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Abstract

Introduction The aim of this study was to examine if robotic-assisted total knee arthroplasty (RATKA) is cost- and time-
effective in terms of implant stock and perioperative parameters, as optimizing perioperative efficiency may contribute to
value-based care.

Materials and methods Four hundred thirty-two consecutive patients who received primary total knee arthroplasties (TKAs)
from May 2017 to March 2020 in a regional hospital were included in this study. Operating room time (OR time), surgi-
cal time, number of trays, insert thickness, and length of stay (LOS) were assessed and compared for a cohort group with
navigation-assisted procedures to a group with robotic-assisted procedures (MAKO, Stryker, USA). Prediction of implant
size was assessed for the robotic-assisted group. The Mann—Whitney U test was used for comparisons between groups
when the normality assumption was not met. Categorical variables were assessed using the Fisher’s exact test. p <0.05 was
considered statistically significant.

Results In the RATKA group, we noticed a significant mean reduction of 11 min in total OR time (p <0.001), the use of
thinner insert (p <0.001), and a shorter mean length of stay of 1 day (p <0.001). Compared to the navigation group, surgical
time was not significantly longer, nor clinically relevant (0.238). In 76.9% of the robotic-assisted cases, the estimated implant
size was equal to the final size and in all other cases, the preoperative implant size was oversized.

Conclusion The introduction of the MAKO robotic-assisted total knee arthroplasty resulted in a gain in operating room time,
a thinner and more predictable insert thickness, a shorter length of stay in hospital, and less instrumentation compared to
navigation-assisted procedures.

Level of evidence

Level III, Retrospective cohort study.
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Introduction

Robotic-assisted surgery for joint arthroplasties is evolving
rapidly during the past decades [1, 2]. Nowadays, for total
knee replacements, robotic-assisted total knee arthroplasty
(RATKA) is claiming better clinical outcomes [3—6]. How-
ever, nor efficiency of the RATKA procedure, nor associ-
ated costs, have been studied thoroughly. Higher costs for
purchase, maintenance, and robotic-specific disposables
are offset by cost savings primarily driven by reduced
instrumentation, reduced opioids use, shorter length of
stay, and reduced post discharge resource utilization [7,
8]. Cost-effectiveness could also be accredited to better
implant survivorship for RATKA. Although longer term
studies are required to determine if improved implant
positioning, resulting in a better balanced knee, genuinely
leads to lower revision rates [9].

Learning curve studies illustrate that an orthopedic
surgeon necessitates several months to master the tech-
nology of RATKA and that it could become even more
time-effective than conventional techniques [10, 11]. A
learning curve effect would be present in the first seven
cases for integration in the surgical workflow [12].

The MAKO robotic-assisted total knee arthroplasty
(Stryker, USA) was introduced in our hospital in April
23rd 2018. Meanwhile RATKA is a commonly performed
procedure in our hand and we gained considerable expe-
rience passing the learning curve effect. We postulate
that optimizing perioperative efficiency, which seems to
improve, may contribute to value-based care. Further-
more, we consider this technique cost-effective in terms of
implant stock and instrumentation based on predictability
for implant size and insert thickness by planning preopera-
tively and adjusting implants peroperatively.

Accordingly, the purpose of our study was to examine
the efficiency of MAKO robotic-assisted total knee arthro-
plasty in our hospital, compared to the earlier technique
of navigation-assisted procedures. The primary outcome
parameter was operating room (OR) time, secondary
outcome parameters were surgical time, number of trays
used, insert thickness, size prediction, and length of stay
(LOS). Our hypothesis was that RATKA will be both more
time- and cost-effective compared to navigation-assisted
procedures.

Materials and methods
Four hundred thirty-two consecutive patients (one hun-

dred ninety-eight navigation-assisted, two hundred thirty-
four robotic-assisted) were retrospectively enrolled in our
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study. The navigation-assisted procedures were performed
from May 2017 to April 2018 and the robotic-assisted pro-
cedures from April 2018 to March 2020. Patients were
included if they had symptomatic knee osteoarthritis
undergoing primary TKA. Exclusion criteria were pre-
vious knee surgery with implants in or around the joint.
The first 15 patients of the robotic-assisted group were
excluded to bypass the learning curve effect [12]. The
arthroplasties were accomplished by one experienced sur-
geon (GL), who was familiar with both navigation- and
robotic-assisted TKAs. The patients were not randomized
to a procedure, but rather assigned sequentially, as the
used technique in time in our hospital was first navigation
and presently RATKA. The study was approved by the
institutional review board (IRB) prior to research.

In the RATKA group, draping the robotic arm and setting
up of the robot were carried out initially. Also different for
this group was that the MAKO product specialist was always
present before the start up. Furthermore, all the equipment
was opened before the patient entered the operating room
for both the robotic- and navigation-assisted groups. The
knee was installed in the preparation room before entering
the operating room. Once the patient has entered the room,
the only things that had to be done before incision were the
anesthesia, disinfection, and draping of the patient.

The surgical procedure was in all cases performed with-
out tourniquet, using a subvastus approach. All patients
received the cemented Triathlon (Stryker, USA) prosthe-
sis, including a resurfacing of the patella. During surgery, it
was the preference of the surgeon to preserve as much bone
stock as possible and to aim for the thinnest possible insert
thickness. The preoperative protocol was the same for both
patient groups, with the exception that all patients of the
RATKA group underwent a CT scan of the knee according
to the MAKO protocol. The navigation system that was used
was OrthoMap (Stryker, USA).

The postoperative care and revalidation protocol was the
same for both groups: no drain was left, immediate mobi-
lization, crutches if necessary, continuous passive motion
(CPM), low-molecular-weight heparins (LMWH) for
10 days.

All patients were assessed for: OR time (defined as open-
ing of the first set until exit of the OR), surgical time (first
skin incision to wound closure), number of trays, insert
thickness, and length of stay (LOS). Additionally, in the
RATKA group, there was an assessment of the planned
versus the definitive implant size. The criteria to discharge
patients were again the same for both groups: no wound
drainage, medical fitness, no social constraint, range of
motion and autonomous transfers.

The statistical analysis was performed with the use of
SPSS (IBM SPSS Statistics, Chigaco, USA). Continuous
data are presented as mean and standard deviation (SD).
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Table 1 Baseline characteristics
20
- . Navigation RATKA p value
8
o
- Number of patients (%) 198 (47.5) 219(52.5) N/A
o Age, years (SD) 69.0 (£0.7) 67.7(x0.6) 0.057
* BMI, kg/m? (SD) 29.3 (+5.1) 29.7 (x42) 0376
'E 0 ASA score, I-IV (SD) 23(x0.2) 2.6(= 0.324"
.E - Female/male (ratio) 108/90 108/111 0.326"
§ Operative side: left/right (ratio) 103/95 100/119 0.203"

Navigation MAKO

Fig.1 OR time

Surgery time (min)
8 8
1
|
}— —{ oo O

Navigation MAKO

Fig.2 Surgical time

Between-group comparisons were performed using the
Mann—Whitney U test as the variables did not meet the
normality assumption (Figs. 1 and 2). Categorical variables
were assessed using the Fisher’s exact test. p <0.05 was con-
sidered statistically significant.

Results

There was no statistically significant difference in popula-
tion characteristics between patients undergoing TKA with
navigation and those with MAKO (Table 1).

Those in the RATKA group had a 11-min shorter OR
time (p <0.001). Surgical time was not significantly different
(p<0.238). There was a significant difference in insert thick-
ness (p <0.001), which was 11.3 +0.1 mm for the navigation
group and 10.0+ 1.0 for the MAKO group. The mean LOS for

RATKA robotic-assisted total knee arthroplasty, SD standard devia-
tion, N/A not applicable, BMI Body mass index, ASA American Soci-
ety of Anesthesiologists

“Mann—Whitney U test
Fisher’s exact test

Table 2 Operative outcomes

Navigation RATKA p value”
OR time (minutes) 121.0(x1.3) 110.0(x=1.2) <0.001
Surgical time (minutes)  80.6 (+1.2) 83.0 (x=1.3) 0.238
Insert thickness (mm) 11.3 (x0.1) 10.0 (+1.0) <0.001
LOS (days) 5.1(x0.2) 3.8 (x0.1) <0.001
Instrumenttrays (n) 10 7 N/A

RATKA robotic-assisted total knee arthroplasty, OR operating room,
LOS length of stay, N/A not applicable

“Mann-Whitney U test

MAKO was 3.8+0.1 days, which was 1.3 days shorter than
the navigation group (5.1 +0.2 days, p <0.001; Table 2). Less
instrumentation was needed for the robotic-assisted procedure
compared to the navigation group, there was a reduction of
three trays (respectively, seven and ten trays; Table 2).

In only 130 of the 234 robotic-assisted procedures, the
estimated implant size was noted. Unfortunately for the other
104 patients, there was no preoperative screen capture avail-
able from which the planned implant size could be read. The
final reported femoral and tibial implant size was equal to the
planned implant size in 100 (76.9%) cases. There was a plan-
ning mismatch in 30 (23.1%) cases. In 6.9% of those cases,
the planned tibial tray was oversized with one size. In 10% of
the cases, the femoral component had been oversized with one
size and in 5.4%, there was an oversizing of both components.
There was no undersizing reported. In one case (0.8%), there
was an oversizing of two sizes on the tibia (Table 3).

Discussion
The most important findings of this retrospective study,

comparing navigation- with robotic-assisted surgery, were
a significant shorter OR time, a thinner insert thickness, and
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Table 3 Prediction of implant size

Final = Tibia-1 Femur-1 Tibia and Tibia-2

implant femur-1

size

n 100 9(6.9%) 13 7 (5.4%) 1(0.8%)
(76.9%) (10.0%)

Total (n) 130

a shorter mean length of stay for the RATKA group. Less
instrumentation was needed compared to the navigation
group. The surgical time was not statistically different.

A shorter OR time can be explained by the less pro-
nounced variability in time for difficult knees, besides the
smoothness of the surgical preparation for the robotic-
assisted procedures. For the RATKA procedures, the sur-
geon disposes of a tool that accurately executes bone cuts
according to the presurgical planning, as well as intraop-
erative feedback for restoring knee kinematics and soft tis-
sue balance. Consequently, there are no “difficult knees”
anymore and the surgeon does not lose time, as there is an
interpretation of the problem based on the surgical plan-
ning preoperatively and recuts are hardly ever necessary.
A study of Deckey et al. showed a significant reduction of
recuts in RATKA compared to conventional procedures
[13]. A feasibility study of unicompartmental procedures
showed that MAKO-assisted procedures could overcome
technical challenges [4]. A learning curve study, compar-
ing MAKO RATKA with manual procedures, demonstrated
significant lower OR times after 1 year and similar times
after 6 months. The same study showed that mean surgical
time continued to decrease after 6 months [11]. Accessory,
a study of Mulier et al. showed that the use of a preparation
room as in our study could shorten the non-operative time
[14]. Although the installation protocol was similar for the
navigation-assisted procedures and even there is no robot
that must be draped and calibrated, we observed a smoother
installation protocol for the RATKA procedures by the pres-
ence of the MAKO product specialist who is attuned on the
surgeon and nurse team. In the navigation group, the product
specialist is also present in the room, but he is less involved
with the installation.

The reduction of insert thickness and less variability in
used inserts is a repercussion of the predictability by preop-
erative planning and peroperative adjustment of the gapsize.
The predictability of insert sizes influences implant stock, as
the imperative presence of multiple, bigger insert sizes could
be reduced using the robot. Furthermore, also implant size
of femur and tibia component was known preoperatively, so
standard implant stock in the hospital could be reduced as
well and eventually be supplied the day before surgery by
consulting the programmed cases for the next day. In 77% of
the cases in our study, the femoral and tibial implant size was
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equal to the planned implant size. 26% of the implants were
oversized on the preoperative plan, but this was a concern
of surgical preference, as the MAKO robot only resects the
slice of the tibia that is required for that specific size of pros-
thesis. In some cases, this leads to a remaining peripheral
rim of bone, which makes it difficult to remove the resected
tibial slice. By oversizing the tibial component by one size,
this issue was solved. A recent study demonstrated a high
accuracy in achieving preoperatively planned bone resection
[15]. Similar results of implant prediction were found in a
study of Marchand et al., with definitive implants within one
size of the planned size in 100% of the cases and an exact
match for 80% [16].

Surprisingly, there was a mean reduced LOS of 1.3 days
(-25%), despite an identical fast-track revalidation, pain
management, and discharge criteria. This could possibly be
contributed to the reduced pain experience because of better
soft tissue handling or the perception of better stability, due
to better implantation accuracy. A recent systematic review
and meta-analysis mentioned improved implantation accu-
racy and patient-reported outcomes for RATKA. However,
a difference in soft tissue healing could not be demonstrated
compared to the conventional TKA procedure [17]. Archer
et al. found a reduced LOS for RATKA compared to the
conventional technique [18]. However, a study of Tompkins
et al. found that there was no significant difference in LOS
and complications for RATKA compared to the manual tech-
nique [19]. It must be noted that in the last years, the overall
trend for all TKA techniques, even the manual technique, is
the fast-track revalidation. This could have influenced the
length of stay of the navigation-assisted compared to the
robotic-assisted procedures, as there was a sequential selec-
tion of patients in time. However, the overall postoperative
protocol had not changed in these years in our center.

There was a reduction of three instrument trays compared
to navigation-assisted TKAs. This reduction in number of
trays is cost-effective, because of the reduced inventory and
costs for sterilization. Nevertheless, the financial benefits
must be weighed carefully against the additional costs asso-
ciated with MAKO total knee robotic-assisted surgery, such
as the purchase, maintenance, robotic-specific disposables,
and preoperative CT. The cost for the preoperative CT is
negligible [20]. Especially, by lowering the operating time,
you save costs for the personnel and OR time. A recent sys-
tematic review estimated a cost of 0.55$ for 1 min in the
operation room [21]. In our study, surgical time was not
significantly different for the robotic-assisted group. Acces-
sory, our center was the pioneer in Belgium for MAKO
TKA procedures. This resulted in a lot of interest of visitors
during the first years of the RATKA, which probably also
influenced the surgical time in a negative way.

Although cost savings resulting from operative time,
tray, stock and hospital stay reduction were not quantified
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in this study, other studies indicated substantial relevance
of reduced instrumentation, shorter LOS and secondary
reduced prescribed opioids and post-discharge resource uti-
lization compared to manual TKA procedures [8]. However,
Christopher et al. mentioned higher hospital costs, despite
a lower LOS, but longer OR time, higher instruments and
personnel costs [22]. We believe that cost-effectiveness
should be considered at more long-term follow-up, as a bet-
ter survival rate could have a major impact on total health
cost for this population of patients and should also be con-
sidered. Maritan et al. revealed in a retrospective study
with 5-year follow-up that conventional lateral UKAs and
robotic-assisted had similar clinical outcomes and revision
rates [23]. Overall, there is a lower average 90-day episode-
of-care costs and superior quality for RATKA compared to
the conventional technique [8, 24, 25]. The assumption that
reduced OR time is cost-effective relies on the assumption
that extra time is gained for performing additional minor sur-
geries, which has yet to be proven. Further research compar-
ing cost-effectiveness for robotic-assisted procedures could
clarify that this matter and long-term data are essential to
fully ascertain its cost-effectiveness.

Limitations of this study are its retrospective, non-rand-
omized design, the sequential group allocation, and the com-
parison of cohorts in different years. Another limitation is
the lack of data from the planned implant size and missing
data for preoperative alignment for both groups. Conversely,
the current analysis benefits from its large sample size and
the analysis of one prothesis placed by one surgeon.

Conclusion

Regarding efficiency compared between navigation- and
robotic-assisted procedures, the MAKO robotic-assisted
total knee arthroplasty was shorter in operating room time,
there was a thinner insert thickness, a shorter length of stay
in hospital, and less instrumentation was needed. In the
future, implant stock could be reduced because of implant
prediction. The combination of these outcomes could
make MAKO total knee robotic-assisted surgery time and
cost-effective to outweigh its initial cost for purchase and
maintenance.
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