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Abstract

Aim The objective of the study is to compare the accuracy of implant positioning and limb alignment achieved in robotic-arm
assisted total knee arthroplasty(RATKA) and manual total knee arthroplasty(MTKA) to their respective preoperative plan.
Patients and methods This was a prospective observational study conducted in a tertiary care centre between August 2018
and January 2020. 143 consecutive RATKA(105 patients) and 151 consecutive MTKA(111 patients) performed by two
experienced arthroplasty surgeons were included. Two independent observers evaluated the accuracy of implant position-
ing by measuring the radiological parameters according to the Knee-Society-Roentgenographic-Evaluation-System and
limb alignment from postoperative weight-bearing scanogram. Outcomes were defined, based on the degree of deviation of
measurements from the planned position and alignment, as excellent(0—1.99°), acceptable(2.00-2.99°) and outlier(>3.00°).
Results There were no systematic differences in the demographic and baseline characteristics between RATKA and MTKA.
Statistically significant outcomes were observed favouring robotic group for postoperative mechanical axis (p <.001), coronal
inclination of the femoral component (p <0.001), coronal inclination of tibial component (p <0.001), and sagittal inclina-
tion of tibial component (p <0.001). There was no significant difference in the sagittal inclination of the femoral compo-
nent (p =0.566). The percentage of knees in the ’excellent’ group were higher in RATKA compared to MTKA. There was
absolutely no outlier in terms of limb alignment in the RATKA group versus 23.8% (p <0.001) in the MTKA group. All the
measurements showed high interobserver and intraobserver reliability.

Conclusion Robotic-arm assisted TKA executed the preoperative plan more accurately with respect to limb alignment and
implant positioning compared to manual TKA, even when the surgeons were more experienced in the latter.
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Introduction

Osteoarthritis is the most common degenerative joint dis-
ease and a significant cause of pain and disability in adults
[1]. Total knee arthroplasty (TKA) is one of the most com-
monly performed safe and efficient surgeries for advanced
osteoarthritis. Despite the recent advances in the design of
the implants and progress in technology, the dissatisfaction
rates among patients are still about 15-20% [2—-4].

Of many factors, which influence the outcome after
a TKA, accurate implant alignment, and soft-tissue bal-
ance plays a vital role in treatment success and implant
longevity [5]. Not all, but many studies have shown that
post-surgical mechanical axis deviation more than three
degrees from neutral in the coronal plane is associated
with reduced survivability of implants [6-8]. Recently the
concept of kinematic alignment has been of great interest.
It aims at restoring the tibio-femoral joint line and soft-
tissue balance with respect to the pre-arthritic or constitu-
tional state of the knee joint [9, 10]. So, whether the sur-
geon is aiming for mechanical alignment or the kinematic
alignment, the perfect execution of preoperative planning
plays a pivotal role in the success of the surgery.

Tools such as computer-assisted navigation have shown
to improve the accuracy of implant positioning by provid-
ing the patient-specific data to the computer, which pro-
vides live kinematic information on-screen during surgery
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[11]. However, the bone preparation is done manually, and
there is no active restraint on the surgeon [12]. Hence,
robotic-arm assisted systems were developed, leading to
a further reduction in errors. Over the last decade, there
were considerable improvements in the robotic systems
with different platforms and interfaces compared to their
less versatile predecessors [13, 14].

Majority of the studies available in the literature on the
precision of implant positioning in robotic-arm assisted
TKA had limited sample sizes or were done on cadavers
under experimental conditions. To our knowledge, this
study appears to be the largest till date and first of its kind
done in the Indian subcontinent. Here, we aim to compare
the accuracy of implant positioning and limb alignment in
robotic-arm assisted total knee arthroplasty (RATKA) and
manual total knee arthroplasty (MTKA) with respect to the
preoperatively planned position and alignment.

Patients and Methods

We did a prospective observational study of 143 consecutive
RATKA (105patients) and 151 MTKA (111 patients) in a
tertiary-care centre between August 2018 and January 2020,
after obtaining institutional review board approval. The sur-
geries were performed by two senior arthroplasty surgeons
with over twenty years of experience, who had undergone
cadaveric RATKA training in 2018. The initial 25 cases
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of RATKA were not included in the study considering the
learning curve involved. Primary osteoarthritis knee patients
with mechanical axis measured between 0 and 20° of varus
undergoing primary TKA were included. Patients with a
history of previous surgeries on knee or hips, neurological
issues, body mass index of over 40 kg/m? and instability,
which cannot be treated by cruciate-retaining or cruciate-
sacrificing implants, were excluded.

Both groups underwent TKA using a medial parapatellar
approach under spinal anaesthesia. We used cemented Tri-
athlon Cruciate Retaining (CR) and Posterior Stabilized (PS)
implants (Stryker, Mahwah, New Jersey) for the RATKA
group and cemented PS Destiknee (Meril, Vapi, India)
implants for the MTKA group.

Operative Techniques
Robotic-arm Assisted Total Knee Arthroplasty

For RATKA, we used the MAKO RIO Robotic Interac-
tive Orthopaedic Arm (Stryker, Mahwah, New Jersey) sys-
tem. Here the surgeon plans the size and orientation of the
implant on a 3D model of the patient’s bony anatomy cre-
ated from preoperative computed tomography (CT) scan.
The component positioning with regard to the coronal and
the sagittal planes were done on a case-by-case basis. Intra-
operatively, after bone registration, the surgeon analyses the
kinematic data to make fine adjustments to the preoperative
plan before bone preparation. This final plan was recorded
and later analysed against postoperative measurements.
Bone preparation was done within a virtual haptic boundary,
which assists the surgeon in executing resections according
to the plan. Once, a satisfactory balance has been achieved,
the final implants were manually cemented in place and
wound closed in layers.

Manual Total Knee Arthroplasty

For MTKA, we used the preoperative weight-bearing
scanogram, lateral knee X-ray, skyline view patella for
templating and planning. Valgus correction angle was
measured as the angle between the mechanical and ana-
tomical axis of the femur [15]. The distal femoral cut
was made accordingly so as to get it perpendicular to the
mechanical axis. It was planned to keep the femoral and
tibial components perpendicular to the mechanical axis
in the coronal plane, the femoral component in the sagit-
tal plane with flexion of zero degrees and the posterior
tibial slope at three degrees. The soft tissue balancing
was done by gap balancing technique. Bone preparation
was done using an intramedullary jig system for the femur
and extramedullary set for the tibia. After trialing, once

satisfactory balance and alignment have been achieved, the
real implants were cemented in place and wound closed
in layers.

Radiographic Analysis

Two orthopaedic surgeons other than the surgeons who
performed the surgeries assessed the radiological param-
eters independently. The parameters were measured
according to the Knee Society Roentgenographic Evalu-
ation System [16]. The radiographic evaluation was done
on the postoperative weight-bearing scanogram and lat-
eral knee X-rays taken at 6 weeks review. The parameters
measured were the mechanical axis and the coronal and
sagittal alignment of the femoral and tibial component.
(Figs. 1, 2 and 3). The outcomes were defined based on
the degree of deviation as ’excellent’ when it was between
0 and 1.99°, ’acceptable’ when between 2 and 2.99° and
as an ’outlier’ when the deviation is more than or equal
to 3° from the preoperatively planned position [17, 18].
Interobserver and intra-observer reliability were tested,
with the re-measurements done after one month from the
first measurement.

Fig.1 Measurement of Preoperative and Postoperative Mechanical
Axis

@ Springer



956

Indian Journal of Orthopaedics (2021) 55:953-960

Fig.2 Measurement of coronal inclination of femoral and tibial com-
ponents

Statistical Analysis

The minimum sample size required for the study is 62 in
each group and totalling to 124, calculated using nMaster
1.0 version software based on the study by Song et al. [18]
with 95% confidence interval and 80% power of the test.
IBM SPSS version 20.0 software was used for all the sta-
tistical analysis. Categorical variables are expressed using
frequency and percentages and continuous variables using
mean and standard deviation. Student’s -test/Mann—Whit-
ney U test was used to test the statistical significance of
the difference in mean of mechanical axis before surgery
between the two groups. Chi-square test was used to find
the significance of error in categories, implant design
within groups and between the two surgeons. For test-
ing the intra-observer and interobserver reliability, the
intraclass correlation coefficient was performed with 95%
confidence interval and standard error of measurement. A
p-value <0.05 was considered as statistically significant.
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Fig.3 a Measurement of sagittal inclination in CR and PS femoral
component. b Measurement of sagittal inclination (of the tibial com-
ponent

Results

RATKA group, which included 105 patients (143 knees)
and MTKA group with 111 patients (151 knees) had sta-
tistically similar demographic characteristics and compara-
ble preoperative mechanical axis (Table 1). We observed
that postoperative mechanical axis had absolutely no outli-
ers in RATKA group, whereas MTKA had 23.8% outliers
(p<0.001) with respective to the preoperative plan (Fig. 4).
Statistically significant outcomes were seen favouring
RATKA group with respect to other parameters also, i.e.
coronal inclination of the femoral component (p <0.001),
the coronal inclination of the tibial component (p <0.001)
and sagittal inclination of the tibial component (p <0.001)
(Figs. 5 and 6). We observed comparable results in the
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Table_1 Demograph_ic and Variables Categories RATKA (n=105) MTKA (n=111) p value
baseline characteristics of
patients included in the study Mean age (years) 65.24 (51-81) 66.29 (52-79) 0.356
Gender F 84 88 0.895
M 21 23
Mean BMI (kg/m?) 27.64 (19.29-38.98) 28.70 (18.91-39.93) 0.189
Mean Preoperative mechanical 11.56 £5.42° (n=143) 12.32 +£5.22° 0.224
axis(+SD) (n=151)

BMI Body mass index; SD Standard deviation

H Excellent (%)
H Acceptable(%)
E Outlier(%)

RATKA MTKA

Fig.4 Graph showing comparison of the post-operative mechanical
axis between groups

# Excellent(%)
H Acceptable(%)
u Outlier(%)

Coronal Inclination of Tibial
component

Coronal Inclination of Femoral
component

Fig.5 Graph showing comparison of the coronal inclination of femo-
ral and tibial components between groups

sagittal inclination of the femoral component between
the two groups (p =0.566). Moreover, we found that with
respect to all parameters measured, the percentage of knees
with ’excellent’ outcomes were higher in RATKA group
compared to MTKA group (Table 2).

The inter-observer reliability was 0.894 for the postop-
erative mechanical axis measurements, 0.890 and 0.914 for
the coronal inclination of the femoral and tibial component

90 4
80 4 762 76.2

70 -

60 1 8 Excellent(%)

50 H Acceptable(%)

a0 | H Outlier(%)
30 4
20 4

10 4

Sagittal Inclination of Femoral
component

Sagittal Inclination of Tibial
component

Fig.6 Graph showing comparison of the sagittal inclination of femo-
ral and tibial components between groups

respectively, 0.864 and 0.906 for the sagittal inclination of
femoral and tibial component respectively suggesting good
agreement between the observers. The intraclass correla-
tion coefficient for the intraobserver measurements was also
above 0.8 (0.864-0.910), indicating good reliability. There
was no statistically significant difference in the measured
parameters between the two surgeons (p > 0.05) and between
the CR and PS implants in RATKA group (p > 0.05).

Discussion

Total knee arthroplasty is considered as the most efficient
treatment for advanced osteoarthritis of the knee. Postop-
erative limb alignment and implant positioning are among
the crucial factors determining success and longevity [19,
20]. Studies show that the conventional technique which
utilises an intramedullary femoral and extramedullary tibial
jig, is prone to errors ranging from 13-38% concerning
postoperative limb alignment [18, 21-28]. The source of
errors can be due to variations in the native bony anatomy
such as coronal and sagittal bowing, diameter of the medul-
lary canals and constitutional varus or valgus of the knee
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Table 2 Result of postoperative
radiological assessment

Measurements Category RATKA MTKA p value
(n=143) (n=151)

Postoperative Mechanical axis Excellent 116 (81.1%) 76 (50.3%) <0.001
Acceptable 27 (18.8%) 39 (25.8%)
Outlier 0 (0%) 36 (23.8%)

Coronal inclination of femoral component Excellent 124 (86.7%) 78 (51.6%) <0.001
Acceptable 19 (13.3%) 39 (25.8%)
Outlier 0 (0%) 34 (22.5%)

Coronal inclination of tibial component Excellent 119 (83.2%) 83 (54.9%) <0.001
Acceptable 24 (16.7%) 43 (28.4%)
Outlier 0 (0%) 25 (16.5%)

Sagittal inclination of femoral component Excellent 109 (76.2%) 107 (70.8%) 0.566
Acceptable 24 (16.8%) 30 (19.8%)
Outlier 10 (6.9%) 14 (9.3%)

Sagittal inclination of tibial component Excellent 109 (76.2%) 79 (52.3%) <0.001
Acceptable 28 (19.6%) 36 (23.8%)
Outlier 6 (4.2%) 36 (23.8%)

Excellent—defined when the values were within 0-2° from the planned alignment

Acceptable—defined when the values were > 2° but < 3° from the planned alignment

Outlier—defined when the values were > 3° from the planned alignment

[29-32]. Errors may also arise while using the oscillating
saws for bone preparation [23, 33]. This may occur when the
saw deflects off the dense sclerotic bone or when the cutting
block becomes loose as in a case of osteoporosis. Consid-
ering all these factors, the probability of erring is more in
MTKA even for high volume surgeons [34].

Technological advancement, such as computer-assisted
navigation, was later introduced to overcome the errors in
the conventional technique. This technique, again uses regu-
lar manual oscillating saws for bone preparation, with an
error ranging from 0-20%[22-24, 26-28]. Hence to improve
precision, robotic devices were developed which had
restraints on bone preparation. One of its earliest orthopae-
dic application was in total hip arthroplasty in 1992 by the
ROBODOC (Curexo Technology, Fremont, Ca), which was
an active autonomous milling system [35]. Later as designs
evolved, many semi-active and passive types of robots came
in to use. In our study, a semi-active kind of robot, Mako
(Stryker, Mahwah, New Jersey), was used which utilises
a preoperative CT scan for planning the implant size and
positioning. It gives audio-visual and haptic feedback during
bone preparation, controlling the saw within the confines of
a haptic boundary. This restraint improves the precision and
protects the adjacent tissues, thus reducing iatrogenic bone
and soft tissue trauma [36, 37].

It was observed in our study that the execution of the
preoperative plan was much more precise in RATKA com-
pared to MTKA, even during the initial phases. Out of the
five parameters studied, four were statistically better in the
RATKA group. The percentage of knees with excellent
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outcomes were higher in RATKA, for all the parameters
measured. Our results showing no outliers in RATKA com-
pared to 23.8% in MTKA concerning the postoperative
mechanical axis, were comparable with the existing litera-
ture, where outliers ranged from 0-2% and 19-38% respec-
tively [18, 21, 38—40].

There were several limitations to our study. A CT based
assessment of the implant positioning would have been more
accurate, which could assess the rotational alignment of the
implants as well. However, in view of additional radiation
exposure associated with it, we have decided not to perform
a postoperative CT scan. We had to use different implants in
RATKA, and MTKA due to the new government regulations
and manufacturer policy, which resulted in the unavailability
of Triathlon (Stryker, Mahwah, New Jersey) implants for
MTKA during the study period. However, we focused more
on the accuracy of execution of the corresponding preop-
erative plans with their postoperative measurements, which
makes the difference in implants less significant. Still, the
possibility of observer bias cannot be ignored.

A recent study by Kayani et al. has shown encouraging
results concerning the early functional outcome and time to
discharge in robotic-arm assisted TKA [41]. At this point,
there is a scarcity of long-term data on the functional out-
come and advantages of RATKA. However, recent literature
and our study showed that these systems could help a sur-
geon to get the implant and limb aligned precisely. Never-
theless, each surgeon will have their own "ideal position"
of implants, which still need to be determined. The robotics
can help in achieving these targets consistently with such
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accuracy that may not be replicable with manual techniques.
Thus, robotics can be a useful research tool to identify "ideal
position" of the implants as it removes the surgeon variabil-
ity in different alignment techniques. Furthermore, because
of the versatility of these systems in terms of its capacity to
prepare bone; cementless TKA and patient-specific implants
may come up encouragingly in the near future.

These benefits in terms of accuracy, precision and repro-
ducibility, can enhance the overall utility of the system, if
it further reduces the complications and improves the long-
term outcome, thus justifying the added costs.

Conclusion

RATKA significantly reduced the outliers in the mechanical
axis, the coronal inclination of femoral and tibial compo-
nents and sagittal inclination of the tibial components com-
pared to MTKA. Thus RATKA executed the preoperative
plan more accurately with respect to limb alignment and
implant positioning compared to manual TKA, even when
the surgeons were more experienced in the latter.
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