ISSN 2639-8109 | Volume 16

Annals of Clinical and Medical Case Reports®

Review Article Open Acces

The Emerging Role of Robotics in Revision Hip and Knee Arthroplasty: A Scoping
Review

Syed Haroon Mohammed*, OMS-II'!, Zohair Siraj, OMS-I', Montana Ricci, OMS-II!, Nathan Tebben, OMS-I', Konrad
Kulesza, OMS-I', Zakery Smith, OMS-II', Colter Romo, OMS-II', Cordell Farmer, OMS-I', Vincent Ly, OMS-II', Hannah
Bolleddu, OMS-I', Justin Geurts, OMS-II', Maheen Zaidi, OMS-I', Divya Bhanu Padala, OMS-I', Aisha Azghar, OMS-I',

Muhammad Faizan, OMS-II', Pasha Bazzal, BA? and Samaha Syed, MD?
"Rocky Vista University MCOM, 4130 Rocky Vista Way, Billings, MT 59101

2Universidad Auténoma de Guadalajara, School of Medicine, Zapopan, Jalisco, Mexico

3Dallas Nephrology Associates, Dallas, TX 75204, US

*Corresponding author:

Syed Haroon Mohammed,
Rocky Vista University, 4130 Rocky Vista Way,
Billings, MT 59101, USA

Citation:

Received: 27 Mar 2026
Accepted: 10 Apr 2026
Published: 13 Apr 2026
J Short Name: ACMCR

Copyright:

©2026 Syed Haroon Mohammed. This is an open
access article distributed under the terms of the
CreativeCommons Attribution License, which
permitsunrestricted use, distribution, and build
upon your work non-commercially

Syed Haroon Mohammed, The Emerging Role of Robotics in Revision Hip and Knee Arthroplasty: A Scoping Review. Ann Clin Med Case Rep®

2026; V16(3): 1-13

1. Abstract
1.1. Background

Total hip arthroplasty (THA) and total knee arthroplasty (TKA)
are among the most commonly performed surgical procedures,
with utilization continuing to rise. As primary arthroplasty vol-
umes increase, rates of revision procedures are also growing.
Revision arthroplasty presents unique technical challenges,
including bone loss, distorted anatomy, and compromised soft
tissue envelopes. Robotic-assisted technology has demonstrated
improved accuracy in primary arthroplasty; however, its role in
revision procedures remains less clearly defined.

1.2. Purpose

To evaluate the current evidence on robotic-assisted revision
THA and TKA, with a focus on surgical accuracy, clinical out-
comes, safety, and limitations of current technology.

1.3. Study Design
Scoping Review
1.4. Methods

A scoping review was conducted in accordance with PRIS-
MA-ScR guidelines. A comprehensive search of PubMed and the
Cochrane Library was performed for studies published between
January 2010 and December 2025. Eligible studies included
adult patients undergoing robotic-assisted revision THA or TKA
and reporting clinical or technical outcomes. Study selection,
data extraction, and synthesis were performed independently by
two reviewers. Outcomes of interest included component align-
ment, functional outcomes, complications, operative time, and
implant survivorship.

1.5. Results

Atotal of 22 studies met inclusion criteria. Robotic-assisted tech-
niques generally demonstrated improved component positioning
accuracy, alignment, and reproducibility compared with conven-
tional methods. However, improvements in functional outcomes
were inconsistent across studies. Operative time was generally
increased with robotic assistance, while blood loss and length of
stay showed no consistent differences. Complication rates were
low and comparable between robotic-assisted and conventional
techniques. Early survivorship outcomes were favourable across
both groups, with no clear differences in revision or reoperation
rates identified within available follow-up periods.

1.6. Conclusion

Robotic-assisted revision arthroplasty offers improved surgi-
cal precision and consistency without increasing complication
rates. However, these technical advantages have not consistently
translated into better functional outcomes or long-term clinical
benefits compared with conventional techniques. Much of the
current literature is limited by variability in study design, small
sample sizes, and short follow-up periods. Additional high-qual-
ity, longitudinal studies are needed to better understand the clin-
ical value of these technologies.

2. Introduction

Total joint arthroplasty represents one of the most effective and
widely performed interventions for end-stage degenerative joint
disease, with projected annual volumes exceeding 650,000 to-
tal hip arthroplasties (THA) and 1.26 million total knee arthro-
plasties (TKA) in the United States by 2030 [1]. Rates of these
procedures have continued to rise despite significant economic
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changes in the United States over the last 10 years [2,3]. THA
is a procedure that involves replacing a degenerated, arthritic,
or otherwise dysfunctional hip joint with an artificial ball-and-
socket type joint. Indications for the procedure include pain, di-
minished function, radiologic changes, and failed conservative
therapy [4]. Indications for TKA are similar, involving pain,
functional limitation, radiographic degeneration, and failure of
conservative management [4]. The knee joint is particularly sus-
ceptible to degenerative changes due to its weight-bearing func-
tion, complex biomechanics, and limited amount of cartilage.

Despite the success of primary arthroplasty, revision procedures
are increasing at an even greater rate, reflecting both the expand-
ing volume of primary surgeries and the growing longevity of
the patient population [4,5]. Of the cases reviewed, the most
common reason for revision was postoperative joint instability,
which accounted for 22.5% of revision cases. This may be asso-
ciated with continued degeneration of natural soft tissue that was
not replaced in the original surgery. This is distinct from me-
chanical loosening, the second most common cause of revision,
which involves failure of the implanted components. Postopera-
tive infection is the next leading cause of revision arthroplasties
[6].

Revision joint arthroplasty surgeries present unique technical
challenges, including bone loss, distorted anatomy, and com-
promised soft tissue envelopes, all of which complicate implant
fixation and restoration of joint biomechanics [7,8]. The most
important of these complications is patient bone loss [7]. In-
herently, there is less natural soft tissue present in patients who
have already had a primary joint replacement surgery, and maxi-
mizing soft tissue preservation is associated with significant im-
provement in mobility and decreases in recurrent pain symptoms
[8]. Lower amounts of soft tissue maintained during arthroplas-
ty procedures was associated with higher risks of second and
third revision surgeries [9]. Advanced reconstructive strategies,
such as bone grafting, have been utilized and shown to improve
post operation recovery and decreased needs for third revision
surgeries. Soft tissue donations from other patients, however,
comes with its own risks including transplant rejection and an
increased risk of infection [8]. Other unique risks of revision
surgeries include distorted anatomy from the implant, increasing
fracture risk, and soft tissue imbalance from acute or chronic
implant rejection.

The increasing use of robotics in surgery has interesting impli-
cations in THA, TKA, and revisional joint procedures. Robot-
ic-assisted (RA) surgeries have shown more accurate implant
placement, which could help to mitigate a lot of the adverse re-
actions to the procedures and decrease risk of revisional surgery.
Some drawbacks to robotic-assisted (RA) surgery have been
found, including a seven procedure learning curve for surgeons
and increased physician anxiety while using new tools [10]. Due
to the relatively new advent of robotic use in arthroplasty pro-
cedures, further research is needed to show how this affects risk
of requiring revision surgery [11]. However, the application of
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robotic systems in revision arthroplasty remains poorly defined,
as the majority of existing literature focuses on primary THA
and TKA. Exploratory analyses showed that the most important
factors for patients receiving a revision arthroplasty included re-
turning to normalcy, faith in surgical team, decreasing frequency
of hospital visits, and decreasing travel time for hospital visits,
but did not mention method of procedure [12]. Therefore, this
scoping review aims to evaluate the current evidence surround-
ing robotic-assisted (RA) revision THA and TKA, with a focus
on surgical accuracy, clinical outcomes, and limitations of cur-
rent technology.

2.1. Methods

This scoping review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analy-
ses Extension for Scoping Reviews (PRISMA-ScR) framework.
A protocol outlining the review objectives, eligibility criteria,
and planned search and data-charting procedures was developed
prior to study initiation and followed throughout the review pro-
cess.

2.2. Eligibility Criteria

Eligibility criteria were defined using the Population—Concept—
Context (PCC) framework. Studies were eligible for inclusion
if they were published between January 2010 and December
2025, provided original clinical data, evaluated robotic-assist-
ed revision total hip arthroplasty (THA) or revision total knee
arthroplasty (TKA), and included adult patients aged 18 years
or older. Eligible study designs encompassed randomized con-
trolled trials, prospective or retrospective cohort studies, case
series with original clinical data, and pilot or feasibility studies.
To be included, studies were required to report at least one clin-
ically relevant outcome related to revision arthroplasty, such as
component alignment, functional outcomes, complications, op-
erative time, or implant survivorship.

2.3. Search Strategy

A comprehensive literature search was conducted across two
major biomedical databases: PubMed and the Cochrane Library.
Searches covered the period from January 1, 2010, through
December 31, 2025. Search strategies incorporated controlled
vocabulary and free-text terms related to robotic surgery, revi-
sion arthroplasty, revision THA, and revision TKA. Boolean
operators were used to combine concepts, and search strings
were adapted for each database. No automation tools or ma-
chine-learning classifiers were used. The search identified 25 re-
cords from PubMed and 42 records from the Cochrane Library,
for a total of 67 records. After removal of 9 duplicates, 43 unique
records proceeded to title and abstract screening.

2.4. Study Selection

Study selection occurred in two stages. First, two reviewers in-
dependently screened titles and abstracts using predefined eligi-
bility criteria. Records deemed potentially relevant underwent
full-text review, also conducted independently by two reviewers.
Discrepancies at either stage were resolved through discussion.
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Of the 43 records screened, 20 were excluded because they re-
ported no results, were pending or in-progress trials, or did not
meet eligibility criteria. One additional record was excluded due
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to inaccessible full text. A total of 22 studies met inclusion cri-
teria and were included in the final review. The study selection
process is summarized in the PRISMA-ScR flow diagram (Fig-
ure 1).
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Figure 1: PRISMA-ScR flow diagram illustrating the identification, screening, and inclusion of studies from database searches. A total of 67 re-

cords were identified (25 from PubMed and 42 from the Cochrane Library), with nine duplicates removed prior to screening. 43 records underwent

title and abstract screening, all of which proceeded to full-text retrieval. 20 reports could not be retrieved due to incomplete investigations, leaving

23 full texts assessed for eligibility. One report was excluded due to inaccessible full text, resulting in 22 studies meeting all criteria and being

included in the final review.

2.5. Data Charting

A standardized data-charting form was developed and piloted
to ensure consistency across reviewers. Two reviewers inde-
pendently extracted data from all included studies, resolving
disagreements through consensus. Extracted variables includ-
ed study characteristics (author, year, country, design), surgi-
cal context (revision THA vs revision TKA), robotic platform,
registration method, imaging modality, bone-loss classification,
implant type, and details of the revision procedure. Clinical
outcomes included component alignment accuracy, functional
scores, complications, operative time, survivorship, and com-
parisons with conventional revision techniques.

2.6. Synthesis of Results

Consistent with scoping review methodology, no formal
risk-of-bias assessment or meta-analysis was performed. Ex-
tracted outcomes were synthesized descriptively and organized
by surgical procedure (revision THA vs revision TKA), robotic
platform, technical application, and clinical outcome domain.
Heterogeneity in robotic systems, revision indications, bone-loss
patterns, and outcome reporting precluded quantitative pooling.
Findings were therefore summarized narratively to map the cur-
rent state of evidence and identify gaps relevant to future re-

search.
Revision Total Hip Arthroplasty (rTHA)
2.7. Preoperative CT Planning

RA revision total hip arthroplasty (rTHA) begins with preopera-
tive CT imaging of the pelvis and femur that is used to generate a
three-dimensional (3D) reconstruction of the patient’s hip anat-
omy. The models are essentially templates that help guide the
surgeon to strategically plan acetabular cup inclination, antever-
sion, femoral stem size, amount of leg lengthening or shortening
needed, and restoration of the hip center of rotation. CT-based
planning enables patient-specific implant selection and position-
ing tailored to individual anatomy and biomechanics [13-17].

2.8. Restoration of Hip Biomechanics and Alignment Opti-
mization

During a RA rTHA, the robotic system translates the preopera-
tive plan into intraoperative execution, allowing for precise res-
toration of hip biomechanics. The robotic arm provides real-time
feedback and haptic boundaries to guide acetabular reaming and
cup placement within predefined inclination and anteversion an-
gles [13-16]. Additionally, RA rTHA aims to conserve bone by
limiting unnecessary removal of subchondral bone and avoiding
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excessive over-reaming of the acetabulum. Additionally, robot-
ic systems facilitate placement within established radiographic
targets, such as the Lewinnek and Callanan safe zones, which
are associated with reduced risk of dislocation. In conventional
THA, it was reported that 62% of cups were in the modified safe
zone in comparison to RA THA that yielded 92% [14]. Similarly,
RA THA group in study [17] had a higher proportion of patients
in the cup placement safe zones as well. Robotically assisted
cups have been shown to more consistently fall within these
safe zones compared to conventionally placed cups, reflecting
improved accuracy and reproducibility [13-17]. This increased
precision may contribute to reduced rates of dislocation and im-
pingement while improving prosthetic hip stability and implant
longevity [13-15].

2.9. Technical Challenges

No intraoperative complications related to robotic systems, such
as iatrogenic damage to bone or surrounding soft tissue, were
reported, suggesting that robotic guidance can be safely inte-
grated into surgical workflows [13,15]. While challenges such
as distorted anatomy may complicate preoperative planning,
CT-based software and intraoperative mapping techniques help
mitigate these issues by enabling patient-specific modeling and
controlled bone resection. However, these challenges are not
entirely eliminated and may still impact accuracy in complex
cases. There was no statistical difference in revision cases be-
tween RA THA and conventional THA [13,15,17]. However,
the study did not further evaluate whether revision procedures
are more technically challenging with RA THA, highlighting an
area for future investigation. Several limitations were identified
across the included studies. Study [16] was affected by loss to
follow-up and a high proportion of patient attrition over time.
In study [16,17], all procedures were done by a single-surgeon
study, which may limit generalizability to broader surgical popu-
lations and can therefore vary the intraoperative findings.

3. Revision Total Knee Arthroplasty (rTKA)
3.1. Alignment and Balancing

RA revision total knee arthroplasty (rTKA) systems are used
to optimize mechanical and kinematic alignment through im-
proved preoperative planning, intraoperative guidance, and live
feedback that improve the precision of implant positioning and
restoration of limb alignment during surgery. These systems
integrate imaging-based or imageless mapping to generate spe-
cific models for patients. This allows surgeons to specify im-
plant size, orientation, and positioning to the patient’s individual
anatomy. For example, CT-based robotic systems create 3D re-
constructions that guide bone resections and implant placement
to optimize mechanical alignment along with knee kinematics
[18]. Furthermore, robotic assistance has shown to improve the
accuracy of component alignment and reduce variability com-
pared to conventional techniques. This is the primary rationale
for its development and increased implementation [19].

Robotic techniques help provide dynamic tracking of limb po-
sition and continuous feedback on alignment parameters. This
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enables much more precise execution of the operative plan and
outcomes. Systems such as ROSA assist with accurate jig posi-
tioning and translation of the planned alignment into the final
implant construct, resulting in fewer outliers from the desired
mechanical axis and improved overall limb alignment [20]. Sim-
ilarly, RA techniques continuously demonstrate improved pros-
thetic alignment compared to traditional and even computer as-
sisted approaches. This supports their role in optimizing coronal
and sagittal alignment during TKA [1].

Beyond alignment, robotic systems play a vital role in flexion
extension gap balancing, which is essential for joint stability
and functional outcomes postoperatively. Conventional TKA
relies on subjective intraoperative assessment, that varies from
surgeon to surgeon, of ligament tension. In contrast, robotic sys-
tems provide quantitative, live measurements of soft tissue bal-
ance throughout the range of motion. This feedback is vital for a
surgeon to improve operative execution. Imageless systems such
as NAVIO and CORI enable intraoperative mapping of the ar-
ticular surface, measurement of the mechanical axis, along with
assessment of soft tissue tension under varus/valgus stress. This
enables surgeons to evaluate gap symmetry dynamically [21].
These systems guide adjustments to implant positioning and
bone resections based on live gap data provided by the systems.
This improves the accuracy of flexion and extension balancing,
a critical component of surgical procedures.

Additionally, robotic techniques incorporate ligament balancing
methods that evaluate and adjust gap tension prior to and during
bone resection. This live feedback and data enables surgeons to
improve decision making before and during operation. Addition-
ally, this allows surgeons to optimize component positioning to
achieve balanced gaps in both flexion and extension before final
implantation. Literature suggests that improved gap balancing
and soft tissue management with robotic systems can potentially
enhance surgical precision and reduce postoperative alignment
deviations, which is a potential complication [18]. Improper
flexion extension gap balance is known to contribute to altered
knee biomechanics and prosthetic failure, this capability rep-
resents a significant advantage of RA techniques.

3.2. Joint Line Restoration

Restoration of the native joint line is a critical parameter in
TKA. It can directly influence knee biomechanics, ligament ten-
sion, and overall functional outcomes for the patient. Impacting
the joint line can offset soft tissue balance, impair flexion exten-
sion mechanics, and overall contribute to abnormal loading pat-
terns that may accelerate prosthetic wear or compromise implant
durability. These are consequences that must be considered. In
addition to overall mechanical alignment, precise component
positioning along with preservation of joint line height and ori-
entation is vital for achieving optimal postoperative knee func-
tional outcomes [18].
The impact of joint line restoration is further emphasized in
modern alignment approaches. Functional and kinematic strate-
gies specifically aim to replicate the patient’s original knee anat-
Volume 16 Issue 3 -2026
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omy, including restoration of the joint line, in order to optimize
soft tissue balance and improve outcomes [22]. In contrast to tra-
ditional mechanical alignment, which prioritizes a neutral limb
axis, these approaches highlight the need to maintain native joint
line orientation and may reduce the need for soft tissue releases.
This would better preserve physiological knee kinematics [22].
Accurate joint line restoration is closely associated with achiev-
ing balanced flexion extension gaps and more natural joint me-
chanics.

RA has been introduced to improve the precision of these pa-
rameters through enhanced planning and execution of bone re-
sections. Robotic systems utilize preoperative imaging and 3D
modeling to determine ideal implant positioning. This allows for
more accurate restoration of anatomical landmarks such as the
joint line and posterior condylar offset (19). This high level of
precision helps reduce variability associated with manual tech-
niques and improves the reproducibility of component place-
ment. This ultimately improves outcomes.

Robotic platforms provide live feedback and allow surgeons to
make vital adjustments to implant positioning before and during
bone resection. This capability enables fine tuning and refine-
ment of femoral and tibial cuts to maintain joint line height
and orientation while also optimizing alignment and soft tis-
sue balance. Additionally, RA systems facilitate “pre-resection
planning”. This is achieved with virtual component positioning
and gap assessment that are performed prior to irreversible bone
cuts. This enables surgeons to adjust the operative plan to better
preserve the native joint line and achieve balance [22]. Some ex-
tended randomized data demonstrate similar final joint line mea-
surements between RA and conventional techniques. However,
robotic systems are consistently designed to enhance the accu-
racy and consistency of component positioning and alignment
[19]. This suggests that the advantage lies in reducing outliers
and improving surgical consistency rather than producing large
differences in average radiographic parameters.

3.3. Bone Defect Management

Robotic planning in bone defect management centres on defin-
ing implant position in three dimensions before bone prepara-
tion begins and then executing that plan with greater precision
during operation. For example, stem related reconstruction using
robotic systems preoperatively and CT-based planning helps to
select femoral implant size and position in 3D. Then the robotic
platform prepares the femur according to that generated plan.
This approach is intended to improve the fit and orientation of
the stem and reduce the variability associated with manual canal
preparation [23].

More complex reconstructions can utilize robotic planning that
allows the position to be adjusted to the patient’s anatomy rather
than forcing every case into a single target. For example, acetab-
ular reconstruction uses CT-based 3D templating to plan com-
ponent positioning. The surgeon could then modify abduction
and anteversion goals to avoid conflicts with bone anatomy such
as implant prominence. Optical navigation then registered the
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intraoperative anatomy to the preoperative plan, and the robotic
arm guided reaming and cup placement while helping recreate
the desired centre of rotation. This is particularly relevant and
crucial in difficult anatomy, where robotic assistance was used in
patients with more challenging anatomy and a higher incidence
of preoperative deformity [16].

The same preoperative principles are important when stems are
required. Robotic execution on the femoral side has been associ-
ated with more neutral stem alignment, a higher canal fill ratio,
lower subsidence, and less leg length discrepancy. This indicates
that preoperative planning combined with robotic preparation
may improve reconstruction of the femoral side when accurate
stem fixation and restoration of mechanics are critical for the
goals [24].

A highlight and strength of robotic planning is that it supports
patient specific targets. Tailoring the operation for each unique
patient. Rather than relying only on conventional safe zones, ro-
botic systems can be used to pursue anatomic goals that account
for bone anatomy, pelvic tilt, spinal mechanics, functional de-
mands, and femoral version. Greater precision helps the surgeon
reproduce those individualized targets more reliably, which is
valuable when reconstruction is technically demanding [16].

Robotic planning therefore offers the greatest advantage in cases
requiring stems or complex reconstruction by improving pre-
operative planning, enabling implant position to be modified
to abnormal anatomy on a case by case basis. This enables the
translation of the plan accurately during surgery.

4. Results
4.1. Study Characteristics

Of the 22 included studies, five were comparative studies
[2,14,16,25,26], one was a secondary analysis of a randomized
controlled trial (RCT) [27], and the remaining studies included a
mix of case series and randomized trials [13,18,19-21,23,28,29].
Sample sizes across these studies ranged from 77 to 1,406 par-
ticipants at baseline and from 77 to 1,348 at the final follow up.
Similarly, duration till follow up also had a large range, span-
ning from three months to 15 years. Most studies however had
a follow-up duration between one to three years with only a few
long-term studies [2,13,18-21,26-29]. Within these 22 studies,
multiple robotic platforms were also used, such as MAKO RIO,
ROBODOC, ROSA, NAVIO, CORI, and MAKO [25,26].

4.2. Alignment and Component Positioning Outcomes

When comparing robotic and conventional revision techniques
with respect to component positioning, accuracy, joint line resto-
ration, and alignment precision, consistent trends were observed.
Across studies that reported these metrics, robotic assistance
demonstrated improvements in all three metrics [2,13,14,16,18-
21, 23,25-29]. Robotic platforms incorporate patient-specific
preoperative CT imaging, which reduces margin of error during
component placement and contributes to improved position-
ing accuracy and restoration of joint anatomy. Although not all
studies directly reported joint line restoration, several noted that
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robotic platforms more closely replicated native joint biome-
chanics [2,13,20,23,25,27-29]. These improvements were also
associated with greater consistency, tighter clustering of mea-
surements, and fewer outliers [2,13,14,16,18-21,25,27-29]. Col-
lectively, these findings highlight the anticipated advantages of
robotic assistance regarding accuracy and reproducibility during
procedures.

4.3. Operative and Perioperative Outcomes

In contrast, evaluation of metrics such as operative time, blood
loss, and length of stay revealed less consistent advantages of
robotic assistance. Although not all studies reported all three
outcomes, those that did demonstrated that robotics did not al-
ways yield favourable results. For example, several studies not-
ed that robotic procedures often increased operative time [19-
21]. In some cases, robotic platforms increased operative time
by more than 40 minutes in comparison to conventional methods
[21]. Similarly, findings regarding blood loss during operation
were mixed [19-21]. There was no clear trend across the includ-
ed studies that indicated either increased or decreased efficien-
cy due to robotic assistance. Lastly, robotics and conventional
methods were both shown to have similar effects on the length
of stay [20,21,27]. Together, these findings did not demonstrate
a significant advantage in using robotic platforms during proce-
dures.

4.4. Survivorship and Revision Outcomes

Finally, early survivorship and re-revision rates were also ana-
lyzed. Across all 22 studies, early survivorship and re-revision
rates revealed favourable outcomes for both RA and conven-
tional techniques. All studies reported early survivorship rates
of at least 95%, with several noting higher rates among RA pro-
cedures [2,13,18,19,21, 23,25-27,29]. Although some patients
required revision surgery, these procedures were usually due to
issues such as aseptic loosening [2,16,18,19,29] or head/liner ex-
changes [13,16] rather than complications due to malposition or
malt racking. Furthermore, regardless of whether robotic assis-
tance or conventional techniques were used, none of the studies
reported re-revision procedures during their follow-up periods.

4.5. Functional Outcomes

Functional outcomes vary by procedure type. In THA, a pro-
spective cohort study with three-year follow-up found no sig-
nificant differences in Oxford Hip Score (42 vs 41, p=0.914) or
Forgotten Joint Score (89 vs 86, p=0.065) between robotic and
conventional groups [25]. However, a pair-matched controlled
study at two-year follow-up reported significantly higher Har-
ris Hip Scores (p<0.001) and FJS-12 scores (p=0.003) favour-
ing robotic assistance, with 2.4 times higher odds of achieving
meaningful FJS-12 thresholds (17). A 14-year FDA trial fol-
low-up demonstrated significant improvements in HSQ pain
(83.75 vs 72.65, p=0.019) and total WOMAC scores (8.44 vs
11.32, p=0.034) favouring robotics, although differences fell be-
low MCID thresholds [13]. A 10-year randomized trial found
no differences in JOA scores between robotic milling and hand
rasping [23].
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In UKA, a randomized trial with two-year follow-up showed
no overall OKS or AKSS differences between groups. Howev-
er, analysis of active patients (preoperative UCLA >5) revealed
much better outcomes with robotic assistance. Median OKS 46
vs 41 (p=0.009) and median AKSS 193.5 vs 174.0, exceeding
MCIDs [29]. Early recovery data showed robotic patients had
55.4% lower pain scores through eight weeks (p=0.040) [27].

In TKA, a three-arm pilot trial with three-year follow-up found
that despite superior alignment and 100% robotic survivorship,
robotic TKA demonstrated significantly lower KSS knee scores
(9143) compared to conventional groups (9343, p=0.011) [18].
A separate randomized trial reported comparable OKS and EQ-
5D-5L improvements between groups at one year [20].

4.6. Complication Rates and Safety Outcomes

Complication rates were low across all studies. Intraoperative
complications were rare: THA studies reported 0% in robotic
groups versus 1.5% in manual posterior hips [16], UKA trials
reported none in either group [27,29], TKA trials reported none,
but robotic TKA had longer surgical times (75.8 vs 56.3 minutes,
p<0.001) and a small amount of increased blood loss (1.2 vs 0.9
mmol/L, p=0.029) [20].

Postoperative complications showed no significant differenc-
es. THA dislocation rates ranged 0-2% across groups; minor
complications were comparable (8.2% robotic vs 7.1% manual)
[13,16,17,25]. UKA reported no postoperative infections requir-
ing subsequent operations [29]. TKA reported one conventional
patient (1.6%) with deep infection requiring two-stage treatment
at 3 years [18].

Reoperation and revision rates trended up for robotics without
statistical significance. THA pair-matched study: 1.1% robotic
revision vs 3.5% manual (p=0.621) (17). UKA: 100% robotic
survivorship vs 96.3% manual at 2 years (29). TKA: 3-year sur-
vivorship 100% robotic vs 97% CAS vs 96% conventional [18].

4.7. Comparative Analysis

Robotic assistance consistently improved radiographic accura-
cy across all applications. In THA, RA posterior THA achieved
97% within target zone versus 76% manual posterior (RR re-
duction 87%, p<0.01) and 84% fluoroscopic anterior [16]. A
pair-matched study found 98.8% robotic within Lewinnek safe
zone versus 78.8% manual (OR 22.6, p<0.001), with signifi-
cantly lower leg-length discrepancy (3.0+2.6mm vs 4.0+2.7mm,
p=0.013) (17). Functional superiority was reported in two stud-
ies [13,17), but not replicated in others [23,25].

In UKA, robotic assistance achieved significantly more accurate
component implantation in all three planes [27,29]. Functional
benefits were confined to active patients (UCLA >5), with robot-
ic surgery and preoperative activity identified as key predictors
of excellent AKSS outcomes, while manual surgery and depres-
sion predicted worse outcomes [27].

In TKA, robotic assistance achieved mechanical axis devia-
tion <1° in 72% versus 30% conventional, with deviation >3°
in 0% robotic versus 15% conventional [18]. Another trial
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found malalignment in 18% robotic versus 38% conventional
(p=0.047). Despite these significant alignment advantages, func-
tional improvements were not observed at one to three years.
Predictors of outcome included preoperative OKS and implant
design; robotic assistance showed a non-significant positive
trend (b=2.78, p=0.13) [20].

5. Discussion
5.1. Synthesis of Findings

Three consistent trends emerge: (1) robotic assistance reliably
improves radiographic accuracy across THA, UKA, and TKA;
(2) safety profiles are comparable with no increased complica-
tions; (3) translation of improved alignment to functional out-
comes is inconsistent, appearing most evident in active UKA
patients and long-term THA follow-up. The evidence includes
multiple randomized controlled trials and prospective cohorts
with follow-up ranging from one to 14 years. Long-term FDA
trial data represents a notable strength for THA. Subgroup anal-
yses in UKA studies provide insight into patient-specific mod-
erators of treatment effect. THA studies conflict on functional
superiority; TKA studies consistently show improved alignment
without corresponding functional benefit, raising questions
about alignment as the primary driver of outcomes. Variability
in surgical approaches, implant designs, and robotic platforms
prevent pooled analysis. Most of the studies exclude complex
cases, which limits the generalizability. Variability in robotic
platforms (active vs semi-active, CT-based vs imageless) pre-
vents standardization. Industry sponsorship brings up potential
funding bias. MCID thresholds for group comparisons at long-
term follow-up are not standardized, complicating interpretation
of statistically significant but clinically modest differences.

5.2. Technical Challenges and Registration Limitations

Arthroplasty systems assisted by navigation and robotics are
highly dependent on accurate intraoperative registration to en-
sure the surgical plan accurately corresponds to patient anatomy.
The process is complex and involves correlating preoperative
imaging information with intraoperative anatomical or fiducial
landmarks. Because revision arthroplasty typically involves pri-
or implants, bone loss, and/or altered anatomy, this registration
process becomes increasingly difficult due to the distortion or
obscuring of landmarks that are typically required.

Many RA surgeries, including THA, rely on preoperative com-
puted tomography (CT) imaging to generate the 3D anatomical
models for these registration purposes and surgery planning. An
example of this can be seen with a robotic systems operation of
femoral canal preparation where preoperative planning and CT
information is used to execute the robotic milling of the proxi-
mal femur [23]. Accuracy and execution requires very precise
alignment between the preoperative plan and CT model as well
as what patient anatomy is seen intraoperatively [23]. Prior sur-
geries and/or deformities make the identification of reliable ref-
erence points much more difficult and can potentially affect the
accuracy of the registration process [23].
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Historically, some robotic platforms used for hip arthroplasty
required the placement of these fiduciary markers in the femur
prior to surgery to better align the procedure for intraoperative
registration [13]. These fiduciary markers are essentially used
to align the robotic system with the preoperative CT imaging
and surgical plan with spatial positions that correspond directly
to the patient’s intraoperative anatomy [13]. This approach can
enhance the precision of the robotic system in procedures with
patients having intact anatomy. Revision settings may present
additional challenges if bone defects, implants, or altered femo-
ral geometry is present, all of which may interfere with marker
placement or identification.

Intraoperative registration may also rely on temporary naviga-
tion pins that can secure optical tracking arrays to the patient
skeleton. These pins are typically placed within the femoral or
tibial diaphysis for knee procedures or the iliac crest for hip sur-
geries. These fixation points enable intraoperative mapping of
anatomical landmarks. While introducing additional surgical
steps and prolonging surgery, these temporary navigation points
are essential components of many computer/robot assisted sys-
tems and may introduce additional complication risk [16]. In a
retrospective cohort study of 839 patients and 3,136 pin sites,
five complications were found. The complications included pin
site infection, neuropraxia, and suture abscess, all of which were
managed without further operations (16). The corresponding
rate of complication per pin site was recorded as 0.16% and
0.60% per patient [16]. Furthermore, revision arthroplasties face
complications due to compromised bone quality or previously
installed hardware, affecting the safe placement of navigation
pins and possibly affecting the tracking system used by the com-
puter or robot tools used in the operations [16].

Altered anatomical landmarks may cause even further registra-
tion challenges, as malposition of prosthetic components in knee
arthroplasty is possible when landmarks are altered pathologi-
cally [18]. Variations in bone morphology can cause inaccurate
identification of reference points required for robotic procedures
and computer assisted guidance [18]. Although these findings
were reported in primary procedures, this issue can still present
in secondary procedures and beyond.

Robotic systems prepare bone with minimal deviation from the
registered surgical plan. Therefore, accuracy of implant place-
ment depends heavily on clarity and accuracy of the imaging
assisted registration process. This indicates that errors in reg-
istration and preparation phases directly affects the accuracy of
the robotic systems execution which may compromise implant
positioning accuracy [23].

5.3. Learning Curve and Operative Efficacy

Introducing robotic and navigation assisted tools in arthroplas-
ty also introduces a learning phase where surgeons must adapt
to new workflows, preoperative planning requirements, and
intraoperative registration processes. Additional steps increase
procedure complexity and changes conventional techniques
which may influence surgical efficiency early on. One study de-
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scribes the use of tracking pins and landmark registration that
is required for navigation assisted arthroplasty, showcasing the
additional technical steps that are necessary for system use [16].
Despite these added steps, the study consisting of 839 hip and
knee arthroplasty procedures demonstrated complication rates
no higher than 0.60% per patient, suggesting that early adoption
of navigation and robotic assistance systems do not significantly
increase adverse events [16].

One of the common reported indicators for this learning curve
is increased operation time during early implementation. A ran-
domized controlled trial compared robot assisted and manual
TKA reported that the assisted procedures are associated with
increased operative times of approximately 38—44 minutes com-
pared to manual techniques early in adoption [21]. The time
differences were attributed to the additional steps such as the
anatomical mapping and system registration that must take place
pre-operatively and the pre- and intra-operative surgical plan-
ning required by the robotic platforms [21].

Although operative efficiency has been reported to decrease ini-
tially, several studies suggest that robotic guidance may improve
technical accuracy which can even be seen in the early stages of
adoption. RA THA demonstrated higher rates of acetabular cup
placement within established safe zones compared with conven-
tional techniques, with 100% of robotic cases falling within the
Lewinnek safe zone versus 80% of manual cases [14]. Improved
prosthetic alignment was also consistently reported in robotic
and computer assisted total knee arthroplasties, despite the in-
creased procedure complexity seen with these systems [14].

Studies that assessed long-term outcomes indicate that even
with the improvement of technical parameters in RA opera-
tions, the overall clinical benefit as related to conventional tech-
niques is still uncertain [23]. A randomized clinical trial with
a minimum 10-year follow-up found no significant difference
in clinical outcome scores or revision rate between the RA and
conventional femoral preparation techniques in THA [23]. These
data indicate that although surgical precision may be enhanced
via robotic and navigation assisted surgeries the long-term clin-
ical outcomes must continue to be assessed to determine which
method is superior.

There are many studies that evaluate robotic arthroplasty con-
ducted by skilled surgeons within controlled research settings.
One such example reported that robotic procedures that were
performed by surgeons who had received prior robotic training
experience may be able to reduce the apparent learning curve
[21]. The consensus is that robotic arthroplasty adoption may
initially increase operation times due to system set up, prepara-
tion, and registration requirements, but the rates for complica-
tions remain low and implant positioning accuracy may improve
early on in adoption of these systems [14,16,18,21,23].

5.4. Radiation Exposure and Imaging Considerations

Imaging is already heavily relied on for preoperative planning,
but robotic and navigation software require 3D anatomical mod-
els, most widely used and most cost effective for this method
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being CT imaging. This approach does enable precise implant
templating and intraoperative guidance, but it introduces con-
cerns regarding additional radiation exposure compared to tra-
ditional arthroplasty techniques that would traditionally rely
on standard radiographs and anatomical landmarks visualized
during operation.

One such robotic system, ROBODOC, utilizes CT scans of the
hip and knee to construct a 3D model for preoperative planning.
Surgeons use ROBODOC and CT to digitally position implants
and guide robotic milling of the femoral canal during surgery
[13]. This method of CT-based workflow allows for accurate and
safe reconstruction of patient anatomy such as the femoral head
position, leg length, and offset, but it requires additional imaging
beyond that is used in conventional arthroplasty [13].

Another example study indicates that RA THA also uses CT im-
aging to form a computer aided design model of the joint [14].
The model is then used to plan implant placement prior to sur-
gery and is then matched with intraoperative anatomical land-
marks to guide robot execution (14). In this method, accuracy of
acetabular cup positioning compared to conventional techniques
was much improved, but this method requires extensive CT im-
aging as part of the robotic workflow [14].

Because conventional arthroplasty generally relies on standard
radiographs, less CT imaging, and more use of intraoperative
landmark visualization by the surgeon, conventional arthroplas-
ty generally results in less patient exposure to radiation. Howev-
er, new none-CT based techniques are being developed. X-ray,
MRI, and infrared imaging methods are becoming more popular
to limit radiation exposure. CT imaging remains as a gold stan-
dard for precise 3D bone modelling [13,14].

5.5. Limitations of Current Evidence

Many of the studies evaluating robot assisted arthroplasty are
limited by relatively small sample sizes and short follow-up
durations, which in turn restricts the ability to draw definitive
conclusions in relation to long-term outcomes and implant sur-
vivorship. Randomized controlled trials that have been includ-
ed frequently involve modest patient cohorts and short-term
evaluation. One prospective randomized controlled trial that
compared robot assisted and conventional uncompartmental-
ized knee arthroplasty involved only 139 patients with accurate
postoperative accuracy only available in 120 patients [28]. Fol-
low-up took place at only three months and primarily assess po-
sitioning accuracy via CT, limiting the ability to conclude long-
term outcomes or implant durability [28]. Another randomized
controlled trial in RA TKA reported primarily perioperative data
like operation time and early postoperative outcomes and only
limited long-term follow-up [21]. A third study evaluated robot
assisted techniques in 139 patients in which a mix of conven-
tional methods and robot assisted techniques and follow-up took
place only two years following operation [29]. In this study,
follow-up data analyzed 119 patients [29]. Although several
studies provided longer-term follow-up data, these studies were
still limited as well. In one study, follow-up took place 14 years
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postoperatively and demonstrated durable implant fixation and
clinical outcomes [13]. This study was limited to observational
data and was based on a specific patient cohort treated with an
early robotic system, limiting the ability to generalize robot as-
sisted arthroplasty outcomes across other assistance platforms
[13]. Similarly, another study from 2018 reported results from a
randomized clinical trial with a minimum of 10-year follow-up
[23]. It compared conventional and robotic femoral preparations
in THA [23]. Even with the extended follow-up time, the study
population was limited to 65 robot assisted operations and no
significant difference in long-term outcomes was distinguishable
between the experimental cohort and the control cohort used
conventional methods [23].
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Table 2 summarizes these studies and indicates the sample sizes
as well as the focuses of each study. Common limitation with
the current literature on robotic arthroplasty, as many studies
rely on small cohorts or short-term follow-up based on techni-
cal accuracy rather than long-term implant survival or function-
al outcomes. Robotic medicine is still relatively new, and more
studies are sure to take place as the methods evolve, however
larger multicenter trials with extended follow-up periods are
necessary to more completely evaluate long-term clinical ben-
efits [13,21,23,29].

Table 1: Detailed search strategies used across major biomedical databases for the identification of studies evaluating robotic-assisted revision

total hip and knee arthroplasty. The table outlines the full Boolean search string applied in PubMed including MeSH terms, title/abstract keywords,

exclusion filters, language limits, and date restrictions as well as the corresponding Cochrane Library strategy using free-text terms and Boolean

operators. These structured queries were designed to capture original clinical studies published between 2010 and 2025 involving robotic-assisted

revision THA or TKA while excluding non-English, cadaveric, non-original, and primary-only arthroplasty research.

Database

Search String

PubMed

(((("arthroplasty, replacement, hip"[MeSH Terms] OR "arthroplasty, replacement,
knee"[MeSH Terms] OR "hip arthroplasty"[Title/Abstract] OR "knee arthroplas-
ty"[Title/Abstract] OR "THA"[Title/Abstract] OR "TKA"[Title/Abstract] OR "total
hip"[Title/Abstract] OR "total knee"[Title/Abstract]) AND ("revision"[Title/ Abstract]
OR '"revision surgery"[Title/Abstract] OR "revision arthroplasty"[Title/Abstract])
AND ("robotic"[Title/Abstract] OR "robot-assisted"[Title/Abstract] OR "robot-as-
sisted"[Title/Abstract] OR "ROSA"[Title/Abstract] OR "MAKO"[Title/Abstract] OR
"robotic arm"[Title/Abstract])) NOT ("cadaver"[Title/Abstract] OR "cadaveric"[Ti-
tle/Abstract] OR "review"[Publication Type] OR "editorial"[Publication Type] OR
"comment"[Publication Type])) AND 2010/01/01:2025/12/31[Date - Publication]
AND "english"[Language]) AND ((clinicaltrial[Filter] OR randomizedcontrolledtri-
al[Filter]) AND (fft[Filter]) AND (humans[Filter]) AND (english[Filter]) AND
(2015:2025[pdat]))

Cochrane Library

(hip arthroplasty OR knee arthroplasty OR THA OR TKA OR "total hip" OR "total
knee") AND (revision OR "revision arthroplasty”" OR "revision surgery") AND (ro-
botic OR "robot-assisted" OR "robot assisted" OR ROSA OR MAKO OR "robotic
arm") NOT (cadaver OR cadaveric OR review)

Table 2: Characteristics of Included Studies.

Study Design Cohort Size Primary Focus Follow-up
Atamsia etal, 2023 Randomized Controlled Trial 215total 12 Months
Bargaretal., 2018  Long-term Follow-up Study 125 Hip antiwoplasies in 118 patients Evaluate long-term outcomes of robot-assisted hip arthroplasty ~14 years

Belletal, 2016  Prospective Randomized Controlled Trial 139 recruited

Assess improvement of implant positioning in robotic asssisted knee arthroplasty ~ 2years

Domb et al., 2014 Matched Controlled Study 100 total Assess acetabular cup placement in traditional and robotic arthroplasty Short-term
Ghmour etal, 2018 Randomized Controllad Trial 139recruited; 112 analyzed  Examine clinical i tional vs astt ic knee athroplasty 2years
Kamaraetal, 2017 Retrospective Cohort 839total Investigate complication rates for navigation tracker pins in arthroplasty Perioperative
|L;:|ngm al, 2024 Prospective Comparative Study  210total srmatetc 3years

| Nakamuraet oL, 2018 Randomized Clinical Trial

6. Cost and Implementation

130recruited; 128 analyzed  Compare long-term outcomes of robotic v manual femoral preparation in hip anthroplasty 10 years

financial burden of the resources needed. In a random controlled

6.1. Financial Burden Associated with Acquiring Robotic
Systems

Unfortunately, in the healthcare world today, cost of treatment is
an ever-rising obstacle. The continuous rise in cost of resourc-
es, materials, equipment, training, and staffing has become more
prevalent now more than ever. Due to this dilemma, patient care
has and continues to be impacted in detrimental ways. The first-
line treatments that may be the most efficient and produce the
greatest outcomes for patients may not be available due to the

trial studying the cost of robotic arthroplasty for hip replace-
ments, it was shown that the robotic systems imposed a substan-
tial financial burden in the acquisition, implementation, usage,
and upkeep. It should be noted that these costs can be offset
through volume usage. However, this is particularly difficult in
more rural areas or publicly funded systems such as the NHS
used in the United Kingdom [30].

The five-year investigation examined the cost effectiveness of
robotic arm-assisted systems in the United Kingdom [31]. The
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study exemplified the significant financial burden of the use of
robotics in surgery compared to manual surgical procedures. The
study showed that the robotic arm-assisted uncompartmentalized
knee arthroplasty (rtUKA) had a much higher cost per procedure
at around £1,070 per patient. Whereas the manual noncompart-
mental knee arthroplasty (mUKA) was approximately £913 per
patient. The increased amount per patient with rUKA compared
to mUKA was due to the extra costs of using the robot along
with CT scanning, all in addition to the intraoperative materials
used [31].

One study examined the cost as well as the patient outcomes
with TUKA through a ten-year cost utility study (27). This in-
vestigation showed that there is a significant upfront financial
burden with acquiring the robotic systems. Further, the upkeep
with system usage and maintenance, replenishment of dispos-
able instrumentation, and use of imaging with CT is a substantial
ongoing financial burden to institutions [27].

6.2. The Impact of Robotics on Operative Workflow and Ef-
ficiency

The implementation of robotics in orthopedic surgery has shown
multiple and considerable benefits overall. In one study, the ac-
curacy and long-term efficiency of acetabulum positioning in
THA was evaluated [16]. The assessment recorded acetabulum
placement with an optimal “target zone” of an inclination of 300
- 500 and an anteversion of 100 - 300, as well as relative and
absolute risks. It was shown that the use of robotic assistance
in a THA showed significant and immediate improvement in
the workflow and efficiency of acetabulum placement. RA THA
showed a target zone achievement of 97% compared to the man-
ual THA of 84%. Further, RA THA had a relative risk reduction
0f 87%, and an absolute risk reduction of 21% compared to man-
ual THA [16].

RA TKA also showed very promising results. In one study, RA
TKA showed superior prosthetic placement and alignment, as
well as an increase in total survivorship rates of the total knee
replacement when compared to the manual TKA [18]. Anoth-
er evaluation of RA TKA showed that using robotic assistance
in the TKA led to significant improvement in implant position
and radiological alignment compared to the conventional man-
ual TKA (20). While these studies have proven that the overall
workflow and efficiency is significantly increased in the use of
RA surgical procedures, the overall functional outcomes of pros-
thetics remained relatively the same between RA procedures and
the conventional manual procedures [19].

6.3. The Influence of Institutional Surgical Volume on
Cost-Effectiveness and Adoption

While the onset of capital investment in robotic systems have
proven to cause quite a financial burden to institutions initially,
these systems have shown to fulfil their worth in paying back the
financial debt. However, this is also both volume and longevity
contingent. In one study, rUKA showed a notable decrease in
revision rates, infection, and increased implant longevity. With
rUKA leading in patient care and being more utilized, this off-

10

sets a substantial portion of not only the initial capital invest-
ment, but also the upkeep associated with these systems [27].

Furthermore, rUKA offsets other outside costs associated with
mUKA [30]. This was exemplified by a total overall cost reduc-
tion of $7,179 with overall shorter lengths of hospital stay, as
well as less analgesia needed during the RA procedures [30].
With these factors in mind, the financial burden of acquiring ro-
botic systems can quite considerably be offset due to the overall
benefits of the systems. However, this is often due to the loca-
tion, size, and institutional surgical volume of the hospital. The
higher the surgical volume of the hospital, the more effective
and efficient these systems can be used and decrease overall debt
accumulation.

7. Limitations and Future Directions
7.1. Lack of High-Quality Randomized Evidence

The role of emerging techniques in robotics has been a topic
of discussion in terms of how well robotics can help surgeons
provide optimal treatment for patients undergoing hip and knee
procedures. Knee arthroplasty is a safe and effective procedure
associated with improved quality of life and reduced pain. RA
revision hip and knee arthroplasty is being adopted more widely,
but high-level comparative evidence supporting its clinical ben-
efit remains limited.

There have been follow-up studies in knee arthroplasty demon-
strating improved alignment and quality of life at two years;
however, long-term studies confirming these findings remain
limited [29]. While numerous studies have shown that RA tech-
niques can improve alignment and bone remodeling, no long-
term randomized trials have demonstrated improved patient out-
comes or durability [19].

Although these techniques are increasingly used in clinical prac-
tice, long-term comparative data evaluating outcomes across pa-
tient populations remain limited. Most available studies focus
on short-term follow-up. Long-term clinical and imaging out-
comes, especially at around 10 years, are not well established,
highlighting a key gap in the literature [21].

7.2. Limited Long-Term Survivorship Data

While new and emerging techniques in RA techniques for hip
and knee revision arthroplasty have been limited to short term
data comparison studies, the field of science is yet to grow in
revision techniques. Survivorship of patients who have received
revision hip and knee arthroplasty during a long-term follow up,
has not been seen in extended data findings. There is a strong
literature gap in the lack of long-term survivorship data in hip
and knee revision arthroplasty where patients have demonstrated
a better quality of life and improvement of treatments through
everyday means. The studies that are available now have been
primarily about the long-term follow ups for survivorship of pa-
tients who have had primary procedures done for the hip and
knee, not for revision surgeries. The need to have long-term fol-
low ups for survivorship data for revision surgeries should be
sought after since it indicates the durability of the surgery as
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well as indicating the complexity of the surgery as well [23].
In primary hip arthroplasty, there is a first time surgery for the
hip replacement with an artificial implant. Patients have present-
ed with better clinical outcomes such as low infection rate and
reduction in pain and better alignment for a first time surgery
during their long-term follow up for a primary hip arthroplas-
ty [13]. Though there is limited data for many follow ups and
outcomes for patient survivorship, there is a need for long-term
comparative studies which show increased clinical outcomes
through new technological advancements for revision tech-
niques in hip and knee arthroplasty [13].

7.3. Need for Standardized Outcome Reporting

A large volume of patient outcome data has been reported across
the literature. However, data from primary arthroplasty are far
more extensive and consistent compared to revision procedures,
where high-level comparative studies remain limited. Standard-
ized outcome metrics including pain scores, functional assess-
ments, complication rates, and revision techniques, are needed
to improve consistency across studies. More consistent data col-
lection would allow for better comparison between studies and
improve the ability of surgeons and researchers to refine surgical
protocols.

Although some studies highlight improvements in imaging accu-
racy, others incorporate both technical and functional outcomes.
For example, a randomized controlled trial in uncompartmen-
talized knee arthroplasty demonstrated that robotic assistance
improved implant positioning and patient-reported outcomes at
two years [29]. Similarly, a randomized controlled trial in RA
TKA evaluated both femoral rotational alignment and clinical
outcomes, integrating technical and functional measures [21].
Despite these findings, variability in outcome reporting contin-
ues to limit direct comparison across studies.

7.4. Integration of Artificial Intelligence (AI) and Advanced
Planning Technologies

Advances in revision hip and knee arthroplasty continue to focus
on improving surgical precision and patient outcomes. Emerging
technologies, including artificial intelligence (AI) and 3D plan-
ning systems, may further improve RA techniques. Integration
of Al-driven planning with robotic execution has the potential
to improve surgical decision-making, optimize implant position-
ing, and support more personalized treatment strategies. A recent
randomized controlled trial demonstrated that a novel RA hip
system improved imaging outcomes and reduced complications
[24].

This suggests that combining robotics with Al planning and 3D
integration could help doctors make better decisions and pro-
vide more personalized treatments for patients. Large ongoing
studies are examining how effective and cost-efficient RA hip
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replacement is, showing that robotics is playing an increasingly
impactful role in a clinical setting [30]. As these systems become
more widely used, there is a strong potential to combine these in-
tegrated plans which cater best to a patient’s needs as the world
of Al is developing.

8. Conclusion

Rates of revision of previous THA and TKA procedures are
rising even faster than rates of new joint replacement surger-
ies. Revision joint arthroplasty surgeries come with risks that
are unique compared to primary joint replacement surgeries.
Some risks are bone loss, distorted anatomy from the implant,
increasing fracture risk, and soft tissue imbalance from acute or
chronic implant rejection. In this scoping review, robotic assis-
tance demonstrated improvements in component positioning,
accuracy, joint line restoration, and alignment precision, largely
due to the ability of robotic platforms to incorporate patient-spe-
cific preoperative CT imaging, reduce margin-of-error during
component placement, and allow for greater consistency, tight-
er clustering of measurements, and fewer outliers. Collectively,
these findings point to the advantages of robotic assistance in
enhancing accuracy and reproducibility during procedures.

At the same time, evaluation of metrics such as operative time,
blood loss, and length of stay revealed less consistent advan-
tages of robotic assistance. Robotic procedures were shown
to have increased operative time, and there was no clear trend
when it came to increased or decreased efficiency with robotic
assistance. There were low complication rates and no signifi-
cant differences in postoperative complications. However, early
survivorship and re-revision rates showed good outcomes for
both RA and conventional techniques. Although some studies
reported improved functional outcomes, THA studies conflict on
whether there is superiority when it comes to functionality. TKA
studies consistently show improved alignment without corre-
sponding functional benefit.

In the end, revision hip and knee arthroplasty with robot assis-
tant looks to be beneficial, but there is a need for more compre-
hensive literature. Most of the studies do not include complex
cases, and there is a large variability in robotic platforms which
ultimately prevents standardization. Additionally, studies are
done on small populations and there is no long-term follow-up.
There is also a literature gap in long-term survivorship data in
hip and knee revision arthroplasty, and further research is need-
ed to show how robotics could assist in revision surgeries them-
selves since most of the literature is limited to primary THA and
TKA procedures. It would be more beneficial in the future if
studies are performed with larger multicentre trials and longer
follow-up durations. This will allow for evaluation of long-term
clinical benefits and a clearer definition on the role robotics play
in revision hip and knee arthroplasty.
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