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3.1 Evolution of Robotic Arthroplasty

Surgical technology has developed increasing capabilities over the past 30 years,
and robotic-assisted arthroplasty is one of many areas that have attracted significant
interest from both patients and surgeons alike. Historically, alignment in total knee
arthroplasty (TKA) has been based on preoperative radiographs combined with
intraoperative assessments of deformity and alignment jigs that utilize either the
anatomic axis—provided by intramedullary guides—or extramedullary and ana-
tomic bony landmarks. While practical, conventional jigs and alignment techniques
may be limited by variation in patient anatomy secondary to natural changes or
progressive deformity from osteoarthritis [1]. Since the implementation of
ROBODOC in 1992 for hip arthroplasty, proponents and creators of robotic systems
for joint arthroplasty claim that implementation of these systems improves accuracy
in bone cut selection and improves precision in cut execution [2]. Current robotic
and computer-navigated knee arthroplasty systems available on the market today
encompass a number of different technologies designed to assist surgeons with
implanting components in the optimal alignment for a balanced knee with restored
kinematics. With a prevalence of 4.7 million individuals with knee arthroplasties in
the US population and increasing annual numbers, the evolution and adoption of
technologically assisted surgery have broad potential to impact arthroplasty out-
comes for thousands of patients every year [3].
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3.1.1 Patient Satisfaction and Goals of Robotic Design

Patient satisfaction after total knee arthroplasty may be dependent on a number of
patient-specific and technical factors. Despite decades of component design
improvements and pre- and postoperative pathway optimization, 10-20% of patients
in many studies still endorse dissatisfaction [4—7]. Common causes of dissatisfac-
tion include persistent pain, stiffness, swelling, as well as subjective feelings of poor
function [8]. The surgeon’s role for maximizing patient satisfaction, in addition to
setting appropriate expectations regarding the surgical recovery, rehabilitation pro-
cess, and functional goals, is to provide a technically precise and well-balanced
knee that provides near-native kinematics while minimizing soft-tissue injury and
complication risks [9]. Robotic assistance thus aims to facilitate the surgeon’s task
through evaluation and planning as well as surgical execution.

3.1.2 Surgeon Interest

Unicompartmental knee arthroplasty (UKA) is reported to have higher rates of
patient satisfaction and return to sport than TKA but overall is less commonly per-
formed [10, 11]. Surgeons and patients may have concerns regarding the longevity
of UKAs compared to TKAs, as analyses of the English/Welsh, Australian, Swedish,
and Finnish arthroplasty registries have each revealed lower revision-free survival
of UKAs, ranging from 80% to 90% survival rates at 7—10-year follow-up [12—14].
Additional studies of English/Welsh and Nordic registries noted volume-dependent
outcomes, with high-volume centers achieving improved UKA survival at 10 years
[15, 16]. Whether loosening occurs due to implant design, surgeon technique, or
excessive overcorrection or undercorrection of deformity, proponents of robot-
assisted arthroplasty claim improved accuracy and precision with component
implantation may help surgeons make and execute their intraoperative alignment
plan and improve implant survival for patients [17].

3.1.3 Robotic Technologies

Robotic-assisted total knee arthroplasty (RATKA) has been used to describe active
(autonomous), semi-active (semi-autonomous, haptic, or tactile systems), and pas-
sive systems for assistance with the distal femur and proximal tibia bone cuts in
unicompartmental and total knee arthroplasty [18, 19]. Understanding the differ-
ences in development, technique, and the unique evidence supporting each technol-
ogy is important for informed decision-making for both patients and surgeons
(Table 3.1).

Passive systems include navigation for surgical planning or active cutting guides
and may also provide intraoperative feedback. Adoption of robotic systems overall
has progressed slowly as surgeons and patients look for results of early implementa-
tion before investing in costly technology with potentially limited returns [20],
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indicating to many the profound impact that robotic arthroplasty has had in ortho-
pedic surgery markets and likely will continue to have for the foreseeable future.

Semi-active systems are currently the most prevalent within the US market and
are commonly referred to as haptic or tactile systems, as they utilize robotic guid-
ance while retaining surgeon control within the planned resection [21]. Semi-active
systems currently in production include Mako (Stryker, Mahwah, NJ; FDA cleared
in 2015), Navio PFS (designed by Blue Belt Technologies, Plymouth, MN, and
subsequently bought by Smith & Nephew, Memphis, TN; FDA cleared in 2017), as
well as Smith & Nephew’s second-generation system, CORI. The Mako system is
approved for both hip and knee arthroplasty, has both saw and burr end-instrument
capabilities, and is based on a preoperative computed tomography (CT) scan for
resection planning. Alternatively, the Navio PFS and subsequently the CORI sys-
tems marketed by Smith & Nephew do not require preoperative imaging; rather,
surface mapping of the patient’s anatomy is performed intraoperatively in conjunc-
tion with balance assessment in order to guide resection performed selectively with
a burr as the end instrument. Recently, the Velys system (DePuy Synthes, subs. of
Johnson & Johnson, Warsaw, IN) received FDA 510(k) clearance in 2021, origi-
nally designed by French company Orthotaxy (Paris, France). The Velys system
also does not require preoperative imaging. Similar to the Navio PFS and CORI
systems, it uses a saw for its end instrument compared to the burr used by the two
Smith & Nephew systems. Most semi-active systems use a robotic arm attached to
an oscillating saw or burr, together providing a constrained resection path for the
surgeon to employ. All the above systems currently in production, Mako, Navio
PFS, Cori, and Velys, are closed systems that exclusively use implants from their
distributors.

Two other semi-active systems currently in production, ROSA (Zimmer Biomet,
Warsaw, IN) and OMNIBotics (Corin, Tampa, FL), use cutting guides as their end
instrument, rather than cutting instruments such as saws or burrs used by the other
semi-active systems. The ROSA system was originally designed by Medtech
(Montpellier, France) for navigational use in orthopedic surgery, including spinal
instrumentation, and for knee arthroplasty and is able to guide resection based on
preoperative radiographs or be used in an imageless fashion. The OMNIBotics sys-
tem was also initially developed in France, known as the Praxiteles system by
Praxim, before it was purchased by OMNIlife (East Taunton, MA) and subsequently
by Corin.

Active, autonomous robotic systems are able to perform bone cuts independently
under observation of the surgeon, who first performs the approach and calibration.
Active RATKAs are less commonly used, as early results with the CASPAR and
ROBODOC systems in Europe and Korea in the 2000s reported prolonged opera-
tive times and concerns regarding early postoperative complications [22, 23].
Current autonomous systems include iBlock (formerly Praxiteles; OMNIlife
Science, East Taunton, MA) and TSolution-One (formerly ROBODOC; Think
Surgical Inc., Fremont, CA; previously Curexo Technology; FDA cleared in 2019).
Currently, there is no available clinical data published for the TSolution-One.
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3.1.4 OtherTechnologies

In addition to proper bony resection, soft-tissue and ligamentous balancing is essen-
tial for restorative knee function. Instability and stiffness are commonly cited rea-
sons for dissatisfaction by patients after total knee arthroplasty [4-6, 8, 9]. As most
prosthetic implants are designed with fixed medial and lateral widths, it is para-
mount for the surgeon to properly assess and balance the medial and lateral resec-
tion gaps. Most commonly this can be performed with variable-thickness blocks
that can be subjected to varus and valgus stress to assess for opening or gapping
greater on either medial or lateral aspects as an indicator for an inadequately bal-
anced knee. Manual techniques relying on tactile feel may be subject to inter-sur-
geon variability [24, 25]. New technologies have been developed to assist with this
portion of total and unicompartmental knee arthroplasty as well, with products cur-
rently commercially available to quantify the force transmitted across the knee.
Verasense (Orthosensor Inc., Dania Beach, FL) is a device that provides force data
when used in place of the polyethylene liner insert, as well as dynamic measure-
ments of rollback and stability. Verasense may be used with trial components prior
to final component implantation to determine if additional bony resection needs to
be made or after final component implantation to determine necessity of soft-tissue
releases.

In a trial of 84 patients who underwent TKA using Verasense, Cho et al. found
that 36% of patients after standard measured resection had a balanced knee with
<15 lbs. difference between medial and lateral compartments. After force assess-
ment with Verasense and subsequent modified gap balancing in 66 patients based on
Verasense results, 94% of knees were balanced [26]. No comparison was made for
gap balancing between Verasense and tactile assessment, and further studies may be
helpful in determining the accuracy and reliability of tactile assessment compared
to quantitative force measurements with systems such as Verasense. In another
study, Geller et al. compared rates of arthrofibrosis requiring manipulation under
anesthesia (MUA), a nonsurgical treatment for postoperative stiffness, and found
lower rates of MUA in 252 TKAs using Verasense compared to 699 standard
TKAs—1.6 vs. 5%, p = 0.004 [27]. A clinical trial for Verasense by the authors and
Columbia University is ongoing and expected to report patient-reported outcomes
from 130 patients enrolled between 2017 and 2020.

3.2 Limitations

While robotic-assisted TKA has made great advances in recent years, there are still
some limitations to the technology that are inherent to the cycle of disruptive tech-
nology development described by Christensen [28].

The primary barrier to more widespread adoption of this technology is the cost
of implementation. The cost of the hardware alone ranges from $400,000 to well
over $1,000,000 [20]. Costs are even more prohibitive when considering annual
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maintenance fees, software upgrades, and per-case disposable costs [20, 29].
Moreover, image-based robotic cases also require advanced preoperative imaging
with CT or magnetic resonance imaging (MRI). Finally, Siddiqi et al. offered a
thorough cost-benefit analysis including detailed indirect costs that need to be con-
sidered in a holistic cost model [20]. As healthcare increasingly trends toward
value-based care and bundled payment models, designing comprehensive packages
that are inclusive of all ancillary costs will be critical [29].

Working with existing reimbursement schemes, Moschetti et al. performed a
Markov decision analysis of robotic unicompartmental knee arthroplasty to explore
the current break-even point for robotic knee procedures [30]. The team found that,
assuming an image-based system at a cost of $1.362 million, a return on investment
can be made once volume surpasses 94 cases per year. For cheaper imageless sys-
tems, this break-even point was achieved at 25 cases annually [30]. As such, this
technology is presently only a feasible strategy at high-volume centers. Further
analyses will need to be performed for TKA and for promising new technology like
handheld accelerometer-based navigation systems.

The other important major limitation of robotic-assisted TKA technology is with
regard to soft-tissue manipulation. Current versions of orthopedic TKA robots still
require the surgeon to perform the dissection and exposure. Once there, systems still
require surgeons to retract tissues appropriately to enable cut paths without neuro-
vascular or ligamentous damage [20, 21]. Moreover, current systems cannot actu-
ally perform soft-tissue balancing (although they assist in planning gap and ligament
balancing) [20, 31]. Future iterations of robotic systems will have better feedback
and adaptation mechanisms for mid-cut adjustments and better differentiation of
soft-tissue types.

There are other notable limitations when considering this technology. Registration
and navigation of the robot require additional or longer incisions for placement of
femoral and tibial registration pins [32]. This increases risk for infection, stress ris-
ers and periprosthetic fractures, and neurovascular injury due to poor pin placement
[20]. Length of surgery is also a concern, as robotic-assisted TKA is still generally
longer due to intrinsic workflow delays, OR setup time, implant templating, and
intraoperative plan adjustment [20, 21]. Notably, there has been substantial improve-
ment in robotic-assisted TKA efficiency, and there are some studies where surgeons
have performed the procedure in comparable time to a conventional TKA [33, 34].
Another concern is that current robotic-assisted TKA systems are implant specific,
which limits surgeon options and increases acquisition costs as different surgeons
prefer different platforms [21]. Additionally, there are equivocal results on other
outcomes such as blood loss, nerve damage, and infection rates, which are all also
partially distorted by the learning curves for these techniques [18]. Finally, there are
legal concerns, as there is some evidence of an increased rate of litigation with
robotic-assisted TKA procedures [35].

While the challenges are not insurmountable, there are still substantial limita-
tions for the widespread adoption of robotic-assisted TKA. Product development
with dedicated collaborators will be crucial to expand the use of these systems from
a small group of early adopters into standard-of-care practice.
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3.3 Outcomes

Whether or not robotic total knee arthroplasty leads to improved radiographic and
clinical outcomes remains the subject of significant controversy [36]. Stated broadly,
outcomes after robotic-assisted TKA can be grouped into either those related to
accuracy and precision of component positioning and alignment or those related to
clinical improvement, patient-reported outcomes (PROs), and functionality metrics.
These two groups of outcomes are related but occasionally divergent, and where one
study may find significant results related to one or both groups, other studies have
failed to differentiate. Investigations into accuracy and precision of component
positioning and postoperative limb alignment have evaluated both unicompartmen-
tal and TKA cohorts.

3.3.1 Radiographic/Alignment Outcomes After
Robotic-Assisted TKA

Robotic-assisted TKA has been touted as allowing a surgeon to better replicate the
anatomy of the native knee. Banger et al. found improved preservation of native
knee anatomy in the coronal, sagittal, and axial planes in robotic-assisted TKA [37].
They did not correlate this finding to PROs. In a randomized controlled trial of 72
patients undergoing either conventional TKA or robotic-assisted implantation, Park
et al. evaluated femoral flexion angle (gamma angle) and tibial flexion angle (delta
angle) in the lateral x-ray and the femoral flexion angle (alpha angle) in the antero-
posterior x-ray postoperatively. Both gamma angle and delta angle were signifi-
cantly improved both with regard to accuracy to anatomic ideal and precision, with
standard deviation being lower in the robotic-assisted cohort across all measured
angles. With regard to gamma angle, in particular, the robotic-assisted cohort aver-
age was 0.17 degrees, representing the achievement of a near-perfect femoral flex-
ion angle [22]. In congruence with these results, Liow et al. found that there were
no mechanical axis outliers in a robot-assisted TKA cohort as compared with a
19.4% rate in a conventional cohort. Furthermore, the robotic-assisted TKA group
had 3.23% joint-line malposition outliers as compared to 20.6% in the conventional
group [38]. Further bolstering the assertion that robotic-assisted TKA results in
fewer radiographic outliers, Yang et al. determined that robotic assistance resulted
in significantly fewer postoperative leg alignment outliers with regard to femoral
coronal inclination, tibial coronal inclination, femoral sagittal inclination, tibial sag-
ittal inclination, and mechanical axis [39]. This data, taken together, leads to the
conclusion that robotic-assisted TKA successfully reduces radiographic outliers
with respect to postoperative component alignment.

Several studies have attempted to correlate these radiographic findings to PROs
and complication rates. Song et al. prospectively randomized 100 patients who
underwent unilateral TKA into a robot-assisted arm and a conventional arm and ana-
lyzed mechanical axis alignment, flexion/extension gap balance, and PRO scores
across the cohorts. They noted a significant decrease in flexion and extension gap
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imbalance as well as mechanical axis alignment outliers in the robotic-assisted
cohort. We will discuss the outcome metrics from this study in more detail in the fol-
lowing section, but despite the reduction in mechanical axis outliers, there was no
improvement in postoperative PRO scores. The robotic-assisted procedure did take
25 minutes longer on average than the conventional but had less postoperative blood
drainage [40]. Similarly, Kim et al. compared a single surgeon’s robotic-assisted
TKA to conventional technique with regard not only to radiographic parameters but
also to PROs and complication rates across 1406 patients. These authors failed to
find any significant difference between the two cohorts, not only with regard to
PROs, survivorship, and complication rates but also with regard to mechanical and
radiographic alignment parameters. Thus, they concluded that robotic-assisted TKA
was not superior to conventional and, therefore, not cost-effective. These results are
poorly generalizable, however, given their single-surgeon sample. It may be reason-
able to assume that for an extremely high-volume adult reconstruction surgeon, per-
forming several hundred TKAs yearly, robotic assistance may be unnecessary to
achieve adequate alignment. However, for the lower-volume surgeon, robotic assis-
tance may pay dividends in ensuring accuracy and precision of component align-
ment [41].

3.3.2 Radiographic/Alignment Outcomes After
Robotic-Assisted UKA

Studies with methodologies similar to those listed previously have evaluated align-
ment parameters in unicompartmental knee arthroplasty (UKA) performed using
robotic assistance versus the conventional technique. Ollivier et al. found no differ-
ence between the two cohorts in regards to lower limb alignment or implant posi-
tioning on mediolateral and anteroposterior radiographs. Functionality outcomes
differed only marginally between cohorts, and the authors concluded that robotic
assistance conferred no real benefit over conventional UKA [42]. In contrast with
these results, Bell et al. noticed an improvement in the accuracy of component posi-
tioning with robotic-assisted UKA. These authors noted substantial effect sizes,
with the percent of cases with femoral component coronal position within 2 degrees
of the target position being 70% in the robotic-assisted group versus 28% in the
conventional group. These authors did not assess PROs to observe whether or not
this discrepancy leads to differential functional outcomes [43].

3.3.3 Radiographic/Alignment Outcomes After Robotic-Assisted
TKA Using Adjustable Versus Conventional Cutting Blocks

In a unique study comparing differing techniques within robotic-assisted TKA,
Suero et al. compared adjustable cutting blocks to conventional cutting blocks in
computer-navigated TKA in 94 patients. These authors found that postoperative
mechanical alignment variability and tourniquet time were significantly less in the
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adjustable cutting block group. Component alignment did not significantly vary
between groups [44]. More data is needed to further delineate differences between
various protocols for robotic-assisted TKA.

3.4 Clinical/Patient-Reported Outcomes

Patient satisfaction after total knee arthroplasty is dependent on several patient-
specific and technical factors. Despite decades of component design improvements
and pre- and postoperative pathway optimization, 10-20% of patients in many stud-
ies still endorse dissatisfaction [4—7]. Clinical and PROs after robotic-assisted TKA
can be related to accuracy and precision of component positioning and alignment;
however, there are other contributing factors. Thus, a surgeon’s role for maximizing
patient satisfaction after TKA is twofold: first, setting appropriate expectations
regarding surgical recovery, rehabilitation process, and functional goals and, sec-
ond, providing a technically precise and well-balanced knee with near-native kine-
matics while minimizing soft-tissue injury and complication risks [9]. Robotic
assistance aims to facilitate the surgeon’s task and improve postoperative outcomes
through evaluation and planning as well as surgical execution. In this section, we
will continue the discussion of outcomes after robotic-assisted TKA by focusing on
clinical and PROs.

There are several metrics used to evaluate clinical and patient-reported outcomes.
The Oxford Knee Score (OKS) is a knee joint-specific 12-item questionnaire origi-
nally developed and validated in 1998 for use in randomized controlled trials in
TKA [45]. The OKS has 12 items, five for assessing pain and seven for assessing
function. Each item is worth equal weighting [1-5] for a total possible score ranging
from 12 to 60. A lower score indicates a better outcome. It is designed specifically
for measuring outcomes in knee replacement.

The Knee Injury and Osteoarthritis Outcome Score (KOOS) is a knee joint-
specific questionnaire developed in 1998 originally for the purpose of evaluating
short-term and long-term symptoms and functioning in subjects with knee injury
and osteoarthritis (OA). It was originally validated in patients undergoing anterior
cruciate ligament (ACL) reconstruction [46]. The KOOS is a 42-item survey
designed to assess people’s opinions about the difficulties they experience with
activity due to problems with their knees. A higher score indicates a better outcome.

The Western Ontario and McMaster Universities Arthritis Index (WOMAC) was
initially developed in 1982 and was first validated for the purpose of evaluating
response to treatment in patients with hip and knee OA in 1998 [47, 48]. The
WOMAC underwent multiple subsequent revisions and refinements between 1996
and 1999 [49]. The WOMAC is a 24-item questionnaire with three subscales mea-
suring pain (five items), stiffness (two items), and physical function (17 items). A
lower score indicates a better outcome.

Finally, the Knee Society Clinical Rating System (KSS) is a knee joint-specific
questionnaire originally developed and validated in 1989 for use in assessing the
outcome of TKA [47]. The KSS has two components: a knee rating (0—100 points)
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and function (0-100 points) worth a total of 200 points. The knee rating is divided
into pain (0-50 points) and a knee score that assesses range of motion, stability, and
alignment (0-50 points). A higher score indicates a better outcome.

Other functional outcomes of interest include the International Knee
Documentation Committee [50], the Lower Extremity Functional Scale [51], and
the UCLA activity-level rating [52]. Furthermore, many global health scores are
available including the Nottingham Health Profile [53], the SF-12 [54], the SF-36
[55], and the Sickness Impact Profile [56].

3.4.1 Clinical and Patient-Reported Outcomes After TKA

The ROBODOC system (Curexo Technology, Fremont, CA) was the first robotic
system to be used in orthopedic surgery in 1992. ROBODOC is an active-
autonomous, image-based, robotic milling system that can reproduce accurate com-
ponent placement and an ideal hip-knee-ankle (HKA) mechanical axis (MA)
through an image-based preoperative planning system [38, 57]. ROBODOC was
subsequently changed to TSolution-One®. As it has been used for several years,
there are several studies in the literature that comment on patient satisfaction after
RATKA with ROBODOC.

Liow et al. [57] compared patients undergoing RATKA with ROBODOC to
those undergoing conventional TKA [57]. Patients in both groups received Zimmer
NexGen LPS-Flex posterior stabilized implants. The RATKA group showed signifi-
cant improvement in outcome scores for several SF-36 parameters (general health,
vitality, and role emotional) and a nonsignificant trend toward higher functional
scores. However, they did not demonstrate differences in clinical outcome measures
of OKS and KSS knee and function scores.

Kim et al. [41] randomized subjects to a robotic-assisted or conventional jig-
based TKA [41]. Robotic-assisted TKA was carried out in two steps with CT-based
preoperative planning using ORTHODOC (Integrated Surgical Technology Corp.,
Davis, CA, USA) and robotic-assisted surgery using the ROBODOC surgical assis-
tance. A Duracon® posterior cruciate-substituting total knee prosthesis (Stryker
Orthopaedics, Mahwah, NJ, USA) was used in each knee. There was no difference
in any clinical outcome measure at the latest follow-up for patients who received
robotic-assisted TKAs when compared to those who received conventional TKAs.
This included KSS scores, residual pain, WOMAC scores, knee range of motion
(ROM), and UCLA activity scores. Furthermore, at a minimum follow-up of
10 years, they found no differences between robotic-assisted TKA and conventional
TKA in terms of functional outcome scores, aseptic loosening, overall survivorship,
and complications. Their group ultimately did not recommend robotic-assisted sur-
gery, stating that any technique like robotic-assisted surgery which adds cost to the
procedure should deliver results that patients can perceive as improvements.

Finally, Song et al. assessed intermediate-term outcomes of patients undergoing
RATKA with the ROBODOC in comparison to those undergoing conventional
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TKA [40]. They found HSS and WOMAC scores were similar to those previously
reported in the literature, with no significant differences between the two.

Within the ROBODOC system, studies have been done to compare outcomes
when using the classical (or mechanical) alignment method versus the anatomic (or
kinematic) alignment method. Yim et al. [58] compared clinical outcomes between
these methods when using ROBODOC with preoperative ORTHODOC planning
[58]. They found no significant postoperative differences in knee ROM, HSS, and
WOMAC scores. Yeo et al. [59] also evaluated the two alignment methods in
patients undergoing ROBODOC-assisted TKA [59]. They also found no significant
difference in mean HSS, WOMAC, and KSS scores at final follow-up.

Though there are fewer studies comparing intraoperative alignment methods
used during RATKA, there appears to be no difference in clinical outcomes between
the two approaches.

MAKO (Stryker, Mahwah, NJ) is a semi-active robotic system and is one of
the most prevalent within the US market. It is a haptic or tactile system as it
utilizes robotic guidance while retaining surgeon control within the planned
resection. Given its recent FDA approval and recent popularity, numerous stud-
ies have been published on patient-reported outcomes after RATKA with
MAKO. While PROs appear to be relatively similar in the literature focused on
RATKA with ROBODOC, the literature demonstrates a trend toward improved
PROs when MAKO is used.

Given the brief history of MAKO with its recent FDA approval in 2015, most
studies are centered around early postoperative outcomes. Khlopas et al. conducted
a prospective randomized controlled trial of early postoperative outcomes in patients
undergoing conventional TKA versus those undergoing robotic-arm-assisted TKA
with MAKO [60]. Both groups had a cemented Triathlon Cruciate Retaining Total
Knee System (Stryker Orthopaedics, Mahwah, NJ) implanted. Functional activity
walking and standing scores as well as pain scores were both improved in the
RATKA group at 6 weeks and 3 months postoperatively. Importantly, patient satis-
faction scores were also improved at 6 weeks and 3 months in the RATKA cohort.
Kayani et al. also found improved early postoperative pain scores at four time inter-
vals following surgery [61]. Patients in the RATKA cohort also had decreased opi-
ate analgesia requirements. Finally, Naziri et al. found improved 90-day ROM but
comparable complication rates, KSS, and PROs at all early postoperative time
points [62]. They found no difference in hospital satisfaction rates.

Marchand et al. in 2017 used the WOMAC patient satisfaction outcome survey
to compare 6-month postoperative mean pain, physical function, and total patient
satisfaction scores in patients who underwent conventional versus RATKA with
MAKO [63]. In their series, patients who underwent robotic-assisted surgery
reported significantly better 6-month mean pain and overall satisfaction scores. The
same group repeated this study in 2019, assessing 1-year PROs [64]. They found
that WOMAC scores were significantly lower in the RATKA group with improved
function and decreased pain. Mahoney et al. [65] and Smith et al. [66] both com-
piled 1-year postoperative clinical outcomes, with both demonstrating clinical
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improvements of postoperative physical status and function, specifically in
KSS score.

Some literature does not specify what robot was used to assist with TKA. Hozack
et al. found that patients undergoing RATKA had significantly higher functional
activity scores at 6 weeks and 1 year postoperatively [67]. A meta-analysis done by
Zhang et al. included seven clinical studies that reported functional outcomes when
comparing RATKA using different robotic devices to conventional TKA [68].
Different outcome scores were utilized across the included studies, with the KSS
being the most reported followed by Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores. Meta-analysis of outcome data from the
studies demonstrated RATKA resulted in a significantly better KSS scores in short
to mid-term follow-up.

3.4.2 (linical and Patient-Reported Outcomes After UKA

There are significantly fewer studies in the literature that assess clinical and PROs
after robotic-assisted unicompartmental knee arthroplasty (RAUKA). Gilmour
et al. reported on patients undergoing conventional or RAUKA with MAKO [69].
Primary outcomes in the study were OKS and KSS which were not significantly
different in the two groups at 2-year follow-up. These findings were supported by
Pearle et al. who also reported on patients undergoing RAUKA with MAKO [70].
They found no significant difference in KSS, change in KSS, or Marmor rating
between the two cohorts at final follow-up.

Finally, Motesharei et al. compared gait analysis between patients undergoing
conventional Oxford UKA and RAUKA with MAKO [71]. At 1-year follow-up,
there was a significant difference in the gait of patients in each cohort, with the
RAUKA patients demonstrating similar knee excursion compared with native
knees, and the conventional Oxford UKA patients demonstrating decreased knee
excursion. The authors noted they were unable to specifically attribute this differ-
ence to the technique, and other factors may have played a role such as the design
of the different implants used for each cohort. Despite these differences, there were
no significant differences in OKS and KSS between the two groups.

3.5 Summary

In the coming years, patients and surgeons can expect to see an increase in both the
number and variety of robotic technologies commercially available for knee arthro-
plasty. For both unicompartmental and TKA, the use of robotic assistants to personal-
ize bone resection and knee balancing may be performed in a versatile manner using
intraoperative calibration and feedback, with or without the need for preoperative
imaging. Since the implementation of early robotic assistants such as ROBODOC, it
has been a challenge for many robotic-assistant developers to reduce some of the limi-
tations to broad implementation, particularly with regard to cost, the surgeon’s
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learning curve, and associated prolongation of intraoperative time. As more types of
semi-active robotic assistants come to market after their FDA 510(k) clearance in the
past 5 years, more patients and surgeons may demonstrate interest in these technolo-
gies and refer to the clinical results of early adopters, some of which demonstrate
improvements in radiographic, kinematic, and clinical outcomes.
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