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Abstract
This study aimed to examine whether it is advantageous in robotic-assisted TKA (RA-TKA) compared
with conventional TKA throughout a 14 postoperative days (PODs). A total of 113 knees (100 patients)
were reviewed and divided into the control group (55 knees) and the RA-TKA group (58 knees). We
assessed postoperative pain intensity using a visual analogue scale at rest (rVAS) and during movement
(mVAS), evaluated lower extremity functional recovery through quadriceps muscle strength and knee
range of motion (ROM), preoperatively and on PODs 3, 7, 10, and 14. We also assessed the rescue
analgesia intake and postoperative implant coronal alignment. The mean rVAS and mVAS scores did not
differ significantly between the two groups. Muscle strength recovery was significantly faster in the RATKA group than in the control group on every PODs. ROM recovery was better in the RA-TKA group than in
the control group on POD 10. The amount of postoperative analgesia was significantly lower in the RATKA group than in the control group. Attainment of a β angle <2° significantly better in RA-TKA. This
study demonstrated better functional recovery in RA-TKA, particularly for muscle strength and ROM. RATKA reduced rescue drug intake and provided better implant positioning.

Introduction
Patient satisfaction is an important outcome which will still be improved for total knee arthroplasty (TKA)
since its levels are between 80% and 90% [1]. The explanations for patient dissatisfaction include lower
implant survivorship, poorer function, and need for revision surgery, resulting from component
malalignmentor soft tissue imbalance [2-7]. Recently, robotic-assisted TKA (RA-TKA) was introduced
within the orthopaedic field, and this technology brings a possible solution to the issues faced
byconventional TKA.
The robotic systems for TKA are mainly subcategorised intothree main subtypes: passive, semi-active,
andactive robotic systems [8]. Semi-active robotic systems enable theupkeep of the general control of
bone resection and implantpositioning. There are two sorts of semi-active robotic systems: imagedependent and imageless. TheMako Robotic Arm Interactive Orthopaedic system (StrykerLtd, Kalamazoo,
MI, USA) is an image-guidedsemi-active robotic system for RA-TKA. On the other hand, theNavioSurgical
System (Smith & Nephew, Inc., Memphis, TN, USA) is an image-freehandheld robotic sculpting system
introduced in knee arthroplasties in 2017 [9].
Robotic systems are attaina more accurate implant alignment compared with conventional methods.
Several reports have shown that robotic-assisted surgical procedures improve prosthetic alignment and
position. Hampp et al. [10] conducted a cadaveric study to look at the accuracy of component positioning
in Mako RA-TKA compared with manual TKA, and RA-TKA achieved a more accurate implant positioning.
Bollars et al. [11] examined the limb alignment and orientation of components in TKA using the
Navioimage-free handheld robotic sculpting system. They concluded that the Navio group showed
significantly fewer deviations compared with the conventional technique.Therefore, RA-TKA is
advantageous for achieving accurate implant alignment.
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Improved accuracy of implant positioning in RA-TKA may enhancepostoperative functionaloutcomes
compared to conventional jig-based methods. Kayani et al. [12] conducted a prospective study to check
early functional recovery and hospital discharge inpatients undergoing conventional jig-based TKA
compared with Mako RA-TKA. They found that RA-TKA reduced pain andimproved early functional
recovery within the primary3 days compared to conventional TKA. Several studies have suggested greater
functionalimprovements using the Mako system as measured by the Knee Society Score andtherefore the
Western Ontario andMcMaster Universities Osteoarthritis Indexin the short term [13, 14]. However, there
arelimited data about the early postoperative period, like 14 days after surgery, on the employment of
NavioRA-TKA.
Therefore, this study focused on the postoperative period and examined functional recovery,
postoperative pain, implant alignment, and rescue dose in NavioRA-TKA compared with conventional
TKA. We hypothesise that Navio RA-TKA provides better functional recovery than conventional TKA.

Results
Demographic and clinical data
The preoperative backgrounds of patients are shown in Table 1. There were no significant differences in
age, height, body weight, BMI, and FTA between the RA-KTA and control groups.

Postoperative pain
Postoperative pain intensity was measuredusing 100-mm rVASand mVASscales. The mean rVAS (Figure
1A) and mean mVAS (Figure 1B) scores did not differ significantly between the two groups throughout
the 14-day postoperative period.

Postoperative functional recovery
Lower extremity functional recovery was evaluated by examining the MS using a muscle tester. MS
recovery wassignificantly faster in the RA-TKA group than in the control group on PODs3(p=0.0266),
7(p=0.0104), 10(p=0.0384), and 14(p=0.0068) (Figure 2). We also examined the postoperative knee ROM
(Figure 3). The postoperative ROM recovery, which was indicated by % ROM, was better in the RA-TKA
group than in the control group. There were no statistically significant differences between the two
groups on PODs3(p=0.0789), 7(p=0.0899), and 14(p=0.0852). However, there was a significant
improvement for ROM recovery in the RA-TKA group on POD10(p=0.0231).
We further examined the femoral circumference to evaluate the soft tissue swelling. The femoral
circumference (%) was comparable in both groups throughout the postoperative period (Figure 4).

Rescue dose
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The number of times a rescue drug was administered for postoperative painwas significantly smaller in
the RA-TKA group than in the control group (RA-TKA:4.12±7.26, control:7.98±12.1, p=0.0399) until
POD14.

Radiographic evaluation
The mean postoperative coronal alignment of the femoral component was comparable between the two
groups (p=0.4232), with an αangle of 92.2°±2.1° in the control group and 92.3°±1.1° in the RA-TKA group
(Table 2). Proper coronal alignment of the femoral component, defined by an α deviation angle<2° relative
to the mechanical axis of the knee, was achieved in 92.6% of knees in the control group and 92.9% in the
RA-TKA group (Figure 5A and Table 2), and there were no significant differences between the
groups(p=0.9579) (Table 2).
The mean postoperative coronal alignment of the tibial component was comparable between the two
groups(p=0.4427), with a βangle of 89.6°±2.2° for the control group and 89.6°±1.0° for the RA-TKA group
(Table 2). Proper coronal alignment of the tibial component, defined by a β deviation angle <2° relative to
the mechanical axis of the knee, was achieved in 72.2% of knees in the control group and 96.4% in the
RA-TKA group (Figure 5 and Table 2).There was a significant difference between the two
groups(p=0.0004) (Table 2).

Discussion
The most important finding of the current study was that an image‑free handheld RA-TKA allowed better
functional recovery, including muscle strength and ROM recovery, and required less analgesiacompared
with jig-based conventional TKA. Furthermore, RA-TKA decreased the deviations of the implant and
achieved significantly accurate alignment, especially within the tibial component.
Robotic systems have been introduced to realisea more accurate implant alignment compared with
conventional methods.Fully active robotic systems were the primary robot systems employed within the
orthopaedic field since 1992 [19]. This technique has demonstrated improvements in
radiologicaloutcomes but also presented the disadvantages of the short-term complications like
superficial infection,patellar dislocation,supracondylar or patellar fracture, and commonperoneal injury
[20]. Recently, semi-active robot systems are increasingly utilized in TKA. Thistechnique allows the
surgeon to guidethe robotic arm to perform the bonypreparation, and thereforerequires constant input
forthe procedure to be completed.Semi-active robotic systems enable surgeons tohavethe overall control
for bone resection and implantpositioning. The image-freehandheld robotic sculpting system, Navio, was
introduced in knee arthroplasties in 2017 [9]. This system does not require preoperative CT imaging,
which is an advantageous point. Intraoperatively,a probe is used tomap out the bony anatomy.
Little information is available on early postoperative functional recovery in semi-active robotic systems.
Kayani et al. [12] compared early postoperative functional outcomes between conventional jigbasedTKAand Mako RA-TKA and found that the RA-TKA group showed reduced pain and decreased
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analgesic requirements at POD 3. Bhimani et al. [21] retrospectively reviewed 140patients undergoing
Mako RA-TKAand found that RA-TKA resulted in lower pain levels at both rest and movement at 2 and 6
weeks postoperatively andrequiredless opioid medication. In this study, we reviewed postoperative pain
for 14 days in NavioRA-TKA but did not find significant differences in postoperative pain at rest or during
movement. However, the number of rescue drugs needed was significantly lower in the RA-TKA group
compared with the control group, suggesting that RA-TKA may reduce postoperative pain.
Furthermore, the recovery of MS was significantly better in the RA-TKA group than in the control group.
There have been no previous reports evaluating quadriceps MS directly in RA-TKA. Kayani et al. [12]
examined 40 patients undergoing conventionaljig-based TKA and 40 patients who underwent Mako RATKA. Straight leg raise was achieved faster in RA-TKA than in conventional TKA. Additionally, recovery of
ROM tended to be better in the RA-TKA group than in the control group during the 14-day postoperative
period in this study. Kayani et al. [12] reported improved maximum knee flexion in Mako RA-TKA
compared with the conventional TKA group at discharge. Meanwhile, Naziri et al. [22] reported that
theMako RA-TKA cohort demonstrated improved ROM compared to the traditional TKAcohort at 90 days
postoperatively. On the other hand, Jeon et al. [23] reported no significant differencesinROM between the
ROBODOC RA-TKA and conventional TKA groups at 129 months postoperatively. Similarly, Cho et al. [24]
also reported no significant differences in ROM between the ROBODOC RA-TKA and conventional TKA
groups after a mean follow-up of 11.0 years. Therefore, RA-TKA could be more advantageous for early
functional recovery, especially for MS and ROM.
Several reports have reported that RA-TKA is related to fewer soft tissue injuries than conventional TKA
[25, 26]. Hamppet al.[25] conducted a cadaveric study and found thatRA-TKA was related toless soft
tissue damage, including posterior cruciateligament injury,compared with conventional TKA.RA-TKA
utilises haptic boundaries that limit theaction of the drill burr or sawblade for femoral and tibial
resections, and real-time intraoperative data is obtained. This could minimise the extra soft tissue release
and limit iatrogenic periarticular soft tissue injury compared with conventional procedures. In this study,
we examined the femoral circumference to evaluate soft tissue swelling, and no significant differences
were observed between the two groups. Overall, there is more evidence supporting that RA-TKA leads to
less soft tissue damage in patients.
Many studies have reported the accuracy of implant positioning in semi-active robotic TKA. Kayani et al.
[27] reported that Mako RA-TKA obtained better implant alignment than conventional TKA. Bollars et al.
[11] examined the limb alignment and orientation of components in TKA employinga Navioimage-free
handheld robotic sculpting system. They concluded that the Navio group showed significantly fewer
deviations compared with the standard technique. Additionally, Kaneko et al. [28] reported that the
rotational alignment of the tibial prosthesis was superior in Navio RA-TKA compared with conventional
TKA using 3D-CT evaluation. During this study, the RA-TKA group showed a better accuracy of implant
positioning, especially in tibial prostheses, compared with conventional TKA. Therefore, semi-active
robotic TKA could be a reliable procedure for accurate implant positioning in TKA.
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This study had several limitations. First, this was a retrospective study, and a prospective randomised
controlled study is needed. Second, the follow-up period was limited to 14 PODs, and long-term dataon
functional outcomes or revisionrates were not available. Third, we evaluated implant accuracy using
plain radiographs. CT scans could be more precise. Fourth, we did not consider the learning curve for the
RA-TKA in this study. Kayani et al. [27] reported that seven cases of Mako RA-TKA were required for
successful integration into the surgical workflow.

Conclusions
This study found better functional recovery in RA-TKA, including muscle strength and ROM recovery. RATKA reduced the need for rescue drug intake and provided better implant positioning. Therefore, our data
support the utility and implementation of RA-TKA for orthopaedic surgeons.

Methods
Participants
From January 2018 to April 2021, we performed 123 primary TKAs using bi-cruciatestabilised (BCS) TKA
(Journey II, Smith & Nephew, Tokyo, Japan) in 110 patients at our institute. Patients with OA and knee
varus deformities were included. The exclusion criteria were rheumatoid arthritis, osteonecrosis of the
knee, posttraumatic OA, and valgus deformity of the knee. Ultimately, 113 knees (100 patients) were
eligible for this study. We performed 55 TKAs (51 patients) using conventional extramedullary systems
from January 2018 to December 2019, and 58 TKAs (49 patients) were performed using Navio RA-TKA
from January 2020 to April 2021. Therefore, we divided the patients into two groups: the control group
and the RA-TKA group. All study participants provided informed consent, andGifu University School of
MedicineInstitutionalEthics approved all procedures performed during this study (approval number: 2019238).The following methods were carried out in accordance with relevant guidelines and regulations.

Surgical Procedures
Control group
Extramedullary (EM)-guided TKA was performed in accordance with previously reported procedures [15,
16]. Before the operation, the patients were restrained against the operating table using surgical tape. The
centre of the femoral head was marked with a rounded magnetic marker. The knee joint was exposed
employing a medial parapatellar approach, and also the anterior and posterior cruciate ligaments were
resected. The proximal tibia was cut using an EM guide. After resecting the tibial plateau, the surgeon
followed the manufacturer’s instructions regarding the use of the femoral EM guide. After setting the
cutting guide sleeve, the EM rod was aligned with the magnetic marker from the Whiteside’s line. After the
distal femur was cut, gap balancing was performed to determine the rotation of the femoral component
following soft-tissue balancing. The goal of the femoral alignment was 90° to the mechanical axis within
the frontal plane and 3° flexion within the sagittal plane to avoid femoral cortex notching. After these
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procedures, additional osteophytes were removed, especially in the posterior aspect of the medial femoral
condyle. The rotation of the tibial component made up our minds using the range-of-movement technique
[17]. We then implanted the tibial and femoral components with cement.

Robotic-assisted TKA group
All procedures were performed within the same way as the control group before knee jointexposure. Then,
two partially threaded pins were placed into the proximal tibia and distal femur for the tracking arrays of
the robot system.The osteophytes were excised, and also the anterior and posterior cruciateligaments
were resected before gathering data using the robot. The anatomical landmarks, including the hip centre,
were registered in keeping with the manufacturer’s procedure. The femur and tibiamorphologies were
determined through mapping of the condylaranatomy bytracingthe surfaces with the probe tomake a
virtual 3D model of the knee. Following this, varus and valgus stresses were applied duringthe full range
of motion (ROM)to balance the dynamic soft tissue. The robotic systemcreated a graphical gap space
through a full ROM. The surgeon can adjust the desired mechanical axis.In this study, we planned the
femoral and tibial components to be perpendicular to the mechanical axis. Adjustments ofthe implant
size, position, and insert thickness in all planes were adjusted tooptimise soft tissue balance and
component tracking beforebone preparation. After planning the component, a high-speed 5-mm burr was
wont to cut the distalfemur bone. This drill burr continuously moved the handpiece and switched on and
offbecause the motorised burr moved in and out of the mapped cuttingarea. The pin holes for the
proximal tibia saw guides were preparedwith a 5-mm burr for the proximal tibia and a 2-mmburr for the
distal femur. The saw guides were then fixedin an optimal position tomake bone cuts of the proximal
tibia and anterior andposterior femur.After placing the trial components, balancing and
componenttracking were checked with varus and valgusstress during full ROManda graphical
representationof gap spacing.We then implanted the tibial and femoral components with cement.

Outcome measurements
The postoperative pain intensity was recorded by physical therapists employing a 100-mm visual
analogue scale (VAS; where 0=no pain and 100=worst imaginable pain) at rest (rVAS) and during
movement (mVAS) preoperatively and on postoperative days (PODs)3, 7, 10, and 14. They also evaluated
lower extremity functional recovery by quadriceps muscle strength and therefore the knee’s
ROM.Adynamometer (Isoforce, OG GIKENCo., Ltd., Okayama, Japan) was accustomedto measure the
manual muscle strength (MS)preoperatively and on PODs3, 7, 10, and 14 in a very manner the same as
manual muscle testing. The ROM was measured using a goniometer. Preoperative MSand ROM were
considered as 100%, and the postoperative topreoperative MS ratio was calculated.
We further examined the femoral circumference at 10cm above the superior margin of the patellae to
evaluate soft tissue swelling. Preoperative femoral circumference was considered to be 100%, and also
the ratio of the postoperative to the preoperative circumference was calculated.

Rescue dose
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All patients received oral celecoxib,200mg every 8h, for 14days postoperatively. Intravenous or oral
acetaminophen was provided if patients required additional analgesic drugs for postoperative pain.The
number of rescue drugs administered for pain was recorded on PODs14.

Radiographic measurements
Preoperative and postoperative radiological assessments included anteroposterior views of the full-length
lower extremities. We assessed the preoperative femorotibial angle (FTA) and postoperative implant
coronal alignment, including the varus-valgus (α and β) angles of the femoral and tibial components [15,
16]. In this BCS TKA, the femoral component had a 3° physiological line against the mechanical axis.
Therefore, an α angle of 93° was perpendicular to the mechanical axis.

Statistical analysis
A sample size calculation was performedusing the primary outcome measure of quadriceps muscle
strength during the 14-day postoperative period [18], and28 patients in eacharm were required. All
parameters are reported as mean ± standard deviation. Differences between the groups were compared
using Student’s t-test or the Wilcoxon rank-sum test. These statistical analyses were performed using
GraphPad Prism software (version 5.0; GraphPad Software, Inc., San Diego, CA, USA). Statistical
significance was set at P <0.05.
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Table 1 Preoperative patient background in the control androbot-assisted total knee arthroplasty
group
Control group (N=54)

RA-TKAa group (N=56)

P value

73.4 ±7.8

72.6 ±9.6

0.9063

40:15

44:14

Height (m)

1.53 ±0.096

1.52 ±0.096

0.9364

Body weight (kg)

62.9 ±13.9

60.7 ±9.6

0.4496

BMIb

26.8 ±4.4

26.3 ±4.3

0.4944

FTAc(°)

184.2 ±12.9

185.0 ±8.9

0.4922

Age
Sex (F:M)

a RA-TKA,

robot-assisted total knee arthroplasty; bBMI, body mass index; cFTA, femorotibial angle

Table 2 Comparison of component alignment between the control and the RA-TKA group

a

Control group
(N=54)

RA-TKA groupa
(N=56)

P
value

Coronal Alignment of Femoral Component (α
angle)

92.2° ± 2.1°

92.3°± 1.1°

0.4232

Coronal Alignment of Tibial Component (β
angle)

89.6° ± 2.2°

89.6°± 1.0°

0.4427

Femoral Component Varus/Valgus: % within
2°

92.6%

92.9%

0.9579

Tibial Component Varus/Valgus: % within 2°

72.2%

96.4%

0.0004

RA-TKA, robot-assisted total knee arthroplasty
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Figure 1
(a) Visual analogue scale at rest (rVAS). (b) Visual analogue scale during movement (mVAS). The rVAS
and mVAS were comparable between the control and the robot-assisted total knee arthroplasty (RA-TKA)
groups throughout the 14-day postoperative period

Figure 2
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Patients in the RA-TKA group showed significantly faster recovery of lower extremity muscle strength (%
muscle strength) than the control group on postoperative days (PODs) 3, 7, 10, and 14

Figure 3
Patients in the RA-TKA group showed significantly better range of motion (ROM) recovery (% ROM) than
the control group, differing on POD 10

Figure 4
The femoral circumference (%) was comparable in both groups through out the 14-day post operative
period
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Figure 5
(a) Distribution of femoral α angles (coronal alignment) in the two groups. The grey area indicates less
than 2° of deviation from the mechanical axis in the coronal plane. (b) Distribution of tibial β angles
(coronal alignment) in the two groups. The grey area indicates less than 2° of deviation from the
mechanical axis in the coronal plane
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