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Minimally invasive orthopedic surgery (MIOS) has significantly transformed the
treatment of musculoskeletal disorders by reducing surgical trauma, minimizing
postoperative pain, shortening hospital stays, and accelerating functional recovery.
Continuous advances in arthroscopic techniques, robotic-assisted surgery,
computer navigation, artificial intelligence (Al), regenerative medicine, and three-
dimensional (3D) technologies have expanded the possibilities of modern
orthopedic practice. These innovations allow surgeons to perform highly precise
procedures while preserving healthy tissues and improving long-term clinical
outcomes. This review summarizes the recent progress in minimally invasive
orthopedic surgery and discusses future technological developments that are

expected to reshape orthopedic care.
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Arthroscopic surgery remains the cornerstone of minimally invasive
orthopedics. Modern arthroscopes equipped with high-definition and ultra-high-
definition cameras provide exceptional visualization of intra-articular structures,
allowing surgeons to diagnose and treat joint disorders through small portals.
Arthroscopy has become the preferred approach for treating meniscal injuries,
ligament ruptures, cartilage lesions, rotator cuff tears, and shoulder instability.
Significant improvements have also occurred in arthroscopic instrumentation.
Smaller instruments, improved motorized shavers, radiofrequency devices, and
advanced fluid management systems enable greater surgical precision while
minimizing damage to surrounding tissues. These developments have contributed

to lower complication rates and faster rehabilitation.

Minimally invasive joint replacement has become increasingly common,
particularly in total hip and knee arthroplasty. Reduced soft tissue disruption 87
results in decreased blood loss, lower postoperative pain, earlier mobilization, and
shorter hospital stays compared with conventional approaches. Another major
advancement is robotic-assisted orthopedic surgery. Robotic systems assist
surgeons in preoperative planning and intraoperative execution by improving
implant alignment, bone preparation, and soft tissue balancing. Studies suggest that
robotic assistance may enhance implant positioning accuracy and improve
functional outcomes, particularly in total knee arthroplasty. Artificial intelligence
Is rapidly becoming an important component of orthopedic surgery. Machine
learning algorithms can analyze radiographic images, magnetic resonance imaging
(MRI), and computed tomography (CT) scans to support diagnosis, classify
fractures, predict complications, and optimize surgical planning. Al-based
predictive models may also assist clinicians in selecting individualized treatment

strategies and forecasting postoperative recovery. Computer-assisted navigation
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as substantially improved intraoperative accuracy. Navigation systems provide
real-time anatomical guidance, allowing surgeons to optimize implant placement
and minimize technical errors. These technologies are especially valuable in
complex reconstructive procedures and deformity correction. Three-dimensional
printing has introduced new opportunities for personalized orthopedic care.
Patient-specific anatomical models facilitate preoperative planning, while
customized implants and surgical guides improve procedural accuracy and reduce
operative time. The integration of 3D printing into orthopedic practice continues to
expand rapidly. Regenerative medicine represents another promising field.
Mesenchymal stem cells, platelet-rich plasma, growth factors, and tissue-
engineered scaffolds are increasingly investigated for cartilage, tendon, and bone
regeneration. Combining biologic therapies with minimally invasive surgical
techniques may improve healing and delay the progression of degenerative joint 38

diseases.

Acrtificial intelligence is expected to become an essential component of clinical
decision-making, assisting surgeons throughout diagnosis, surgical planning,
intraoperative guidance, and postoperative monitoring. Machine learning
algorithms may continuously improve by analyzing large clinical databases and
surgical outcomes. Robotic technology will continue to evolve toward greater
autonomy while maintaining surgeon supervision. Future robotic platforms may
incorporate real-time imaging, force-feedback systems, and automated safety
mechanisms to further enhance surgical precision. Mixed reality, augmented
reality, and virtual reality technologies are expected to improve both surgical
education and intraoperative visualization. These systems can project patient-
specific anatomy directly into the surgeon's field of view, facilitating complex

procedures with greater confidence. The development of smart implants equipped
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ith embedded sensors may enable continuous monitoring of implant stability,
bone healing, and joint biomechanics after surgery. Such technologies could allow
early detection of complications and support personalized rehabilitation programs.
Telemedicine and remote surgical mentoring are also likely to expand access to
specialized orthopedic care, particularly in geographically underserved regions.
Combined with wearable monitoring devices, remote follow-up may improve long-

term patient management while reducing healthcare costs.
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