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Clinical results and patient-reported
outcomes following robotic-assisted
primary total knee arthroplasty

A MULTICENTRE STUDY
PY.Joo, Aims
A.F. Chen, The aim of this study was to report patient and clinical outcomes following robotic-
J. Richards, assisted total knee arthroplasty (RA-TKA) at multiple institutions with a minimum two-
T.Y.Law, year follow-up.
K. Taylor,
K. Me)l'lrchand, Mgthods . . .
G. Clark, Th'IS was a multlcent!'e registry study from October 2016 to June 2021 that |n.cluded‘861
D. Collopy, primary RA-TKA patients who completed at least one pre- and postoperative patient-
R. C. Marchand, reported outcome measure (PROM) questionnaire, including Forgotten Joint Score (FJS),
M. Roche, Knee Injury and Osteoarthritis Outcomes Score for Joint Replacement (KOOS JR), and pain
M. A. Mont, out of 100 points. The mean age was 67 years (35 to 86), 452 were male (53%), mean BMI
A. L. Malkani was 31.5 kg/m? (19 to 58), and 553 (64%) cemented and 308 (36%) cementless implants.

From Brigham and
Women's Hospital,
Boston, Massachusetts,
USA

Correspondence should be sent to
Antonia F. Chen; email:
antoniachen1@gmail.com

doi: 10.1302/2633-1462.37.B)O-
2022-0076.R1

Bone Jt Open 2022;3-7:589-595.

Results

There were significant improvements in PROMs over time between preoperative, one- to
two-year, and > two-year follow-up, with a mean FJS of 17.5 (SD 18.2), 70.2 (SD 27.8),
and 76.7 (SD 25.8; p < 0.001); mean KOOS JR of 51.6 (SD 11.5), 85.1 (SD 13.8), and 87.9
(SD 13.0; p < 0.001); and mean pain scores of 65.7 (SD 20.4), 13.0 (SD 19.1), and 11.3
(SD 19.9; p < 0.001), respectively. There were eight superficial infections (0.9%) and four
revisions (0.5%).

Conclusion

RA-TKA demonstrated consistent clinical results across multiple institutions with excellent
PROMs that continued to improve over time. With the ability to achieve target alignment
in the coronal, axial, and sagittal planes and provide intraoperative real-time data to ob-
tain balanced gaps, RA-TKA demonstrated excellent clinical outcomes and PROMs in this
patient population.
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Introduction

Over the past decade, there has been a
significant increase in total knee arthro-
plasties (TKAs) being performed, and is
projected to increase further to 3.5 million
procedures in the USA by 2030." However,
it has been reported that approximately
19% to 25% of patients are dissatisfied

with using manual jig-based instruments
for their primary TKA.%* Possible reasons
for dissatisfaction include component
malalignment and instability, as even 3°
malalignment has been reported to result
in pain and instability.*

Robotic-assisted total knee arthroplasty
(RA-TKA) was introduced to reduce the
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variability and inaccuracy in flexion and extension gap
balancing achieved with conventional jig-based manual
instruments.> RA-TKA provides real-time 3D intraoper-
ative information on implant position and limb align-
ment in the coronal, sagittal, and axial planes in degrees
and gap information within millimetres, which allows
surgeons to confirm the target alignment and desired
gap measurements that may improve clinical outcomes
and patient satisfaction through accurate bone cuts and
improved soft-tissue balance.®’

Early outcomes after RA-TKA have shown decreased
pain, improved patient satisfaction, and improved early
functional recovery compared to manual or conven-
tional TKA.*®#" However, mid- and long-term clinical
and patient-reported outcome measures (PROMs) data
remain sparse with relatively small sample sizes, particu-
larly across institutions.' The purpose of this multicentre
study was to report the clinical and PROMs results preop-
eratively, at one to two years, and greater than two years
following primary RA-TKA in a large patient cohort and
determine if the results were consistent across various
sites.

Methods

A multicentre, prospective total joint registry study of
RA-TKAs performed at five institutions across North
America and Australia was conducted. The study was
approved through each respective institutions’ institu-
tional review boards (IRBs). Adult patients who under-
went a primary RA-TKA and were followed up with
between October 2016 and June 2021 at a participating
institution, and completed at least one preoperative and
postoperative PROM questionnaire with a minimum of
two-year follow-up, were included. Exclusion criteria
included age greater than 89 years, revision RA-TKA,
patients with a status of current incarceration, and
patients who were pregnant. Patients without a preoper-
ative PROM result, or with less than one year of follow-up,
were also excluded.

Across the five institutions, there were six surgeons
included in the registry (ALM, AFC, GC, DC, RCM, MAM),
with varied RA-TKA case distributions from 30% to 100%
of robotic use for TKAs, with three of the six surgeons
performing 100% RA-TKAs. All surgeons used the Stryker
Mako SmartRobotics system (Stryker, USA) via medial
parapatellar approach. Alignment techniques varied,
including restricted kinematic, anatomical, and func-
tional. Surgical variables extracted included approach
type and use of cement during the procedure. All
patients received the standard postoperative care at their
respective institutions, with early mobilization, range of
motion, and strengthening exercises during the periop-
erative period and evaluation for venous thromboem-
bolism, wound complications, and other adverse events

during routine follow-up at two to six weeks, three to six
months, one year, and two years.

Patient characteristics and clinical and surgical infor-
mation were collected and abstracted from the total joint
registry. Demographic and clinical variables included
patient age, sex, BMI, and laterality of the affected
side. Postoperative complications were also collected,
including rate of surgical site infections and revision
surgeries. Minor postoperative complications were
defined as any instance of erythema of the surgical site or
calf, dermatitis, wound drainage, deep vein thrombosis,
lower limb oedema, haematoma, and pain in or around
the surgical site.

PROMs administered included the Forgotten Joint
Score (FJS),” Knee Injury and Osteoarthritis Outcomes
Score for Joint Replacement (KOOS JR),™ and overall pain
scale out of 100 points, with 100 indicating the most
severe pain. The minimal clinically important difference
(MCID) was determined for each PROM based on previ-
ously reported MCID values in the literature.’"” Patients
were given these PROMs to complete prior to the opera-
tion, at one-year follow-up appointments, and after two
years.

The FJS is a validated PROM assessment tool designed
to detect subtle differences in patient satisfaction,
focused on the patients’ ability to forget the artificial joint
in everyday life. It uses a 12-item questionnaire of aware-
ness of the artificial joint while performing various activi-
ties, scored on a five-point Likert scale.” The MCID for the
FJS was determined to be 14 points, based on previously
reported values using logistic regression modelling."”

The KOOS JR is a validated seven-item questionnaire
focusing on morning stiffness, pain with various activi-
ties, and function within the past week. It uses a four-
point scale from “none” to “extreme” to determine a
general picture of knee health and disability." The MCID
for the KOOS JR was determined to be 15 points, based
on previously reported values using the anchor-based
method.¢

Patients were also asked to rate their subjective pain on
a scale of O to 100 at the preoperative, one- to two-year,
and two-year follow-up visits. The MCID for the subjec-
tive pain scale was determined to be 23 points, based on
previously reported values using a linear mixed model.™
Statistical analysis. Descriptive statistics of frequencies,
percentages, means, and standard deviations (SDs)
were reported for all patient and surgical characteristics
when appropriate. All PROMs were reported as means
and SDs at preoperative, one- to two-year, and greater
than two-year follow-up. Differences in outcomes across
the follow-up timeframe were compared using repeat-
ed measures analysis of variance (ANOVA). The level of
significance was set at a p-value of < 0.05. All statistical
analyses were performed using SPSS v. 27.0 (SPSS, USA).
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Fig. 1

Forgotten Joint Score (FJS) over time at each follow-up timepoint. Significant
improvement was noted after robotic-assisted total knee arthroplasty (p <
0.001).

Results

A total of 861 patients underwent primary RA-TKA and
met the inclusion criteria. Follow-up ranged from 24
months to 60 months. Patient characteristics are summa-
rized in Table I. There were 535 patients with completed
FJS results at preoperative, one to two years, and two
or more years of follow-up. A significant improvement
in FJS was noted by two or more years of follow-up,
with mean FJS noted at 17.5 (SD 18.2) preoperatively,
70.2 (SD 27.8) at one to two years postoperatively, and
76.7 (SD 25.8) at two or more years postoperatively (p
< 0.001) (Figure 1). There were 487 patients (91%) that
improved in FJS over two or more years and met the
MCID (Figure 2). There were no significant differences
between institutions in FJS change.

There were 448 patients with completed KOOS JR
results at preoperative, one to two years, and two or
more years of follow-up. A significant improvement in
KOOS JR was noted by two or more years of follow-up,
with mean KOOS JR noted at 51.6 (SD 11.5) preopera-
tively, 85.1 (SD 13.8) at one to two years postoperatively,
and 87.9 (SD 13.0) at two or more years postoperatively
(p < 0.001) (Figure 3). There were 431 patients (96%)
who improved in KOOS JR over two or more years and
met the MCID. There were no significant differences
between institutions in KOOS JR change.

Table 1. Patient characteristics.

Variable Value

Total, n 861
67 (35 to 86; 7.9)

Mean age, yrs (range; SD)
Sex, n (%)

Female

Male

Mean BMI, kg/m? (range; SD)
Mean ASA (range; SD)

Mean LOS, days (range; SD)
Laterality, n (%)

405 (47)
452 (53)
31.5 (19 to 58; 6.1)
2.4(1to 4; 0.5)
2.8(1to 11;1.0)

Right 443 (52)
Left 418 (48)
Cement, n (%)

Cemented 553 (64)
Cementless 308 (36)

ASA, American Society of Anesthesiologists; LOS, length of stay; SD,
standard deviation.

There were 485 patients who had reported their
pain levels on a 100-point scale at all visits. A significant
improvement in subject pain scale was also noted by two
or more years of follow-up, with mean pain score of 65.7
(SD 20.4) preoperatively, 13.0 (SD 19.1) at one to two
years postoperatively, and 11.3 (SD 19.9) at two are more
years postoperatively (p < 0.001) (Figure 4). There were
438 (90%) patients who improved in subjective pain
scale over two or more years and met the MCID. There
were no significant differences between institutions in
pain scale change.

Few major complications were noted in this cohort.
Eight patients (0.9%) had postoperative superficial
surgical site infections treated with antibiotics. Four
patients (0.5%) underwent revision arthroplasty, two
patients (0.2%) for instability and two patients (0.2%)
for deep periprosthetic joint infection, ranging from four
months to 15 months. Four other patients were treated
for stiffness via arthroscopic release of adhesions (two
patients) and manipulation under anaesthesia (two
patients) at two, three, four, and 27 months. Minor post-
operative complications were reported for 123 patients
(14%) (Table I1).

Discussion
RA-TKA and other navigation-based systems have been
implemented over the past few decades to narrow the
up to 20% margin of patients who are unhappy with
their conventional jig-based TKA.?3'2 The use of robotic-
assisted surgery for primary TKA is gaining in popularity,
with most large orthopaedic manufacturers having intro-
duced their robotic systems for TKA.

Proponents of RA-TKA argue that it provides more
accurate bony resection, offers valuable intraoperative
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Fig. 3

Knee injury and Osteoarthritis Outcome Score for Joint Replacement (KOOS
JR) over time at each follow-up timepoint. Significant improvement was
noted after robotic-assisted total knee arthroplasty (p < 0.001).

data, and achieves the target implant position and limb
alignment that may improve overall patient satisfaction
468111820 Those questioning the use of RA-TKA argue that
there are no long-term data, and that the cost of RA-TKA
implementation is a limiting factor for many hospital
systems.® With any new advances in medical technology,
validation in the form of short-, mid-, and long-term
studies must be carried out to ensure continued safety
and efficacy of a novel product. Prior studies comparing
patients who have undergone RA-TKA versus conven-
tional jig-based TKA have demonstrated statistical
improvements in RA-TKA PROMs from the preoperative
to postoperative state.®' Our study demonstrated signif-
icant improvements in PROMs from preoperative to one
and two years postoperatively for FJS, KOOS JR, and pain
scores. MCID for FJS, KOOS JR, and pain scores were met
for 91%, 96%, and 90% of patients, respectively, with
low rates of revision.

In a sample of 150 consecutive patients undergoing
TKA (75 RA-TKA, 75 manual TKA) with short-term
follow-up (< one year), Smith et al® found that 94% of
patients chose either very satisfied or satisfied on a Likert
scoring system when asked about their RA-TKA clinical
outcome, compared to 82% in the manual TKA cohort
(p < 0.01). Additionally, the overall average satisfac-
tion score was higher in the RA-TKA cohort at 7.1 versus
6.4 (p < 0.05).8 Specific questions on the Knee Society
Score (KSS)*' regarding pain at rest and function with
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Fig. 2

Percent of patients meeting minimal clinically important difference (MCID)
by final follow-up for each patient-reported outcome. FS, Forgotten Joint
Score; KOOS JR, Knee injury and Osteoarthritis Outcome Score for Joint
Replacement; PROMs, patient-reported outcome measures.
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Fig. 4
Subjective pain scale over time at each follow-up timepoint. Significant

improvement was noted after robotic-assisted total knee arthroplasty (p <
0.001).

recreational activities were also found to be statistically
significant in favour of RA-TKA (p < 0.05 for both).?
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Marchand et al"" studied 40 total patients (20 RA-TKA,
20 manual TKA) and found that six-month postopera-
tive Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC)?? pain and WOMAC total scores
were significantly better in RA-TKA patients compared
to manual TKA patients (p < 0.05 for both), while six-
month postoperative WOMAC physical function scores
did not achieve significance (p = 0.055)." At three-month
follow-up, Khlopas et al* found equal or greaterimprove-
ments in nine out of ten KSS components for 150 RA-TKA
patients compared to 102 manual TKA patients, but not
all findings achieved statistical significance.

Not all studies have demonstrated RA-TKA PROM
superiority. Samuel et al* performed a propensity
matched cohort study of 255 manual TKA and 85 RA-TKA
patients at one year postoperatively, and found statis-
tically equivalent PROMs and increased operating time
in the RA-TKA cohort (113 minutes vs 105 minutes; p <
0.001), but decreased length of stay (p < 0.001) and a
higher proportion of home discharges (p < 0.001). Liow
et al® studied 60 knees (31 RA-TKA and 29 manual TKA)
and found equivalent KSS, Oxford Knee Scores (OKS),2?
and satisfaction rates at two years postoperatively. 36-
Item Short Form Health Survey (SF-36) energy/vitality
and emotional role limitation scores both achieved signif-
icance favouring RA-TKA (p < 0.05 for both). Singh et al?®
conducted a comparison of 287 TKAs with intraoperative
navigation, 367 RA-TKAs, and 6,442 manual TKAs over
a four-year period, and found no significant difference
in FJS scores between cohorts at three months or one
year. KOOS JR scores achieved significance favouring
manual TKA at three months (p < 0.001), but there was
no significant difference between cohorts at one year
postoperatively.?®

Although our multicentre study did not directly
compare RA-TKA with manual TKA, it does demonstrate
statistically significant improvements in RA-TKA patients
from the pre- to postoperative states across a variety of
PROMs at a minimum two-year follow-up. Even though
not all 861 patients had all three PROMs recorded, this
is the first study of which the authors are aware that
includes a large series of patients achieving statistical
significance across a two-year or greater time span in a
heterogeneous population of RA-TKA patients. In addi-
tion to statistically significant PROM findings, our cohort
of RA-TKA patients also achieved 91% F|S MCID, 96%
KOOS JR MCID, and 90% subjective pain score MCID at
greater than two years. Our improvement in PROMs is
consistent with prior findings and indicates that appropri-
ately powered studies may be needed to further delineate
nuances between RA-TKA and manual TKA cohorts.®'232°
Major complications among our group were comparable
to prior published studies with four individuals (0.5%)
undergoing revision arthroplasty (two due to peripros-
thetic joint infection, two due to instability).%2528

Table 1. Minor complications following robotic-assisted total knee
arthroplasty.

Complication n (%)
Total 123 (14.3)
Leg swelling 52 (6.0)
Erythema/dermatitis 27 (3.1)
Haematoma/seroma 11 (1.3)
Stiffness 10(1.2)
Superficial infection 8(0.9)
Trauma 4 (0.5)
Blisters/drainage 3(0.3)
Medication side effect 3(0.3)
Gastrointestinal 2(0.2)

Deep vein thrombosis 1(0.1)
1(0.1)

1(0.1)

Cardiac event
Uncontrolled pain

This study does have limitations. Although all data
were prospectively collected, the study is retrospec-
tive in nature and demonstrates variability in surgical
technique and postoperative protocols across centres.
Our patient population demonstrates heterogeneity in
composition and each individual surgeon’s decision on
a patient’s candidacy for RA-TKA. Each surgical site also
introduces additional variability in terms of the choice
of target limb alignment: mechanical, kinematic, or
restricted-kinematic. No alignment or component criteria
were implemented in the study design, since variability
was considered an important factor to demonstrate
reproducibility. We did not compare outcomes based on
alignment technique, since a larger cohort is required
to identify meaningful differences between the various
alignment techniques. Both implant designs including
cruciate-retaining and posterior-stabilized components
were used in this study. The authors believe this breadth
in alignment variability and implant design in this large
group of patients undergoing RA-TKAs could be consid-
ered a strength of the study, as PROMs were consistently
improved across a broad group of components and
alignments, making the study results more generalizable.
While not every patient had all three PROMs, this remains
the largest long-term multicentre cohort reported for the
PROMs measured. FJS and KOOS |R were used as they
are both proven scaling systems consistently chosen
across the literature to compare pre- and postoperative
states.”®* Additionally, MCID was calculated for each
of the metrics, as not all statistically significant values
demonstrated clinically valuable or useful information."

The ability to balance the knee in both flexion and
extension, and in the medial and lateral compartments,
using objective real time intraoperative data along with
the ability to make adjustments in implant size and posi-
tion, potentially allows for a reproducible stable knee
construct, despite various alignment techniques and
implant designs used in this study. The consistently
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improved PROMs seen may be due to the alignment
techniques chosen by the authors to minimize deviation
from the native joint line using either restricted kine-
matic, anatomical, or function alignment techniques. The
authors did not use neutral mechanical aligment. Further
work is needed to determine the role of neutral mechan-
ical alignment versus kinematic or functional alignment
in overall clinical results including PROMs.

Component and limb alignment likely also play
a factor in outcome measures.?®®" Areas of future
research include mid- and long-term result compari-
sons between RA-TKA and manual TKA cohorts. More
research is needed in the form of prospective random-
ized controlled trials to determine clinical differences
between robotic and conventional TKA along with
various alignment concepts. Surgeons are now able
to fine-tune the position of their bony cuts, implants,
and gap measurements with a high level of accu-
racy and precision.’? RA-TKA has the potential to
provide surgeons and researchers with a vast amount
of intraoperative data, which may be used for clin-
ical decision-making and research by coupling it with
outcome-related measures.

This study adds to the growing body of evidence
that RA-TKA can achieve consistently improved PROMs.
This is the first study to demonstrate improved PROMs
reaching MCID in a multicentre population of RA-TKA
patients with a minimum two-year follow-up, demon-
strating excellent PROMs, despite variation in surgical
and alignment techniques.

A
P

Take home message

- There is limited long-term evidence in the literature on
outcomes following robotic-assisted total knee arthroplasty
(RA-TKA) in heterogeneous multicentre populations.

- RA-TKA demonstrated consistent clinical and patient-reported
outcomes with few complications across multiple institutions at

a minimum of two-year follow-up, despite variation in alignment
technique.
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