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Abstract
Purpose: Technological advances have significantly revolutionised ortho-
paedic surgery over the past decades. The introduction of robotic‐assisted
(RA) systems in total joint arthroplasty (TJA) surgery, especially in total hip
arthroplasty (THA) and total knee arthroplasty (TKA), represents a key
innovation. While the advantages of robotic assistance in primary joint
replacement surgery are relatively well known, its application in hip and
knee revision surgery implies a more complex and challenging scenario.
The procedures needed are inherently more difficult compared to primary
arthroplasties because of considerable bone loss, scar tissue, compromised
anatomical landmarks, and at times even damaged or eroded joint
structures.
Methods: This scoping review synthesises existing literature on the appli-
cation of RA systems in revision hip and knee arthroplasty. A systematic
search on the six major databases in September 2024 identified 24 eligible
studies for inclusion.
Results: Although various studies and case reports have demonstrated the
successful use of robotics in TJA surgeries, the existing body of literature
concerning revision surgery is still limited, and many questions remain
unanswered. While, for instance, robotic systems seem to have held some
promise for better improvement in implant positioning and alignment, it is
still quite unclear whether this development in technological advancement
will translate into better long‐term outcomes such as improved implant
longevity and lower revision rates.
Conclusions: Although early data are promising, having some possible
short‐term advantages, wide diffusion is limited because of high costs,
significant training requirements, and limited long‐term outcome data. By
identifying gaps in the current literature and emphasising areas for future
investigation, this review aims to define the ongoing development and
refinement of RA applications in revision arthroplasty, ultimately seeking to
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determine whether these technologies can achieve sustainable improve-
ments in implant longevity and patient satisfaction.

Level of Evidence: Level III.
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INTRODUCTION

The last few decades have seen significant advances
in surgical technology for orthopaedic surgery [5, 8, 36].
Presumably, the application of robotic‐assisted (RA)
systems in total joint arthroplasty (TJA), especially in
total hip arthroplasty (THA) and total knee arthroplasty
(TKA), has been one of the most important evolutions
in this medical field [18, 21, 31, 42, 49]. These tech-
nologies have been developed to overcome the limi-
tations of conventional manual surgical procedures, thus
potentially improving patient outcomes [30, 40, 41]. The
main advantage of the robotic systems is their ability to
integrate preoperative imaging and/or intraoperative data
recording with intraoperative execution to achieve more
effective restoration of joint biomechanics [15]. In primary
TJA, robotic systems such as MAKO®, ROSA®, RO-
BODOC®, NAVIO® and CORI® can improve surgical
accuracy, reduce the variability of implant alignment and
human error, as well as provide optimisation of compo-
nent positioning [7, 12, 14, 29, 32, 2, 48]. These
improvements result in superior short‐term clinical out-
comes such as lower complication rates, improved
functional recovery, and increased patient satisfaction.
Whereas the potential benefit of robotic assistance in
primary arthroplasty has been very well documented
[22, 35, 55], the application in revision surgeries—
particularly in hip and knee revisions—is much more
complex and presents a challenging landscape.

Revision arthroplasty is often required due to the
failure of primary implants because of loosening,
instability, infection, and other complications [9, 45, 51].
Such procedures are intrinsically more challenging
compared to primary arthroplasties as there is potential
bone loss, scar tissue, compromised anatomical land-
marks and sometimes damaged and eroded joint
structures. Moreover, stable fixation and appropriate
alignment of the implants in revision surgery represent
the keystones of the procedure, as improper position-
ing may result in a series of further catastrophic com-
plications, such as instability, reduced mobility, and the
failure of the implant [25, 46, 47, 52]. Conventional
revision techniques, though effective for all intents and
purposes, often lack the precision required to deal with
such multi‐faceted problems [16, 44].

Hence, this is where RA surgery has started to
show considerable potential. Over the last years,

robotic systems have been adapted for use in revision
TJA, and early evidence suggests that these technol-
ogies can offer substantial advantages. By providing
more accurate preoperative planning due to enhanced
imaging, robotic systems support the development of
customised surgical plans that address the unique
anatomical challenges presented by each patient. In-
traoperatively, robotic systems help surgeons execute
these plans with remarkable precision limiting human
error, minimising the need for intraoperative adjust-
ments, and preserving as much bone stock as possible
[4, 20, 38, 39, 58]. These features are important in
revision surgery since maintaining the structural integ-
rity of the remaining bone is critical in ensuring long‐
term implant success.

Despite such promising developments, the use of
RA systems in hip and knee revision surgery is still
in its infancy. Although there are case reports and
retrospective studies concerning the application
of robotics in arthroplasty revision surgery, the lit-
erature is still limited, and many questions are
unanswered. For instance, while robotic systems
have proven to improve implant positioning and
alignment, it is not clear whether such improvements
will translate into better functioning long‐term
results, such as longevity of the implant and low
revision rates.

This scoping review aims to outline the current
status of RA revision arthroplasty for hip and knee
joints. Based on a critical analysis of the available lit-
erature, this study will discuss the benefits and short-
comings of robotic systems in performing revision
surgeries, compare these outcomes to conventional
techniques, and then identify gaps in the existing
research.

MATERIALS AND METHODS

This scoping review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta‐Analyses (PRISMA) framework. It aims to
synthesise the available literature on the use of RA
systems for revision hip and knee arthroplasty. The
methodology encompasses an extensive search with a
selection of studies, including data extraction, and an
analytical process that is detailed below.
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Search strategy

A literature search was systematically carried out
across six major databases—PubMed, Embase, the
Cochrane Library, Google Scholar, ResearchGate and
Semantic Scholar—from their inception to September
2024. The search strategy included Medical Subject
Headings terms and keywords related to the subject,
such as ‘robotic‐assisted arthroplasty’, ‘revision total
joint arthroplasty’, ‘revision hip arthroplasty’ and ‘revi-
sion knee arthroplasty’. There were no limitations re-
garding languages, although the search was limited to
studies only involving human subjects. Moreover, ref-
erence lists of all the studies included were manually
screened to identify other relevant publications that
might have been missed in the main searches.

Eligibility criteria

Studies were eligible for inclusion if they met the fol-
lowing criteria: (1) involved adult patients undergoing

revision TJA using RA technology, either for hip or knee
arthroplasty; (2) included any type of study design
(randomised controlled trials, observational studies,
case reports, etc.) and (3) evaluated the outcomes or
techniques of RA revision surgeries. Conference ab-
stracts and full‐text publications were both included,
while animal studies or studies not related to RA revi-
sion TJA were excluded. At the end of the search
strategy and study selection, 24 papers were eligible
and were included in this review (Figure 1).

Data synthesis

A narrative synthesis approach was used to sum-
marise the findings, given the heterogeneity of the
study designs and outcomes across the included
studies. The focus was on identifying the key themes
related to the application of RA systems in revision hip
and knee arthroplasty, including surgical technique,
surgical precision, clinical outcomes and challenges
encountered.

Records identified from databases
(n =3520)

Records after duplications removed
(n =410)

Records screened
(n =410)

Records excluded based on
title/abstract
(n =281)

Full-text articles excluded:
Review (n =5)

Identification of studies via databases

Id
en
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n

Sc
re
en
in
g

In
cl
ud
ed

Full-text articles assessed for
eligibility
(n =29)

Studies included in review
(n = 24)

F IGURE 1 PRISMA workflow. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‐Analyses.
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RESULTS

Conversion from hip fusion to THA

Adil et al. in 2021 presented a unique case of Stryker
MAKO® RA conversion of a surgical hip arthrodesis
(performed after two unsuccessful hip surgeries for a
femoral neck fracture) to THA [1]. A thorough preoperative
planning via thin‐cut computed tomography (CT) scans of
the pelvis and hip, a computerised 3D model, and a
physical 1:2 scale model permitted them to correctly
understand the spatial representation of the hip anatomy
before the surgical procedure. The association of pre‐
operative data collection and real‐time navigation enabled
the acquisition of all necessary data points. After removing
the ectopic bone, the side plate, and the hip compression
screw, registration of the hip fusion mass was performed.
After reaching the appropriate depth of the acetabulum,
data points from its medial portion were obtained. With the
robotic assistance, a Stryker Tritanium® revision acetab-
ular component was impacted. Different from the pre-
operative plan, a monolithic Smith & Nephew Redapt™
stem was impacted down the femur to bypass cortical
stress risers resulting from the removal of the osteo-
synthesis system. A dual mobility system (oxynium‐
polyethylene) was used to enable a more stable implant.
The entire preoperative leg length inequality was not fully
addressed to prevent the risk of fractures when testing the
intraoperative range of motion. The authors reported a
progressive clinical improvement of the patient at the early
follow‐ups, even in the presence of a 3‐cm leg length
inequality and a residual Trendelenburg gait pattern.

Conversion from femoral osteosynthesis
to THA

Dretakis et al. in 2024 presented the case of a 69‐year‐old
female patient suffering a cut‐out complication of a proxi-
mal intramedullary nail for a left peri‐trochanteric hip frac-
ture that happened 4 months before [13]. Since the lag
screw was prominent in the hip, the surgeons opted for
conversion into a THA in a RA procedure (Stryker
MAKO®). The robotic procedure was performed accord-
ing to the same pre‐operative and intraoperative steps of a
primary robotic image‐guided procedure. The satisfactory
recovery of the patient confirmed the aptness of choice
since the robotic revision surgery provided accurate ace-
tabulum component placement and the precise restoration
of the hip joint anatomy and biomechanics.

Cement removal technique in hip
arthroplasty revision

Yamamura et al. reviewed the medical records and
radiographs of 19 patients (17 women and 2 men)

needing the revision of their primary THA (for aseptic
loosening, septic loosening, and central migration of
the bipolar head) for whom bone cement of the femoral
canal was removed using the ROBODOC® system (an
active robotic system) [56]. Bone cement was com-
pletely removed in all patients, with no instances of
perforation or femoral fracture. Full weight bearing was
possible within 1 week after surgery in 9 patients and
all remaining cases within 2 months.

Revision from primary THA to
revision THA

Bargar et al. described the use of RA THA revision
surgery with ROBODOC® [3] for the first time in 1998.
In this clinical trial, 30 THA revisions were included,
where either cement or fibrous tissue was removed by
robotic assistance. The regular Orthodoc™ and the
revision programme were used. Both programmes
were safe and practical. The regular programme was
used in cementless cases or in cemented revisions
where only a small cement mantle had to be removed
(in 23 patients). After the manual removal of the pri-
mary implant, the robot removed bone cement or, in
cementless cases, fibrous tissue during the reaming
and instantly created the cavity for a new cementless
implant. In seven patients, the new revision pro-
gramme, as a prototype, was used to remove extended
cement mantles from the cavity. In this programme, the
bone‐to‐cement interface was identified stepwise by
the surgeon during the planning for the Orthodoc™
system. After cement removal, a new cemented stem
was implanted. The authors concluded that RA surgery
could be performed without exposing the patient to
uncertain risks.

Zhang et al. in 2022 reported a case study
describing the adoption of Stryker MAKO® for the RA
revision of a THA associated with a severe acetabular
defect (Paprosky Type IIIB) [59]. The preoperative CT
planning was useful in generating a patient‐specific 3D
printed model of the pelvis to simulate the acetabular
component implantation and guide the surgical proce-
dure. The acetabular reaming was performed with the
assistance of the robotic arm, allowing the preservation
of the remaining acetabular bone mass. A 62‐mm
diameter Tritanium® acetabular cup (Stryker) was im-
planted according to the plan. The bone defect was
filled, and the augment was implanted and fixed with
three screws according to the 3D‐printed template. The
post‐operative quality of life greatly improved with sig-
nificant recovery of the function, as confirmed by the
results of the Harris Hip score and the Western Ontario
and McMaster Universities Osteoarthritis Index at
6 months.

In the same way, Zhou et al. in 2021 reported their
satisfying experience of 71 patients who had RA hip
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revision (cup revision carried out in 68 patients and
stem revision in 68 patients) [60].

Revision from medial or lateral
unicompartmental knee arthroplasty
(UKA) to TKA

Kalavrytinos et al. in 2020 reported the first case of a
revision surgery to TKA with the use of the robotic
MAKO® system in an 87‐year‐old female affected by
the failure of a medial UKA [19]. The bony segmenta-
tion was performed as it was a primary TKA, assuming
that the femoral and tibial components were the native
femoral and tibial profiles. According to the pre-
operative CT, the estimated depth of the medial plateau
was found to be 10mm more distal than the lateral one.
However, during the intraoperative planning, the tibial
resection cut was moved 2mm distally to reach the
healthy intact part of the bone and fill the gap of the
medial condyle with a 10mm augment. The authors
reported a highly satisfactory success rate for the
patient at 1‐year follow‐up.

Wallace et al. in 2020 presented four cases of
medial UKA requiring an RTKA (robotically performed
with Stryker MAKO®) [54]. The authors reported good
post‐operative results with no need for the use of
augments thanks to the extreme accuracy of the robotic
system.

Yun et al. retrospectively reviewed 34 patients
affected by the failure of UKA and who had undergone
revision surgery with conventional or RA procedures
(with MAKO®) [57]. The authors reported that the
mean thickness of the poly in the conventional group
was 12mm while it was 10mm in the robotic cohort (no
statistical difference). Surgery times were comparable
in the two groups. No revision components were used
in either cohort, and all conversions were executed by
implanting primary implants. Augments use showed a
statistically significant difference between the two
cohorts (29% in the conventional group versus 0% in
the robotic one).

Mancino et al. in their prospective study published
in 2024 compared 16 patients undergoing RA revision
of UKA to TKA and 35 matched patients undergoing
RA‐TKA (with MAKO®) [33]. The study reported that
robotic arm‐assisted revision of UKA to TKA was a safe
procedure. There were no conversions to conventional
manual instrumentation during the surgeries, indicating
the reliability of the robotic system. Intraoperative blood
loss, post‐operative rehabilitation outcomes, limb
alignment, length of hospital stay and post‐operative
complications were similar in both groups at short‐term
follow‐up. RA stereotactic boundaries limited bone
resection to the confines of the preoperative surgical
plan, with none of the patients requiring additional
augments or bone grafts.

Lachance et al. performed a retrospective review on
50 patients undergoing conversion from UKA to TKA,
divided into four groups based on primary and con-
version surgery: manual‐to‐manual, manual‐to‐robot,
robot‐to‐manual and robot‐to‐robot [23]. Manual UKA
utilised the Zimmer Biomet Oxford® Partial Knee Sys-
tem, and manual TKA utilised the Zimmer Biomet
Persona® System. The Stryker MAKO® was used to
perform the robotic procedures (Stryker Restoris®
MCK and Triathlon® prostheses were used for UKA
and TKA, respectively). Patients who had a primary RA
UKA had significantly fewer augments. Notably, robotic
revisions had the largest increase in poly size, unlike
other studies. This discrepancy, which was not entirely
clear, in the authors' opinion, could be related to the
intrinsic characteristics of the implants themselves, in
converting from a Zimmer UKA to Stryker RA‐TKA. No
statistically significant differences between primary RA
or manual UKA and RA or manual TKA were detected
in terms of range of motion at 1 year, complications, or
differences in components.

Tuecking et al. reported a retrospective case‐
control study comparing 20 patients undergoing TKA
and 20 undergoing revision arthroplasty from UKA to
TKA with an imageless RA system (NAVIO®, Smith &
Nephew) [53]. The implants (Journey® II BCS
prostheses) were functionally aligned with the pre‐
arthritic anatomy and preoperative soft tissue balance,
with no need for metal augment (femoral augments,
stems) in any of the cases. The results of this study
showed comparable surgery time, alignment accuracy,
bone preservation, and outcomes.

Raja et al. in 2024 reported for the first time the
technique and the results of the conversion of UKA to
TKA in three patients (for aseptic loosening, stress
fracture, and progressive osteoarthritis) employing the
ROSA® Knee System (Zimmer Biomet) with a non‐CT
based system [37]. The authors reported positive
results at 6 months in terms of radiographic stability,
pain and function.

Revision from patellofemoral UKA to TKA

Lachance et al. reported three cases of RA conversion
of previous patellofemoral arthroplasty to TKA using
the Stryker MAKO® system (for the progression of the
osteoarthritis in the other compartments, with no con-
cern for infection or mobilisation of the components)
[24]. A preoperative CT scan (according to Stryker
Makoplasty Protocol) was obtained in all patients. A
metal artefact reduction system assisted in visualising
the articular femoral surface during the scan. In-
traoperative registration was performed before remov-
ing the patellofemoral component, linking the loaded
CT data with the array placement to the local anatomy.
Standard components (with no augments or revision
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components) were used for all patients. No in-
traoperative complications have been mentioned.
Good mechanical and early clinical outcomes (as
confirmed by KOOS Jr scores) have been reported in
all patients.

Revision from primary TKA to revision
TKA (RTKA)

Steelman et al. in 2021 reported the first case of an RA
revision with Stryker MAKO® of a TKA due to failure
(aseptic loosening of the tibial component) of a primary
implant [50]. A Stryker Triathlon® TS arthroplasty with
the use of both femoral and tibial cones as well as
medial and lateral posterior femoral augments was
implanted. The authors reported a satisfactory post‐
operative component alignment with excellent clinical
results 6 months after the revision surgery.

Danoff et al. described the surgical technique of a
1.5‐stage exchange TKA for periprosthetic joint infec-
tion robotically assisted with Stryker MAKO® (based on
their experience with six patients) [11]. Intraoperative
bone landmark registration was performed with the
primary femoral and tibial components in situ. After the
removal of the components, the robotic saw was used
to perform all bone cuts necessary for the new implant
and to debride any bone in contact with prior infection.
If a bone defect was identified, the robotic technology
was able to simulate a new cut edge at the location of a
healthy bone site. The authors reported good early
outcomes in this series, considering this approach a
promising option with an excellent ability to clear the
infection and restore knee function.

Cochrane et al. reported the procedural details
concerning RTKA implant using an imageless robotic
system (CORI®, Smith & Nephew) [10]. Revisions
were performed both for aseptic and septic failures
(115 patients). Image‐free registration and surface
mapping were performed with the primary insert and
components in place. The bone cuts were performed
using the robotic system, and the augments were im-
planted based on the identified bony defects. The
results of this cohort (90‐day follow‐up) showed a fa-
vourable outcome with few readmissions.

Ngim et al. in 2023 reported a retrospective review
of 19 patients who had MAKO® RA‐TKA [34]. The
inclusion criteria were: patients who had previously
undergone UKA or TKA, or patients with a knee cement
spacer with well‐controlled periprosthetic infection. In
all cases, the RA revision was performed by implanting
a fully cemented TKA implant from the Triathlon® knee
revision system (Stryker Orthopaedics). In the CT
preoperative planning (performed according to Mako
robotic protocol), metal artefact reduction software was
used to reduce the artefacts from primary implants.
Intraoperative registrations of the femoral and tibial

bony landmarks were performed with the existing pri-
mary implants in situ. After ligament balancing, the
prosthetic components were removed with the MAKO®
saw. The bone cuts necessary for the revision implant
were the same as those in a primary case. Femoral or
tibial augments were implanted based on bony defects.
All patients progressively achieved independent
ambulation. None of them had uneventful recoveries
and did not need further revision surgery.

MacAskill et al. in 2024 reported the results of a
series of 25 consecutive patients undergoing an RA
RTKA (Stryker MAKO®) [27]. All patients had under-
gone a conventional non‐robotic TKA (different pros-
thetic implants had been implanted). The reasons for
the revision surgery were: instability, aseptic loosening,
and infection. A pre‐operative CT evaluation was per-
formed according to Mako System Protocol, and sev-
eral attempts have been performed to ensure an overall
registration error of ≤0.5 mm due to metal artefacts
from the primary implants. On the surgical side, after
careful implant removal, the virtual gaps were balanced
within the planning software, and bone cuts were per-
formed with the robotic arm. Implant augmentation was
used depending on the requirements for gap balancing.
At the end of the RA revision surgery, the final position
of the RTKA was assessed in terms of femoral com-
ponent varus/valgus, flexion/extension, internal/ex-
ternal rotation, transepicondylar axis, posterior
condylar axis, tibial slope, varus/valgus and internal/
external rotation. The coronal, sagittal and axial posi-
tions of the primary TKA and those of the RTKA were
compared. The results of this study showed a statisti-
cally significant difference between posterior condylar
offset and tibial slope component positioning for RTKA
compared to primary TKA. The post‐operative posterior
condylar and trans‐epicondylar axes averaged 0.24°
internal rotation and 1.45° external rotation, respec-
tively. These values were slightly less than the pre-
operative average values of 1.26° external rotation and
2.47° external rotation, respectively. These are statis-
tically significant aspects for a stable RTKA. Other
potential benefits of the robotic revision procedure may
include appropriate implant sizing, which is funda-
mental for the resultant ligamentous tension of func-
tional RTKA.

Main findings of the papers included in the present
review are displayed in Table 1.

DISCUSSION

The results of this scoping review highlight the growing
impact and potential of RA systems in the field of
revision hip and knee arthroplasty. The most commonly
used robotic system was Stryker MAKO®, an image‐
based system using CT planning, which most likely
enables greater accuracy in preoperative planning, a

6 of 12 |



T
A
B
L
E

1
S
u
m
m
a
ry

o
f
th
e
m
a
in

fin
d
in
g
s
o
f
th
e
st
u
d
ie
s
e
xa

m
in
e
d
in

th
is

re
vi
e
w
.

A
u
th
o
rs

N
u
m
b
er

o
f
p
at
ie
n
ts

Ty
p
e
o
f
su

rg
er
y

R
o
b
o
ti
c
sy

st
em

M
ai
n
fi
n
d
in
g
s
o
f
th
e
st
u
d
y

A
d
il
e
t
a
l.
[1
]

1
C
o
n
ve

rs
io
n
fr
o
m

h
ip

fu
si
o
n

to
T
H
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
a
ss
o
ci
a
tio

n
o
f
p
re
‐o
p
e
ra
tiv
e
d
a
ta

co
lle
ct
io
n
a
n
d
re
a
l‐
tim

e
n
a
vi
g
a
tio

n
e
n
a
b
le
d
th
e
a
cq

u
is
iti
o
n
o
f
a
ll
n
e
ce

ss
a
ry

d
a
ta

p
o
in
ts

to
p
e
rf
o
rm

th
e
co

n
ve

rs
io
n
fr
o
m

h
ip

fu
si
o
n
to

T
H
A
.

D
re
ta
ki
s
e
t
a
l.
[1
3
]

1
C
o
n
ve

rs
io
n
fr
o
m

fe
m
o
ra
l

o
st
e
o
sy
n
th
e
si
s
to

T
H
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
ro
b
o
tic

a
ss
is
ta
n
ce

p
ro
m
o
te
d
th
e
a
cc
u
ra
te

p
la
ce

m
e
n
t
o
f
th
e

a
ce

ta
b
u
la
r
co

m
p
o
n
e
n
t
a
n
d
th
e
p
re
ci
se

re
st
o
ra
tio

n
o
f
th
e
h
ip

jo
in
t

a
n
a
to
m
y
a
n
d
b
io
m
e
ch

a
n
ic
s.

Y
a
m
a
m
u
ra

e
t
a
l.
[5
6
]

1
9

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
H
A

R
O
B
O
D
O
C
®

T
h
e
b
o
n
e
ce

m
e
n
t
w
a
s
co

m
p
le
te
ly

re
m
o
ve

d
in

a
ll
p
a
tie

n
ts
,
w
ith

n
o

in
st
a
n
ce

s
o
f
p
e
rf
o
ra
tio

n
o
r
fe
m
o
ra
lf
ra
ct
u
re
.

B
a
rg
a
r
e
t
a
l.
[3
]

3
0

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
H
A

R
O
B
O
D
O
C
®

T
h
e
ro
b
o
tic

a
rm

re
m
o
ve

d
th
e
b
o
n
e
ce

m
e
n
to

r,
in

ce
m
e
n
tle

ss
ca

se
s,

th
e
fib

ro
u
s
tis
su

e
d
u
ri
n
g
th
e
re
a
m
in
g
a
n
d
in
st
a
n
tly

cr
e
a
te
d
th
e
ca

vi
ty

fo
r
a
n
e
w

ce
m
e
n
tle

ss
im

p
la
n
t
w
ith

o
u
t
e
xp

o
si
n
g
th
e
p
a
tie

n
t
to

u
n
ce

rt
a
in

ri
sk
s.

Z
h
a
n
g
e
t
a
l.
[5
9
]

1
R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
H
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
p
re
o
p
e
ra
tiv
e
C
T
p
la
n
n
in
g
a
n
d
th
e
a
ss
is
ta
n
ce

o
ft
h
e
ro
b
o
tic

a
rm

a
llo
w
e
d
fo
r
th
e
p
re
se

rv
a
tio

n
o
ft
h
e
re
m
a
in
in
g
a
ce

ta
b
u
la
r
b
o
n
e
m
a
ss
.

Z
h
o
u
e
t
a
l.
[6
0
]

7
1

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
H
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
R
A
p
ro
m
o
te
d
fa
vo

u
ra
b
le

cu
p
re
co

n
st
ru
ct
io
n
in

h
ip

re
vi
si
o
n
w
ith

a
cc
e
p
ta
b
le

su
rg
ic
a
l
tim

e
a
n
d
b
lo
o
d
lo
ss
.

K
a
la
vr
yt
in
o
s

e
t
a
l.
[1
9
]

1
C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

A
h
ig
h
ly

sa
tis
fa
ct
o
ry

re
su

lt
w
a
s
re
p
o
rt
e
d
in

a
n
8
7
‐y
e
a
r‐
o
ld

fe
m
a
le

a
ffe

ct
e
d
b
y
th
e
fa
ilu
re

o
fa

m
e
d
ia
lU

K
A
p
a
tie

n
to

n
e
ye

a
r
a
ft
e
r
th
e
R
A

re
vi
si
o
n
su

rg
e
ry
.

W
a
lla
ce

[5
4
]

4
C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

G
o
o
d
p
o
st
‐o
p
e
ra
tiv
e
re
su

lts
w
ith

n
o
n
e
e
d
fo
r
th
e
u
se

o
f
a
u
g
m
e
n
ts

th
a
n
ks

to
th
e
e
xt
re
m
e
a
cc
u
ra
cy

o
f
th
e
ro
b
o
tic

sy
st
e
m
.

Y
u
n
e
t
a
l.
[5
7
]

3
4
(n

=
1
7
co

n
ve

n
tio

n
a
l

p
ro
ce

d
u
re
;
n
=
1
7
R
A

p
ro
ce

d
u
re
)

C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

N
o
a
u
g
m
e
n
ts

w
e
re

u
se

d
in

th
e
ro
b
o
tic

g
ro
u
p
(v
s.

2
9
%

in
th
e

co
n
ve

n
tio

n
a
l
su

rg
e
ry
).

M
a
n
ci
n
o
e
t
a
l.
[3
3]

5
1
(n

=
1
6
R
A

re
vi
si
o
n
p
ro
ce

d
u
re
;

n
=
3
5
p
ri
m
a
ry

ro
b
o
tic

T
K
A
)

C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
R
A
re
vi
si
o
n
p
ro
ce

d
u
re

w
a
s
co

m
p
a
ra
b
le

to
p
ri
m
a
ry

ro
b
o
tic

T
K
A

in
te
rm

s
o
f
in
tr
a
o
p
e
ra
tiv
e
b
lo
o
d
lo
ss
,
p
o
st
‐o
p
e
ra
tiv
e
re
h
a
b
ili
ta
tio

n
o
u
tc
o
m
e
s,

lim
b
a
lig
n
m
e
n
t,
le
n
g
th

o
f
h
o
sp

ita
l
st
a
y
a
n
d
p
o
st
‐

o
p
e
ra
tiv
e
co

m
p
lic
a
tio

n
s.

L
a
ch

a
n
ce

e
t
a
l.
[2
3
]

5
0

C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

P
a
tie

n
ts

w
h
o
h
a
d
a
p
ri
m
a
ry

R
A

U
K
A

h
a
d
si
g
n
ifi
ca

n
tly

fe
w
e
r

a
u
g
m
e
n
ts
.
N
o
d
iff
e
re
n
ce

in
te
rm

s
o
f
ra
n
g
e
o
f
m
o
tio

n
a
t
1
ye

a
r,

co
m
p
lic
a
tio

n
s
o
r
d
iff
e
re
n
ce

s
in

co
m
p
o
n
e
n
ts

w
h
e
n
co

m
p
a
ri
n
g
ro
b
o
tic

a
n
d
co

n
ve

n
tio

n
a
l
su

rg
e
ry
.

T
u
e
ck
in
g
e
t
a
l.
[5
3
]

4
0
(n

=
2
0
R
A

re
vi
si
o
n
;
n
=
2
0

co
n
ve

n
tio

n
a
l
T
K
A
)

C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
m
ith

&
N
e
p
h
e
w

N
A
V
IO

®
N
o
n
e
e
d
fo
r
m
e
ta
la

u
g
m
e
n
ts

in
a
n
y
ca

se
.C
o
m
p
a
ra
b
le

su
rg
e
ry

tim
e
,

a
lig
n
m
e
n
t
a
cc
u
ra
cy
,
b
o
n
e
p
re
se

rv
a
tio

n
a
n
d
o
u
tc
o
m
e
s
w
h
e
n

co
m
p
a
ri
n
g
R
A

re
vi
si
o
n
a
n
d
co

n
ve

n
tio

n
a
l
T
K
A
.

R
a
ja

e
t
a
l.
[3
7
]

3
C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

Z
im

m
e
r
B
io
m
e
t
R
O
S
A
®

K
n
e
e
S
ys
te
m

G
o
o
d
o
u
tc
o
m
e
s
a
t
6
m
o
n
th
s
co

n
ce

rn
in
g
ra
d
io
g
ra
p
h
ic

st
a
b
ili
ty
,
p
a
in

a
n
d
fu
n
ct
io
n
.

(C
o
n
tin

u
e
s)
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T
A
B
L
E

1
(C

o
n
tin

u
e
d
)

A
u
th
o
rs

N
u
m
b
e
r
o
f
p
at
ie
n
ts

Ty
p
e
o
f
su

rg
er
y

R
o
b
o
ti
c
sy

st
em

M
ai
n
fi
n
d
in
g
s
o
f
th
e
st
u
d
y

L
a
ch

a
n
ce

e
t
a
l.
[2
4
]

3
C
o
n
ve

rs
io
n
fr
o
m

p
a
te
llo
fe
m
o
ra
l

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

N
o
a
u
g
m
e
n
ts

o
r
re
vi
si
o
n
co

m
p
o
n
e
n
ts

w
e
re

n
e
ce

ss
a
ry
.
G
o
o
d
e
a
rl
y

cl
in
ic
a
lo

u
tc
o
m
e
s
a
t
K
O
O
S
.

S
te
e
lm

a
n
e
t
a
l.
[5
0
]

1
R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
tr
yk
e
r
M
A
K
O
®

S
a
tis
fa
ct
o
ry

p
o
st
‐o
p
e
ra
tiv
e
co

m
p
o
n
e
n
t
a
lig
n
m
e
n
t
w
ith

e
xc
e
lle
n
t

cl
in
ic
a
lr
e
su

lts
6
m
o
n
th
s
a
ft
e
r
th
e
re
vi
si
o
n
su

rg
e
ry
.

D
a
n
o
ff
e
t
a
l.
[1
1]

6
R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
ro
b
o
tic

te
ch

n
o
lo
g
y
w
a
s
u
se

d
to

re
m
o
ve

in
fe
ct
e
d
b
o
n
e
a
n
d

m
a
ke

cu
ts

fo
r
th
e
n
e
w
im

p
la
n
t,
si
m
u
la
tin

g
cu

ts
in

h
e
a
lth

y
b
o
n
e
a
re
a
s

if
d
e
fe
ct
s
w
e
re

p
re
se

n
t.
E
a
rl
y
re
su

lts
w
e
re

p
o
si
tiv
e
,
sh

o
w
in
g
th
e

a
p
p
ro
a
ch

's
p
o
te
n
tia

l
to

cl
e
a
r
in
fe
ct
io
n
a
n
d
re
st
o
re

kn
e
e
fu
n
ct
io
n
.

C
o
ch

ra
n
e
e
t
a
l.
[1
0
]

11
5

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
m
ith

&
N
e
p
h
e
w

C
O
R
I®

F
a
vo

u
ra
b
le

9
0
‐d
a
y
o
u
tc
o
m
e
s
w
ith

ro
b
o
tic

a
ss
is
ta
n
ce

,
w
ith

a
lo
w
e
r

ra
te

o
f
co

m
p
lic
a
tio

n
s,

re
o
p
e
ra
tio

n
s,

a
n
d
re
a
d
m
is
si
o
n
s
co

m
p
a
re
d
to

co
n
ve

n
tio

n
a
l
re
vi
si
o
n
T
K
A
.
T
h
e
u
se

o
f
im

a
g
e
le
ss

ro
b
o
tic

sy
st
e
m
s

sh
o
w
e
d
lo
w
e
r
h
e
a
lth

ca
re

co
st
s
a
n
d
ra
d
ia
tio

n
e
xp

o
su

re
co

m
p
a
re
d
to

im
a
g
e
‐b
a
se

d
ro
b
o
tic

sy
st
e
m
s.

N
g
im

e
t
a
l.
[3
4
]

1
9

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
tr
yk
e
r
M
A
K
O
®

T
h
e
b
o
n
e
cu

ts
n
e
ce

ss
a
ry

fo
r
th
e
re
vi
si
o
n
im

p
la
n
t
w
e
re

co
m
p
a
ra
b
le

to
th
o
se

p
e
rf
o
rm

e
d
in

a
p
ri
m
a
ry

ca
se

.

M
a
cA

sk
ill

e
t
a
l.
[2
7
]

2
5

R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
tr
yk
e
r
M
A
K
O
®

A
st
a
tis
tic
a
lly

si
g
n
ifi
ca

n
t
d
iff
e
re
n
ce

w
a
s
o
b
se

rv
e
d
b
e
tw
e
e
n
R
A

R
T
K
A

a
n
d
p
ri
m
a
ry

T
K
A

in
te
rm

s
o
f
p
o
st
e
ri
o
r
co

n
d
yl
a
r
o
ffs

e
t
a
n
d

tib
ia
l
sl
o
p
e
co

m
p
o
n
e
n
t
p
o
si
tio

n
in
g
.
T
h
e
p
o
te
n
tia

l
b
e
n
e
fit

o
f
ro
b
o
tic

a
ss
is
ta
n
ce

m
a
y
in
cl
u
d
e
a
p
p
ro
p
ri
a
te

im
p
la
n
t
si
zi
n
g
,
fu
n
d
a
m
e
n
ta
lf
o
r

re
su

lta
n
t
lig
a
m
e
n
to
u
s
te
n
si
o
n
a
n
d
a
st
a
b
le

re
vi
si
o
n
T
K
A
.

M
a
g
ru
d
e
r
e
t
a
l.
[2
8
]

4
1

C
o
n
ve

rs
io
n
fr
o
m

U
K
A

to
T
K
A

S
tr
yk
e
r
M
A
K
O
®

Im
p
ro
ve

d
p
a
tie

n
t‐
re
p
o
rt
e
d
o
u
tc
o
m
e
s
a
n
d
lo
w

re
vi
si
o
n
a
n
d

co
m
p
lic
a
tio

n
ra
te

a
t
1‐
ye

a
r
fo
llo
w
‐u
p
,
e
ve

n
in

ce
m
e
n
tle

ss
im

p
la
n
ts

(8
6
.5
%
).

M
a
cA

sk
ill

e
t
a
l.
[2
6
]

2
R
e
vi
si
o
n
o
f
a
p
ri
m
a
ry

T
K
A

S
tr
yk
e
r
M
A
K
O
®

R
A
ca

n
im

p
ro
ve

co
m
p
o
n
e
n
ta

lig
n
m
e
n
ta

n
d
b
a
la
n
ce

,w
ith

g
o
o
d
p
o
st
‐

o
p
e
ra
tiv
e
re
su

lts
.
T
h
e
a
u
th
o
rs

su
g
g
e
st

th
a
t
ro
b
o
tic

su
rg
e
ry

m
a
y

re
d
u
ce

th
e
ri
sk

o
f
fa
ilu
re

in
T
K
A

re
vi
si
o
n
s
a
n
d
im

p
ro
ve

p
a
tie

n
t

sa
tis
fa
ct
io
n
.

A
b
b
re
vi
a
tio

n
s:

C
T,

co
m
p
u
te
d
to
m
o
g
ra
p
h
y;

K
O
O
S
,
K
n
e
e
In
ju
ry

a
n
d
O
st
e
o
a
rt
h
ri
tis

O
u
tc
o
m
e
S
co

re
;
R
A
,
ro
b
o
tic
‐a
ss
is
te
d
;
T
H
A
,
to
ta
l
h
ip

a
rt
h
ro
p
la
st
y;

U
K
A
,
u
n
ic
o
m
p
a
rt
m
e
n
ta
l
kn

e
e
a
rt
h
ro
p
la
st
y.
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key factor in revision arthroplasty surgery. Revision
arthroplasty, in general, presents increased surgical
challenges compared to primary arthroplasty for vari-
ous reasons, including bone loss, scar tissue and
compromised anatomical landmarks. Further compli-
cations arise with the highly expected precision for
proper positioning and alignment of implants to ensure
longevity. Robotic systems, such as MAKO®, ROSA®,
ROBODOC®, NAVIO® and CORI®, are proving to be
valuable tools in addressing these challenges, by pro-
viding increased accuracy in the positioning of the
implant, reduced variability in the surgical execution,
and bone stock preservation—all critical for the suc-
cess of revision surgeries. Although the conversion of
failed TJA to revision TJA with robotic assistance is
currently not approved by the Food and Drug Admin-
istration and thus off‐labelled for some of the robotic
systems, several studies included in this review dem-
onstrated the benefits of RAprocedures in improving
patient outcomes. For example, the work of Zhang
et al. [59] and Bargar et al. [3] showcased the role of
robotic systems in managing complex acetabular
defects, where robotic precision enabled the preser-
vation of remaining bone stock and optimised implant
placement. Similarly, studies like those conducted by
Lachance et al. [23, 24], Mancino et al. [33], Yun et al.
[57], Tuecking et al. [53] and Raja et al. [37] empha-
sised the role of diverse robotic systems in converting
partial knee arthroplasties to total knee arthroplasties
with high accuracy, minimising the need for bone aug-
mentation and reducing surgical time. These studies
collectively suggest that RA revision arthroplasty may
offer superior short‐term results compared to conven-
tional manual techniques.

Another notable advantage of robotic systems is their
ability to integrate preoperative imaging with intraoperative
execution, allowing surgeons to create patient‐specific
surgical plans that account for unique anatomical varia-
tions. This integration helps minimise intraoperative ad-
justments and ensures more predictable results, a crucial
factor in revision surgeries where the margin for error is
small. For instance, Yamamura et al. demonstrated that
robotic systems such as ROBODOC® were able to
accurately remove the bone cement in revision proce-
dures without causing additional bone damage and thus
facilitated faster recovery with a reduction in the risks of
post‐operative complications [56].

However, despite these clear advantages, some
significant barriers limit the broader use of RA revision
arthroplasty. Among them, the high purchase and
maintenance costs of robotic systems remain one of
the major deterrents, particularly in resource‐poor set-
tings. Additionally, the steep learning curve associated
with these systems requires substantial training and
practice, which can delay their integration into regular
surgery [31]. This is particularly relevant for revision
surgeries, where even minor errors can lead to severe

complications such as implant failure or infection.
Moreover, while the immediate post‐operative out-
comes of RA revision operations are promising, long‐
term data on implant survival and overall patient out-
comes remain scarce. Current studies, such as those
by Yun et al. [57] and Ngim et al. [34], suggest that
robotic systems offer similar or slightly better outcomes
compared to conventional techniques in the short term.
However, questions about the ability of these
improvements to lead to extended implant longevity or
reduced revision rates are still unanswered. On the
other hand, some authors do not report better results in
terms of clinical, functional, and radiological outcome,
nor increased patient satisfaction after RA arthroplasty
[6, 17, 43]. Another significant consideration is the
reliance of robotic systems on accurate preoperative
imaging, which may be hindered in cases where pa-
tients have prior implants that create imaging artefacts.
Ngim et al. [34] have discussed how metal artefact
reduction systems help mitigate this issue, yet the
dependency on advanced imaging technology may
limit the applicability of robotic systems in certain revi-
sion scenarios. Additionally, the heterogeneity in study
designs and outcome measures across the existing
literature makes it difficult to draw definitive conclusions
about the overall effectiveness of RA revision surgeries
compared to conventional methods.

By synthesising the available evidence, this study can
present valuable information to delineate the role of RA
revision arthroplasty by critically assessing its potential
benefits, current constraints, and study gaps. It provides
one of the first critical reviews on this underexamined but
clinically relevant topic: the systematic search strategy in
multiple databases adds validity by ensuring an extensive
and representative body of evidence. It might facilitate
orthopaedic surgeons' clinical decisions through the
analysis of the influence of robotic technology on implant
position, bone salvage, and intraoperative precision (key
factors in long‐term revision success). Furthermore, this
study could contribute to the controversy surrounding the
allocation of healthcare funding cost‐benefit analysis, and
access to RA technology, and therefore it could be useful
for policy‐makers and hospital administrators. While
promising early results are available, widespread use of
RA revision arthroplasty is currently limited by several
factors, including cost, a steep learning curve, and a lack
of robust long‐term clinical outcome data. While research
in this review has shown improved intraoperative accu-
racy, we should see whether advances will be reflected in
improved long‐term patient results. However, it is only
with large, high‐quality trials, including randomised con-
trolled trials with long‐term follow‐up, that the clinical
advantage of RA revision over conventional methods can
be guaranteed. Overcoming training and economic bar-
riers will be key to facilitating broader integration into
routine clinical practice. With continued refinement by the
technological progress of RA systems, their use in
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revision TJA may evolve from an adjunct to standard
care, with the potential to improve surgical outcomes and
patient satisfaction.

CONCLUSION

RA systems represent an important evolution in the
practice of revision hip and knee arthroplasty by
increasing precision during surgery and offering im-
proved short‐term results. The current evidence sug-
gests that robotic systems may reduce surgical
variability and lead to improved short‐term outcomes.
However, their high cost, steep learning curve, and
limited long‐term data restrain widespread adoption.
Addressing the economic, training, and logistical chal-
lenges associated with robotic systems will be the key
to their broader adoption in orthopaedic practice.
Though early results are promising, further research is
necessary to fully realise the potential of these tech-
nologies in revision surgeries.
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