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Abstract

Aim: There are few studies in the literature evaluating the robotic assisted unicondylar
knee arthroplasty (rUKA) learning curve. This study aimed to evaluate the learning curve
in robotic assisted unicondylar knee arthroplasty in terms of operation time.
Materials and Methods: The data of patients who underwent rUKA between October
2016 and December 2019 were retrospectively analyzed. Age, gender, side, and body mass
index (BMI) values of the patients were obtained from the patient files. To compare the
operation times, the patients were divided into two groups. The first group represented
patients who had surgery in the first half of the follow-up period (n=27), while the last
group represented patients who had surgery in the second half of the follow-up period
(n=28).
Results: During the study period, rUKA was performed on 55 patients (42 females, 13
males) with a mean age of 64.1 years. The demographic data of the two groups were
similar. The mean operative times of the first (n=27) and the last groups (n=28) were
101.816.1 minutes, and 84.89.9 minutes, respectively (p <0.001).
Conclusion: The mean duration of operation was significantly shorter in the last group
who underwent rUKA, compared to the first group. Our findings showed that there is a
significant learning curve in rUKA surgery in terms of operation time.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

In knee arthroplasty, correct placement of prosthetic com-
ponents, equalization of flexion and extension range, en-
suring proper alignment, and good adjustment of ligament
balance are the main objectives [1]. Although many dif-
ferent methods are used to achieve these goals, the desired
results are still not observed in a significant number of pa-
tients and discussions are ongoing about how to achieve
better outcomes [2]. Using advanced technology in ortho-
pedic surgery was proposed at the beginning of the 21st
century and navigation and robotic-assisted systems aimed
at minimizing human-induced errors began to be intro-
duced [3]. After 2010, the use of these systems increased.
Various publications report that prosthetic components
can be better placed with robotic- and navigation-assisted
arthroplasty [4]. As with any surgical intervention, arthro-
plasty has a certain learning curve [5]. The learning curve
may vary in procedures where complex systems such as
robotics are used. A limited number of studies evaluated
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the robotic knee arthroplasty learning curve [6]. In addi-
tion to radiological and functional results, operation time
is an important parameter in its evaluation. In this study,
the learning curve of robotic unicondylar knee arthroplasty
(rUKA) was evaluated in terms of surgical duration. We
hypothesized that the duration of surgery could be sig-
nificantly shortened after a certain number of cases were
performed.

Materials and Methods
The patient files were retrospectively reviewed after
the ethics committee (Istanbul Atlas University Non-
Interventional Scientific Research Ethics Committee,
25.06.2021, E-22686390-050.01.04-4762) approved this ret-
rospective case series study. Informed consent was ob-
tained from the patients before all surgical procedures.
Patients who underwent rUKA with the diagnosis of knee
medial compartment osteoarthritis between October 2016
and February 2019 were included in the study. Seventeen
patients who underwent bilateral rUKA in the same ses-
sion were excluded. Age, gender, side, and body mass
index (BMI) values of the patients were obtained from the
patient files. All surgeries were performed in a single center
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by a single surgeon experienced in arthroplasty. Anesthe-
sia records were analyzed for operative time, and the total
duration of operation was calculated from the skin inci-
sion until its closure. The patients were divided into two
groups chronologically as “first group” and “last group”.
The first group represented patients who had surgery in
the first half of the follow-up period (n=27), while the last
group represented patients who had surgery in the second
half of the follow-up period (n=28). The primary outcome
measurement was the total duration of the operation.

Surgical technique

Our indication for rUKA was isolated medial compartment
knee osteoarthritis. We did not perform rUKA for bicom-
partmental or tricompartmental osteoarthritic patients.
We also did not prefer rUKA for patients with inflam-
matory arthropathies such as romatoid arthritis. Varus
deviation of mechanical axis more than 10 degrees was
another relative contraindication for rUKA in our patient
series. All the rUKA procedures was performed via using
a specialized orthopedic arthroplasty robotic arm called
MAKO™ (Stryker Mako Surgical Corporation, Fort Laud-
erdale, FL). Before all the surgical interventions, com-
puted tomography slices were taken from the hip, knee,
and ankle joint of the operative side for preoperative plan-
ning on the robotic arm’s software. Femoral and tibial
implant size and positioning, thickness of the insert also
lower extremity alignment was planned on the virtual 3-
dimensional bone models of the knee joint created by the
MAKO™software. After preoperative planning, the pa-
tient was taken to the operating room. All the surgical
procedures were performed in supine patient position. A
high thigh tourniquet was used in all patients. The oper-
ative lower extremity was sterile prepared and draped. 10
cm medial parapatellar incision was performed and the me-
dial compartment was visualized via medial parapatellar
arthrotomy. Medial meniscus was resected, and the bor-
ders of medial femoral condyle and tibia plateau was visu-
alized. Femoral array was introduced into the supracondy-
lar femoral region via using two parallel Steinmann pins,
also the tibial array was placed to the anteromedial tibial
cortex 5cm under the tibial tubercule in the same man-
ner. A check pin was inserted both medial supracondylar
femoral and tibial proximal anteromedial cortex. Femoral
and the tibial arrays, also the navigation probe was regis-
tered to the MAKO™. Joint surface was registered to the
robotic arm via using the navigation probe. After registra-
tion of the joint, planned femoral, tibial components and
the appropriate size insert was placed on the virtual 3-D
images on the software of the robotic arm. Adjustments
were done until we get the desired alignment and liga-
ment balance. After virtual planning of the placement of
the unicondylar components, femoral and the tibial bone
cut were performed via using the robotic arm’s high-speed
burr. Trial implants were introduced to the femur, tibia
and the polyethylene insert was placed. Knee range of
motion, ligament balance and the alignment of the lower
extremity was checked on the software virtually. After
satisfactory prosthetic placement was achieved, the orig-
inal components were placed with an antibiotic cement.
The insert was placed. Alignment and knee balance was

Table 1. The comparison of the groups demographic
characteristics.

rUKA (n=55)

First group (n=27) Last group (n=28) P value

Age 62.9 ± 10.1 65.4 ± 8.4 0.331
Gender 0.290

Female 22 (81%) 20 (71%)
Male 5 (19%) 8 (29%)

BMI (kg/m2) 33.8 ± 5.8 30.8 ± 5.9 0.087
Side (right/left) 0.790

Right 13 (48%) 14 (50%)
Left 14 (52%) 14 (50%)

* rUKA: Robotic assisted unicondylar knee arthroplasty.

Figure 1. Graph showing the duration of surgery chrono-
logically.

checked again virtually on the software. The joint was ir-
rigated with sterile saline, a hemovac drain was placed and
the layers were closed in standard fashion. The patients
were mobilized the day after the surgery and the drain was
removed. The stiches were removed after 15 days of the
surgery.

Statistical analysis
The data were analyzed with SPSS 26.0 (SPSS Inc., IBM,
NY, USA). Numerical data were given as mean and stan-
dard deviation, and categorical data, as frequency and per-
centage. The normality of the continuous data was anal-
ysed by using Kolmogorov-Smirnov test. The t-test was
used to compare the means of the two groups, while the
Chi-Square test was used to compare frequencies. A p-
value of less than 0.05 was considered significant.

Results
A total of 55 patients (42 females and 13 males) with a
mean age of 64.1 years were included in the study. The
demographic characteristics of the first group and the last
group of patients are summarized in Table 1. No signif-
icant differences were found between the two groups in
terms of age, gender, BMI, and side. The mean opera-
tive times in the first (n=27) and last (n=28) groups were
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101.816.1 minutes, and 84.89.9 minutes, respectively (p =
<0.001) (Figure 1).

Discussion

We hypothesized that surgical time in robotic assisted uni-
condylar knee arthroplasty may decrease with increasing
surgical experience. In our study, there was a significant
difference between the first and the last patient groups in
terms of operation time. The mean operation time of the
patients in the second half was shortened by 17 minutes
compared to the first group. Our findings showed that
there may be a certain learning curve in robotic unicondy-
lar knee prosthesis and the operation time is shortened
with increasing surgical experience. These results confirm
our previously stated hypothesis. There is limited infor-
mation in the literature concerning the learning curve of
the robotic assisted unicondylar knee arthroplasty in the
literature and our results should be confirmed with sim-
ilar studies in the future. Robotic systems have become
common in recent years, especially in unicondylar knee
arthroplasty [7]. These systems offer the surgeon the op-
portunity to place the prosthetic components per the plan
established preoperatively [8]. There are different types
of robotic systems in the market. Robots mainly used in
arthroplasty surgery can be divided into three: Passive,
semi-active and active systems [9]. Passive systems are
generally navigation-based and preoperative incisions are
made by the surgeon with the help of navigation. In ac-
tive systems, the planned incisions are made completely
by the robot without any intervention of the surgeon [10].
In semi-active systems, bones are incised by the robot
arm controlled by the surgeon. In these systems, even
if the robotic arm is controlled by the surgeon, the robot
does not allow incisions outside the pre-determined an-
gles and limits [11]. The robot used in this current study
(MAKO®Stryker–Portage, Michigan-USA) falls into the
semi-active class. In this system, preoperative comput-
erized tomography imaging is performed on the patient’s
hip, knee, and ankle. The images are arranged by the
software specialists (MPS – MAKO product specialist)
and transferred to the robot’s system. Before the surgery,
prosthesis placement and incisions are planned on 3D to-
mography images uploaded to the robot’s system. During
the surgery, optical markers are placed in the patient’s
femur and tibia. The robot’s high-resolution camera de-
tects these optical markers to determine the joint’s spa-
tial position. After the surgical approach is determined,
the joint is introduced to the system and the simultane-
ous environment is matched with 3D tomography images.
At this stage, the patient’s ligament balance is evaluated
simultaneously in the virtual environment. After the syn-
chronization is complete, bone incisions are made using
the robotic arm controlled by the surgeon. The robot
arm does not allow the incision to be made outside the
previously determined angle and incision limits. In the
MAKO system, during unicondylar knee arthroplasty, the
incisions are made with a high-speed shaver tip connected
to the robotic arm. After the prosthetic trial components
are placed, the connective tissue balance is rechecked in
the virtual environment. If the result is satisfactory, per-
manent prostheses are placed. Unicondylar arthroplasty

is a beneficial treatment option with favorable long-term
outcomes, especially in patients with isolated medial com-
partment osteoarthritis [12,13]. However, under- or over-
correction of the alignment may lead to early revision,
polyethylene abrasion, or lateral compartment osteoarthri-
tis [14,15]. Implant placement and failure to obtain the
desired degree of alignment led orthopedic surgeons to use
high technology, hence the use of robotic surgery. Robotic
surgery trials began in the nineties; however, due to the
invasiveness of the robots used back then and the compa-
rable results of robotic surgery to conventional surgery, it
was avoided for a certain period [8]. After 2010, less in-
vasive and easy-to-use robots were developed and made
available to orthopedic surgeons. The MAKO robotic
surgery system began to be used in these years. Different
studies reported that better prosthetic component place-
ment can be achieved with the MAKO robotic system and
that the alignment can be brought to the desired level to
a better extent [16,17]. Although this method does not
have long-term results, Pearle et al. reported that the 2-
year prosthesis survival rate was at least 96% and that
92% of the patients were satisfied or very satisfied with
the surgery at the end of 2 years [18]. In a randomized
controlled study published in 2017, Blyth et al. reported
that in the unicondylar knee arthroplasty performed with
robotic assistance compared to the conventional method,
54% less pain was experienced in the first 8-week follow-up
of the patients and excellent clinical results were obtained
in the robotic group at the end of the study [19]. However,
the long-term results of robotic unicondylar knee arthro-
plasty. and its advantages or disadvantages compared to
the conventional method have not been clarified [20]. As
in any surgical technique, surgeons go through a learning
stage in robotic unicondylar knee arthroplasty. In addi-
tion to radiological and functional results, the duration
of the operation is an important parameter in evaluating
the surgical learning curve. In our study, the duration of
the operation was used to assess learning curve. There
are only five studies in the literature evaluating the learn-
ing curve of robotic unicondylar knee prostheses. Four of
these are abstracts [6]. In 2019, Batailler et al. compared
the conventional method and the robotic system and re-
ported that the prosthetic components were placed more
accurately in patients who underwent robotic unicondy-
lar knee prosthesis, and less revision was required in the
robotic group. On the other hand, the mid-term functional
results of robotic and conventional surgery were compara-
ble. Researchers reported that there was no learning curve
for robotic surgery in this study, but they did not provide
information on how they reached this conclusion [21]. In
this study, unlike ours, the NAVIO® (Smith & Nephew,
Hertfordshire – United Kingdom) robotic system was used.
Picard et al. reported that the surgical time was short-
ened by 15 minutes after the first 10 cases, while Wallace
et al. reported that the duration of operation stabilized
after 8 cases [22,23]. Simons and Riches reported that the
mean surgical time was shortened by 37 minutes after the
first 5 cases in their series [24]. Smith et al. reported
that the learning curve affects the operative time and not
the postoperative implant position accuracy. Despite ad-
vancements in knee preservation surgery, robotic assisted
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arthroplasty is taking more attention worldwide and fu-
ture studies may reveal benefits of robotic assisted surgery
over conventional techniques [26]. We noted several limi-
tations for this study. The main limitation of this study
was evaluating the learning curve according to the time
of operation. Evaluating the learning curve in terms of
prosthesis placement, alignment, and functional results, as
well as the duration of the operation, may lead to healthier
results. The low number of patient population is another
limitation of this study. However, there are limited studies
in the literature evaluating the learning curve for robotic
unicondylar knee arthroplasty. The limited studies in the
literature about the learning curve of robotic unicondylar
knee arthroplasty reveal the strength of our study. Also,
the demographic characteristics of our two groups were
similar, which decreased bias.

Conclusion
The mean duration of operation was significantly shorter
in the last group who underwent rUKA, compared to the
first group. Our findings showed that there is a significant
learning curve in rUKA surgery in terms of operation time.
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