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ABSTRACT
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Background: Orthopaedic surgery is evolving rapidly, driven by advances in minimally invasive techniques, improved implant
materials, robotics and artificial intelligence (AI), and enhanced recovery after surgery (ERAS) protocols.

Aim: To provide a comprehensive review of current evidence for key orthopaedic advances and highlight innovations shaping
patient outcomes.

Methods: A structured literature search of PubMed, Scopus, and Cochrane Library databases (up to June 2025) was conducted.
Keywords included orthopaedics, enhanced recovery, arthroplasty, implant design, robotics, navigation, joint registries, minimally
invasive surgery, arthroscopy, biologics, stem cells, platelet-rich plasma, bone bank, allografts. Systematic reviews, meta-analyses,
randomized controlled trials, registry analyses, and narrative reviews were prioritised.

Results: ERAS protocols combined with ambulatory centres, prehabilitation, and online tracking systems improve perioperative
recovery. Advances in implant design include anatomical sizing, patient-specific prostheses, refined biomaterials, and bioabsorb-
able fixation devices. Robotics and navigation systems enhance surgical precision and are shown to augment, not replace, surgeon
expertise. Major global arthroplasty registries provide outcome data guiding practice. Minimally invasive surgery and arthroscopy
have expanded indications, while orthobiologics and bone banking broaden treatment options for cartilage, ligament, and bone
reconstruction.

Conclusion: Orthopaedic practice is advancing across surgical technique, implant technology, biologic therapies, and periopera-
tive care. Integration of these innovations with multidisciplinary teams and registry-based feedback has the potential to improve
patient outcomes globally.
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INTRODUCTION

Musculoskeletal disorders are a leading cause of dis-
ability worldwide, driving an increasing demand for
orthopaedic Patients expect
rapid recovery, reduced pain, and durable functional
outcomes. Over the last two decades, orthopaedics
has seen rapid technological and procedural evolution.

interventions.' now

Innovations include minimally invasive surgical tech-
niques, enhanced biomaterials, robotic assistance, arti-
ficial intelligence (Al) for planning and intraoperative
guidance, and enhanced recovery protocols.”

In parallel, implant design has shifted towards patient-
specific solutions, improving alignment, longevity, and

imaging compatibility. Orthobiologic therapies and
bone banking now complement surgical reconstruc-
tion. Collectively, these advances aim to improve perio-
perative safety, accelerate rehabilitation, and reduce
long-term complications. This review consolidates
validated evidence on these developments and presents
current trends in orthopaedic care.

METHODS

A comprehensive literature search was conducted
using PubMed, Scopus, and Cochrane Library up
to June 2025. Search terms included “orthopae-
dics, robotics,”
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enhanced recovery, navigation,”
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“minimally invasive surgery,” “arthroscopy,” “orthobi-
ologics,” “bone grafting,” and “joint registry.” Inclusion
criteria consisted of systematic reviews, meta-analyses,
RCTs, registry studies, narrative reviews, and English-
language publications with focus on surgical innova-
tions, implant design, biologics, or perioperative care.
Non-peer-reviewed publications, studies with insuffi-
cient outcome data and articles limited to regional ap-
plicability were excluded.

2

Data extraction emphasised perioperative outcomes,
implant survival, functional recovery, complications,
and registry-derived evidence. References were selected
for quality, relevance, and evidence level.

Enhanced Recovery After Surgery (ERAS) and
Perioperative Optimisation

Enhanced Recovery After Surgery integrates multi-
modal strategies to reduce surgical stress, optimise
recovery, and shorten hospital stay. Core components
of ERAS include patient education, preoperative opti-
misation of comorbidities, multimodal analgesia, eatly
mobilisation, and nutrition protocols. Meta-analyses
show ERAS reduces hospital stay by 1-2 days, lowers
transfusion requirements, and does not increase com-
plication rates.’” Evidence supports ERAS as safe and
effective when implemented by multidisciplinary teams.

Recent innovations associated with perioperative op-
timization include ambulatory surgical centres for
same-day arthroplasty, eatly preoperative assessment
allowing optimisation of cardiovascular, metabolic, and
musculoskeletal status, prehabilitation to improve post-
operative functional outcomes, intraoperative strategies
such as reduced tourniquet use and minimally invasive
exposure to decrease tissue trauma, and web-based
platforms for monitoring rehabilitation and eatly
detection of complications.*”

Implant Design, Prosthetic Sizing, and Materials

Accurate implant fit is critical for ensuring both
longevity and optimal function. Anatomical vatiations
between ethnicities and genders necessitate advanced
sizing and customization.® Current strategies address
these challenges through multiple innovations. Ana-
tomical implant designs are tailored to the bone di-
mensions to achieve a more precise fit. Patient-spe-
cific instrumentation, supported by 3D imaging and
printing, enables the creation of customized cutting
guides and jigs that enhance surgical accuracy.” Click
or tap here to enter text.. In terms of fixation, bioab-
sorbable devices are being developed as alternatives to
conventional titanium or cobalt-chromium systems."

Material refinements include the use of ceramics for
bearing surfaces and titanium alloys for stems, which
help reduce wear, lower the risk of metal hypersensitiv-
ity, and eliminate MRI artefacts. Recent improvements
in metallurgy and porous surface design have increased
the popularity of uncemented total knee arthroplasty,
especially in younger patients, as they avoid cement-
related complications and show comparable mid-term
outcomes to cemented implants. Collectively, these ad-
vancements reduce implant mismatch, improve biome-
chanical outcomes, and facilitate more reliable postop-
erative imaging,

Robotics, Navigation, and Artificial Intelligence

Robotic-assisted surgery and navigation systems have
demonstrated significant improvements in component
alignment and precision during joint arthroplasty."
Click or tap here to enter text.. The integration of ar-
tificial intelligence allows intraoperative kinematic as-
sessment and provides data-driven decision support
to guide surgical decisions. However, evidence from
recent United States registry analyses indicates robotic
total knee arthroplasty do not confer an improvement
over conventional total knee arthroplasty with regards
to common causes of early revision.'” Although inte-
gration into standard operating theatres has become in-
creasingly feasible, questions regarding cost-effective-
ness and the durability of long-term outcomes remain
under active investigation."” Clinical experience suggests
robotic systems serve to augment surgeon precision
but is not intended to replace human expertise.

Joint Registries

Global joint registries play a pivotal role in providing
real-world outcomes that guide surgical practice. Large-
scale databases such as the Swedish Hip Arthroplas-
ty Register, the Australian Orthopaedic Association
National Joint Replacement Registry, and the American
Joint Replacement Registry (AJRR) collectively monitor
millions of procedures, offering valuable insights into
implant survival, complication profiles, and revision
rates.""'® The scope of these registries has expanded
beyond arthroplasty to include arthroscopy, enabling
the systematic collection of outcomes in ligament re-
construction and cartilage tepait.'” This broadened
coverage supports continuous refinement of surgical
protocols and strengthens evidence-based decision-
making in orthopaedic practice.

Minimally Invasive and Arthroscopic Surgery

Minimally invasive orthopaedic surgery has transformed
practice by reducing soft tissue disruption, blood loss,

b5 | Kerala Medical Journal | April-June 2025 | Vol XVIII Issue 2



Nijith Ompedathil Govindan. Recent Advances in Orthopaedics: Innovations in Technology, Surgical Technique, and Patient-Centred Care

and recovery time. Arthroscopy, once limited to di-
agnostics and ligament procedures, is now applied to
intra-articular fracture fixation and spine surgery.'®"
Minimally Invasive Plate Osteosynthesis (MIPO) tech-
niques emphasize anatomical reduction and tissue
preservation, leading to faster rehabilitation, lower
infection rates, and fewer complications. Advances in
imaging, navigation, and specialized instruments have
expanded their scope, while challenges such as steep
learning curves and longer operative times remain.®
Opverall, minimally invasive strategies are increasingly
recognized as central to modern orthopaedic surgery.

Orthobiologics and Injectable Therapies

Biologic therapies are increasingly being integrated
into orthopaedic practice for cartilage, ligament, and
bone repair. Platelet-rich plasma (PRP) has generated
considerable interest, although clinical studies report
mixed outcomes, with some suggesting effects com-
parable to placebo.” Stem cell-based interventions are
under active investigation for cartilage regeneration
and the treatment of non-union fractures, offering
the potential for true tissue restoration.”” Experimen-
tal strategies such as chondrofillers aim to augment
cartilage repair, though evidence remains preliminary.
Established techniques, including autologous chon-
drocyte implantation (ACI) and the osteochondral
autograft transfer system (OATS), continue to dem-
onstrate reliable clinical success and durable functional
outcomes.” Collectively, these approaches highlight a
growing shift toward biologically driven therapies that
complement traditional surgical techniques and may
improve long-term tissue healing.

Bone Banking and Allografts

Bone banks provide essential resources for orthopae-
dic reconstruction, supplying structural and cancel-
lous allografts, tendons for ligament reconstruction,
and meniscal grafts.” Advances in sterilization and
preservation techniques have enhanced graft safety
and incorporation, improving outcomes in complex
procedures such as revision arthroplasty, ligament re-
construction, and cartilage or meniscal restoration.
By ensuring the availability of high-quality biologic
materials, bone banks complement surgical innovations
and expand treatment options for challenging recon-
structive cases. These developments underscore the
critical role of tissue banking in modern orthopaedics,
bridging biologic therapies and advanced surgical inter-
ventions to optimize patient outcomes.

DISCUSSION

Recent advances in orthopaedics represent a multi-
dimensional evolution, driven by the integration of
surgical precision, implant technology, biologic aug-
mentation, and perioperative optimization. Enhanced
Recovery After Surgery (ERAS) protocols and pre-
habilitation strategies have been shown to accelerate
functional recovery, reduce postoperative complica-
tions, and shorten hospital stays, reflecting a growing
emphasis on patient-centered perioperative care. In-
novations in implant design, including anatomical
tailoring, patient-specific instrumentation, and the
use of advanced biomaterials such as ceramics and
titanium alloys, have significantly improved long-term
implant survival and reduced complications related
to wear, hypersensitivity, and imaging artefacts. The
incorporation of robotics and navigation systems
further enhances surgical accuracy, enabling precise
component placement and data-driven intraoperative
decision-making, while remaining complementary to
human expertise. Minimally invasive surgery and ar-
throscopic approaches expand the range of treatable
conditions and prioritize the preservation of native
anatomy, minimizing soft tissue disruption and facili-
tating faster rehabilitation. Biologic therapies, especially
orthobiologics such as platelet-rich plasma, stem cell in-
terventions currently lack robust scientific evidence to
support their clinical efficacy. Autologous chondrocyte
implantation (ACI) and the osteochondral autograft
transfer system (OATS), alongside resources from
bone banks, provide novel avenues for tissue repair,
ligament reconstruction, and cartilage or meniscal
restoration. Finally, global joint registries offer large-
scale, real-world outcome data, supporting continu-
ous evidence-based refinement of surgical protocols
and enabling the identification of underperforming
implants, optimization of techniques, and benchmark-
ing of clinical practice. Collectively, these advances
underscore a shift toward precision, personalization,
and biologically informed strategies in modern ortho-
paedics, where technology, surgical expertise, and data
converge to enhance patient outcomes.

CONCLUSION

Orthopaedics is undergoing rapid transformation,
driven by technological innovation, biologic advances,
and evolving perioperative strategies. Integration of
Enhanced Recovery After Surgery (ERAS) protocols,
anatomically optimized implants, robotic-assisted and
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navigated surgery, minimally invasive and arthroscop-
ic techniques, orthobiologics, and bone banking can
significantly improve patient outcomes, from faster
recovery to better long-term function. Achieving these
benefits requires multidisciplinary collaboration among
surgeons, rehabilitation specialists, and allied healthcare
professionals. Continuous feedback from global regis-
tries supports evidence-based practice, ensuring inno-
vations are applied safely and effectively. Collectively,
these developments reflect a shift toward precision,
personalization, and data-driven orthopaedic care.
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