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ABSTRACT

The use of artificial intelligence (Al) is
growing rapidly across the globe. Different
domains are using it so widely. The medical
field is also trying to move into it very
quickly. Al is a uniform terminology that is
defining the practical applications of
algorithms to produce needful output
without much need of human involvement.
As Al is slowly but definitely outclassing
the benefits in healthcare research and
across all pathways related to patient care
and diagnosis. Implications of Al in
orthopedic physiotherapy in evolving and
emerging technology is currently being used
in predicting risk of injury, use of medical
imaging, post-op patient performance and
etc. The major aim of this review article is
to provide a complete understanding and
knowledge of Al and machine learning, and
also to present its involvement in clinical
applications in trauma and orthopedic
physiotherapy.

Keywords: Al, physiotherapy, orthopedics,
diagnosis

BACKGROUND

Over the years, Artificial intelligence (AI)
has evolved rapidly, contributing to changes
in different areas of medical profession
through its ability to simulate human
reasoning and help in clinical outputs.! In
the United States (2016), preventable
medical errors with more than 250,000
deaths were reported annually.” In health
care set-up, Al holds immense promise for
boosting the quality of patient care and
reducing  errors.’  Advancements  in
computing engineering and data analytics
have led to massive upsurge in the
development of Al technologies and related
medical devices approved by the United
States Food and Drug Administration.’
These innovations are usually being
integrated into various medical special ties.
In particular, in orthopedics, a field focused
on diagnosing, treating, and preventing
disorders of the musculoskeletal system,
including bones, muscles, joints, ligaments,
tendons, and nerves.

Since Al is increasingly used to enhance
early diagnosis and precision work in the
treatment of orthopedics®, the integration of
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Al into orthopedic practice represents
unique challenges. Orthopedic conditions
usually involve a mixture of bio-mechanical
systems, patient-specific anatomical
variations, and long-term recovery periods,
abnormalities that require robust and precise
Al solutions. Challenges like data scarcity,
the complexity of unstructured clinical
information, lack of training in machine
learning and integration issues with current
work flows continue to restrict the
implementation in practical use of Al in
allied health sciences. Furthermore, to
ensure the ethical use of patient related data,
patient compliance, and acceptance among
health-care providers it further causes the
difficulty. Although challenges remain, still
various ways of Al applications in
orthopedics continue to show substantial
potential. Al technologies help in increasing
accuracy in diagnoses through advanced
image recognition, minimize surgical time
period through predictive analytics, and
personalize treatment plans using patient-
oriented data. Particularly in surgical
implications, Al-related robotics and
navigation systems are transforming the
way in the field of physiotherapy as well.
Therapy to the patient is now planned and
executed, which helps in improving
precision and reducing recovery time.”®
Hence, patient need in these innovations
align with the broader goals of precision
medicine’, offering tailored interventions to
meet individual care.

Orthopedic imaging

Advancements in Al have aid progress in
orthopedic imaging, particularly in the
automated segmentation and also
localization of anatomical structures.!%!2 Al
offers clinical tools that streamline the
complicated tasks and provides support to
the application of ML and DL techniques in
the correct diagnosis and treatment of
orthopedic conditions. Ultrasound, CT and
MRI images could also be hindered by
metal jewellery.® Recent development in
segmentation and classification system
algorithms has benefited the orthopedic

image analysis that enable the delineation of
hard and soft tissue structures like cartilage,
bone, muscle, and neural elements. These
advances are supported by both traditional
machine learning (ML) models and modern
deep learning (DL) architectures. For
example, Shah et al.!® utilized a validated
ML model to quantify cartilage thickness
from 3,910 magnetic resonance imaging
(MRI) datasets of healthy knees. This
approach enabled accurate differentiation of
tissue layers, facilitating longitudinal
assessment of joint degeneration. However,
ML-based models often exhibit limited
adaptability, and their reliance on manual
feature extraction restricts scalability.'* In
contrast, Norman et al.!' employed a U-Net-
based DL model for the segmentation of
cartilage and menisci. The model achieved
Dice coefficients ranging from 0.770 to
0.878 for cartilage and from 0.753 to 0.809
for menisci, with an average segmentation
time of 5s per scan. The model also
demonstrated a strong correlation with
manual relaxometry and morphological
measurements, highlighting its potential for
reliable osteoarthritis (OA) assessment in
clinical workflows. Similarly, Ghidotti et
al.'* compared the U-Net and SegResNet
architectures and reported high spatial
accuracy for cartilage segmentation.
SegResNet, with its enhanced skip
connections, demonstrated superior
adaptability  under  specific  training
conditions, under scoring its potential for
precise three-dimensional (3D) anatomical
modeling in  orthopedic applications.
Similarly, in pelvic segmentation, Hemke et
al.!” developed a deep convolutional neural
network (DCNN) model capable of
segmenting pelvic computed tomography
(CT) images into multiple tissue classes
with high accuracy, completing
segmentation of each image in under 0.1s on
a graphics processing unit. These findings
demonstrate the robustness and efficiency of
the model, reinforcing the value of DL in
comprehensive body composition analysis.
These findings demonstrate the robustness
and efficiency of the model, reinforcing the
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value of DL in comprehensive body
composition analysis.

Orthopedic diagnostics

Diagnostic errors occur in every field of
medical care and specialties, with clinical
decision-making and lack of communication
skill makes it a leading cause, resulting in
at least moderate harm in over half of cases
and death in 1 in 7 patients.">!7 The
advanced Al technologies, coupled with the
expansion of medical data'®, has promote
increasing integration of Al into diagnostic
research and clinical outcomes.!”

Diagnosis of fracture still remains a
cornerstone of orthopedic practice, yet
traditional radiographic interpretation is
prone to misdiagnosis due to interobserver
variability, variable anatomical structures,
and increased clinical workloads.?*?! The
implementation of Al into diagnosis of
fracture presents a promising advancement
aimed at improving diagnostic precision,
foster consistency in interpretation, and
streamlining clinical results.”? Many of the
studies have shown that, Al-based models
detects acute fractures, achieve accuracies
comparable to those of expert radiologists
(Figure.1).?* Fractures of varying sizes and
complexities have been successfully
identified in various Al models that are
trained on X-ray and CT datasets. In a study
by Dankelman et al.**, a DCNN showed
proficiency in detecting proximal humerus
fractures. A deep neural network (DNN)
developed by also demonstrated detecting
and localizing of wrist fractures in
radiographs with accuracy similar to that of
advanced sub-specialty plastic surgeons.
This study also concluded that, emergency
medicine clinicians assisted by the trained
model achieved a sensitivity of 92.5% and a
specificity of 94.1% respectively.

However, Al-based fracture diagnosis still
facing multiple uncertain challenges.?
Firstly, multi-centric validation is needed to
ensure that Al systems perform reliably in
clinical settings, as unexpected outcomes
should not surface during standard
evaluations.’® Barriers to Al adoption in

radiology primarily stem from cost concerns
and limited transparency. Consequently,
widespread implementation relies on
demonstrating measurable enhancements in
both clinical efficiency and diagnostic
outcomes to justify the necessary
investment.?’” Additionally, limited training
exposure makes it difficult for current Al to
detect subtle or atypical fractures, such as
stress or pathologic bone fractures.

Al-based treatment in orthopedic
physiotherapy

Artificial intelligence (AI) has significantly
enhanced the quality of orthopedic surgery
by improving surgical precision, optimizing
preoperative planning, and streamlining
intraoperative workflows. Robotic platforms,
navigation technologies, and Al-powered
imaging analysis have become integral to
optimizing patient-specific interventions.?-
29

® Shoulder Arthroplasty

The integration of navigation systems and
robotic platforms in reverse shoulder
arthroplasty has improved the accuracy of
glenoid component placement by reducing
manual  errors, including  improper
inclination and off-center positioning.
Giorgini et al’® demonstrated that
computer-assisted navigation significantly
improved the accuracy of glenoid
component placement while reducing errors
associated with conventional —manual
techniques. However, Twomey-Kozak et
al.>! noted that, despite these promising
findings, the application of navigation
systems in shoulder arthroplasty remains in
its early stages, particularly when compared
with their well-established use in hip and
knee arthroplasty. Darwood et al.*?
highlighted the advantages of robotic
platforms for the real-time fabrication of
patient-specific instruments. The system
achieved version and inclination angle
accuracies of 1.9° (standard deviation [SD]
1.3) and 1.2° (SD 0.7), respectively, along
with a positional accuracy of 1.1 mm (SD
0.7) relative to the preoperative plan.
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Although  these innovations show
considerable promise, shoulder arthroplasty
presents unique challenges that may limit
the effectiveness of Al-based navigation.
Giorgini et al.*® highlighted that navigation
of the humeral component remains
underdeveloped, limiting the ability to
achieve optimal joint stability. Manual
alignment of the humeral implant remains
necessary, contributing to variability in
surgical precision. Furthermore, the early
implementation of Al-based navigation
systems can prolong operative time while
surgeons become familiar with new
workflows.

® Fracture Reduction

Achieving optimal fracture reduction is
essential for successful fracture healing.
Ankle trauma is highly prevalent, with an
estimated 2 million acute ankle sprains
occurring annually in the United States.*
Due to the complexity of the ankle anatomy,
even minor injuries may result in serious
consequences>*, and up to 70% of patients
experience residual physical disability.
Improper joint reduction during surgery can
result in 1inadequate contact area or
excessive contact force, thereby increasing
the risk of postoperative complications.?>
Al-based fracture reduction techniques have
been developed to reduce intraoperative
fluoroscopy exposure while enhancing
reduction accuracy. In this context,
Gebremeskel et al.” proposed an image-
guided robotic system for ankle fracture
reduction, using the contralateral ankle as a
reference to determine optimal manipulation
forces and displacement parameters. This
study quantified the manipulative forces and
displacement required for accurate reduction
of the ankle syndesmosis, marking a crucial
first step in defining the design requirements
for robotic assistance in terms of force and
displacement. However, robotic-assisted
fracture reduction has several notable
limitations. The performance of Al-based
force prediction models is influenced by
inter-patient anatomical variability, and

achieving real-time adaptation remains a
significant challenge.

® Reconstruction of Ligament

Al has improved ligament reconstruction
procedures by enhancing surgical planning
and intraoperative precision. Sakakibara et
al.® introduced a robotic biomechanical
testing system to simulate joint kinematics
and tendon graft placement, suggesting that
reconstruction at 30° of plantar flexion
yields optimal outcomes. Additionally,
Yang et al.* utilized Al-based three-
dimensional (3D) CT and MRI analyses for
personalized ACL reconstruction planning,
integrated with robotic assistance for real-
time intraoperative surgical adjustments.
Their study demonstrated that robotic
guidance improved the accuracy of bone
tunnel drilling, maintaining deviations
within 1.5 mm.

® (linical drug development

New drug development is a lengthy and
complex process characterized by high
R&D costs and considerable uncertainty.*
In recent years, conventional drug
development approaches have become
increasingly challenging due to rising
investments and prolonged development
timelines. The field is currently at a
bottleneck, necessitating innovative
technologies to improve efficiency and
reduce costs. The rapid advancement of Al
has created new opportunities for high-
quality development in the
biopharmaceutical industry.*! As early as
the 1980s, Merck adopted computer-aided
drug design for drug development.*? With
advances in computing technology, Al has
gradually emerged as a dominant approach,
becoming increasingly integrated into the
drug development process.* This approach
ensures analytical quality while significantly
reducing drug R&D costs, shortening
development timelines, and improving
overall efficiency, thereby accelerating the
drug development process.** Al has been
applied to predict protein structure and
functional properties, forecast drug—protein
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interactions, and facilitate high-throughput
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Fig. 1. Comprehensive applications of Al in orthopedics. DDH developmental dysplasia of the hip, 3D
three-dimensional. Song et al. Military Medical Research (2025) 12:42 https://doi.org/10.1186/s40779-025-

00633-z.

Shortcomings and future outlook

The clinical use of Al remains constrained
by a range of technical and operational
barriers. Most current systems are built to
perform narrow tasks, such as image
classification or structural recognition, but
lack the capacity to support broader clinical
workflows. As a result, they fall short in
areas like correlating multiple diseases and
developing individualized treatment plans.'
Furthermore, Al demonstrates limited
effectiveness in subjective evaluations and
struggles to manage ambiguous or uncertain
information®, which restricts its usefulness
in clinical practice. In addition, these
systems are heavily reliant on large datasets
and substantial computational resources.
Many models demand considerable
processing power and specialized software—
hardware setups*, making implementation
in  resource-constrained  environments
challenging. Their performance is also
influenced by factors such as image quality
and the presence of anatomical landmarks,
while variations in imaging protocols across
hospitals introduce additional complexity to

deployment.*’ To drive progress in the field,
future research should prioritize several key
directions: building high-quality,
multicenter, and ethnically diverse data
platforms to enable standardized data
sharing; designing more interpretable model
architectures to enhance clinical trust;
broadening Al capabilities to encompass the
entire diagnostic and therapeutic continuum,
including disease progression forecasting,
surgical planning, and long-term outcome
assessment; reinforcing ethical oversight
and regulatory frameworks to clearly define
the responsibilities of developers and users;
and advancing long-term, multi-regional,
real-world clinical validation with iterative
optimization. Addressing these challenges is
essential for Al in orthopedics to transition
from a “laboratory innovation” into a
“clinical productivity tool.”

CONCLUSIONS

Artificial Intelligence is set to transform
physiotherapy by improving diagnostic
precision, tailoring treatment strategies, and
enhancing patient outcomes. From applying
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machine learning algorithms for data-driven
diagnostics  to  utilizing  Al-enabled
wearables that provide real-time feedback
during rehabilitation, the technology is
reshaping the physiotherapy landscape.
Although certain challenges remain, the
potential advantages: greater efficiency,
improved results, and stronger patient
engagement make Al a highly promising
tool for the future of physiotherapy. As
advancements continue, Al will play an
increasingly vital role in healthcare,
equipping  physiotherapists  with  the
resources needed to deliver more effective
and individualized care.
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