanically balanced prosthetic implant, limiting me-
chanical failures due to components impingement and
hip dislocation.

The Mako™ protocol provides a pre-established
range values relating to the combined version adapted
to gender (25°-35° for men and 30°-50° for women)
and to the version and inclination of the acetabular cup
(version 20°, inclination 40°). These ranges remain the
same for any preferred surgical approach.

Data such as prosthetics version, off-set, leg
length are editable during surgery depending on ana-
tomical hip features and surgeon’s decisions.

At the beginning of the experience with DAA,
the surgeon is inclined to respect the Mako™ range
advised. However, improving surgical skills, surgeons
may get away from this range, creating a personalized
“Combined Version range”, based upon intra opera-
tive findings and functional outcomes. The decision
to slightly modify the protocol ranges raises because
intra-operatively an impingement between femoral
prosthetic neck and acetabular cup during hip rotation
is sometimes observed, with a decreased range of mo-
tion. Modifying these parameters can be a great choice
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because it avoids a prosthetic dislocation but also to
use liner with antidislocation shoulder anymore.

In order to verify this potential improvement, the
combined version data (pre and postoperatively) in
534 patients operated by computer-arm assisted THA
with DAA between November 2016 and March 2020
were furtherly analyzed.

Being aware of the risk of anterior dislocation us-
ing DAA, the values of the combined version by vary-
ing the acetabular cup version before considering the
version of the femoral stem were intentionally modi-
fied. The hypothesis was that the version of femoral
stem should be close to zero degree and consequently
the acetabular cup anteversion could be reduced.

As regards the femoral stem orientation, the tar-
get is to achieve a value close to zero (neutral position)
if the femur is originally retroverted, otherwise if the
femur is anteverted it is advised to reduce the femoral
anteversion respecting the physiological limits (5°-20°
using Paley classification) (22). A recent multicenter
study has been published, involving three orthopaedic
centers working with the robotic system. A huge vari-
ability of the human native femoral version is reported
(23). In this study, between 2012 and 2016, 362 pa-
tients underwent THA using the Mako™ robotic sys-
tem. The collected data about the native femoral ver-
sion confirm this wide variability ranging from —22°
to +49°. Only with a robotic system it is possible to
analyse the relationship between the acetabulum and
the pelvis avoiding the surgeon to make mistakes for
the inaccurate information of hip anatomy.

In the early phase of our experience with Mako™
system, we used the anterolateral approach, and the val-
ues of combined version were different (30°-32°). In 2016,
shifting the approach to DAA and considering functional
outcomes, we reduced combined version to 24°-26°.

Therefore, combined version is related to the
surgical approach. In direct anterior approach CV
should be 23.36°+/-4.58°, in posterolateral approach
CV should be 37.59°+/-4.62° while using anterolat-
eral approach CV should be 28.55°+/-6.91° (23, 24,
25, 26, 27). These values show significant differences
attributable to the surgical approach and to hip’s mor-
phological features.

Recording our data, native femoral version pre-
sented variability range from -18° to 36°. After reaming

and stem implant, we register values in a range between
0 and 2 degrees.

For the acetabular cup mean inclination was
40°/42° and acetabular anteversion was 16°-32°. The
final average of CV ranged effectively from 22°to 28°.

Differences of final off-set compared to the pre-
operatively values were between -3 and +4 mm, while
leg-length discrepancy values were between -2 and
+3 mm. Following planned values, over 95% of cases
had a final femoral head with neutral length and 36
mm of diameter. Mean inclination of femoral neck was
127°.

In patients with a stiff lumbosacral hinge or lum-
bar vertebral arthrodesis, it must be considered that
the pelvic tilt is absent (change from sitting to stand-
ing position). In this case a lesser cup anteversion must
be planned in order to increase the anterior coverage

of the femoral head.

Conclusion

In the last decades many innovations have im-
proved the hip replacement and reconstruction sur-
gery. The modern prosthetic designs and new mate-
rials guarantee durability. To improve the survival of
the implants, it should be necessary to eliminate the
outliers that should influenced the surgeons’ technical
accomplishment. Furthermore, it is also necessary to
consider the limits of human performance especially
when a mechanical operation is done in a biological
contest.

The robotic guide navigation could be the right
solution to improve the outcomes because it provides
reproducible and predictable results and it can be use-
ful for the surgeon in his performance.

By robotic navigation and using a patient’s spe-
cific pre-operative planning it is allowed to plan the
correct combined anteversion of the stem and cup, to
have a correct hip center of rotation and to restore the
physiological off set and leg length. This is extremely
important to avoid complications and early mechani-
cal failures like hip impingement, dislocation or mus-
cle imbalance.

Finally, the system is safe for acetabular prepara-
tion and cup implantation.
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In the choice of a surgical approach it is impor-
tant to consider and respect the ranges values of the
combined version, fundamental in order to obtain a
stable joint.

Robotic-arm-assisted surgery can be considered
to potentially improve hip joint biomechanics being a
valuable innovation for total hip arthroplasty.
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