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Introduc)on 
The integra)on of ar)ficial intelligence (AI) and mo)on capture technology is 

reshaping the landscape of physical therapy, providing unprecedented insights 

into movement pa]erns and enabling more personalized and effec)ve treatment 

strategies. This course is designed to equip physical therapists with a 

comprehensive understanding of these cuKng-edge tools and their 

transforma)ve poten)al in orthopedic assessment and rehabilita)on. Par)cipants 

will delve into the science behind mo)on capture systems, including both marker-

based and markerless methods, and explore how AI elevates data analysis to 

enhance diagnos)c accuracy and treatment precision. Through a combina)on of 

hands-on ac)vi)es, prac)cal demonstra)ons, and real-world case studies, this 

course empowers physical therapists and physical therapist assistants to integrate 

these innova)ons into their prac)ce, op)mizing pa)ent outcomes and advancing 

clinical efficiency. 

AI and Mo)on Capture in Physical Therapy 
Ar)ficial intelligence (AI) and mo)on capture technology are revolu)onizing 

physical therapy, merging cuKng-edge innova)ons with clinical exper)se to 

redefine pa)ent care. AI, with its ability to analyze vast amounts of data and 

uncover pa]erns beyond human percep)on, complements mo)on capture 

systems that translate human movement into precise, measurable data. These 

tools enable physical therapists to assess biomechanics, iden)fy impairments, and 

design personalized rehabilita)on plans with unprecedented accuracy. Mo)on 

capture technology, which ranges from marker-based systems to markerless and 

wearable sensor-based solu)ons, provides detailed insights into movement 

pa]erns and joint mechanics, while AI enhances these capabili)es through real-

)me analysis, predic)ve modeling, and automated feedback. As these 
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technologies have evolved from their roots in sports science and entertainment to 

advanced clinical applica)ons, they have become indispensable in orthopedic 

assessments, injury preven)on, and recovery op)miza)on.  

Overview of AI and Machine Learning in Healthcare 

References: 1–5 

Ar)ficial intelligence and machine learning are revolu)onizing healthcare by 

enabling systems to process vast amounts of data, iden)fy pa]erns, and make 

predic)ons with remarkable accuracy. These technologies are driving 

advancements in diagnos)cs, treatment planning, and pa)ent monitoring, 

transforming tradi)onal prac)ces into data-driven, precision-based care. From 

predic)ve analy)cs in chronic disease management to AI-assisted imaging for 

early diagnosis, their applica)ons are diverse and growing rapidly. In physical 

therapy, AI and ML play a crucial role in enhancing movement analysis, 

personalizing rehabilita)on protocols, and improving pa)ent engagement. By 

harnessing these tools, healthcare professionals can deliver more efficient, 

effec)ve, and personalized care. 

Key Concepts and Defini1ons 

To set up course par)cipants to understand terminology, there are a number of 

defini)ons that are crucial to understand.  

Ar)ficial Intelligence 

AI refers to the simula)on of human intelligence in machines designed to think, 

learn, and solve problems. In healthcare, AI systems analyze complex medical data 

to aid in diagnos)cs, treatment recommenda)ons, and pa)ent monitoring. 

Machine Learning (ML) 
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A subset of AI, ML involves algorithms that allow systems to learn from and adapt 

to data without explicit programming. In healthcare, ML is used for predic)ve 

modeling, such as iden)fying pa)ents at risk for complica)ons or op)mizing 

treatment plans. 

Deep Learning 

A specialized branch of ML that uses neural networks with mul)ple layers to 

analyze large datasets. This is par)cularly useful in imaging analysis, such as 

detec)ng abnormali)es in X-rays, MRIs, or CT scans. 

Natural Language Processing (NLP) 

A branch of AI focused on enabling machines to understand, interpret, and 

respond to human language. In healthcare, NLP can process unstructured data 

from clinical notes, research ar)cles, or pa)ent communica)ons. 

Predic)ve Analy)cs 

AI-driven tools that analyze current and historical data to predict future outcomes, 

such as disease progression, recovery )melines, or therapy effec)veness. 

Computer Vision 

A field of AI that enables machines to interpret visual data. In physical therapy, 

computer vision is used for mo)on capture, gait analysis, and real-)me movement 

assessments. 

Wearable Technology Integra)on 

AI-powered algorithms embedded in wearable devices collect and analyze real-

)me data, such as heart rate, ac)vity levels, or joint movements, providing 

insights for personalized care. 

Decision Support Systems 
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AI tools that assist healthcare professionals in making clinical decisions by 

providing evidence-based recommenda)ons, reducing the margin of error in 

diagnos)cs and treatment planning. 

Ethics in AI 

The responsible use of AI in healthcare emphasizes pa)ent privacy, consent, 

algorithm transparency, and mi)ga)on of biases in data and outcomes. 

Interoperability 

The ability of AI systems to seamlessly integrate with exis)ng healthcare 

technologies, such as electronic health records (EHRs), ensuring efficient 

workflows and comprehensive pa)ent care. 

These defini)ons will be referenced throughout this course as it navigates through 

AI in physical therapy care, machine learning, mo)on capture technologies, and 

ethics in the use of AI in pa)ent care. 

Examples of AI in Healthcare 

AI has significantly transformed the field of medical imaging and diagnos)cs, 

offering faster, more accurate, and more consistent interpreta)ons of imaging 

data. For example, AI technologies are iden)fying cancer much more 

systema)cally and accurately than radiologists. AI algorithms analyze 

mammograms for early detec)on of breast cancer, iden)fying subtle pa]erns that 

may have otherwise been missed. Tools like those developed by Google Health 

have shown to reduce false posi)ves and false nega)ves. AI-powered systems like 

Aidoc and Viz.ai are used to detect stroke, hemorrhages, and aneurysms in CT and 

MRI scans, expedi)ng cri)cal decision-making in emergency care. 

AI-powered biofeedback systems guide pa)ents during physical therapy exercises 

by analyzing movements and providing correc)ve cues. Tools like Kaia Health offer 
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real-)me feedback on shoulder alignment and stability during therapy. Systems 

such as Motek’s C-Mill provide visual and auditory feedback for gait improvement 

in post-stroke rehabilita)on. 

In addi)on, the concept of predic)ve analy)cs is helpful in treatment planning. AI 

plajorms like Hinge Health predict pa)ent recovery )melines and tailor exercise 

programs based on factors like pain levels, mobility, and compliance history. AI 

systems predict the likelihood of disease progression in condi)ons like diabetes, 

heart failure, and chronic obstruc)ve pulmonary disease.  Tools such as IBM 

Watson Health analyze pa)ent data to recommend personalized care plans. 

AI is transforming healthcare across various domains, offering groundbreaking 

solu)ons that enhance precision, efficiency, and accessibility. From revolu)onizing 

medical imaging and diagnos)cs with faster, more accurate interpreta)ons to 

op)mizing pa)ent care through predic)ve analy)cs and personalized treatment 

plans, AI is reshaping how healthcare is delivered. Its applica)ons in wearable 

technologies, virtual health plajorms, and real-)me monitoring are empowering 

pa)ents and providers alike, improving outcomes and reducing healthcare costs. 

Types of Mo)on Capture Technology 

References: 6–9 

Mo)on capture technology has advanced significantly over the years, offering a 

range of solu)ons for capturing human movement with varying degrees of 

precision, flexibility, and applica)on. These systems are broadly categorized into 

marker-based, markerless, and wearable sensor-based technologies, each with 

unique advantages suited to different clinical and research needs. Marker-based 

mo)on capture relies on placing reflec)ve markers on specific body points, with 

cameras tracking their movement to provide high-accuracy data. Markerless 

mo)on capture, on the other hand, uses cameras and AI algorithms to analyze 
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movement without the need for physical markers, offering a more accessible and 

pa)ent-friendly approach. Wearable sensors integrate mo)on-tracking 

components like accelerometers and gyroscopes into lightweight devices, 

capturing movement in real-world environments and providing con)nuous 

monitoring of ac)vity. As the capabili)es of these systems evolve, hybrid 

approaches that combine elements of all three types are emerging, allowing for 

even more comprehensive and versa)le mo)on analysis. Together, these 

technologies enable physical therapists to capture and analyze pa)ent movements 

with increasing accuracy and efficiency, paving the way for more personalized and 

effec)ve rehabilita)on plans. 

Marker-Based Systems 

Marker-based mo)on capture is a highly sophis)cated technology used to capture 

and analyze human movement, providing clinicians with precise and detailed data 

about body mechanics. This technology involves placing reflec)ve markers on 

specific anatomical landmarks, such as joints, bones, and muscles, which are then 

tracked by mul)ple infrared cameras. The system captures the movement of these 

markers, allowing for an accurate reconstruc)on of the pa)ent's mo)on in 3D 

space. It is one of the most accurate and reliable methods for biomechanical 

analysis, widely used in clinical, research, and sports seKngs. 

Components of Marker-Based Systems 

At the heart of marker-based mo)on capture systems are three key components: 

reflec)ve markers, infrared cameras, and specialized somware. Reflec)ve markers 

are small, spherical objects made from retroreflec)ve material that reflect 

infrared light emi]ed by the system's cameras. These markers are carefully placed 

on the pa)ent’s body, typically at key anatomical points such as the shoulder, 

elbow, wrist, hip, knee, and ankle. This strategic placement ensures that the 

8



movement of the markers can be used to accurately measure and analyze the 

mo)on of the en)re body during dynamic ac)vi)es. The markers are usually 

a]ached using adhesive pads, straps, or specialized suits designed to hold them 

securely in place during tes)ng. 

Cameras are the second cri)cal component. High-speed infrared cameras are 

arranged around the capture area to track the movement of the reflec)ve 

markers. These cameras emit infrared light, which is reflected off the markers back 

to the camera sensors. The cameras work in synchrony to triangulate the posi)on 

of each marker in three-dimensional space, crea)ng a digital representa)on of the 

movement. The number and placement of cameras are crucial to the accuracy of 

the system; more cameras provide be]er tracking of the markers and reduce the 

likelihood of occlusion, where markers might be hidden from the camera's view. 

Finally, somware plays a vital role in processing the data captured by the cameras. 

The mo)on capture somware reconstructs the 3D posi)ons of the markers over 

)me, crea)ng a dynamic model of the subject's movement. This somware can 

then be used to analyze joint angles, limb trajectories, gait pa]erns, and other 

movement parameters. Advanced somware omen comes equipped with tools that 

allow clinicians to visualize and measure specific movements, compare different 

phases of a mo)on, and even calculate biomechanical metrics such as velocity, 

accelera)on, and force. 

Applica1ons for Physical Therapy 

Marker-based mo)on capture is a powerful tool in physical therapy, offering 

valuable insights into movement pa]erns that are essen)al for accurate 

assessment and effec)ve rehabilita)on. One of its most common applica)ons is 

gait analysis, where the system tracks and analyzes walking pa]erns to detect 

abnormali)es in stride length, joint movement, or symmetry. This is par)cularly 
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beneficial for pa)ents recovering from hip, knee, or ankle injuries, as well as for 

individuals with neurological condi)ons like stroke or Parkinson’s disease. 

Marker-based systems are also valuable for postural assessments. By tracking the 

alignment of the spine, pelvis, and other body segments, physical therapists can 

iden)fy issues such as scoliosis, kyphosis, or improper posture that may lead to 

pain or dysfunc)on. Detailed postural analysis can help guide rehabilita)on 

programs aimed at correc)ng these imbalances and improving overall body 

alignment. 

In rehabilita)on progress monitoring, marker-based mo)on capture is invaluable 

for comparing a pa)ent’s movement before and amer treatment. Whether it is 

tracking changes in joint mobility, muscle strength, or func)onal range of mo)on, 

the high accuracy of marker-based systems allows clinicians to measure even 

subtle improvements in a pa)ent’s ability to move. This objec)ve data helps 

inform clinical decisions, ensuring that therapy programs are tailored to the 

pa)ent’s specific needs. 

Finally, in sports injury preven)on, marker-based systems are used to assess 

athletes’ biomechanics and iden)fy risky movement pa]erns that may predispose 

them to injury. By analyzing the way athletes move during specific ac)vi)es like 

running, jumping, or squaKng, therapists can pinpoint biomechanical flaws such 

as overuse of certain muscles or improper joint alignment. Early detec)on of 

these issues can help prevent injuries by guiding correc)ve exercises and 

movement modifica)ons. 

Marker-based mo)on capture systems offer high-precision, detailed analysis of 

human movement, making them an invaluable tool in physical therapy. While they 

come with certain challenges such as setup complexity and cost, their ability to 

provide accurate, reproducible, and comprehensive biomechanical data makes 
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them essen)al for improving pa)ent assessments, guiding rehabilita)on, and 

enhancing long-term outcomes in clinical prac)ce. 

Markerless Systems 

Markerless mo)on capture systems represent a significant leap forward in mo)on 

analysis technology, elimina)ng the need for reflec)ve markers or suits. These 

systems use cameras, depth sensors, and advanced computer vision algorithms to 

track human movement in real )me, offering a more flexible and pa)ent-friendly 

alterna)ve to tradi)onal marker-based systems. By analyzing images or video 

footage, markerless mo)on capture can detect and interpret the movement of the 

human body without requiring physical markers to be a]ached to the pa)ent, 

making the process more comfortable and less invasive. 

Components of Markerless Systems 

The core components of markerless mo)on capture systems are the cameras, 

depth sensors, and mo)on analysis somware. Unlike marker-based systems that 

rely on infrared cameras to track reflec)ve markers, markerless systems typically 

use standard video cameras or depth sensors (such as Microsom Kinect or Intel 

RealSense) that capture 2D or 3D images of the subject’s movements. These 

cameras record high-resolu)on video or images, while depth sensors capture the 

spa)al rela)onships of objects in three-dimensional space, allowing the system to 

detect the contours of the human body and its movements. The integra)on of 

these sensors provides a comprehensive view of the subject's movement in real 

)me. 

The mo)on analysis somware is the brain behind the system. It uses sophis)cated 

computer vision algorithms and machine learning techniques to detect and track 

human body landmarks from the captured images or video frames. These 
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algorithms analyze the shapes, angles, and movements of the body, interpre)ng 

them as specific joint rota)ons, limb posi)ons, and body segment movements. 

The somware then reconstructs this data into a 3D representa)on of the subject’s 

mo)on. As opposed to marker-based systems that rely on manual marker 

placement, markerless systems automa)cally detect and track body segments, 

which greatly reduces setup )me and enhances usability. 

Applica1ons for Physical Therapy 

Markerless mo)on capture has a range of applica)ons in physical therapy, 

par)cularly in enhancing pa)ent assessments and rehabilita)on protocols. One of 

the most common uses is gait analysis. Markerless systems are capable of tracking 

walking pa]erns, joint movements, and gait abnormali)es, which can be useful 

for evalua)ng condi)ons such as hip or knee osteoarthri)s, stroke recovery, or 

post-surgical rehabilita)on. By analyzing the way pa)ents move naturally, 

therapists can iden)fy poten)al issues such as asymmetry, altered gait pa]erns, 

or abnormal joint loading, which can guide the development of targeted 

treatment plans. 

Another key applica)on is postural assessment. Markerless systems can track and 

measure postural alignment, helping clinicians iden)fy issues such as scoliosis, 

kyphosis, or forward head posture. The system's ability to assess body alignment 

in a real-world seKng without the need for intrusive markers makes it easier to 

capture natural posture, which is cri)cal for accurate diagnosis and treatment 

planning. 

Rehabilita)on progress monitoring is another valuable use of markerless mo)on 

capture. By capturing movement data throughout a pa)ent's rehabilita)on 

journey, therapists can track improvements in mobility, strength, and func)onal 

movement. This real-)me feedback allows clinicians to make adjustments to 

treatment plans based on objec)ve data, ensuring that the pa)ent’s recovery is 
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on track. Furthermore, markerless systems are ideal for home-based rehabilita)on 

or telehealth applica)ons, where pa)ents can perform exercises or movements at 

home and receive remote analysis and feedback from their therapists. 

Addi)onally, markerless systems are increasingly being used for exercise and 

performance analysis. These systems can be used to monitor and improve the 

form of pa)ents engaging in therapeu)c exercises, making sure they are 

performing movements correctly to prevent injury and enhance the effec)veness 

of their rehabilita)on. This is especially helpful for pa)ents recovering from sports 

injuries or those with musculoskeletal condi)ons that require a focus on 

movement mechanics. 

Markerless mo)on capture systems offer significant advantages in terms of 

pa)ent comfort, ease of use, and flexibility, making them an a]rac)ve alterna)ve 

to marker-based systems. While they may not yet match the accuracy of marker-

based systems in certain clinical applica)ons, their affordability, non-invasiveness, 

and real-)me feedback capabili)es make them an increasingly valuable tool in 

physical therapy. As technology con)nues to improve, markerless mo)on capture 

is likely to become an even more integral part of clinical prac)ce, enhancing the 

way physical therapists assess, monitor, and treat their pa)ents. 

History and Evolu)on of AI and Mo)on Capture in PT SeOngs 

References: 10–12 

Ar)ficial intelligence and mo)on capture technologies have transformed the 

landscape of physical therapy, enabling clinicians to deliver more precise, data-

driven, and personalized care. These advancements reflect a rich history of 

innova)on, beginning with rudimentary mo)on analysis systems and evolving into 

sophis)cated AI-powered plajorms that provide real-)me insights into human 

movement. Understanding this progression not only highlights the poten)al of 
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these tools but also underscores the necessity of integra)ng them responsibly into 

clinical prac)ce. 

The roots of mo)on analysis in physical therapy can be traced back to the late 

19th and early 20th centuries, when pioneers such as Eadweard Muybridge 

employed sequen)al photography to study human locomo)on. These 

groundbreaking efforts, though reliant on manual interpreta)on and subjec)ve 

assessments, provided founda)onal insights into biomechanics and laid the 

groundwork for future technological advancements. The transi)on from these 

early manual methods to computerized systems marked a pivotal moment in the 

field. 

With the emergence of digital technology in the mid-20th century, mo)on analysis 

underwent a significant transforma)on. Marker-based mo)on capture systems 

like Vicon and Qualisys emerged as cri)cal tools for tracking joint movements with 

unparalleled precision. These systems u)lized infrared cameras to detect reflec)ve 

markers placed on the body, enabling objec)ve measurements of kinema)cs and 

kine)cs. In physical therapy, these advancements facilitated more accurate 

assessments of gait abnormali)es, balance issues, and func)onal movements, 

opening a new era of evidence-based care. 

As the 21st century began, ar)ficial intelligence became an integral part of mo)on 

analysis, revolu)onizing the way data was processed and interpreted. Machine 

learning algorithms enabled the automa)c detec)on and classifica)on of 

movement pa]erns, significantly reducing the reliance on manual data 

processing. AI models trained on extensive datasets demonstrated the capability 

to predict injury risks, monitor rehabilita)on progress, and tailor exercise 

programs to individual pa)ent needs. Meanwhile, the development of wearable 

sensors and smartphone-based applica)ons created ease of access to mo)on 

capture technology, allowing for broader clinical use. These portable systems, 
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omen integrated with AI, provide therapists with the ability to remotely monitor 

pa)ents and deliver con)nuous feedback. 

Recent advancements in AI and mo)on capture have been defined by innova)ons 

such as real-)me data processing, cloud-based plajorms, and advanced predic)ve 

analy)cs. Markerless mo)on capture, leveraging computer vision and AI, has 

eliminated the need for physical markers, streamlining setup processes and 

enhancing pa)ent comfort. Biomechanical modeling, which combines mo)on 

capture data with AI, enables detailed simula)ons of musculoskeletal dynamics 

that assist in surgical planning and rehabilita)on. Virtual and augmented reality 

technologies have further enhanced pa)ent engagement, crea)ng immersive 

environments that integrate mo)on capture and AI for interac)ve therapy 

sessions. 

The future of AI and mo)on capture in physical therapy holds great promise, with 

trends poin)ng toward increasingly personalized and preven)ve care. AI-driven 

predic)ve analy)cs are poised to iden)fy poten)al issues before they manifest, 

enabling preemp)ve interven)ons. Remote monitoring, powered by real-)me 

mo)on analysis, is expanding the scope of telehealth, making care more 

accessible. Integra)on with genomics and wearable technology is crea)ng a 

comprehensive view of pa)ent health, further enhancing the ability to deliver 

targeted interven)ons. By staying abreast of these developments, physical 

therapists can leverage the capabili)es of AI and mo)on capture to improve 

pa)ent outcomes while naviga)ng the associated challenges responsibly. 

Importance of Objec)ve Data 

References: 13, 14 

In physical therapy objec)ve data serves as a cornerstone for effec)ve 

assessment, treatment planning, and ongoing evalua)on. The ability to measure, 
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analyze, and interpret quan)fiable informa)on enables clinicians to make 

informed decisions, track progress, and ensure that interven)ons are evidence-

based. Recent advancements in ar)ficial intelligence and mo)on capture 

technology have further enhanced the collec)on and applica)on of objec)ve 

data, revolu)onizing the way physical therapists approach pa)ent care. 

Understanding the role of these tools is vital for op)mizing pa)ent outcomes and 

advancing the profession. 

As therapists are familiar with, objec)ve data in orthopedic physical therapy 

encompasses a wide array of measurable parameters, including range of mo)on, 

strength, balance, gait mechanics, and pain scores. These measurements provide 

a founda)on for iden)fying impairments, seKng treatment goals, and evalua)ng 

the efficacy of interven)ons. For instance, using goniometers to quan)fy joint 

angles or dynamometers to assess muscle strength eliminates the subjec)vity 

omen associated with visual or manual es)ma)on. This precision is par)cularly 

cri)cal in diagnosing subtle impairments that may otherwise go unno)ced. 

The integra)on of AI and mo)on capture technology has significantly advanced 

the collec)on and interpreta)on of objec)ve data. Marker-based and markerless 

mo)on capture systems allow therapists to analyze complex movement pa]erns 

with unprecedented accuracy. AI algorithms process this data in real )me, 

iden)fying abnormali)es and predic)ng poten)al risks such as injury or delayed 

recovery. For example, an AI-powered mo)on capture system can detect 

asymmetries in gait mechanics following a total knee replacement, enabling 

therapists to refine their interven)ons promptly. 

One of the primary benefits of u)lizing objec)ve data is its role in evidence-based 

prac)ce. By grounding clinical decisions in measurable outcomes, therapists can 

align their interven)ons with the best available research and standards of care. 

This approach not only enhances pa)ent trust but also fosters a culture of 
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accountability and con)nuous improvement. For example, a pa)ent recovering 

from an anterior cruciate ligament reconstruc)on may undergo regular 

assessments using AI-driven mo)on capture to monitor quadriceps strength, joint 

stability, and overall func)onal performance. These metrics provide clear 

benchmarks for rehabilita)on progress and help guide decisions regarding ac)vity 

progression or return to sport. 

Moreover, objec)ve data supports the personaliza)on of treatment plans. Every 

pa)ent presents a unique combina)on of impairments, func)onal limita)ons, and 

goals. By leveraging advanced tools such as mo)on capture systems, wearable 

sensors, or AI-powered biomechanical modeling, therapists can gather detailed 

insights into individual movement pa]erns and biomechanical deficits. These 

insights enable the design of targeted interven)ons, such as neuromuscular 

retraining or joint mobiliza)ons, which address the specific needs of each pa)ent. 

This tailored approach not only improves outcomes but also enhances pa)ent 

engagement and adherence to therapy. 

The integra)on of objec)ve data also facilitates effec)ve communica)on with 

other healthcare providers, insurance companies, and pa)ents themselves. 

Quan)fiable metrics serve as a universal language, making it easier to jus)fy 

treatment decisions, document progress, and advocate for con)nued care. For 

instance, demonstra)ng a measurable improvement in func)onal scores or pain 

reduc)on through AI-generated reports can provide compelling evidence for 

insurance reimbursement or mul)disciplinary collabora)on. 

In addi)on to its clinical advantages, objec)ve data has significant implica)ons for 

research and professional development. AI and mo)on capture systems enable 

the systema)c evalua)on of treatment interven)ons, contribu)ng to a growing 

body of evidence that informs best prac)ces. Therapists who incorporate these 

technologies into their prac)ce are be]er equipped to contribute to and benefit 
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from this knowledge base, enhancing their exper)se and staying at the forefront 

of the field. 

Overall, the importance of objec)ve data in orthopedic assessment and treatment 

planning cannot be overstated. By providing a measurable founda)on for clinical 

decisions, it enhances the precision, personaliza)on, and effec)veness of physical 

therapy interven)ons. The integra)on of AI and mo)on capture technologies 

further strengthens the principles of evidence-based prac)ce, facilitates 

interdisciplinary collabora)on, and contributes to the advancement of the 

profession. Embracing these innova)ons empowers therapists to deliver high-

quality care that is both scien)fically grounded and deeply impacjul for pa)ents. 

Sec)on 1 Key Words 

Machine Learning (ML) – A subset of ar)ficial intelligence focused on developing 

algorithms and sta)s)cal models that enable computers to learn and make 

decisions or predic)ons without being explicitly programmed for specific tasks 

Marker-Based Mo)on Capture - A technology that uses reflec)ve markers 

strategically placed on specific anatomical landmarks of the body to track and 

analyze movement 

Markerless Mo)on Capture - A technology that captures and analyzes human 

movement without the need for physical markers or sensors a]ached to the body 

Sec)on 1 Summary 

AI and mo)on capture technology have revolu)onized physical therapy by 

combining advanced innova)ons with clinical exper)se to transform pa)ent care. 

Together, these technologies enable physical therapists to assess biomechanics, 

iden)fy impairments, and develop highly personalized rehabilita)on plans with 
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unmatched accuracy. From marker-based systems to markerless and wearable 

sensor-based solu)ons, mo)on capture technology offers detailed analyses of 

movement pa]erns and joint mechanics, while AI facilitates these capabili)es 

through real-)me data processing, predic)ve modeling, and automated feedback. 

Having evolved from applica)ons in sports science and entertainment to essen)al 

tools in clinical seKngs, AI and mo)on capture are now integral to orthopedic 

assessments, injury preven)on, and op)mized recovery. 

Mo)on Capture Technology in Orthopedic 
Assessments 
Mo)on capture technology has revolu)onized the field of orthopedic 

assessments, offering clinicians and researchers increased precision in analyzing 

human movement. By capturing and quan)fying mo)on in real-)me, this 

technology provides detailed insights into biomechanics, func)onal performance, 

and musculoskeletal health. For physical therapists, orthopedic surgeons, and 

other healthcare professionals, mo)on capture systems serve as invaluable tools 

for diagnosing movement impairments, monitoring rehabilita)on progress, and 

op)mizing treatment strategies. This sec)on will detail how mo)on capture 

works, the advantages and disadvantages of types of mo)on capture technology, 

and data interpreta)on.  

How Mo)on Capture Works 

References: 15–19 

Overview of tools: smartphone-based capture, wearable sensors, mo)on analysis 

somware. 
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Mo)on capture (MoCap) is a sophis)cated technique designed to record and 

analyze human movement with high precision. By capturing detailed data on joint 

angles, body alignment, and movement pa]erns, this technology enables 

clinicians and researchers to evaluate, diagnose, and enhance physical 

performance or rehabilita)on outcomes. The methodology involves a combina)on 

of tools and technologies to track mo)on and transform the collected data into 

ac)onable insights. 

Mo)on capture systems u)lize a variety of devices to gather data, including 

cameras, sensors, and wearable technologies. High-speed cameras, infrared 

systems, and depth sensors are commonly u)lized to detect reflec)ve markers or 

anatomical points on the body. Wearable sensors, such as iner)al measurement 

units (IMUs), gyroscopes, accelerometers, and magnetometers, provide mo)on 

data directly from the body and are omen embedded in smart bands, suits, or 

standalone units. Addi)onally, smartphone-based capture has emerged as a force 

in mo)on capture, using advanced cameras and depth sensors alongside 

specialized apps to enable mo)on tracking without the need for expensive 

equipment. 

The mo)on capture process consists of several steps. Ini)ally, prepara)on and 

calibra)on are conducted to ensure accurate data collec)on, which may involve 

fiKng the subject with wearable sensors or markers and calibra)ng the cameras 

and sensors. During data collec)on, movements are recorded as the subject 

performs specific tasks, capturing informa)on such as joint angles, veloci)es, and 

spa)al orienta)ons. Subsequently, the collected mo)on data is processed using 

specialized somware that converts raw sensor input into meaningful metrics, 

including gait parameters, joint kinema)cs, and muscle ac)va)on pa]erns. Finally, 

the processed data is visualized in formats such as s)ck figures, three-dimensional 

models, or biomechanical simula)ons, enabling clinicians to interpret the results 

and develop targeted interven)ons. 
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The tools employed in mo)on capture vary in complexity and capability. 

Smartphone-based capture solu)ons, exemplified by apps like "Move AI" and 

"PhysioTech" u)lize the phone’s camera to track movement and process data via 

cloud-based algorithms. These tools are cost-effec)ve and user-friendly, making 

them accessible to a broader audience. Wearable sensors, such as those offered 

by Xsens, Noraxon, and Delsys, provide advanced mo)on analysis by integra)ng 

IMUs into highly portable systems that can capture data in diverse environments, 

including outdoor seKngs. Mo)on analysis somware, such as Vicon Nexus, 

Qualisys Track Manager, and OpenSim, offers robust biomechanical modeling and 

visualiza)on tools, enabling in-depth analysis of human mo)on. 

In physical therapy, mo)on capture technology plays a vital role in assessing 

movement impairments, designing personalized rehabilita)on interven)ons, and 

monitoring progress over )me. It is also instrumental in injury preven)on, as it 

helps iden)fy maladap)ve movement pa]erns that could lead to musculoskeletal 

issues. Advances in AI, cloud compu)ng, and hardware miniaturiza)on con)nue 

to drive innova)on in this field, enhancing the accessibility, precision, and u)lity of 

mo)on capture for clinicians and pa)ents alike. 

Marker-Based vs. Markerless Mo)on Capture 

References: 6, 15 

Marker-based and markerless mo)on capture systems are widely used 

technologies for analyzing human movement, each with unique advantages, 

limita)ons, and applica)ons. These systems have transformed the fields of 

physical therapy, biomechanics, sports science, and entertainment by enabling 

detailed mo)on analysis. However, their underlying technologies and 

implementa)on methods lead to differences in precision, ease of use, and 

suitability for specific use cases. 
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Advantages of Marker-Based Mo1on Capture 

One of the primary benefits of marker-based mo)on capture is its high level of 

accuracy. These systems are capable of capturing extremely precise data on joint 

angles, body segment posi)ons, and movement pa]erns, which is essen)al for 

making detailed clinical assessments. For example, the system can measure small 

varia)ons in a pa)ent’s gait, such as subtle devia)ons in knee alignment during 

walking or running, that may indicate an underlying issue. This level of precision is 

par)cularly useful in clinical environments where accurate data is crucial for 

assessing musculoskeletal disorders, postural abnormali)es, or movement 

dysfunc)ons. 

Marker-based systems also provide detailed biomechanical data that is essen)al 

for understanding the intricacies of human movement. For instance, they can 

generate full-body kinema)c models that allow therapists to examine how 

different parts of the body move rela)ve to one another. This detailed data can 

help iden)fy inefficient movement pa]erns or imbalances that contribute to pain 

or injury. Addi)onally, the ability to track joint angles and limb movements helps 

clinicians be]er understand the underlying causes of musculoskeletal issues such 

as arthri)s, tendoni)s, or muscle weakness. 

Another advantage is the reproducibility of data. Since marker-based mo)on 

capture systems rely on precise and consistent measurements, they are ideal for 

longitudinal studies or monitoring changes over )me. Clinicians can use the 

system to assess a pa)ent's progress over mul)ple sessions, comparing pre- and 

post-treatment data to evaluate improvements in movement quality, joint 

func)on, or muscle strength. This consistent data collec)on enables therapists to 

make evidence-based decisions regarding treatment plans, adjustments, and 

progress monitoring. 
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Finally, marker-based systems offer comprehensive analysis capabili)es. These 

systems can capture a wide range of movements, from basic ac)vi)es like walking 

or squaKng to more complex tasks like running or climbing stairs. This flexibility 

makes marker-based mo)on capture valuable for assessing pa)ents with a variety 

of condi)ons, including musculoskeletal injuries, neurological disorders, and post-

surgical rehabilita)on. In par)cular, marker-based systems are ideal for studying 

gait abnormali)es, posture misalignments, and other dynamic movements that 

are key to orthopedic rehabilita)on. 

Disadvantages of Marker-Based Mo1on Capture 

Despite its many advantages, marker-based mo)on capture does come with some 

limita)ons. One significant challenge is the complexity of setup. The process of 

applying markers to the pa)ent’s body can be )me-consuming, par)cularly in 

individuals with limited mobility or those who are uncomfortable with the 

markers or suits. This setup complexity can create barriers for some clinical 

seKngs, where )me and resources may be limited. 

Another disadvantage is the limited flexibility of marker-based systems. These 

systems generally require the pa)ent to remain within the field of view of the 

cameras, which may restrict their ability to perform movements in natural or 

dynamic seKngs. For example, marker-based systems may be less effec)ve when 

capturing movement in non-laboratory environments, such as during daily 

ac)vi)es or sports. The pa)ent’s movement must be constrained to the camera's 

view, making it difficult to analyze certain complex or real-world mo)ons. 

Addi)onally, cost and space requirements for marker-based mo)on capture 

systems can be prohibi)ve. High-quality systems omen require significant financial 

investment, making them inaccessible for some clinics or smaller prac)ces. 

Furthermore, the system typically needs a dedicated space for the camera setup 
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and pa)ent movement, which can limit its use in facili)es with limited space or in 

busy clinical seKngs. 

Pa)ent discomfort is another considera)on. Some pa)ents may find the process 

of a]aching reflec)ve markers to their body or wearing a mo)on capture suit 

uncomfortable. This could affect their willingness to par)cipate in the mo)on 

capture session, especially in individuals who are sensi)ve to physical touch or 

who have mobility impairments. 

Advantages of Markerless Mo1on Capture 

One of the primary advantages of markerless mo)on capture is its non-

invasiveness. Unlike tradi)onal marker-based systems, which require markers to 

be physically a]ached to the body, markerless systems allow for mo)on capture 

without the need for physical markers or sensors. This makes the process more 

comfortable for pa)ents, especially those who may have sensi)vity or mobility 

issues that make marker a]achment difficult or uncomfortable. Since the pa)ent 

does not need to wear or be covered in sensors, it also reduces the )me and 

effort involved in preparing for the assessment. 

Another significant benefit is the flexibility and ease of use. Markerless systems 

can capture movement in a variety of real-world seKngs, making them ideal for 

assessing natural movements outside the clinical environment. This is par)cularly 

valuable for situa)ons where pa)ents perform tasks such as walking, squaKng, or 

climbing stairs, as it allows them to move more freely. The technology can be used 

in both controlled clinical environments and in everyday seKngs, offering more 

versa)lity in capturing movements across a broad range of condi)ons. 

Cost-effec)veness is another key advantage. Markerless systems, especially those 

based on consumer-grade technologies like depth sensors or smartphone 

cameras, tend to be more affordable than marker-based systems, which require 
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mul)ple high-speed infrared cameras and specialized equipment. This makes 

markerless mo)on capture more accessible to a wider range of clinical prac)ces, 

research environments, and even home seKngs, where the budget may be a 

concern. 

Furthermore, markerless systems offer real-)me data collec)on and analysis. By 

capturing mo)on in real )me, these systems can provide instant feedback, which 

is valuable for monitoring progress, making adjustments to treatment plans, or 

improving pa)ent engagement. This real-)me feedback allows clinicians to 

instantly evaluate a pa)ent's movements and make )mely decisions about 

interven)on strategies, which is par)cularly useful during rehabilita)on or 

exercise programs. 

Disadvantages of Markerless Mo1on Capture 

Despite its advantages, markerless mo)on capture comes with certain limita)ons. 

One of the most notable challenges is accuracy. Although markerless systems have 

advanced significantly, they generally do not achieve the same level of precision as 

marker-based systems, par)cularly in terms of joint angle measurements or 

tracking subtle body movements. Because markerless systems rely on algorithms 

to interpret visual data, they may struggle with dis)nguishing complex 

movements or accurately tracking body parts in certain situa)ons, such as when a 

pa)ent’s body segments overlap, or the camera has an obstructed view of the 

subject. 

Another limita)on is dependence on environmental factors. The performance of 

markerless mo)on capture systems can be influenced by ligh)ng condi)ons, 

camera angles, and the quality of the video feed. For example, low ligh)ng or poor 

image resolu)on may affect the system's ability to track body movements 

accurately. In crowded or busy clinical environments, the system may also struggle 

to focus on the subject if there are too many distrac)ons in the background or if 
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the camera cannot clearly dis)nguish the pa)ent's body from the surrounding 

environment. 

Limited precision in some clinical seKngs is another challenge. For certain clinical 

applica)ons, such as assessing fine motor skills, joint alignment, or complex 

postural issues, markerless systems may not provide the same level of detail as 

marker-based systems. While markerless systems can be highly effec)ve for 

analyzing broad movement pa]erns, they may not capture small or intricate joint 

mo)ons that are cri)cal for diagnosing certain musculoskeletal or neurological 

condi)ons. 

Data Interpreta)on 

References: 13, 15, 20 

Mo)on capture technology provides detailed biomechanical data, which, when 

properly interpreted, serves as a powerful tool for understanding human 

movement, iden)fying dysfunc)ons, and guiding treatment strategies. The 

interpreta)on process involves analyzing joint angle data, gait characteris)cs, and 

movement pa]erns to derive ac)onable insights. These insights are cri)cal for 

op)mizing rehabilita)on protocols, improving performance, and preven)ng 

injuries. 

Joint angle data is a cornerstone of mo)on capture analysis. It quan)fies the 

rela)ve orienta)on of body segments, typically in three planes of mo)on: sagi]al, 

coronal, and transverse. For instance, in the sagi]al plane, knee flexion during 

walking offers valuable insights into the efficiency and symmetry of the gait cycle. 

Similarly, analyzing shoulder abduc)on and external rota)on in athletes can reveal 

inefficiencies or risks in overhead ac)vi)es like throwing or serving. Devia)ons 

from norma)ve joint angles omen indicate biomechanical impairments. For 

example, excessive knee valgus during a squat could signal hip abductor weakness 
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or poor neuromuscular control, increasing the risk of anterior cruciate ligament 

injury. These findings allow clinicians to design targeted interven)ons, such as 

strengthening weak muscle groups, enhancing mobility in restricted joints, or 

retraining neuromuscular pa]erns. 

Gait analysis, a primary applica)on of mo)on capture, provides a comprehensive 

evalua)on of walking mechanics. This includes temporal parameters like cadence 

and gait cycle dura)on, spa)al metrics such as step length and stride width, and 

kinema)c data on joint and segment mo)ons. Abnormali)es in these parameters 

can indicate underlying issues. For example, reduced stride length or asymmetry 

in step )ming may point to pain, joint s)ffness, or neurological impairments. 

Analysis of the gait cycle’s stance and swing phases, as well as double-limb 

support, helps pinpoint compensatory strategies. For instance, a pa)ent with 

prolonged stance )me on one leg may be compensa)ng for pain or instability in 

the contralateral limb. Furthermore, examining the trajectory of the center of 

mass during gait provides insights into balance and energy efficiency. If an 

individual exhibits excessive lateral sway, this could suggest core weakness or 

impaired postural control. Such data guides the development of interven)ons to 

restore gait symmetry, improve stability, and reduce fall risk. 

Beyond gait, mo)on capture systems are invaluable for analyzing complex 

movement pa]erns such as squaKng, jumping, or upper extremity tasks. This 

broader analysis provides insights into the coordina)on of kinema)c chains, 

highligh)ng compensa)ons or inefficiencies. For example, during a jump-landing 

task, excessive forward trunk lean, or asymmetrical knee flexion may suggest poor 

core stability or an imbalance between limb strength, increasing the risk of lower 

extremity injuries. Similarly, in overhead throwing, asymmetrical scapular mo)on 

or restricted shoulder rota)on can indicate poten)al impingement or instability. 

By iden)fying these pa]erns, clinicians can implement targeted strategies to 
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address specific deficits, such as improving scapular control through strengthening 

exercises or enhancing landing mechanics via neuromuscular training. 

Transla)ng mo)on capture data into ac)onable treatment insights involves 

integra)ng findings into individualized rehabilita)on or performance programs. 

This starts with iden)fying the root causes of dysfunc)on, such as muscle 

imbalances, joint restric)ons, or motor control deficits. For example, a pa)ent 

exhibi)ng limited ankle dorsiflexion during a squat may benefit from calf 

stretching, ankle mobiliza)on, and func)onal strengthening exercises. Mo)on 

capture also enables clinicians to monitor progress objec)vely. Reassessments can 

track improvements in range of mo)on, symmetry, or efficiency, providing 

tangible evidence of recovery. Moreover, mo)on capture plays a key role in injury 

preven)on by iden)fying predisposing factors such as abnormal joint loading, 

poor alignment, or inefficient movement strategies. These insights support the 

implementa)on of preven)ve interven)ons, such as sport-specific neuromuscular 

training or equipment adjustments like ortho)cs or footwear modifica)ons. 

Another cri)cal advantage of mo)on capture is its integra)on with biofeedback 

systems. Some advanced setups provide real-)me feedback during movements, 

allowing pa)ents to adjust their mechanics dynamically. For example, a pa)ent 

performing squats can receive visual cues about knee alignment, encouraging 

immediate correc)ons and fostering motor learning. This real-)me feedback 

accelerates the acquisi)on of op)mal movement pa]erns and reduces the 

likelihood of reinjury. 

In summary, interpre)ng mo)on capture data is a nuanced process that 

transforms raw biomechanical metrics into ac)onable clinical insights. By 

analyzing joint angles, gait parameters, and movement pa]erns, clinicians can 

iden)fy dysfunc)ons, tailor interven)ons, and op)mize pa)ent outcomes. This 

data-driven approach enhances the precision of rehabilita)on and performance 
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enhancement strategies, making mo)on capture an indispensable tool in 

rehabilita)on and injury preven)on. 

Sec)on 2 Key Words 

Mo)on Capture - A technology used to record and analyze human movement by 

tracking body posi)ons and mo)ons in real )me 

Mo)on Analysis Somware - Specialized somware used to capture, process, and 

analyze data from mo)on capture systems; examples are MoveAI and PhysioTech 

Sec)on 2 Summary 

Mo)on capture technology has significantly advanced orthopedic assessments by 

providing clinicians and researchers with precise, real-)me analysis of human 

movement. Its ability to capture and quan)fy mo)on offers in-depth insights into 

biomechanics, func)onal performance, and musculoskeletal health, making it an 

indispensable tool for physical therapists, orthopedic surgeons, and other 

healthcare professionals. Mo)on capture systems enable accurate diagnosis of 

movement impairments, efficient monitoring of rehabilita)on progress, and the 

op)miza)on of treatment strategies. This sec)on has explored how mo)on 

capture works, the advantages and disadvantages of different types of mo)on 

capture technology, and the interpreta)on of mo)on data to enhance clinical 

prac)ce. 

AI in Orthopedic Physical Therapy 
Ar)ficial intelligence is revolu)onizing orthopedic physical therapy by introducing 

cuKng-edge tools, enhancing wearable technologies, and enabling more precise, 

data-driven care. AI-powered tools, such as predic)ve analy)cs and virtual 
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assistants, allow clinicians to assess pa)ent progress, op)mize treatment plans, 

and make more informed decisions. AI-enhanced wearables, equipped with 

advanced sensors and machine learning algorithms, provide real-)me data on 

movement pa]erns, muscle ac)vity, and recovery metrics, empowering both 

pa)ents and therapists with ac)onable insights. Addi)onally, AI has specific 

applica)ons in areas such as post-surgical rehabilita)on, injury preven)on, gait 

analysis, and chronic pain management, offering personalized and efficient 

solu)ons. This transforma)ve technology is redefining how therapists deliver care, 

fostering improved outcomes and pa)ent engagement. 

AI Tools and Capabili)es 

References: 1, 21 

The integra)on of ar)ficial intelligence into orthopedic physical therapy is 

revolu)onizing the way clinicians approach pa)ent care. By leveraging AI-driven 

tools, physical therapists can enhance diagnos)c accuracy, op)mize treatment 

plans, and improve pa)ent outcomes. Key areas where AI tools are making an 

impact include predic)ve analy)cs for pain progression, AI-assisted diagnosis, and 

pa)ent progress monitoring. 

Predic1ve Analy1cs of Pain Progression 

AI-powered predic)ve analy)cs tools u)lize vast amounts of data to forecast the 

progression of pain and other symptoms in orthopedic condi)ons. By examining 

pa]erns in a pa)ent’s medical history, demographic data, and treatment 

response, AI models can predict the likelihood of pain escala)on or improvement. 

This capability enables therapists to iden)fy pa)ents at higher risk of chronic pain 

or delayed recovery, allowing for early interven)on and tailored therapeu)c 

approaches. For example, a pa)ent with knee osteoarthri)s may benefit from a 
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machine learning model that predicts pain progression based on imaging, ac)vity 

levels, and biometrics, guiding decisions about when to escalate treatment, 

consider surgical referrals, or intensify therapy. 

AI-Assisted Diagnosis 

AI tools also assist clinicians in diagnosing orthopedic condi)ons by analyzing 

imaging, pa)ent-reported symptoms, and clinical tests. AI algorithms can evaluate 

X-rays, MRIs, and CT scans with precision, iden)fying subtle abnormali)es that 

might be overlooked by the human eye. Addi)onally, systems equipped with 

natural language processing can interpret clinical notes and match them with 

imaging findings, offering diagnos)c sugges)ons. For instance, AI-driven imaging 

plajorms can iden)fy ligament tears, fractures, or early signs of degenera)ve joint 

disease, providing therapists with cri)cal diagnos)c informa)on to develop 

targeted rehabilita)on plans. 

Pa1ent Progress Monitoring 

Another significant applica)on of AI is pa)ent progress monitoring. Through 

wearable devices, apps, and integrated health systems, AI tools enable con)nuous 

tracking of func)onal metrics such as range of mo)on, gait pa]erns, and muscle 

ac)vity during therapy sessions or daily ac)vi)es. AI algorithms analyze this data 

to assess improvements or setbacks, providing real-)me feedback that promotes 

adherence to home exercise programs. These tools also facilitate early detec)on 

of issues by flagging devia)ons from expected progress, helping therapists adjust 

treatment plans proac)vely. For example, a pa)ent recovering from a rotator cuff 

repair can use a wearable device to monitor shoulder mobility and strength, with 

an AI dashboard summarizing recovery trends and recommending adjustments to 

the rehabilita)on program. 
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AI-Enhanced Wearables 

References: 1, 15 

AI-enhanced wearables are revolu)onizing physical therapy by providing 

prac))oners and pa)ents with real-)me data and ac)onable insights. These 

devices leverage advanced AI algorithms to monitor, analyze, and interpret 

biomechanical and physiological data, fostering more personalized and effec)ve 

rehabilita)on programs. By detec)ng improper movement pa]erns, enabling 

precise feedback, and op)mizing pa)ent outcomes, AI-enhanced wearables are 

transforming the way physical therapy is delivered. 

AI-enhanced wearables use sensors, such as accelerometers, gyroscopes, and 

electromyography detectors, to gather data on joint angles, muscle ac)va)on, and 

overall body mechanics. AI algorithms process this data instantly to iden)fy 

devia)ons from normal movement pa]erns, offering immediate feedback to the 

pa)ent and therapist. Improper movement pa]erns can lead to inefficiencies in 

rehabilita)on and increased risk of injury. AI systems analyze movement data in 

real-)me, comparing it to established baselines or norma)ve datasets. By 

iden)fying compensatory behaviors, asymmetries, or devia)ons from op)mal 

form, wearables alert pa)ents and therapists to areas requiring correc)on. 

Through machine learning models, wearables adapt to the pa)ent’s progress over 

)me. For example, a pa)ent recovering from ACL reconstruc)on might receive 

real-)me feedback on knee alignment during walking or squaKng. Audio, visual, 

or hap)c cues guide the pa)ent to adjust their movements immediately, 

reinforcing proper technique. Addi)onally, AI-enhanced wearables facilitate 

remote monitoring by transmiKng data to cloud plajorms, allowing therapists to 

track progress outside the clinic. This capability is par)cularly beneficial for 

pa)ents with limited mobility or access to in-person therapy and supports long-

term adherence to exercise programs through automated reminders and alerts. 
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Aggregated data from wearables helps physical therapists iden)fy trends, tailor 

interven)ons to individual needs, predict outcomes, and adjust treatment plans 

dynamically. 

Wearables assist in tracking joint range of mo)on, muscle ac)va)on pa]erns, and 

gait mechanics, making them valuable for rehabilita)on amer injury or surgery. For 

instance, they can monitor progress in restoring func)onal movement post-stroke 

or recovery milestones in post-opera)ve ACL rehabilita)on. Pa)ents with chronic 

condi)ons like Parkinson’s disease, arthri)s, or mul)ple sclerosis benefit from 

con)nuous monitoring of motor symptoms, enabling )mely interven)ons. 

Furthermore, by detec)ng early signs of improper movement, wearables reduce 

the risk of overuse injuries and falls. For athletes, these devices help maintain 

op)mal performance while minimizing injury risks. 

AI-enhanced wearables offer numerous benefits, including enhanced accuracy in 

movement analysis, improved pa)ent engagement through interac)ve feedback, 

and cost-effec)ve monitoring with reduced need for frequent clinic visits. 

However, there are some limita)ons, such as dependence on consistent device 

calibra)on and maintenance, poten)al challenges in integra)ng data from 

different wearable systems, and limited access for pa)ents in underserved areas 

due to cost or technology barriers. 

AI-enhanced wearables are transforming physical therapy by providing 

unprecedented levels of precision and personaliza)on. By detec)ng improper 

movement pa]erns, delivering real-)me feedback, and enabling remote 

monitoring, these tools empower therapists to op)mize care and improve 

outcomes. As technology con)nues to evolve, integra)ng AI-enhanced wearables 

into physical therapy prac)ces will become increasingly essen)al for advancing 

rehabilita)on strategies. 
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Applica)ons in Specific Areas 

References: 13, 22 

AI-driven predic)ve modeling has transformed post-opera)ve recovery 

management for hip and knee surgeries by enabling data-informed, personalized 

rehabilita)on strategies. For total joint replacements and arthroscopic 

interven)ons, these models analyze large datasets that include demographics, 

surgical details, pre-opera)ve func)onal status, comorbidi)es, rehabilita)on 

progress, and even biomechanical data collected through wearable sensors. 

Predic)ve models can iden)fy correla)ons between pa)ent characteris)cs and 

recovery outcomes, allowing clinicians to an)cipate challenges such as s)ffness, 

pain, or delayed mobility. These tools assess a pa)ent’s likelihood of 

complica)ons, such as post-opera)ve infec)ons or thromboembolic events, 

guiding both surgical planning and post-opera)ve care. By comparing a pa)ent’s 

progress against similar cases, models can recommend individualized 

rehabilita)on milestones. For instance, a pa)ent recovering from a hip 

replacement may be flagged if their gait pa]ern deviates significantly from 

predic)ve norms, promp)ng adjustments in physical therapy. Addi)onally, 

con)nuous data from wearable devices, such as pedometers or joint sensors, is 

integrated with predic)ve models to track func)onal gains in real )me. Devia)ons 

from expected progress can trigger alerts for therapists to modify interven)ons, 

such as increasing load-bearing exercises or focusing on range-of-mo)on deficits. 

Predic)ve algorithms also enhance communica)on by transla)ng complex 

recovery data into accessible visuals for pa)ents, improving understanding and 

adherence to prescribed exercises and care plans. 

In prac)ce, these models can be embedded in electronic health records systems 

or used alongside pa)ent-reported outcome measures to support informed 

decision-making. For example, a pa)ent recovering from a total knee arthroplasty 
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might benefit from early iden)fica)on of quadriceps weakness, promp)ng 

addi)onal neuromuscular re-educa)on exercises. These models’ ability to provide 

ac)onable insights ensures that recovery remains on track and individualized to 

each pa)ent’s needs. 

Clinical U1lity 

References: 23–25 

In clinical seKngs, these tools are instrumental in developing precision 

rehabilita)on strategies. Specifically, AI is helpful in monitoring and intervening on 

symptoms in many orthopedic symptoms. This sec)on will describe the u)lity of 

AI and mo)on capture technology in more detail, on various orthopedic problems. 

Low Back: Monitoring func)onal movements to manage and prevent pain 
recurrence 

The low back is one of the most common areas affected by musculoskeletal pain, 

omen leading to chronic condi)ons if not properly managed. AI and mo)on 

capture technologies offer a valuable means of monitoring func)onal movements 

to help manage and prevent pain recurrence. By tracking a pa)ent’s movements 

throughout daily ac)vi)es, such as bending, liming, or siKng, mo)on capture 

systems provide real-)me data on postural alignment and body mechanics. This 

data can reveal poor movement habits, such as excessive lumbar flexion or 

improper liming techniques, which may contribute to the development of low 

back pain. These algorithms analyze datasets that encompass pain history, 

diagnos)c imaging, func)onal assessments, psychosocial factors, and pa)ent-

reported outcomes to design personalized care plans. They enable targeted 

interven)ons by classifying pa)ents into subgroups based on clinical 

presenta)ons, such as mechanical back pain versus neuropathic pain, ensuring 

that treatments, like spinal stabiliza)on exercises or nerve gliding techniques, are 
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appropriately targeted. Machine learning models can predict the efficacy of 

various interven)ons based on pa)ent characteris)cs. For instance, a pa)ent with 

psychosocial stressors contribu)ng to pain may benefit more from cogni)ve-

behavioral therapy integrated with exercise. Real-)me data from wearable devices 

and mo)on capture systems, such as lumbar flexion angles and movement 

velocity, is fed into AI systems to assess adherence and refine exercise protocols 

dynamically. These tools also consider factors like depression or anxiety, omen 

linked to chronic back pain, recommending mul)disciplinary approaches involving 

mental health professionals. Personalized algorithms further enable telehealth 

op)miza)on, allowing for remote monitoring and interven)on adjustments. This 

makes it possible for therapists to track pa)ent progress and address barriers to 

recovery in real )me. 

Spine: Spinal mo)on analysis for postural correc)on and scoliosis or chronic 
spine pain rehabilita)on. 

Spinal condi)ons, including postural issues, scoliosis, and chronic back pain, can 

be challenging to treat effec)vely without detailed insights into spinal mo)on. 

Mo)on capture and AI technologies provide an advanced way to assess spinal 

movement, allowing clinicians to be]er understand the mechanics of a pa)ent’s 

spine during various ac)vi)es. Spinal mo)on analysis can reveal misalignments, 

abnormal curvatures, or asymmetries that may be contribu)ng to pain or postural 

problems. In pa)ents with scoliosis, for example, mo)on capture can monitor the 

degree of spinal curvature during dynamic movement, enabling more precise 

assessments of progression or improvement over )me. AI algorithms can process 

this data to iden)fy specific areas of the spine that are moving incorrectly or 

excessively, which can help guide therapeu)c interven)ons. For chronic spine 

pain, these technologies can track how different postures or movements affect 

pain levels, offering clinicians valuable insights into which posi)ons may be 

exacerba)ng discomfort. Spinal mo)on analysis also facilitates postural correc)on 
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strategies by offering data-driven recommenda)ons for exercises and lifestyle 

adjustments that help improve alignment, reduce pain, and prevent future spine 

issues. By providing con)nuous, objec)ve data on spinal health, AI and mo)on 

capture support more personalized and effec)ve rehabilita)on plans for pa)ents 

dealing with a variety of spinal condi)ons. 

Hip and Knee: Real-)me feedback for correc)ng movement paUerns and 
preven)ng overuse injuries. 

For hip and knee injuries, par)cularly those resul)ng from overuse or surgical 

rehabilita)on, real-)me feedback through mo)on capture and AI can be cri)cal in 

preven)ng further damage and op)mizing recovery. Mo)on capture systems 

allow clinicians to assess joint alignment and movement during func)onal tasks, 

such as walking, squaKng, or climbing stairs. By providing a detailed analysis of 

the pa)ent's movements, these technologies can highlight any abnormali)es or 

compensatory pa]erns, such as excessive knee valgus or altered hip mechanics, 

which might predispose the pa)ent to overuse injuries like patellofemoral 

syndrome or hip labral tears. Real-)me biofeedback can alert the pa)ent if their 

movement pa]ern is devia)ng from the ideal, promp)ng immediate correc)ve 

ac)on. This allows clinicians to guide pa)ents through exercises or ac)vi)es that 

restore proper biomechanics and reduce the risk of long-term joint degenera)on. 

Addi)onally, AI-powered mo)on analysis can provide valuable insights into muscle 

imbalances or weaknesses that may be contribu)ng to poor movement pa]erns, 

offering a founda)on for a targeted strengthening program to prevent further 

injury. 

Ankle: Assessing range of mo)on and gait in injuries such as sprains or Achilles 
tendini)s. 

Ankle injuries, such as sprains or Achilles tendini)s, are common and omen result 

in impaired range of mo)on and altered gait pa]erns. Mo)on capture technology 
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plays a crucial role in assessing both of these factors, offering precise data that can 

be used to guide rehabilita)on. By capturing the movement of the ankle joint 

from mul)ple angles, clinicians can iden)fy restric)ons in ROM, such as 

dorsiflexion limita)ons, and analyze the pa)ent’s gait to detect compensatory 

movements, like an altered stride or heel strike. AI algorithms process this data 

and can recognize pa]erns that may not be immediately obvious to the clinician, 

such as an asymmetry between the lem and right ankle or abnormal joint loading 

during walking. With this informa)on, rehabilita)on programs can be personalized 

to target the specific impairments, focusing on exercises that restore normal range 

of mo)on, correct gait abnormali)es, and strengthen key muscle groups, such as 

the calf and )bialis anterior. Addi)onally, by con)nuously tracking progress 

through mo)on capture, clinicians can assess improvements over )me, adjus)ng 

treatment plans as needed to ensure a full recovery and prevent reinjury. 

Shoulder: Real-)me biofeedback for shoulder stability and rotator cuff 
strengthening. 

Shoulder injuries, par)cularly those affec)ng the rotator cuff, omen require 

precise and targeted rehabilita)on to restore stability and func)on. Real-)me 

biofeedback using mo)on capture technology can be especially beneficial for 

shoulder rehabilita)on. During exercises designed to strengthen the rotator cuff 

and improve shoulder stability, mo)on capture can track the pa)ent’s shoulder 

movement with high precision. This allows clinicians to assess key factors like 

scapular posi)oning, shoulder abduc)on angle, and the ac)va)on of specific 

muscle groups. AI-powered systems can analyze this data in real-)me, providing 

immediate feedback to the pa)ent and clinician. For example, if a pa)ent is 

compensa)ng by eleva)ng their shoulder or not engaging the appropriate 

muscles during an exercise, the system can alert them, helping to correct the 

mo)on on the spot. This immediate feedback not only helps prevent incorrect 

movement pa]erns that could lead to further injury but also ensures that 

38



strengthening exercises are performed op)mally. By consistently tracking shoulder 

movement throughout rehabilita)on, clinicians can make adjustments to exercises 

and monitor progress toward achieving full func)on and stability in the shoulder 

joint. 

The integra)on of AI and mo)on capture technology into orthopedic 

rehabilita)on provides significant advancements in pa)ent care, offering detailed, 

real-)me insights that enhance both assessment and treatment. By enabling 

precise monitoring of movement pa]erns, these technologies help clinicians 

iden)fy risk factors, correct movement inefficiencies, and prevent further injury 

across various musculoskeletal areas. Whether managing low back pain, 

improving hip and knee biomechanics, rehabilita)ng ankle injuries, strengthening 

shoulder stability, or correc)ng spinal posture, AI and mo)on capture offer 

personalized, data-driven approaches to rehabilita)on. 

Sec)on 3 Key Words 

Natural Language Processing - A branch of AI focused on enabling computers to 

understand, interpret, and generate language to u)lize for speech recogni)on, 

language transla)on, and more 

AI Enhanced Wearables - Devices that combine wearable technology with ar)ficial 

intelligence to provide real-)me, data-driven insights about a person's health, 

ac)vity, or environment 

Sec)on 3 Summary 

Ar)ficial intelligence is transforming orthopedic physical therapy by introducing 

advanced tools, enhancing wearable technologies, and enabling precise, data-

driven care. AI-powered solu)ons, such as predic)ve analy)cs and virtual 
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assistants, empower clinicians to op)mize treatment plans, assess progress, and 

make more informed decisions. With AI-enhanced wearables offering real-)me 

insights into movement pa]erns, muscle ac)vity, and recovery metrics, both 

pa)ents and therapists benefit from improved monitoring and guidance. 

Furthermore, AI’s applica)ons in post-surgical rehabilita)on, injury preven)on, 

gait analysis, and chronic pain management highlight its poten)al to deliver 

personalized and efficient solu)ons. As this technology con)nues to evolve, it is 

reshaping the way therapists deliver care, driving be]er outcomes and fostering 

greater pa)ent engagement. 

Benefits, Limita)ons, and Ethics 
AI and mo)on capture are revolu)onizing physical therapy by enhancing 

diagnos)c precision, personalizing rehabilita)on, and improving pa)ent 

engagement. These technologies provide real-)me movement analysis, op)mizing 

treatment effec)veness. However, challenges such as cost, accessibility, and data 

accuracy must be addressed. Ethical concerns, including pa)ent privacy and AI 

biases, also require careful considera)on. Balancing innova)on with responsible 

implementa)on is key to ensuring AI enhances pa)ent care while maintaining 

security and accessibility. 

Benefits 

References: 1, 26 

The integra)on of AI and mo)on capture technology in orthopedic rehabilita)on 

offers numerous advantages, par)cularly in enhancing the accuracy and 

effec)veness of pa)ent care. One of the most significant benefits is enhanced 

diagnos)c precision. Mo)on capture systems can analyze joint movement, muscle 
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ac)va)on, and postural control with a level of detail that surpasses tradi)onal 

observa)onal assessments. AI algorithms process this data, iden)fying subtle 

abnormali)es and compensatory pa]erns that may not be visible to the human 

eye. This precision allows for early detec)on of movement dysfunc)ons, enabling 

)mely and targeted interven)ons that prevent further injury or deteriora)on. 

Another major advantage is the ability to create tailored rehabilita)on plans. AI-

driven mo)on analysis allows clinicians to design highly personalized treatment 

strategies based on a pa)ent’s unique movement pa]erns and func)onal deficits. 

Unlike generalized rehabilita)on programs, which may not address specific 

impairments, AI can generate data-driven recommenda)ons that adjust exercises, 

therapy intensity, and progression in real )me. This individualized approach 

enhances the effec)veness of rehabilita)on, ensuring that pa)ents receive 

interven)ons that align with their specific needs. 

Addi)onally, these technologies contribute to improved pa)ent engagement and 

outcomes. Real-)me biofeedback provides immediate visual and auditory cues, 

helping pa)ents understand and correct their movement pa]erns more 

effec)vely. This interac)ve feedback loop increases mo)va)on and adherence to 

rehabilita)on programs, as pa)ents can see tangible improvements in their 

movement mechanics. By fostering a sense of ac)ve par)cipa)on in their 

recovery, AI and mo)on capture help drive be]er func)onal outcomes, reduced 

recovery )mes, and a lower likelihood of reinjury. 

Limita)ons 

References: 2, 26 

Despite their advantages, AI and mo)on capture technologies also present several 

challenges, par)cularly concerning cost and accessibility. High-quality mo)on 

capture systems and AI-driven somware can be expensive, limi)ng their availability 
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in smaller clinics, rural healthcare seKngs, or developing regions. Addi)onally, 

these systems omen require specialized equipment and trained personnel, adding 

to the overall cost of implementa)on. While advancements in wearable and 

smartphone-based mo)on tracking aim to improve accessibility, widespread 

adop)on remains a challenge due to financial and logis)cal constraints. 

Another cri)cal limita)on is data accuracy in diverse clinical seKngs. While 

mo)on capture and AI algorithms provide highly detailed movement analysis, 

their accuracy can be affected by environmental factors, sensor placement, and 

pa)ent variability. In real-world clinical environments, where ligh)ng condi)ons, 

pa)ent clothing, and movement restric)ons may differ from controlled laboratory 

seKngs, the reliability of mo)on capture data can fluctuate. Addi)onally, AI 

models rely on exis)ng datasets for analysis, and biases in these datasets can 

impact the accuracy of movement assessments for different popula)ons, 

par)cularly in individuals with unique biomechanical varia)ons or condi)ons that 

are underrepresented in the training data. 

Ethics and Privacy 

References: 2, 27 

The use of AI and mo)on capture in physical therapy introduces significant ethical 

and privacy considera)ons, par)cularly regarding pa)ent data collec)on, security, 

and consent. While these technologies enhance rehabilita)on through precise 

movement analysis and personalized treatment, their effec)veness depends on 

responsible implementa)on. Ethical concerns surrounding data privacy, security, 

and transparency must be addressed to ensure pa)ent trust and compliance with 

legal and professional standards. 

42



Handling Pa1ent Data Responsibly 

AI-driven systems collect vast amounts of sensi)ve pa)ent data, including 

movement pa]erns, biomechanical metrics, and rehabilita)on progress. This data 

is crucial for improving diagnos)c accuracy and treatment effec)veness, but it 

must be handled responsibly to prevent misuse. Clinicians and AI developers must 

implement strict policies to ensure that data is collected only for legi)mate 

medical purposes and is accessed only by authorized personnel. Transparency in 

how AI algorithms analyze and use this data is essen)al to maintaining ethical 

standards and preven)ng biases. AI models must be trained on diverse datasets to 

avoid reinforcing dispari)es in healthcare, ensuring fair and accurate assessments 

for all pa)ents. Addi)onally, anonymizing pa)ent data whenever possible helps 

protect individual iden))es while s)ll allowing for meaningful research and 

technological advancements. 

Ensuring Secure Data Storage 

The storage and transmission of digital health data come with inherent security 

risks, making it essen)al to implement robust protec)ve measures. Pa)ent data 

must be encrypted both in transit and at rest to prevent unauthorized access. 

Secure cloud storage solu)ons that comply with healthcare regula)ons, such as 

the Health Insurance Portability and Accountability Act (HIPAA), should be used to 

safeguard pa)ent informa)on. Strict access controls, mul)-factor authen)ca)on, 

and role-based permissions ensure that only qualified individuals, such as trea)ng 

clinicians or approved researchers, can access sensi)ve data. Addi)onally, rou)ne 

security audits, somware updates, and vulnerability assessments should be 

conducted to iden)fy and mi)gate poten)al cyber threats. As AI systems evolve, 

maintaining up-to-date security protocols will be crucial in preven)ng data 

breaches and ensuring pa)ent confiden)ality. 
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Addressing Pa1ent Consent and Trust in AI Usage 

For AI-driven technologies to be ethically integrated into physical therapy, 

informed pa)ent consent must be a priority. Pa)ents should be fully aware of how 

their data will be collected, processed, and stored, as well as how AI will influence 

their treatment plans. Informed consent forms should clearly outline the scope of 

AI usage, emphasizing that AI serves as a tool to assist clinicians rather than 

replace human exper)se. Pa)ents should also have the op)on to decline AI-driven 

assessments without compromising their access to care. 

Building trust in AI-assisted therapy requires transparency and open 

communica)on between healthcare providers and pa)ents. Clinicians should 

explain how AI enhances rehabilita)on, providing pa)ents with confidence that 

these technologies will improve, rather than replace, their personalized care. AI 

recommenda)ons should always be reviewed and validated by human 

professionals to ensure clinical relevance and pa)ent safety. Addi)onally, 

addressing ethical concerns about poten)al biases in AI models, such as 

differences in movement assessments based on gender, age, or ethnicity, helps 

reassure pa)ents that their care is fair and equitable. 

Balancing Innova1on with Ethical Responsibility 

AI and mo)on capture hold immense poten)al for improving physical therapy 

outcomes, but ethical considera)ons surrounding privacy, security, and consent 

must remain at the forefront of their implementa)on. By ensuring responsible 

data handling, strengthening cybersecurity measures, and priori)zing pa)ent 

trust, healthcare providers can integrate AI technologies in a way that enhances 

rehabilita)on while upholding the highest ethical standards. This balanced 

approach allows AI to serve as a valuable tool in physical therapy, op)mizing 

pa)ent care while maintaining privacy, security, and fairness in treatment. 
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Sec)on 4 Key Words 

Health Insurance Portability and Accountability Act (HIPAA) – Ensures that AI-

driven technologies handle protected health informa)on securely and ethically. 

Privacy - Refers to the protec)on of pa)ents' personal health informa)on from 

unauthorized access, misuse, or breaches  

Sec)on 4 Summary 

AI and mo)on capture are transforming physical therapy by providing precise 

diagnos)cs, personalized rehabilita)on, and real-)me movement analysis, 

ul)mately improving pa)ent outcomes. While these technologies offer significant 

benefits, challenges such as cost, accessibility, and data accuracy must be carefully 

managed. Addi)onally, ethical considera)ons, including pa)ent privacy and 

poten)al AI biases, require ongoing a]en)on to ensure fair and secure 

implementa)on. By balancing innova)on with responsibility, AI can be effec)vely 

integrated into physical therapy, enhancing pa)ent care while maintaining 

security, accessibility, and trust. 

Case Study 1 
Sarah, a 42-year-old office worker, presents to physical therapy with chronic low 

back pain persis)ng for the past six months. She reports discomfort during 

prolonged siKng, bending, and liming. A tradi)onal physical examina)on reveals 

mild lumbar s)ffness and pain with forward flexion. However, subjec)ve 

assessments alone make it difficult to quan)fy range of mo)on (ROM), func)onal 

limita)ons, and movement compensa)ons. 

To enhance the evalua)on, the clinic u)lizes an AI-powered mo)on capture 

system to assess Sarah’s lumbar movement in real-)me. Using markerless mo)on 
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capture, the system records her lumbar flexion, extension, and lateral bending, 

genera)ng precise data on ROM, asymmetries, and compensatory pa]erns. AI 

analysis detects restricted lumbar flexion at 30 degrees, and an excessive pelvic 

)lt during movement, sugges)ng movement dysfunc)ons contribu)ng to her 

pain. 

With this objec)ve data, Sarah's therapist tailors a rehabilita)on program focusing 

on lumbar mobility, core stabiliza)on, and movement retraining. AI-assisted 

feedback helps track her progress over )me, adjus)ng interven)ons based on 

real-)me improvements in ROM and movement quality. 

Reflec)on Ques)ons 

1. How does AI and mo)on capture improve the assessment of Sarah’s low 

back pain compared to tradi)onal methods? 

2. What are the benefits of using AI-generated movement analysis for 

treatment planning? 

3. What poten)al challenges or limita)ons should be considered when 

implemen)ng AI and mo)on capture in clinical prac)ce? 

Responses 

1. Tradi)onal assessments rely on visual observa)on and goniometric 

measurements, which can be subjec)ve and inconsistent. AI-driven mo)on 

capture provides precise, real-)me, and quan)fiable data on lumbar ROM, 

compensatory pa]erns, and asymmetries, allowing for a more detailed and 

objec)ve evalua)on of Sarah’s func)onal limita)ons. 

2. AI-generated data helps therapists design more targeted interven)ons by 

iden)fying specific movement impairments rather than relying on general 

treatment protocols. It also allows for con)nuous monitoring and 
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adjustments, ensuring Sarah’s program evolves based on measurable 

progress rather than subjec)ve reports of pain or func)on. 

3. Some challenges include cost and accessibility of AI-driven mo)on capture 

systems, variability in data accuracy depending on pa)ent movement and 

environmental factors, and the need for clinician training to interpret AI-

generated insights effec)vely. Addi)onally, ensuring pa)ent data privacy 

and compliance with HIPAA regula)ons is crucial when integra)ng AI into 

healthcare seKngs. 

Case Study 2 
James, a 28-year-old recrea)onal runner, presents to physical therapy with 

anterior knee pain that worsens during squaKng, running, and prolonged walking. 

He reports that his discomfort has progressively increased over the past three 

months, par)cularly amer increasing his training intensity. During an ini)al physical 

examina)on, his therapist observes knee valgus (inward collapse of the knee) 

during squats but finds it challenging to quan)fy the severity and consistency of 

this movement pa]ern across different func)onal tasks. 

To obtain objec)ve data, the clinic u)lizes an AI-powered mo)on capture system 

to analyze James’ knee alignment and movement biomechanics. Using markerless 

mo)on capture, the system records his squaKng mechanics and walking gait, 

genera)ng precise data on knee valgus angles, dynamic knee stability, and 

compensatory movement pa]erns. AI analysis reveals that James demonstrates 

excessive knee valgus (12°) during squats and 8° during midstance in gait, 

indica)ng a possible muscular imbalance or motor control deficit contribu)ng to 

his knee pain. 

With this data, the therapist designs a targeted rehabilita)on program, focusing 

on hip abductor strengthening, neuromuscular re-educa)on, and movement 
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retraining to correct his valgus collapse. Over )me, the AI system provides real-

)me biofeedback, allowing James to ac)vely adjust his movement pa]erns during 

exercises and track his progress as his knee alignment improves. 

Reflec)on Ques)ons 

1. How does AI and mo)on capture improve the assessment of James' knee 

valgus compared to tradi)onal methods? 

2. What are the advantages of using AI-generated movement analysis for knee 

injury preven)on and rehabilita)on? 

3. How does real-)me AI feedback benefit pa)ent engagement and movement 

retraining? 

Responses 

1. Tradi)onal assessments rely on visual observa)on and manual 

measurements, which can be subjec)ve and inconsistent. AI-driven mo)on 

capture provides precise, real-)me, and quan)fiable data, allowing for 

accurate tracking of knee angles, movement compensa)on, and dynamic 

stability across different func)onal movements. This leads to a more 

detailed and objec)ve understanding of James' biomechanics. 

2. AI-generated data helps therapists iden)fy movement deficiencies early, 

allowing for targeted injury preven)on strategies before pain worsens. It 

also enables customized rehabilita)on programs tailored to the pa)ent’s 

specific biomechanical deficits. Addi)onally, AI allows for ongoing progress 

tracking, ensuring interven)ons are adjusted based on measurable 

improvements rather than subjec)ve feedback alone. 

3. Real-)me AI feedback allows James to visually see and correct his 

movement pa]erns, reinforcing proper mechanics and enhancing motor 
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learning. This interac)ve approach increases pa)ent mo)va)on and 

adherence to rehabilita)on, as he can track his improvements over )me. AI-

driven biofeedback also helps make correc)ve exercises more engaging, 

improving overall treatment effec)veness. 

Case Study 3 
Maria, a 35-year-old teacher, presents to physical therapy with persistent shoulder 

pain that worsens when reaching overhead or liming objects. She reports difficulty 

performing daily ac)vi)es such as washing her hair and carrying groceries. Clinical 

examina)on suggests shoulder impingement syndrome, with limited shoulder 

flexion and abduc)on and pain during Hawkins-Kennedy and Neer impingement 

tests. However, assessing her exact range of mo)on (ROM) and scapular 

alignment during movement proves challenging with tradi)onal observa)on 

alone. 

To enhance assessment accuracy, the clinic u)lizes an AI-powered mo)on capture 

system to analyze Maria’s shoulder mobility, joint alignment, and compensatory 

movements. Using markerless mo)on tracking, the system records her shoulder 

movements in real-)me, providing precise data on ROM, scapular posi)oning, and 

abnormal movement pa]erns. AI analysis reveals that Maria has a 20% reduc)on 

in shoulder flexion, excessive scapular eleva)on, and altered scapulohumeral 

rhythm, all contribu)ng to her impingement symptoms. 

Reflec)on Ques)ons 

1. What should Maria’s physical therapy plan of care focus on? 

2. How might AI help in progressing Maria’s shoulder recovery? 
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3. How can AI and mo)on capture help in preven)ng future shoulder injuries 

for pa)ents like Maria? 

Responses 

1. Her plan should focus on trea)ng the cause of her impingement. This may 

include posterior capsule stretching, scapular stabiliza)on exercises, cervical 

and thoracic mobility, and neuromuscular re-educa)on to restore normal 

movement pa]erns.  

2. AI-assisted real-)me biofeedback helps Maria correct compensatory 

movements during therapy sessions, ensuring proper muscle ac)va)on and 

joint mechanics as she progresses. Biofeedback can be u)lized through 

ac)vi)es that have been causing pain, like carrying groceries, to determine 

a baseline and progression of shoulder mobility causing symptoms.  

3. AI and mo)on capture can iden)fy early movement compensa)ons and 

biomechanical imbalances that may predispose pa)ents to future injuries. 

By addressing these deficits with targeted interven)ons, therapists can 

implement injury preven)on strategies such as postural training, muscle 

ac)va)on exercises, and movement retraining. Addi)onally, AI can be used 

for long-term monitoring, allowing therapists to track progress and make 

adjustments before pain or dysfunc)on recurs. 

Conclusion 
The integra)on of ar)ficial intelligence and mo)on capture technology is 

revolu)onizing physical therapy by providing valuable insights into movement 

pa]erns and enabling more personalized, effec)ve treatment plans. This course 

equips physical therapists and assistants with the knowledge and skills necessary 

to understand and implement these advanced tools in orthopedic assessment and 
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rehabilita)on. Through exploring both marker-based and markerless mo)on 

capture systems and the role of AI in enhancing diagnos)c accuracy, par)cipants 

will gain a deeper understanding of how these technologies can op)mize pa)ent 

outcomes. By combining theory with prac)cal demonstra)ons and real-world case 

studies, this course prepares physical therapists to integrate AI and mo)on 

capture into their prac)ce, ul)mately advancing clinical efficiency and improving 

pa)ent care. 
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