
Technical Note
From the
Phoenix, Ar
Department
Louisiana (M

The autho
funding: A.
Zimmer Bio
article online

Received S
Address co

Surgery, Ma
E-mail: chha

� 2020 b
Elsevier. Thi
creativecomm

2212-6287
https://doi
Minimally Invasive Robotic-Assisted
Patellofemoral Arthroplasty
Jeffrey D. Hassebrock, M.D., Justin L. Makovicka, M.D., Michael Wong, B.A.,
Karan A. Patel, M.D., Kelly L. Scott, M.D., David G. Deckey, M.D., and

Anikar Chhabra, M.D.
Abstract: Isolated patellofemoral arthritis is a common debilitating condition in adults older than 40 years of age. Surgical
options such as patellofemoral arthroplasty exist for those who failed to respond to nonoperative treatment. However,
early patellofemoral arthroplasty techniques often resulted in poor outcomes due to mal-tracking and malalignment of
components. Robotic-assisted surgery recently has been introduced as an alternative to classic patellofemoral arthroplasty,
with the potential to improve the anatomical fit and reproducibility of implant positioning. We present the technique for
minimally invasive robotic-assisted patellofemoral arthroplasty system.
solated patellofemoral arthritis occurs in nearly 10%
1
Iof patients older than 40 years of age. Patellofe-

moral arthritis is defined as the loss of articular cartilage
on the patella facets, the trochlear groove, or both.
Although the etiology of patellofemoral arthritis is
multifactorial, female sex, increased body mass, and
previous trauma have been shown to increase rates of
patellofemoral arthritis.2 Other risk factors include pa-
tients who have sustained a patella or quadricep tendon
rupture or patellar instability. Congenital or develop-
mental factors also play a role in the development of
patellofemoral arthritis. These include such pathology
as patella alta, trochlear dysplasia, increased Q angle,
weak or hypoplastic vastus medialis, a contracted lateral
retinaculum, or an absent/insufficient medial patello-
femoral ligament.3,4 Women account for more than
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75% of patients with isolated patellofemoral arthritis,
hypothesized to be due to an increased Q angle and
greater rates of trochlear dysplasia.5

Isolated patellofemoral arthritis can be debilitating
and remains a treatment challenge.6,7 Conservative
treatment, such as avoidance of activities that require
deep knee flexion, bracing, use of an assistive device,
and physical therapy, remains the first-line therapy.8

When conservative measures fail, a number of surgi-
cal options exist for suitable candidates. Although total
knee arthroplasty (TKA) is considered the gold standard
for degenerative knee arthritis, patellofemoral arthro-
plasty (PFA) is an alternative, especially in younger
patients in whom there is concern for bone conserva-
tion and possible need for future surgery.9-11

PFA has existed since the 1950s. Historically, it has
demonstrated suboptimal results, with high rates of
failure. These historically poor results have been
attributed to poor design features that were prone to
complications such as mal-tracking and catching of the
patella.12,13 Second-generation PFAs have existed since
the 1990s, and early reports demonstrated improved
survivorship over the initial designs.14-16 Current
generations of patellofemoral prostheses have evolved
to more accurately recreate pre-disease anatomy and
joint function. These more anatomical implant designs
have led to a renewed interest in PFA in recent
years.17,18

Robotic-assisted minimally invasive surgery recently
has been introduced as an accompaniment to PFA.19

These systems enable the user to perform preopera-
tive implant planning using a patient-specific computed
4 (April), 2020: pp e425-e433 e425
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Fig 1. A routine series of plain film radiographs of (A) standing anteroposterior bilateral knees; (B) lateral view left knee, which
reveals patellofemoral osteophytes and joint-space narrowing; (C) sunrise left knee, which reveals a narrowed joint space as well
as the presence of trochlear dysplasia and patellar tilt; and (d) long leg alignment preoperative radiographs. Full-length standing
radiographs should be obtained to assess overall mechanical axis.
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tomography (CT)-based bone model and virtual
implant templates. The primary purpose of preopera-
tive planning is to size, align, and position the implant
to match the patients’ bony anatomy. A robotic arm is
then used intraoperatively to guide bone cuts and help
the surgeon place the implants in the preplanned po-
sition. This is hypothesized to potentially improve the
anatomical fit and reproducibility of implant posi-
tioning.20,21 The following describes a technique for
using the Stryker MAKOplasty system (Kalamazoo, MI)
for robotic-assisted PFA.

Surgical Technique

Preoperative Investigation
A routine series of radiographs is obtained of the

knees, including standing anteroposterior, flexed post-
eroanterior, lateral, and sunrise views. Full-length
standing radiographs should be obtained to assess
overall mechanical axis. Lateral views may reveal
Fig 2. (A) Patient draped and positioned with right leg prepped b
on the operative side. (C) Operating room setup with view from
stand.
patellofemoral osteophytes, joint space narrowing, and
the presence of patella alta or baja. Sunrise views also
may show a narrowed joint space as well as the pres-
ence of trochlear dysplasia, patellar tilt, or subluxation
(Fig 1). In addition, each patient requires a preoperative
CT scan to be used for robotic templating. Accurate and
precise definition of bony landmarks from this CT al-
lows for proper templating of the implant and repro-
ducibility intraoperatively.

Positioning and Preparation (With Video Illustration)
As shown in the technique video (Video 1), the

patient should be placed supine on the table with a
post of the surgeon’s preference placed on the oper-
ative side to assist in stabilizing the knee and allow
for full knee range of motion or a leg positioner (Fig
2A). After induction of anesthesia, an examination of
the knee should be carried out that includes range of
motion, patellar tracking, patellar crepitation and
alignment. A nonsterile tourniquet is placed, and
efore docking robot. (B) Robot positioning adjacent to patient,
receiver array, where industry representative would typically



Fig 3. (A) Mako guide pin
attached through right femur
without receiver. (B) Mako guide
pins attached through right femur
with receiver in place. Receiver
must face the receiver array
without any obstruction, as this
can introduce interference in the
navigation system.
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the limb is prepped and draped in normal sterile
fashion.

Preparation and Positioning of MAKO Robot and
Staff
The arm of the robot is positioned on the operative

side, while the computer referencing stand is located
opposite the robotic arm. Since direct-line-of-sight is
required for all tracking arrays, the nonoperative side
must be free of camera obstruction during steps of the
procedure that require real-time tracking. The camera
is aimed toward the knee joint using the laser align-
ment guide on the camera. The surgeon’s monitor
should be placed in a comfortable viewing location for
the surgeon. The guidance module should be located
Fig 4. Mako Registration to sync to preoperative computed tomo
where the representative professional can maintain
direct observation of the surgeon (Fig 2B-C).

Operative Technique
Before the beginning the PFA, a diagnostic arthros-

copy is performed. Arthroscopy using standard ante-
rolateral and anteromedial portals is performed to
examine all 3 compartments thoroughly. The medial
and lateral compartments are the focus of increased
scrutiny to determine whether preoperative imaging is
reflective of true remaining cartilage. At this point,
arthroscopic visualization of the articular surface allows
for confirmation that the disease is isolated to the
patellofemoral compartment and that the cruciate lig-
aments are intact.
graphy as seen from the navigation console.



Fig 5. Mako probe registering on articular surface of the right
knee through medial parapatellar approach.
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A standard medial-based parapatellar skin incision is
made from approximately 3 cm above the superior pole
of the patella to 1 cm proximal to the tibial tubercle
distally. Next, 2 (3.0) threaded reference pins are placed
in the central aspect of the femur and MAKO computer
referencing guide is attached (Fig 3). MAKO registra-
tion of the femur is then performed by assessing the
reference pins on the patient’s femur. Location of these
points is directed by the navigation system and allows
the system to match the preoperative CT image to the
patient’s intraoperative bone position (Fig 4). An
arthrotomy of the surgeon’s choice can now be
Fig 6. Positioning of implant (green template) on the trochlea su
performed. During arthrotomy, care should be taken to
not cut the menisci, intermeniscal ligaments, or the
articular cartilage. Next, some of the infrapatellar and
supratrochlear fat pad should be excised to allow the
patella to be subluxed and reflected laterally. Osteo-
phytes, capsular adhesions, and osteochondral defects
in the area are then removed using a rongeur. Soft
tissue near the medial border of the patella should be
preserved in case soft-tissue balancing is necessary.
After arthritis is confirmed to be isolated to the

patellofemoral joint, then setting the reference points
for the trochlea may begin. While holding the Knee
End Effector Array near the knee joint, place the blunt
probe tip into the Knee End Effector Array divot. When
both the Knee End Effector Array and probe tip are
visible to the camera, the system will automatically
check probe tip accuracy. Repeat for the sharp probe
(Fig 5).
Now, using the sharp probe, the trochlea is mapped

by first marking the 2 points at the medial and lateral
superior edge. Next, 5 points are marked along the
deepest points of the trochlear groove, from most
anterior to most distal. Lastly, 3 points are marked
along each side of the medial and lateral transition
edges. These reference points are matched with the
preoperative CT (Fig 6). Of note, it is important to use
the sharp probe to push through cartilage and down to
subchondral bone to accurately align with preoperative
CT, as cartilage is not seen on CT.
ing computed tomography guidance.



Fig 7. (A) Robotic arm in position
for trochlear resection view from
professional representative’s
monitor; (B) robotic arm with
burr in use on right knee with
view from cross-table; (C) robotic
arm with burr in use view from
representative’s monitor; and (D)
view of professional representa-
tive’s monitor and receiver array.
These views demonstrate a clear
line of site between the receiver
located on the patient’s knee and
the receiver array from the rep-
resentative’s monitor.

Fig 8. Trochlea status postresection with retractors in soft
tissue to allow for visualization. Three peg hole burr cuts
visible.
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After reference points are obtained, intraoperative
templating is adjusted until surgeon satisfaction. Once
plan is confirmed, the MAKO assisted burring arm is
brought into position. The robotic base is centered at
the patient’s hip, perpendicular to the surgical table,
and about 1 to 2 meters from the surgical table. The
cutting handle is then placed directly above knee center
with approximately 10 cm of space between the bottom
of the cutting handle and the knee joint (Fig 7A).
Once in correct position, the haptically controlled

burr is used to remove bone precisely from the location
where the trochlear implant will fit (Fig 7B-C). The arm
does not allow the burr to remove bone outside the
predetermined space based on the template. The
implant lug holes also are created with the burr (Fig 8).
Of note, to create the proper press fit for the implant,
the burr should only be plunged at the plug site once,
otherwise a larger hole than is needed will be created.
After adequate bone removal, the trochlear trial
implant is inserted, and smooth tracking of the patella is
confirmed.
Attention is then turned to the patella. The patella

should be everted and measured for maximum patella
thickness using a caliper in both the lateral and medial
aspect. The patella implant size is estimated by
measuring the superior-inferior height of the patella
articular surface, and the optimal patella size is the
largest size that does not overhang the bone superior-
inferiorly. Once the patella is sized, it may be pre-
pared either with reaming or with the use of a saw. A
patellar reamer guide assembly is then firmly clamped
onto the patella so that the spikes fully engage onto the
patella and the drill guide sits flat on the bone surface.
For proper patella tracking, the drill guide should be
aligned with the former patella ridge (medialized on the



Fig 9. (A) Native patella before
osteophyte resection; (B) patella
with drilling clamp applied; and
(C) patella with 3 peg holes being
drilled.
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patellar bone). This will lateralize the remaining patella
bone and avoid tightening of the lateral quadriceps and
risk of lateral subluxation. Once in proper position, the
3 peg holes are drilled, and the patella trial is placed (Fig
9 A-C). Thickness of the patella with the trial is then
remeasured to confirm that appropriate thickness was
achieved. A manual range of motion check is now
performed to ensure proper patella tracking and patella
transitioning.
If satisfactory, both the trochlear and patellar trials are

removed, and bone surfaces are irrigated. Once the
surfaces are free of debris, cement is mixed and applied
to both the trochlear implant, as well as the resected
cavity. The trochlear implant is then placed and
impacted. Excess cement is removed, and the implant is
held stationary until the cement has cured. Cement is
then applied to the resected patella surface, drilled peg
holes, and patella implant. The patella component is
then placed onto the resurfaced patella and a cement
clamp assembly may be used to apply adequate force to
the patella implant. Excess cement is removed and after
the cement has sufficiently cured, the cement clamp
assembly is removed (Fig 10).
The joint is copiously irrigated once again, and a final

range of motion check is performed, and verification of
implant fixation is made prior to wound closure. There
should be no tilt or subluxation as the knee is put
through a full range of motion. The medial parapatellar
incision is then closed with an interrupted horizontal
mattress pattern to tighten the medial soft tissues.
Arthrotomy closure is made using a #2 ETHIBOND
figure-of-eight suture followed by running locking #0
VICRYL suture. Once completed, the balance is again
checked with range of motion, and possible patellar
mal-tracking, medial and patella glide, or instability is
assessed. Layered closure is then performed with #0
VICRYL sutures followed by 2-0 undyed VICRYL su-
tures, followed by skin staples. Sterile dressing is placed
per surgeon’s preference.

Rehabilitation
Postoperatively, patients are made weight-bearing as

tolerated with emphasis on range of motion exercises
immediately. We begin physical therapy postoperative
week 1, again with emphasis on range of motion and
quadriceps strengthening. Patients are liberalized to
stationary bike activity at 4 weeks postoperative and
gradually return to full unrestricted activity 4 to
6 weeks postoperatively.
Discussion
The incidence of isolated patellofemoral arthritis in

patients older than 55 has been reported to be any-
where from 2% to 11% in men and 8% to 24% in
women.22 For patients who have isolated patellofe-
moral arthritis and have not responded to nonoperative
treatments, surgical interventions may be considered.
Multiple different surgical techniques have been
described but have shown varying results.23-25



Table 1. Advantages and Disadvantages of a Minimally
Invasive Robotic-Assisted Patellofemoral Arthroplasty

Advantages
More anatomical implant design and fixation than previous
techniques

Reduces inconsistencies such as malalignment or mal-tracking
Encouraging 5-year follow-up

Disadvantages
Longer-term follow-up not yet available
Significant capital investment required to acquire robot
Requires preoperative computed tomography scan

Fig 10. Final components in position. Trochlear implant is in
correct position after impaction and removal of excess
cement. Patellar button is visualized, with all excess cement
removed.
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The main surgical options include TKA or PFA. The
first generation of PFA began in 1955; however, many
of the first-generation devices failed for reasons such as
mal-tracking, polyethylene wear, component mal-
positioning, and poor implant design.26 Tauro et al.27

retrospectively reviewed 76 cases of first-generation
PFA and found a 65% survivorship at 5-year follow-
up. Seventy-one percent of failures (15/21) were due
to patellofemoral mal-tracking. Second-generation im-
plants were introduced in the 1990s and showed
improved outcomes.3 The goals of second generation
implant designs were to more closely resemble the
patient’s normal anatomy. This theoretically allowed
smooth patellar tracking and minimized the chance of
subluxation or dislocation.28 Ackroyd et al.29 reported a
96% 5-year survivorship in 306 patients with second-
generation PFA. Other studies have reported similar
results at 5-year follow-up.30,31

With long-term outcome data now available, the
development of femorotibial osteoarthritis has been
determined to be the most common reason for failure
of second generation PFA, with conversion to TKA.32
Conversion to TKA was seen in 13% of PFA in the
study by van Jonbergen et al.33 Conversion rates of 1 in
5 also have been reported after an average of 7 to
16 years.34

The decision to perform a PFA or a TKA remains
controversial; however, PFA may be a suitable option
in select younger patients, as it is bone conserving
and is associated with shorter postoperative rehabili-
tation. In addition, PFA has been associated with
better knee kinematics in the sagittal plane because of
the preservation of the tibiofemoral articulation,
menisci, and ligaments.35 One retrospective study
compared outcomes in 45 patients undergoing PFA or
TKA at mean follow-up of 2.5 years found similar
Knee Society and pain scores, but the PFA group had
significantly greater activity scores.9 A recent meta-
analysis of 28 studies compared complications with
PFA and TKA performed for isolated patellofemoral
arthritis and found no significant differences in
reoperation, revision, pain, or mechanical complica-
tions. With subgroup analysis, first generation inlay-
style prostheses had greater than 4-fold higher rates
of significant complications than second-generation
prostheses. The significant failure rates and patellar
tracking complications that occurred in early inlay
PFA designs appear to have been minimized with the
modern generation of onlay-style prostheses. These
factors suggest that PFA is an improving and viable
alternative to TKA.36

The recent introduction of robot-assisted PFA may
deliver some unique advantages (Table 1). The ability to
preoperatively plan on a 3-dimensional image allows
for more precise implant sizing. Intraoperatively, carti-
lage mapping and then precise removal of bone allows
for consistent alignment, position, and a smooth tran-
sition zone distally. This eliminates a source of error
that can cause ongoing symptoms in patients who un-
dergo PFA.19,20 In a study by Turktas et al.37 examining
30 knees following robotically-assisted PFA with a
mean follow-up of 15.9 months showed no sign of
malalignment or mal-tracking. On average, the post-
operative Oxford Knee Score was 33.5 compared with a
preoperative score of 21.7. Ackroyd et al.16 reported
similar postoperative Oxford Knee Score results



Table 2. Pearls and Pitfalls of a Minimally Invasive Robotic-Assisted Patellofemoral Arthroplasty

Pearls Pitfalls

Patient selection is key Avoid oblique placement or placement of reference pins >3.0, as
these can create stress risers/fracturesPain in the patellofemoral joint

Age
Less than grade 3 changes in medial and lateral compartment
Arthroscopy before confirm candidacy for procedure

Intraoperative positioning crucial to allow full-knee ROM/robot
positioning

Soft-tissue balancing needs to be performed in patellofemoral
joint to avoid early wear

Use 3.0 reference pins in distal femur Check soft-tissue balancing before resurfacing patella
Pie-crust medial patella soft tissue after implant placement for

soft-tissue balancing
Take care with patella resurfacing as often the lateral facet is

deficient secondary to patellar DJD and therefore less resection
may be required

When mapping cartilage, ensure probe is down to bone
completely through cartilage layer; patella resurfacing is
similar to TKA

DJD, degenerative joint disease; ROM, range of motion; TKA, total knee arthroplasty.
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following nonrobotic PFA, which were 30.5 and 37
respectively. These scores show that the outcomes of
robotically assisted PFA are similar to other successful
techniques. To help guide adopters of this technique,
pearls and pitfalls to this technique have been included
in Table 2.
As with any newer technology, there are a few limi-

tations that should be discussed (Table 1). Newer-style
only implants will still benefit from increased long-
term follow-up. The technique presented requires sig-
nificant capital investment to purchase the robot
needed for this technique. This could limit its usefulness
across a wide range of hospitals. Finally, our technique
recommends knee arthroscopy before proceeding with
PFA to assess the other compartments for degree of
arthritis. This could potentially add to the cost of the
overall care.
The use of robotic-assisted PFA for isolated patella-

femoral arthritis has the potential to provide more
anatomical implant design and fixation than previous
surgical techniques. Further clinical studies are war-
ranted to validate whether increased anatomic align-
ment and reproducibility from robotic PFA results in
improved clinical outcomes when compared with
nonrobotic techniques.
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