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Abstract 
Aim & Background: Artificial intelligence (AI) is increasingly transforming orthopaedic practice through 
advancements in machine learning, deep learning, computer vision, and natural language processing. AI 
applications now support fracture detection, imaging interpretation, surgical planning, robotic-assisted surgery, 
rehabilitation monitoring, and resident training. This narrative review summarizes the current applications of AI 
in orthopaedic along with its future potential in musculoskeletal healthcare. 
Material & Methods: A literature review was conducted using PubMed, Scopus, and Embase and Google 
Scholar databases for studies published from January 2020 to March 2026. Keywords included “artificial 
intelligence,” “machine learning,” “orthopaedics,” “deep learning,” “robotics,” “rehabilitation,” and “resident 
training.” Peer-reviewed studies, systematic reviews, observational studies, and narrative reviews related to AI 
in orthopaedics were included. 
Result: AI improved fracture detection, imaging interpretation, osteoarthritis grading, clinical prediction, 
surgical planning, implant positioning, rehabilitation monitoring, and resident training. However, challenges 
related to data privacy, algorithmic bias, validation, ethical concerns, and implementation costs remain. 
Conclusion: AI has the potential to significantly improve orthopaedic healthcare and education. However, 
further validation, ethical regulation, and standardized clinical integration are necessary before widespread 
adoption. 
Keywords: Artificial Intelligence; Orthopaedics; Machine Learning; Rehabilitation; Resident Training. 
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Introduction 

Artificial intelligence (AI) has emerged as one of 
the most transformative technological 
advancements in modern healthcare. AI 
encompasses machine learning, deep learning, 
computer vision, and natural language processing 
techniques that enable the analysis of complex 
medical data and support clinical decision-making 
[1,2].  

Orthopaedics, with its reliance on imaging, 
biomechanical assessment, digital health records, 
and precision-based surgical interventions, is 

particularly well suited for AI integration [3]. Over 
the past decade, AI applications in orthopaedics 
have expanded considerably. AI-assisted systems 
have been developed for fracture detection, 
osteoarthritis grading, implant recognition, surgical 
planning, robotic-assisted procedures, rehabilitation 
monitoring, and clinical outcome prediction [4–7].  

These technologies aim to improve diagnostic 
accuracy, optimize treatment planning, enhance 
surgical precision, and improve patient outcomes. 
The COVID-19 pandemic accelerated the adoption 
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of digital healthcare technologies, including 
telemedicine, remote rehabilitation, and virtual 
learning platforms [8]. Concurrently, advances in 
generative AI and large language models have 
created new opportunities in research, clinical 
documentation, patient communication, and 
resident education [9]. 

Despite these advances, challenges related to data 
privacy, algorithmic bias, external validation, 
ethical considerations, and medicolegal 
accountability remain significant barriers to 
widespread implementation [10]. A clear 
understanding of both the opportunities and 
limitations of AI is therefore essential for its 
responsible integration into orthopaedic practice. 

This narrative review summarizes the current 
applications of artificial intelligence in orthopaedic 
diagnosis, treatment, rehabilitation, and resident 
training, while highlighting its limitations and 
future prospects. 

Machine Learning: Machine learning (ML) is a 
subset of artificial intelligence that enables 
computer systems to learn patterns from data and 
make predictions or decisions without being 
explicitly programmed for every task. ML 
algorithms improve their performance by analyzing 
large datasets and identifying complex 
relationships among variables.  

In orthopaedics, machine learning has been applied 
to fracture detection, osteoarthritis grading, implant 
survivorship prediction, postoperative risk 
assessment, and clinical outcome prediction. By 
analyzing demographic, clinical, imaging, and 
surgical data, ML models can support diagnostic 
decision-making, personalized treatment planning, 
and predictive analytics [3].  

As the availability of digital health records and 
imaging databases continues to increase, machine 
learning is expected to play an expanding role in 
evidence-based orthopaedic practice. 

Deep Learning and Neural Networks: Deep 
learning (DL) is a specialized subset of machine 
learning that utilizes artificial neural networks with 
multiple processing layers to learn complex 
patterns from large datasets. Inspired by the 
structure of the human brain, neural networks 

consist of interconnected nodes (neurons) that 
process information and adjust their connections 
through training.  

One of the most widely used deep learning 
architectures in orthopaedics is the convolutional 
neural network (CNN), which is particularly 
effective for image analysis. CNNs have 
demonstrated high accuracy in detecting fractures, 
classifying osteoarthritis severity, identifying 
implant types, and interpreting musculoskeletal 
imaging studies[1,3]. 

The ability of deep learning algorithms to process 
large volumes of imaging and clinical data has 
contributed significantly to the expanding role of 
artificial intelligence in orthopaedic practice.  

Natural Language Processing: Natural language 
processing (NLP) is a branch of artificial 
intelligence that enables computers to understand, 
interpret, and generate human language. NLP 
combines computational linguistics with machine 
learning and deep learning techniques to analyze 
large volumes of unstructured text data. 

In orthopaedics, NLP has been used to extract 
clinically relevant information from electronic 
health records, operative notes, radiology reports, 
and research databases. These systems can 
automate data extraction, identify complications, 
classify diagnoses, and support clinical 
documentation, thereby improving workflow 
efficiency and reducing administrative burden. 
[1,3]. 

Generative Adversarial Networks: Generative 
Adversarial Networks (GANs) are deep learning 
models composed of a generator and a 
discriminator that are trained in competition to 
produce realistic synthetic data. In orthopaedics 
and medical imaging, GANs are widely used for 
data augmentation, image synthesis, image 
enhancement, and noise reduction.  

By generating high-quality radiographs, CT, and 
MRI images, GANs help overcome limited dataset 
availability, improve model performance, and 
support the development of robust artificial 
intelligence applications in clinical practice and 
research [1,3]. 
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Figure 1: Types of AI/MI. techniques used in orthopaedics 

 
Material & Methods 

A narrative review of the literature was performed 
using PubMed, Scopus, Embase, and Google 
Scholar databases. Articles published between 
January 2020 and March 2026 were searched using 
the terms “Artificial Intelligence,” “Machine 
Learning,” “Orthopaedic Surgery,” “Deep 
Learning,” “Rehabilitation,” “Robotic Surgery,” 
“Virtual Reality,” and “Orthopaedic Education.” 

Inclusion Criteria 

1. Articles published in English. 
2. Studies related to AI applications in 

orthopaedics. 
3. Original research articles, observational 

studies, clinical studies, systematic reviews, 
and narrative reviews. 

4. Publications focusing on orthopaedic 
diagnosis, treatment, rehabilitation, or 
education. 

Exclusion Criteria 

1. Non-English studies. 
2. Articles unrelated to musculoskeletal 

healthcare. 
3. Editorials without scientific evidence. 

After screening abstracts and removing duplicate 
articles, 40 relevant studies were included for 
analysis. 

Results 

AI in Orthopaedic Diagnosis: Artificial 
intelligence assisted diagnostic systems have 

shown promising performance in musculoskeletal 
imaging. Deep learning algorithms, especially 
convolutional neural networks (CNNs), have 
demonstrated high accuracy in fracture detection 
involving the wrist, hip, ankle, humerus, and 
vertebral column [10-13]. Several studies have 
shown that AI systems can identify fractures on 
radiographs with sensitivity levels comparable to 
experienced clinicians [14,34,35]. AI has also 
improved the evaluation of degenerative joint 
diseases. Automated osteoarthritis grading systems 
based on radiographic analysis can classify disease 
severity using the Kellgren–Lawrence scale [15]. 
MRI-based AI models can identify cartilage 
degeneration, meniscal injuries, and ligament 
pathology at earlier stages than conventional 
assessment methods [16]. 

In spine surgery, AI-based software assists in 
vertebral segmentation, spinal alignment analysis, 
pedicle screw trajectory planning, and deformity 
assessment [17]. Implant recognition algorithms are 
increasingly used during revision arthroplasty 
planning to identify prosthesis types from 
radiographs [18]. Natural language processing 
technologies can extract clinically relevant 
information from radiology reports and electronic 
medical records, thereby reducing administrative 
burden and improving workflow efficiency [19]. AI 
systems are also being investigated for trauma 
triage, oncology screening, and sports injury 
assessment [20]. 
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Figure 2: AI workflow in imaging-based diagnosis 

 
AI in Orthopaedic Treatment: AI has become 
increasingly important in surgical planning and 
perioperative management. Predictive analytics 
models can estimate postoperative complications, 
length of hospital stay, implant survivorship, and 
readmission risk using patient-specific clinical data 
[21]. These tools support individualized treatment 
planning and may improve healthcare resource 
utilization. Robotic-assisted orthopaedic surgery 
has expanded considerably in total knee 
arthroplasty and total hip arthroplasty [22]. AI-
integrated robotic systems help surgeons achieve 
accurate implant positioning, soft tissue balancing, 
and precise bone preparation [23]. Such 
technologies may improve implant longevity and 
functional outcomes. Three-dimensional AI-

assisted planning systems are also used for 
deformity correction and complex trauma surgery 
[24,38]. Patient-specific instrumentation and 
navigation technologies reduce intraoperative 
variability and enhance surgical reproducibility 
[25]. Machine learning models can predict 
postoperative complications such as infection, 
venous thromboembolism, and implant failure [26]. 
Predictive algorithms may therefore assist surgeons 
in risk stratification and perioperative optimization. 

Generative AI tools and large language models are 
increasingly being explored for clinical 
documentation, operative note generation, and 
patient communication [27]. However, concerns 
remain regarding misinformation, legal liability, 
and overdependence on automated systems [28]. 

 

 
Figure 3: Robotic-assisted surgery with AI integration 
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AI in Orthopaedic Rehabilitation: Postoperative 
rehabilitation is another important area of AI 
application. Wearable sensors and computer vision 
systems allow continuous monitoring of patient 
movement and recovery [29]. AI-driven 
rehabilitation platforms can assess gait patterns, 
range of motion, balance, and muscle activity with 
objective precision [30,36]. 

Tele-rehabilitation systems gained popularity 
during and after the COVID-19 pandemic because 
they reduced the need for repeated hospital visits 
[31]. Mobile applications powered by AI can 
provide individualized exercise programs, monitor 
compliance, and deliver real-time feedback to 
patients recovering from surgery [32].  

Motion-analysis algorithms can identify deviations 
in rehabilitation exercises and assist clinicians in 
monitoring recovery remotely [33,37]. These 
systems are especially useful following 
arthroplasty, ligament reconstruction, fracture 
fixation, and spine surgery. 

AI-assisted prosthetic and orthotic technologies 
have also improved gait adaptation and 
biomechanical efficiency [34].  

Intelligent exoskeleton systems are increasingly 
being used in patients with neurological deficits 
and spinal cord injuries [35]. Despite these 
developments, challenges related to patient privacy, 
affordability, accessibility, and validation continue 
to limit widespread implementation [36]. 

AI in Resident Training and Orthopaedic 
Education: Orthopaedic education has evolved 
significantly with the introduction of AI-based 
learning technologies [37]. Traditional 
apprenticeship-based teaching is increasingly being 
supplemented with simulation platforms, virtual 
reality (VR), and augmented reality (AR) systems 
[38]. VR simulators enable residents to practice 
arthroscopy, fracture fixation, and joint 
replacement procedures in a controlled 
environment without patient risk [39,40]. AI 
algorithms can objectively evaluate surgical 
performance by analyzing hand motion, procedural 
timing, instrument handling, and technical accuracy 
[40]. Adaptive educational systems personalize 
learning content according to trainee performance 
and learning speed [23]. AI-powered platforms can 
generate clinical scenarios, examination questions, 
and educational summaries for residents. Large 
language models are also increasingly being used 
for manuscript preparation, literature review 
support, and academic research assistance [27]. 
However, educators must ensure ethical use of AI 
to prevent misinformation, plagiarism, and 
excessive reliance on automated tools [31]. 
Simulation-based training has demonstrated 
improvements in procedural confidence, 
psychomotor skill development, and resident 
satisfaction [37-40]. Nevertheless, further research 
is required to determine the long-term impact of 
simulation training on real operative performance. 

 

 
Figure 4: AI in resident training and education 
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Discussion 

Artificial intelligence is increasingly influencing 
orthopaedic practice by enhancing diagnostic 
accuracy, supporting treatment planning, improving 
rehabilitation, and facilitating resident education 
[1–5]. The ability of AI algorithms to analyze large 
volumes of clinical and imaging data offers 
opportunities for earlier diagnosis, improved 
decision-making, and more personalized patient 
care. 

In musculoskeletal imaging, deep learning models 
have demonstrated diagnostic performance 
comparable to experienced clinicians for selected 
conditions, particularly fracture detection and 
osteoarthritis grading [10–15]. While these systems 
have the potential to improve efficiency and reduce 
reporting delays, their performance may vary 
across institutions and patient populations.  

Consequently, AI should currently be viewed as a 
decision-support tool rather than a replacement for 
clinical judgment. 

The integration of AI into surgical planning and 
robotic-assisted procedures represents another 
important advancement. Improved implant 
positioning, surgical precision, and procedural 
reproducibility have been reported in arthroplasty 
and complex reconstructive procedures [22–25]. 
Furthermore, predictive analytics may assist in risk 
stratification and perioperative optimization, 
contributing to improved patient outcomes and 
more efficient resource utilization. 

AI-driven rehabilitation platforms have expanded 
opportunities for remote monitoring and 
personalized recovery programs, particularly 
following arthroplasty, ligament reconstruction, 
and fracture fixation [29–33]. Similarly, virtual 
reality simulation and adaptive learning systems 
have enhanced orthopaedic education by providing 
objective performance assessment and risk-free 
procedural training [37–40]. 

Despite these promising developments, several 
barriers continue to limit widespread 
implementation. Concerns regarding data privacy, 
algorithmic bias, transparency, medicolegal 
responsibility, implementation costs, and 
inadequate external validation remain significant 
challenges [31–35]. Addressing these issues will 
require multidisciplinary collaboration among 
clinicians, researchers, engineers, and 
policymakers. Future developments may include 
more sophisticated predictive models, wearable-
integrated monitoring systems, advanced robotic 
platforms, and personalized AI-driven treatment 
pathways. As evidence continues to evolve, 
responsible integration of AI has the potential to 

improve the quality, efficiency, and accessibility of 
orthopaedic care. 

Conclusion 

Artificial intelligence is rapidly reshaping 
orthopaedic healthcare and education. Applications 
in imaging, surgical planning, robotic surgery, 
rehabilitation, and resident training have 
demonstrated encouraging outcomes. AI 
technologies may improve diagnostic accuracy, 
operative precision, patient monitoring, and 
educational efficiency. 

However, challenges involving ethical regulation, 
data security, implementation costs, and validation 
must be addressed before widespread clinical 
adoption. At present, AI should serve as a tool to 
augment, rather than replace, clinical expertise. 
Continued research, validation, and responsible 
integration will be essential to fully realize the 
benefits of AI in orthopaedic practice. 

Clinical Message: Artificial intelligence has 
emerged as a valuable tool in orthopaedics by 
improving diagnostic support, refining surgical 
precision, enhancing rehabilitation monitoring, and 
advancing resident education.AI should 
complement not replace clinical judgment. Careful 
validation and ethical implementation are essential 
for its successful integration into practice. 
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