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Abstract

Purpose: To review the current literature evaluating Al and advanced
technologies for intraoperative cartilage management.

Methods: A comprehensive search of PubMed, Embase, and Scopus was
conducted in March 2026 according to PRISMA guidelines. Eligible studies
included cadaveric, in-vivo, or clinical investigations using Al-based or
computer navigation systems for real-time intraoperative diagnosis, mapping,
or treatment of cartilage lesions. Studies limited to preoperative planning,
static imaging segmentation, or non-surgical applications were excluded. Two
reviewers screened studies, extracted data on design, population, technology
type, and outcomes, and assessed risk of bias using CLAIM, QUADAS-2, or
MINORS criteria. Findings were synthesised narratively.

Results: Seven studies met inclusion criteria. These included three studies
evaluating Al-based cartilage mapping and segmentation systems, three
assessing computer-assisted navigation systems, and one describing a
hybrid system integrating mapping with navigation. Al-based segmentation
and mapping systems demonstrated Dice coefficients of 0.68-0.90 and
intersection-over-union scores up to 92%, with performance comparable to
human reference masks but reduced accuracy in low-quality images. Navi-
gation systems for osteochondral grafting reduced angular errors in graft
harvest, coring, and placement from >12° freehand to <4° with navigation,
and hybrid systems decreased plug orientation error from 15.4° to 6.5°.
Stereo-endoscopic platforms achieved sub-millimetre 3D reconstruction but
exceeded clinically acceptable orientation thresholds. Intraoperative 3D laser
scanning achieved mean defect measurement error of 0.46 mm and reduced
workflow times to <4 min compared with approximately 15 min conventionally.
Conclusion: Early studies support the feasibility and accuracy of computer-
assisted and navigation-based technologies, as well as Al-driven mapping,
for real-time cartilage assessment and treatment. Further clinical evaluation

Abbreviations: Al, artificial intelligence; CLAIM, Checklist for Artificial Intelligence in Medical Imaging; loU, intersection-over-union; MINORS, Methodologic Index
for Non-Randomised Studies; OAT, osteochondral autograft transplantation; QUADAS-2, Quality of Diagnostic Accuracy Studies 2.
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environments.
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INTRODUCTION

The success of cartilage preservation surgeries is
highly dependent on accurate knowledge surrounding
the volume of a given defect, which informs both
treatment approach and surgical execution insofar as
addressing the correct portion of diseased cartilage
while leaving healthy cartilage intact [6, 16]. As treat-
ment algorithms depend partially on cartilage defect
size [37], which is routinely underestimated on mag-
netic resonance imaging [11], the application of artificial
intelligence (Al) for real-time diagnosis, mapping, and
surgical treatment holds valuable implications for
overcoming current limitations in the evaluation and
treatment of cartilage lesions and enabling patient-
specific treatment. However, as an evolving area of Al,
there is a paucity of literature synthesising the current
state of knowledge that exists in this area, and doing so
may enable further advancements in this domain through
identifying current initiatives and identifying areas for
improvement through recognition of the limitations.
Clinically relevant use cases for Al solutions with
relevance to musculoskeletal healthcare continue to
expand in the context of emerging technology and
advancements in theory [13, 22, 29, 34]. Early use
cases have focused on high-feasibility low-risk ven-
tures that capitalise on established capabilities of Al
solutions that have demonstrated reproducible per-
formance, such as summarisation tasks, information
retrieval, and ambient scribing [15]. However, low-
feasibility high-risk ventures often undergo slower
development given the challenges inherent in devel-
oping new technology. Furthermore, these solutions
are slower to be adopted within healthcare, given that
large upfront financial investments in these solutions
may result in unpredictable performance, value of care
delivered, and return on investments [13, 36]. These
applications include those directly involved in patient
care with implications for prognosis and health out-
come changes, such as risk forecasting, clinical deci-
sion support, and direct integration with surgical
execution [5, 18-20]. With applications concerning
surgical execution and performance in particular, the
high potential for improving patient care has attracted
considerable attention among developers and stake-
holders and has become an important area of interest.
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is needed to establish safety and effectiveness in real-world surgical

Level of Evidence: Level IV, scoping review.
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Several use cases of Al-enhanced surgical proce-
dures have been established, with a focus on total joint
replacement and spine surgery applications [1, 4, 24,
30, 31, 40]. The use of Al-enhanced surgery in these
contexts has demonstrated an improved ability to plan
a surgical strategy, localise patient-specific anatomic
structures and relationships, and perform specific sur-
gical steps with precision [12, 17, 23, 33, 42, 43]. These
advantages can also apply to procedures within the
realm of sports medicine, where enhanced processing
of anatomic relationships and insight into surgical ac-
tions such as creation of osseous tunnels, anchor
placement, and change in structural alignment have
large implications for a surgical outcome [8, 9, 25].

As such, the purpose of the current study was to
synthesise existing literature that has leveraged this
technology for surgical applications of cartilage treat-
ment. The authors hypothesised that the identified lit-
erature in this area would demonstrate highly variable
methodology and consist of predominately preclinical
studies but provide valuable insight into the feasibility of
emerging applications with the potential for clinical
deployment.

MATERIALS AND METHODS
Literature search methodology

A comprehensive search of PubMed, Embase and
Scopus Library databases was performed in accord-
ance with the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines in
March 2026. The following search strategy was utilised:
(“artificial intelligence” OR Al OR “machine learning”
OR “deep learning” OR “robotic” OR “computer-
assisted” OR “navigation system” OR “real-time” OR
intraoperative OR SLAM OR “simultaneous localisation
and mapping”) AND (“mapping” OR localisation OR
“image-guided” OR sensor OR sensing OR “stereo
endoscope” OR “3D imaging” OR navigation OR “pose
estimation”) AND (“cartilage lesion” OR “osteochondral
defect” OR “cartilage injury” OR “articular cartilage” OR
“focal cartilage defect” OR “osteochondritis dissecans”)
AND (arthroscopy OR arthroscopic OR surgery OR sur-
gical OR repair OR graft OR drilling OR implantation OR
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bioprinting OR “autograft transplantation” OR mosaic-
plasty). The search was performed by author L.D.M.).

Inclusion criteria were translational and clinical
studies that assessed the use of Al-based applications
or advanced and emerging technologies (such as
computer assisted platforms, tracking systems, and
navigation systems [robotic and image-free]) to assist
in the diagnosis and treatment of cartilage lesions using
real-time anatomical analyses or intraoperative guid-
ance. Studies were excluded if they included a system
that was not used in real-time during surgery (e.g., pre-
surgical work-up, diagnostic imaging, surgical planning
etc.) or had study designs that were systematic re-
views, narrative reviews, conference abstracts, tech-
nical notes, letters to editors or meta-analyses.
Furthermore, studies that evaluated the use of Al or
deep learning to automatically segment or identify
articular cartilage on imaging without a direct surgical
or arthroscopic application were not included. Two
authors (L.D.M. and S.A.) independently screened
titles, abstracts, and full article texts using the online
software programme Covidence (Veritas Health Inno-
vation Ltd; Melbourne, Australia). Any disagreements
were resolved with discussion, leading to consensus
between two authors (L.D.M. and S.A.).

Data extraction

Data items extracted from each study included study
identification, study type, and the population or model
used. Procedural details such as the surgical inter-
vention and anatomical location were recorded.
Technology-related data included the type of system,
specific technology used, intended purpose and clinical
integration design. Outcome measures were extracted
for both quantitative and qualitative assessments, and
the main findings were synthesised across domains of
diagnostic accuracy, intraoperative guidance, mapping
validity and clinical or translational significance.

Risk of bias assessment

The heterogeneity in study design required a com-
bination of risk of bias tools to assess study quality.
Risk of bias and quality appraisal was documented
using the Checklist for Artificial Intelligence in Medi-
cal Imaging (CLAIM), a standardised reporting
framework that evaluates Al research in imaging
across domains such as study design, data handling,
ground truth definitions, model development, and
performance evaluation. Each CLAIM item is scored
as present or absent, and the total score reflects the
completeness and transparency of reporting, pro-
viding an objective measure of study rigour [27].
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Additionally, The Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) was used; a vali-
dated framework for assessing the quality of diag-
nostic accuracy studies across four domains: patient
selection, index test, reference standard, and flow/
timing [41]. Each domain is scored in terms of risk of
bias (low, high or unclear), with additional signalling
questions guiding judgments, providing a structured
measure of study validity and applicability [41].
Finally, the Methodologic Index for Non-Randomised
Studies (MINORS) for comparative studies were
used. The ideal MINORS score for comparative
studies is 24, with scores<19 being the accepted
cut-off for poor study quality [38]. Two reviewers
(L.D.M. and S.A.) independently assessed risk of
bias, with discrepancies resolved through discussion.
Additional study notes were collected where availa-
ble to provide context on strengths and limitations.

Statistical analysis

Given the heterogeneity in applications, Al algorithms,
study designs, and outcome metrics, a qualitative and
narrative synthesis of results was performed. Cate-
gorisations of bibliometrics and study data were per-
formed by reported characteristics, including study
population, designs, technology and clinical relevance.
Furthermore, the performance metrics and general
findings of each study and their clinical relevance are
narratively summarised.

RESULTS

Search results and study quality/risk
of bias

A total of 859 studies were identified through database
searches, including 261 from Embase, 217 from Sco-
pus and 381 from PubMed. After removing 258 dupli-
cates via Covidence and 6 duplicates manually, 595
studies remained for screening. Of these, 551 studies
were excluded based on title and abstract screening,
leaving 44 articles for full-text review. No studies were
excluded due to retrieval issues. Following full-text
assessment, 30 studies were excluded for having the
incorrect intervention (e.g., not using a navigation
system or Al), two for wrong study design (e.g., no
clinical application), one for wrong indication (e.g., not
used for cartilage), and five for the wrong setting (e.qg.,
neither clinical nor translational). Finally, seven studies
[2, 3, 7, 14, 21, 26, 39] met the eligibility criteria and
were included in the final review (Figure 1). A summary
of the risk of bias assessments for the included studies
is included in Table 1.
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References removed (n = 264)
Duplicates identified manually (n = 6)

A4

Duplicates identified by Covidence (n = 258)
Marked as ineligible by automation tools (n = 0)
Other reasons (n=)

Studies screened (n = 595)

—>| Studies excluded (n = 551)

v

Studies sought for retrieval (n = 44)

—>! Studies not retrieved (n = 0)

v

Screening

Studies assessed for eligibility (n = 44)

Studies excluded (n = 37)

A4

Wrong setting (n=5)
Wrong indication (n=1)
Wrong intervention (n = 29)
Wrong study design (n =2)

Studies included in review (n = 7)

FIGURE 1 Preferred Reporting ltems for Systematic Reviews and Meta-analyses (PRISMA) study selection flow diagram. The numbers of

screened, excluded and included studies are shown.

Study characteristics and technology
overview

Six studies [2, 7, 14, 21, 26, 39] included in this review
involved translational study designs, with four studies [2, 7,
14, 26] using cadaveric knee specimens, and two studies
[21, 39] using phantom femurs. Antico et al. [3] used
bilateral knees in six human subjects, therefore, their study
was classified as clinical in design. Two studies [7, 39]
implemented the Al-based technology with application to

osteochondral autografting (mosaicplasty), and one study
[21] with application to osteochondral allograft transplan-
tation (OCA). The type of technology utilised varied widely
between the studies. Three studies [2, 3, 14] evaluated Al-
based cartilage mapping and segmentation systems, pri-
marily leveraging deep learning architectures (e.g., UNet-
based models) and advanced imaging modalities such
as multispectral arthroscopic imaging or intraoperative
ultrasound to enable real-time tissue identification and
boundary detection. Specifically, Ali et al. [2] utilised a
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TABLE 1 Summary of study quality and risk-of-bias assessment.
Study Risk of bias tool
Toyoshima et al. [39] QUADAS-2
Antico et al. [3] QUADAS-2
Long et al. [21] QUADAS-2
Joshi and Rowe [14] QUADAS-2
Ali et al. [2] CLAIM

Marlovitis et al. [26]
Di Benedetto et al. [7]

MINORS (comparative)
MINORS (comparative)
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Quality assessment score
HIGH risk of bias
MODERATE risk of bias
HIGH risk of bias

HIGH risk of bias
MODERATE reporting quality
17 (MODERATE risk of bias)
17 (MODERATE risk of bias)

Abbreviations: CLAIM, Checklist for Artificial Intelligence in Medical Imaging; MINORS, Methodologic Index for Non-Randomised Studies; QUADAS-2, Quality

Assessment of Diagnostic Accuracy Studies 2.

multispectral UNet-based model with RGB inputs to
generate feature maps for segmentation, while Antico
et al. [3] applied a UNet-based deep learning model to
intraoperative ultrasound imaging with real-time image
processing enhancements. Joshi et al. [14] implemented
an intraoperative 3-dimensional laser scanning system
to reconstruct joint surface geometry and register these
data to preoperative imaging for enhanced mapping and
measurement. Three studies [7, 21, 26] assessed
computer-assisted navigation systems for cartilage res-
toration procedures, which utilised a combination of
image-free navigation platforms, electromagnetic (EM)
tracking systems, and rigid-body fixation techniques to
enable real-time instrument tracking and spatial locali-
sation. Di Benedetto et al. [7] employed an image-free
navigation system with rigid markers for tracking during
osteochondral autograft transplantation, while Marlovits
et al. [26] utilised the OrthoPilot navigation platform with
both invasive and noninvasive rigid-body fixation
techniques for defect measurement. Long et al. [21]
incorporated a stereo-endoscopic platform with
binocular vision and EM tracking to perform simulta-
neous localisation and mapping (SLAM), enabling
3-dimensional reconstruction and instrument tracking
within the joint space., Finally, one study [39]
described a hybrid system integrating cartilage sur-
face mapping with navigation capabilities. Toyoshima
et al. [39] combined electromagnetic tracking with in-
traoperative 3D surface scanning using a line laser to
generate local surface normals and provide real-time
guidance for instrument alignment. Collectively, these
technologies reflect a spectrum of approaches ranging
from purely image-based Al-driven segmentation
systems to sensor-based navigation and hybrid
platforms that integrate both mapping and surgical
guidance functionalities. Specifics on study char-
acteristics, types and purpose of the technology tes-
ted, and the clinical integration designs is outlined in
Table 2. The identified use cases are depicted in
Figure 2.

Outcome measures and performance
evaluation

Intraoperative cartilage segmentation and
mapping

Two studies [2, 3] evaluated Al-based cartilage map-
ping and segmentation systems (Table 3A). Ali et al. [2]
demonstrated that a multispectral UNet achieved high
segmentation accuracy, with intersection-over-union
(loU) scores of 92% for bone, 74% for the ACL, and
61% for the meniscus, though performance declined in
poor-quality or degenerative cartilage images. Antico
et al. [3] applied deep learning to intraoperative ultra-
sound, reporting a mean Dice similarity coefficient of
0.68 (0.65-0.71), closely matching human reference
masks (0.64, 0-0.77). When cartilage boundaries were
well-defined, UNet segmentation achieved 0.84-0.90
versus 0.83-0.88 for humans, underscoring feasibility
for real-time arthroscopic cartilage mapping.

Surgical navigation for cartilage restoration
procedures

Three studies [7, 21, 39] evaluated navigation systems
during cartilage restoration procedures (Table 3B). Di
Benedetto et al. [7] showed that Al-enhanced computer
navigation significantly improved graft orientation in
osteochondral autograft transplantation (OAT). Graft
harvest, defect coring, and graft placement angles
were closer to perpendicular with navigation (3.4°, 1.5°
and 2.0°) compared to freehand (14.8°, 12.6° and
10.8°; all p<0.001). Although graft proudness was not
significantly different (0.23 mm vs. 0.34 mm, p =0.336),
trends favoured navigation. Toyoshima et al. [39] found
that intraoperative navigation improved osteochondral
plug orientation during OAT, reducing mean angular
error to 6.5°+2.2° versus 15.4°+3.1° with freehand,
though both remained above the surgical threshold
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Segmentation/
Mapping

Surgical
Navigation

Al-assisted Arthroscopy
for Cartilage Surgery

FIGURE 2 Technology overview and cluster diagram of current
artificial intelligence use cases pertaining to the diagnosis and
treatment of cartilage defects.

(<4°). Long et al. [21] reported that an stereo-
endoscopic Al-enhanced navigation system achieved
highly precise 3D reconstructions (mean error
0.14 mm), but orientation accuracy averaged 15.4° +
3.1°, exceeding surgical targets during OAT.

Intraoperative cartilage defect measurement

Two studies tested systems for intraoperative defect
assessments (Table 3C). Marlovits et al. [26] showed
that the OrthoPilot system enabled precise arthro-
scopic measurement of cartilage defects, with invasive
(K-wire fixation) and noninvasive (rubber bands) rigid-
body tracking producing equivalent results (differences
<0.2 mm, not significant). Joshi et al. [14, 26] reported
that 3D laser scanning achieved a mean registration
error of 0.46 + 0.08 mm, with 95% of 4200 comparisons
to digital calipers falling within 1 mm. Workflow speed
was also superior, with automated scans completed
in <4 min per joint versus approximately 15 min per
surface conventionally.

DISCUSSION

The main findings of the current study are as follows:
(1) existing literature demonstrates consistent feasibil-
ity of applying Al-based technology in arthroscopic
environments for real-time cartilage segmentation,
mapping, and measurement of cartilage defects; (2)
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current extensions of cartilage mapping and dynamic
evaluations of surface topography towards clinically
utilised surgical procedures concern osteochondral
grafting; (3) the broad heterogeneity in this area of
highlight both the evolving nature of this technology,
areas for improvement, and provide insight into how
further development can be directed towards clinically
relevant uses.

The current review highlights that both non-Al
emerging technologies and Al-first applications can
be successfully integrated into arthroscopic surgical
workflows pertaining to the diagnosis and treatment of
cartilage lesions, as computer vision algorithms have
ascended to a level of technical sophistication that
permits real-time tissue recognition and measurement.
The evolution of intraoperative systems for cartilage
surgeries has evolved greatly over the last two dec-
ades, as studies in this review were identified between
2007 and 2023, with Al-based systems representing
more contemporary literature, while navigation-based
studies represent an earlier body of literature. This shift
in approach to intraoperative systems may therefore
reflect a trend towards integrating novel technologies
that harness expanded capabilities of Al. For example,
several of the navigation-based studies use tracking
systems and related technologies, whereas the deep
learning and Al systems in contemporary literature
generally do not require additional physical tools for
implementation [2, 3, 7, 14, 21, 26, 39].

The three studies that included Al-first technology in
their approaches to cartilage evaluation and treatment
were Ali et al., and Antico et al. [2, 3] Prior examples
utilising other technologies have also investigated
alternative methods to perform these tasks but have
lacked direct applications to intraoperative clinical use
or real-time functions. For example, Sasaki et al. [35]
reported that an augmented reality (AR) spectroscopic
mapping technique could overlay colour-coded profiles
of cartilage thickness and quantify the percentage of
intact cartilage during knee arthroscopy. This method
demonstrated a strong and inverse correlation with
standard international cartilage repair society (ICRS)
arthroscopic grading. Ren et al. [32] used a digital
arthroscopic computer graphics (ACG) method to cal-
culate cartilage defect size in situ, which was highly
reproducible and as accurate as direct measurements.
The methods utilised in the current review highlight an
extension digital method that integrate algorithmic and
Al-enabled capabilities to enable real-time segmenta-
tion and mapping. Clinically, such Al-driven tools could
standardise cartilage evaluation by providing objective
and reproducible defect dimensions, highlighting areas
of chondromalacia, and guiding treatment. The con-
sistent success in observed across early feasibility
studies identified in this review, across cadaveric, ani-
mal, and patient settings, indicates that integrating Al
into arthroscopy is both technically possible and
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sufficiently reliable to merit further clinical exploration
and testing.

Interestingly, many Al-enabled mapping technologies
are being specifically channelled towards applications for
osteochondral grafting procedures. This is a logical ex-
tension of the developed technology and clinically
important use case given that the success of these pro-
cedures is contingent on precise topographic and size
matching. Indeed, osteochondral grafting procedures
must ensure appropriate 3D surface restoration and
conformity to the recipient defect in order to mitigate
contact pressures and potentially, early graft delamination
or failure. Al-enhanced cartilage mapping and aug-
mented cartilage restoration decision-making may pro-
vide surgeons with decision support and enhanced
planning. Intraoperatively, traditional manual assessment
and measurement of host defect size may be substituted
with objective metrics to increase procedural transplant
success. Likewise, these same approaches may be
applied to harvest donor plugs, where subjective as-
sessments may be replaced by automated determination
of the ideal location to harvest the donor graft to optimise
size and topography. If using off-the-shelf or custom
biologic scaffolds instead of autograft or allograft, Al may
enhance these procedures by automatically measuring
and suggesting the best-fitting plug from a graft library
that is constructed from longitudinal data and experience.
Future research in clinical settings is necessary in order
to advance this area of dynamic Al mapping and surgical
treatment, though preliminary studies suggest that it can
refine surgical technique and make execution more pre-
cise and reproducible.

The remaining studies presented applications that im-
plemented advanced or emerging technologies towards
cartilage evaluation and treatment, including computa-
tional approaches or navigation-based approaches with
and without laser systems [7, 14, 21, 26, 39]. Indeed,
these studies specifically investigated EM sensing with
stereoscopic technology, computed-based applications, or
imageless navigation and tracking sensors to establish the
feasibility of advanced technologies to better characterise
cartilage lesions intraoperatively. As navigation-based and
computer-assisted technologies have established a strong
presence in contemporary musculoskeletal surgeries,
such as joint replacement and spinal decompression and
fusion, it remains to be seen whether or not Al-based
technologies can permeate into the surgical domain. The
utilisation of Al towards navigation and mapping in
arthroscopic surgery may offer a competitive advantage
over robotics through integrating with existing arthroscopic
instruments and therefore lowering the barrier to imple-
mentation as opposed to requiring the purchase of a new
robotic system. For example, the multi-spectral deep
learning application developed by Ali et al. does not
require additional imaging systems or optical tools to
segment and classify structures, which has implications for
intraoperative treatment. Future studies capturing both the

ADVANCED SYSTEMS FOR INTRAOPERATIVE CARTILAGE EVALUATION

clinical efficacy of applications directed towards these
purposes, as well as the cost to implement and sustain
this technology, will help determine whether Al-driven
technologies can exist together with existing navigation
systems or will fail to be adopted.

Although the use cases identified in this study
demonstrated promising performance, pronounced
heterogeneity was identified among studies, reflecting
that both Al- and non-Al based intraoperative systems
for cartilage surgery remain an evolving domain without
a standardised approach. This is evident in the breadth
of methodologies employed across studies in imaging
modalities, selected algorithms, and outcome metrics.
This is also in accordance with existing literature that
suggests the vast majority of Al solutions achieve ex-
cellent performance on internal validation but are rarely
externally validated and differ substantially in their
methodology, all of which precludes generalisability
and scaling [28]. Indeed, outcome metrics in Al studies
included in this review ranged from Dice coefficients to
diagnostic accuracy and grading scores, which under-
scores a lack of consensus as to what appropriate
benchmarks should be. As is true with most emerging
applications, investigators developing cartilage surgery
applications for real-time integration remain in the ex-
perimental phase of attempting to understand what Al
can accomplish, which leads to diverse set-ups and
perspectives without proving real-world clinical utility or
cost-effectiveness. As such, there is substantial need
for refinement based on the identified sources of vari-
ability in the current study. Future research requires a
concurrent focus on establishing consensus and best
practices for this technology. Otherwise, the heteroge-
neity observed here will continue to preclude the
progress of a promising and emerging field and may fail
to accomplish clinically meaningful improvements that
may manifest from standardised techniques as tech-
nology continues to evolve. Studies such as this
investigating the role of Al and machine learning can
complement existing studies focusing on decision-
making to optimise surgical outcomes [10].

It is imperative for future research to prioritise stan-
dardisation of evaluation metrics and benchmarking
datasets in both Al-driven and navigation-based studies
as these will be critical to facilitate reproducibility. Future
work should also prioritise prospective clinical trials and
multicenter validation studies that confirm the clinical
value of Al-assisted or navigation-based cartilage tech-
nology when this becomes feasible as determined by
regulating bodies. Furthermore, this will allow for com-
parisons between the two types of technologies and
potentially help drive adoption of the superior applica-
tions. Ultimately, advances concerning the integration of
Al with arthroscopic platforms, and specifically with
cartilage surgery, hold promise in augmenting the ability
to detect cartilage lesion burden in real-time and opti-
mise graft matching.
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Limitations

Several limitations are important to consideration in the
context of the current results and may temper their
interpretation. First, the collection of studies identified
in this review are predominately preclinical and
involves cadaveric or bench-top simulations; therefore,
the ultimate ability to extrapolate their performance to
deployment in surgical settings is limited as these
designs to not capture the intricacies inherent in real-
world scenarios. Second, there is a risk of publication
bias as unsuccessful or neutral performance of Al ap-
plications may be underreported in the literature. Third,
as mentioned, considerable methodological variability
exists which makes direct comparisons difficult and
limits the ability to draw meaningful conclusions.
Fourth, no external validation of these technologies has
been performed, and the generalisability remains
unknown. Fifth, the outcomes, which are already
diverse, do not consider metrics of cost-effectiveness
or patient clinical outcomes given their preclinical
nature, which are important considerations for clinical
deployment. Finally, given the heterogeneity inherent in
synthesising the variety of applications identified in the
current review, a single best methodological evaluation
tool does not exist to appropriately quantify and
describe each study's methodological limitations.

CONCLUSION

Early studies support the feasibility and accuracy of
computer-assisted and navigation-based technologies,
as well as Al-driven mapping, for real-time cartilage
assessment and treatment. Further clinical evaluation
is needed to establish safety and effectiveness in real-
world surgical environments.
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