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Abstract
Robotic assisted unicompartmental knee arthroplasty (RAUKA) has emerged as a successful approach for optimizing implant 
positioning accuracy, minimizing soft tissue injury, and improving patient-reported outcomes. The application of RAUKA 
is expected to increase because of its advantages over conventional unicompartmental knee arthroplasty. This review article 
provides an overview of RAUKA, encompassing the historical development of the procedure, the features of the robotic arm 
and navigation systems, and the characteristics of contemporary RAUKA. The article also includes a comparison between 
conventional unicompartmental arthroplasty and RAUKA, as well as a discussion of current challenges and future advance-
ments in the field of RAUKA.
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1 Introduction

Unicompartmental knee arthroplasty (UKA) has demon-
strated favorable surgical outcomes in patients with end-
stage unicompartmental osteoarthritis with proper indica-
tions [1, 2]. These indications include painful osteoarthritis 
or osteonecrosis limited to a single compartment of the 
knee, accompanied by significant reduction in joint space 
on radiographs [3]. Compared to total knee arthroplasty 
(TKA), UKA offers several advantages including less bone 
loss, the possibility of ligament preservation, reduced blood 
loss, shorter hospital stays, fewer postoperative complica-
tions, the maintenance of native biomechanics, and cost-
effectiveness [4]. However, prior studies showed that UKA 
had shorter longevity and a higher revision rate than TKA, 
indicating that careful patient selection is essential for 
optimal surgical outcomes [5, 6]. UKA can result in sub-
optimal surgical outcomes due to potential malpositioning 
and malalignment. According to Jenny et al., 30% of con-
ventional UKAs showed inaccurate implantation [7], while 
Keene et al. reported that only 60% of conventional UKAs 

demonstrated alignment within 2 degrees of the preopera-
tive plan [8]. Batailler et al. reported that in conventional 
UKAs, tibial baseplate positioning had an outlier exceeding 
3 degrees in 35% of cases [9]. The annual surgical volume 
of UKAs conducted by a surgeon significantly influenced 
implant survivorship, with surgeons who performed fewer 
than 10 UKAs per year showing a mean 8-year survival rate 
of 87.9% and surgeons who performed more than 30 UKAs 
per year showing a 92.4% mean 8-year survival rate [10].

Robotic-assisted UKA (RAUKA) was introduced to over-
come these limitations of conventional UKA [6]. RAUKA 
aims to enhance bone-cutting accuracy, improve implant 
positioning and alignment restoration, reduce human error, 
and minimize soft tissue injury to reduce complications [4, 
11]. RAUKA is primarily based on navigation and robotic-
arm technology [12]. While navigation contributes to surgi-
cal planning and the accuracy of the procedure, it does not 
safeguard against potential manual errors by the surgeon. 
Therefore, the use of a robotic arm can reduce manual errors 
and improve surgical accuracy by confining operations to the 
intended area through the utilization of haptic feedback [13].

Meanwhile, the relatively restrictive criteria for UKA 
patient selection, including age over 60 years, weight under 
82 kg, varus deformity less than 5 degrees, a range of motion 
over 90 degrees, and flexion contracture less than 5 degrees, 
are undergoing changes [14, 15]. As reported by Gowd 
et al., when the patient selection criteria were broadened to 
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disregard factors such as knee deformity, age, activity level, 
pain level, and heavyweight and instead focused solely on 
the narrowing of the unicompartmental joint space as the 
indication for RAUKA, a favorable 4-year survivorship rate 
of 92% was observed [16]. A recent study by Bayouomi et al. 
reported a 10-year survivorship of 91.7% for RAUKA, along 
with a satisfaction rate of 91% [17]. With the expanded 
indications, satisfactory outcomes are expected to lead to 
increased numbers of both UKA and RAUKA [18]. In addi-
tion, the utilization UKA is expanding through the integra-
tion of robotic assistance [19], especially by diminishing the 
steep learning curve, a significant challenge for low-volume 
surgeons [20, 21]. The use of robotic-assisted knee arthro-
plasty has surged from below 0.1% in 2008 to 4.3% in 2018 
[22]. Currently, 15 to 20% of UKAs in the United States are 
performed with the assistance of robotic technology, and 
this percentage is projected to grow by over 37% in the next 
decade [23].

2  History of conventional 
and robotic‑assisted UKA

The concept of single-compartment knee arthroplasty 
replacement emerged in the 1950s when McKeever devised 
the first metallic tibial plateau for resurfacing only the tibial 
plateau [24]. In 1972, Marmor performed the first modern 
UKA, simultaneously resurfacing the same compartment of 
the femur and tibia [25]. However, the initial results of UKA 
were not satisfactory, with a revision rate of more than 30% 
reported in follow-up studies over 10 years [26]. The main 
reasons for revision were implant malposition and mala-
lignment of the lower extremities [27]. These poor surgi-
cal outcomes led to a decline in interest in UKA, and TKA 

was regarded as the gold standard [28]. A decade later, the 
application of more detailed and strict inclusion criteria for 
UKA by Kozinn and Scott led to an improvement in UKA 
outcomes [14]. The Oxford UKA, introduced in 1982, made 
significant advancements in modern UKA [29]. Its design 
considerations focused on maximizing component contact 
area while preserving and restoring the natural tension in 
the remaining soft tissues. The Oxford UKA has developed 
over time, offering a larger range of sizes and a minimally 
invasive approach, resulting in a reported 10-year survivor-
ship exceeding 95% [30, 31]. Since the early 1990s, novel 
implant designs with instrumentation comparable to that of 
TKA have been introduced [32, 33]. In a systematic review 
by van der List et al., modern UKA implants demonstrated 
a 15-year survivorship of 88.9% for medial and 89.4% for 
lateral UKA [34].

William Bargar introduced the first robotic orthopedic 
surgery system in the 1980s called ROBODOC, which was 
initially developed to improve the accuracy of femoral stem 
positioning in total hip arthroplasty [35]. The procedure 
involved the use of an external fixator to stabilize the femur, 
followed by the preparation of the femoral canal using a 
milling system. This approach greatly enhanced the accuracy 
of bone preparation and reduced the risk of fractures. Sub-
sequently, this technology was adapted to enhance the preci-
sion of bony cuts in TKA and further extended to UKA [35]. 
Cobb and his team at Imperial College, London, developed 
the Acrobot (Acrobot Ltd., London, UK), which was the first 
haptic robotic technology designed for UKA. This system 
provided surgeons with tactile feedback to increase preci-
sion [36]. Subsequently, additional systems, such as Mako 
(Fig. 1) (MAKO Surgical Corporation, FL, USA), which 
uses a dynamic referencing system, and Navio (Smith & 
Nephew, PA, USA), which does not require preoperative 

Fig. 1  a The Mako system comprising an image-guided navigation 
system and a semi-active robotic arm. b A schematic representation 
of bony registration. (Image adapted from the "Mako Partial Knee 

Medial Unicondylar Resurfacing Surgical Reference Guide", with 
permission from MAKO Surgical Corporation, FL, USA)
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imaging planning, were developed. These advancements 
in robotic technology have shown promising early clinical 
results, but further studies are necessary to evaluate their 
outcomes [4].

3  Types of robotic systems

3.1  Distinctive robotic platforms: Soft tissue 
intervention vs. Bony resection

Robotic surgical systems are broadly categorized into two 
primary types: those engineered for soft tissue intervention 
and those designed for bony resection. The Da Vinci robotic 
system (Intuitive Surgical Incorporation, CA, USA) is pri-
marily designed for laparoscopic procedures on soft tissues. 
This system features multiple robotic articulations and a 
wide degree of freedom for its surgical instruments, enabling 
interventions on soft tissues through minimal entry portals 
[37, 38]. Unlike orthopedic robotic systems, the Da Vinci 
system emphasizes direct high-resolution 3D visualization, 
providing a magnified, 360-degree view of the surgical field. 
Furthermore, it enables the surgeon to operate remotely from 
a distant console [39].

Meanwhile, robotic systems in the field of orthopedics 
consist of navigation and robotic-arm technology (including 
handheld devices) [12]. These systems prioritize the preci-
sion of bone preparation, necessitating tools such as saws, 

burrs, and drills. Specifically, knee arthroplasty demands 
more than just the direct visualization of the surgical field; it 
necessitates the ability to attain accurate alignment and gap 
balancing through the utilization of navigation technology. 
The navigation system offers real-time, three-dimensional 
(3D) visual guidance to the surgeon during the procedure, 
while the robotic arm performs the actual surgery under the 
surgeon’s control (Fig. 2) [30].

3.2  Passive, semi‑active, and active systems

Robotic systems can be categorized into passive, semi-
active, and active types, depending on the level of autonomy 
provided to both the surgeon and the robot [40].

Passive systems involve the surgeon's continuous and 
direct control during surgery. The robot assists by placing a 
guide or jig in a predetermined location while the surgeon 
manually performs the bony resections [41]. These systems 
use computer-assisted or navigation technology to provide 
positional guidance, which is displayed on an overhead mon-
itor. While these systems can improve implant alignment, 
the lack of safety constraints, such as haptic feedback, may 
increase the risk of human error. In addition, no superiority 
in implant survival or clinical outcomes compared to con-
ventional manual arthroplasty has been reported [41, 42].

Semi-active robotic systems, often referred to as haptic 
systems, provide multimodal feedback (e.g., auditory, tac-
tile, or visual) to enhance the surgeon's control over surgical 
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Fig. 2  Features of robotic-assisted unicompartmental knee arthroplasty 
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tools, usually by restricting bony cuts within spatial bounda-
ries [43]. Some semi-active technologies also control the 
speed and depth of surgical instruments, offering additional 
safety mechanisms [44]. For example, if the surgeon devi-
ates from the established cutting margins, the system either 
retracts the saw/burr or reduces its speed to prevent devia-
tion from the pre-defined surgical plan. Nonetheless, these 
systems still require the surgeon's manual manipulation of 
the cutting instrument [45, 46].

Active robotic systems operate autonomously, performing 
cutting or milling without the direct handling of the sur-
geon. Preoperative imaging is used to create a surgical plan 
[43]. The surgeon makes the surgical approach, positions the 
retractors, and secures the limb to a holding device. After 
calibration, the robotic arm independently conducts femo-
ral and tibial bone resections, with the surgeon maintaining 
control through an emergency stop button [46, 47].

3.3  Navigation in robotic systems

Computer-assisted navigation has been developed in the 
last two decades to improve the accuracy and precision 
of component positioning in knee arthroplasty, leading to 
improved limb alignment [48]. These navigation systems 
enable the recording of intraoperative joint range of motion 
and kinematics, allowing for the evaluation of knee mechan-
ics in advanced arthritis [49]. Navigation systems can be 
categorized into three types: image-based navigation, image-
less navigation, and the more recent accelerometer-based 
navigation systems [48]. Many studies have provided evi-
dence that navigation is more consistent in achieving the 
intended alignment compared to conventional intramedul-
lary/extramedullary alignment methods [50–52].

3.3.1  Image‑based navigation

Image-based navigation uses preoperative or intraoperative 
imaging to create a 3D model of the patient's knee [53]. 
Preoperative imaging involves acquiring high-resolution 
images of the knee using imaging modalities such as com-
puted tomography (CT), magnetic resonance imaging 
(MRI), or X-rays [43]. These images are processed by soft-
ware to create a 3D model of the knee joint, which is used 
for surgical planning. Surgeons can determine implant size 
and positioning and anticipate potential challenges dur-
ing surgery. However, matching preoperative images with 
the actual 3D anatomy during surgery poses a challenge 
in image acquisition. For example, when surgeons aim to 
visualize their contact point within the surgical field on the 
navigation monitor, a synchronization process is essential. 
This matching process superimposes the real-time surgi-
cal view onto the knee model displayed on the monitor. 

Various registration methods are available to address this 
issue, including identifying corresponding landmarks on 
the images and the patient's body, aligning a surface on 
the images with the actual body surface, or a combina-
tion of both approaches [54]. During surgery, an image-
based navigation system provides real-time guidance to the 
surgeon, displaying surgical instruments and the patient's 
anatomy on a computer screen overlaid on the preopera-
tive 3D model.

In contrast, intraoperative imaging does not require 
preoperative registration. The camera captures both the 
reference frame on the patient's body and the fluoroscopic 
C-arm simultaneously, allowing for the superimposition 
of surgical instruments onto the fluoroscopic image, even 
if there are positional changes in the patient's body [54]. 
This technique, known as virtual fluoroscopy, enables 
navigation using multiple views simultaneously, a unique 
feature of navigation systems. The popularity of image-
based navigation systems has grown with the emergence 
of robotic-assisted arthroplasty [55].

3.3.2  Imageless navigation

Imageless navigation systems negate the need for pre-
operative imaging, thereby reducing costs and radiation 
exposure [40]. These systems generate a 3D model of 
the knee using intraoperative data input by the surgeon, 
including specific anatomical landmarks and the range of 
motion [49]. This 3D model of the knee is derived from 
a pre-existing knee CT database, incorporating anatomic 
references such as the center of the knee and landmarks 
on the proximal tibia and distal femur [56]. Optical track-
ing mechanisms are integrated into imageless navigation 
systems to measure the position and orientation of optical 
reference frames [57].

Imageless navigation requires three main components: 
a computer, a tracking system, and trackers. The track-
ing system, synchronized with a camera, monitors vari-
ous components, including a stylus used by the surgeon to 
digitize anatomical landmarks, as well as an instrumented 
plate that registers the position and orientation of cutting 
blocks and bone surfaces [49]. Reflective balls or other 
devices serve as trackers, tracked by the camera through 
created light beams. Software algorithms are employed by 
the computer to track these trackers and create a virtual 
rendering of spatial orientation. The accuracy of tracking 
in imageless navigation systems depends on the integration 
of the tracking camera and the corresponding reference 
frames, with an accuracy range of 0.5 to 3 mm [58]. How-
ever, inherent inaccuracies may arise in imageless naviga-
tion referencing due to potential errors in identifying pre-
scribed anatomical reference points by the surgeon [59].



547Biomedical Engineering Letters (2023) 13:543–552 

1 3

3.3.3  Accelerometer‑based navigation

Accelerometer-based navigation (ABN) is a recent technique 
that uses sensors to provide real-time data on the position, 
alignment, and trajectory of the knee during surgery, includ-
ing angular degrees and translation distances [60]. Unlike 
conventional intramedullary alignment guides, ABN does 
not depend on assumptions derived from the anatomical 
axis. Instead, it registers the true mechanical axis [61]. One 
advantage of ABN is the elimination of large console sys-
tems, resulting in no initial setup costs. Additionally, ABN 
effectively resolves any intraoperative line-of-sight issues 
between the camera and the reference arrays [62]. ABN also 
avoids pin site complications by not requiring trans-osseous 
femoral and tibial tracker fixation, reducing surgical time. 
These features make ABN a less invasive and potentially 
more cost-effective option [63]. However, a limitation of 
ABN is the inability to verify the accuracy of the resec-
tion using a navigated array after tibial or femoral resec-
tion, which is a feature present in larger console navigation 
systems. Furthermore, ABN does not provide information 
on soft-tissue tension and lacks the capability to assist in 
setting tibial or femoral component positioning. The cost of 
single-use components required during surgery should also 
be considered [63].

3.4  Contemporary RAUKA systems

Contemporary RAUKA systems share common features in 
surgical workflow, including patient-specific planning, bone 
registration, and dynamic soft tissue balancing through real-
time feedback (Fig. 3) [12]. Currently, the most widely used 
systems for RAUKA include those developed by Acrobot, 
Mako and Navio. However, there is a paucity of compara-
tive analyses evaluating the accuracy and outcomes of these 
systems [4].

The Acrobot (active constraint robot) is a semi-active, 
image-based system that involves CT scans for preopera-
tive planning. During surgery, the surgeon uses an active-
constraint device mounted on a positioner to prepare the 
bone “free-hand” using the robotic handle. The patient's 
position and bony surface are registered and reconstructed 
using a CT-based surface matching algorithm. A safe zone 
is defined, which prevents unintended damage if the handle 
is moved beyond the designated area [36].

The Mako system also uses preoperative CT scans for 
planning, determining the position and size of the implant 
based on the captured scan. During surgery, arrays are 
attached to pins inserted into the femur and tibia. Unlike 
the Acrobot, which uses a static referencing system, 
requiring the leg to remain fixed during surgery, the Mako 
system uses a dynamic referencing system. The arrays ena-
ble tracking despite alterations in position throughout the 
operation and allows the measurement of gap data at mul-
tiple flexion angles. A reconstructed 3D image from the 
CT scan provides virtual visualization of knee structures, 
enabling adjustments of implant alignment or positioning 
based on gap data for optimal placement. Bone resections 
are performed within defined boundaries using a saw or 
burr.

The Navio system utilizes an imageless platform and 
a handheld burr for bone resections. Similar to the Mako 
system, it tracks movements during surgery through an 
array attached to checkpoint pins inserted into the tibia 
and femur. However, the Navio system does not require 
preoperative CT scans, reducing radiation exposure. Knee 
flexion and extension are performed to assess the range 
of motion, while varus/valgus stress is applied to evalu-
ate soft tissue laxity. Reference points are verified, and 
direct surface mapping enables 3D reconstruction. Intra-
operative surface mapping and bone registration allows 
the surgeon to plan bony cuts and choose implant sizes. 

Fig. 3  Surgical workflow of robotic-assisted unicompartmental knee arthroplasty
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Upon establishing the surgical plan, real-time bone cutting 
within the defined boundary is enabled using a handheld 
burr [64].

4  Comparison of outcomes 
between conventional UKA and RAUKA

Comparative studies assessing the outcomes of conventional 
UKA and RAUKA have been widely conducted. Compari-
sons of the two techniques have primarily concentrated 
on radiological results, including component positioning 
and alignment, as well as clinical results, such as patient-
reported outcome measures and surgical complications 
[65–68].

In a cadaveric study by Lonner et al. using the Navio sys-
tem, bone preparation and implant positioning were achieved 
within 1.3 mm and 2 degrees of the planned values, respec-
tively [65]. Another cadaveric study by Citak et al. compared 
the outcomes of RAUKA and conventional UKA, with the 
robotic group demonstrating root-mean-square (RMS) errors 
for femoral and tibial component placements within 1.9 mm 
and 3.7 degrees and 1.4 mm and 5.0 degrees, respectively. In 
contrast, the conventional group exhibited RMS errors of 5.4 
mm and 10.2 degrees for the femoral component and 5.7 mm 
and 19.2 degrees for the tibial component [66]. Similarly, 
Smith et al. reported an RMS error of 1.46 degrees for tibial 
and femoral implants using the NAVIO system [67].

In the first clinical series of robotic UKA using a semi-
active robotic system (Mako), Pearle et al. demonstrated a 
disparity of within 1 degree between the pre-planned and 
intraoperative tibiofemoral angles. Postoperative long leg 
radiographs revealed a deviation of fewer than 1.6 degrees 
from the intraoperative values [69]. A randomized clinical 
trial by Rodriguez compared 15 conventional UKA patients 
and 13 RAUKA patients using the Acrobot system. The 
results showed an absence of outliers in implant positioning 
and lower extremity alignment in the RAUKA group, while 
60% of the conventional group were considered outliers [70]. 
A systematic review conducted by Bouché et al. found that 
RAUKA exhibited superior precision in bone cuts for the 
femoral component in the coronal plane, the tibial compo-
nent in the sagittal plane, and overall lower limb alignment 
compared to conventional UKA. However, the study did not 
identify any significant differences in functional or clinical 
outcomes up to 24 months postoperatively [71].

5  Current limitations of RAUKA

Despite the promising advantages of RAUKA, the current 
RAUKA system is still in the process of development and 
has several limitations. First, it remains under the direct 

control of the surgeon, lacking autonomous decision-mak-
ing capabilities. Additionally, it is unable to detect injuries 
occurring during surgery. Essential aspects such as planning, 
implant positioning and sizing, as well as the execution of 
bony cuts, rely entirely on the surgeon's manual input.

5.1  Learning curve

Similar to various other surgical procedures, RAUKA 
exhibits a learning curve. In a prospective study conducted 
by Kayani et al., involving 60 cases of conventional UKA 
followed by 60 cases of RAUKA, a learning curve of six 
cases was identified as the threshold for achieving profi-
ciency equivalent to conventional UKA in terms of surgical 
time and comfort levels. Notably, no such learning curve 
was observed for implant positioning, joint line restoration, 
and postoperative alignment [20]. Another study by Tay 
et al. reported an 11-case learning curve. Interestingly, no 
differences were found in learning curves or patient out-
comes when comparing high-volume and low-volume UKA 
surgeons, suggesting that RAUKA could be advantageous 
for surgeons with lower procedural volumes [21]. Still, the 
learning curve for RAUKA is comparatively shorter than 
that of conventional UKA, with previous research suggesting 
that 25 cases are required to achieve a satisfactory outcome, 
while the initial 10 cases may yield inferior results [72, 73].

5.2  Surgical time

Compared to conventional UKA, RAUKA is associated 
with increased surgical time. Goh et al. reported a 32 min 
increase in operative time in RAUKA compared to con-
ventional UKA [74]. Similarly, Hansen et al. reported a 20 
min increase of tourniquet time during RAUKA compared 
to conventional UKA [75]. In addition, MacCallum et al. 
reported a 16 min increase for RAUKA [76].

5.3  Economic issues

The cost of RAUKA is subject to variation based on fac-
tors such as the healthcare system where the surgery is 
performed and perioperative considerations. For instance, 
the initial ROBODOC robotic system, introduced in the 
1990s, was priced at $635,000 in Europe [77]. The utiliza-
tion of RAUKA requires expenses for purchasing the robotic 
device, conducting preoperative imaging, training surgical 
personnel, and increased operative time [20, 78]. Moschetti 
et al. reported that RAUKA becomes more cost-effective 
than conventional UKA when over 94 RAUKA surgeries are 
performed yearly and two-year revision rates are kept under 
1.2% [79]. Although RAUKA incurred higher costs, the 
increased implant longevity justified the additional expendi-
ture associated with the robotic system [79, 80]. In a study 
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by Christen et al., the image-based robotic arthroplasty had 
the highest supplementary charge of $2,600 compared to 
conventional procedures. It was followed by the imageless 
robotic arthroplasty (an added $1,530), with navigation-
only methods being the most affordable [81]. Swank et al. 
reported that steady growth in robotic operations might 
offer a return on investment in two years [82]. Goh et al., 
using a time-driven activity-based costing method, showed 
that overall facility costs were lower for RAUKA, despite 
longer operation time and higher personnel costs. Savings in 
implant costs accounted for this decrease, though contractual 
dealings between implant manufacturers and medical institu-
tions may influence these differences [74].

6  The future of RAUKA

In the future, the focus in RAUKA will be on enhancing 
precision and accuracy and developing more automated sur-
gical planning algorithms. Technological advancements are 
expected to reduce surgical time, improve cost-effectiveness, 
reducing the economic burden on patients, hospitals, and 
society [80]. Efforts will also be made to reduce the learn-
ing curve and achieve consistent surgical outcomes, regard-
less of the surgeon's experience or surgical volume [20, 21]. 
Technological advancements, including refined landmark 
recognition, could provide precise implant position, through 
enhanced alignment and gap balancing. These innovations 
can present multiple options tailored to the patient's specific 
anatomy and the surgeon's surgical preferences. In addition, 
these advancements may eliminate the need for bony pins 
during registration and facilitate bone resection without 
complete joint visualization. This could lead to shorter sur-
gical time and less postoperative complications. Addition-
ally, RAUKA may allow surgeons to restore alignment to the 
pre-arthritic state, addressing a limitation in conventional 
UKA and potentially restoring natural knee movements [83].

6.1  Full automation of RAUKA

While current RAUKA procedures utilize semi-active sys-
tems, the future may see a shift toward fully active systems. 
This transition could streamline the surgical process by 
reducing the personnel count. Currently, surgeons manu-
ally manipulate soft tissue retraction, ensuring retractors are 
aptly placed within the surgical field. To achieve full auto-
mation in RAUKA, the development of automated retraction 
technology and a robotic "eye" capable of soft tissue recog-
nition is necessary. Also, the presence of additional robotic 
arms capable of performing retraction tasks, and a reduc-
tion in the size of bulky robotic arms, are required. Such 
technology should incorporate a sensor that monitors soft 
tissue tension, adjusting retraction forces to avoid surpassing 

damage thresholds. Furthermore, the current bulky design of 
robotic arms adds to the inconvenience of moving the device 
in and out of the operating room. Downsizing these devices 
and integrating them into surgical booms would mitigate 
this issue.

6.2  Registration methods

Accurate bone registration is crucial for computer navigation 
and robotic surgery. However, the current registration sys-
tems can be expensive, cumbersome, and have limitations in 
accuracy or require intraoperative radiation [84]. To address 
these drawbacks, Liu et al. proposed spatial surface registra-
tion using a preoperative knee MRI and CT image-derived 
fusion model point cloud and an intraoperative laser-scanned 
cartilage surface point cloud [56]. Similarly, He et al. uti-
lized impression molding with a structured-light 3D scanner, 
eliminating the need for X-rays and allowing efficient data 
capture in a single scan [84]. These technological advance-
ments have the potential to improve the speed and accuracy 
of registration for RAUKA.

6.3  Artificial intelligence in RAUKA

The integration of artificial intelligence (AI) into RAUKA 
is expected to advance in the future. AI models and algo-
rithms have been developed to emulate human intelligence 
and perform specific tasks [85, 86]. AI has the potential to 
enhance the capabilities of robotic surgical systems in under-
standing complex in vivo environments, preoperative plan-
ning, making decisions, predicting outcomes, and executing 
tasks with superior precision, safety, and efficiency, either 
autonomously or under human supervision [85, 87]. The 
incorporation of AI into RAUKA could minimize human 
errors and reduce operating time [88]. AI technology is also 
anticipated to improve the precise planning of UKA, lead-
ing to better surgical outcomes and patient satisfaction [89].

7  Conclusion

The application of RAUKA has effectively addressed the 
limitations of conventional UKA, enhancing surgical preci-
sion and accuracy. The integration of diverse robotic systems 
and navigation has improved component positioning and 
patient outcomes in UKA. Contemporary RAUKA systems 
have introduced innovative features, such as patient-specific 
planning and real-time feedback. The future of RAUKA is 
expected to advance through enhanced surgical precision, 
increased cost-effectiveness, the utilization of advanced reg-
istration methods, the development of soft tissue recognition 
technology, and the integration of AI
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