
 
 

© STM Journals 2024. All Rights Reserved 24  
 

Volume 1, Issue 2, 2024 

July-December 

DOI (Journal): 10.37591/IJBS 

 

International Journal of  

Brain Sciences 
 

https://journals.stmjournals.com/ijbs 

Review IJBS 

STM JOURNALS

Editorial: Advancements in Movement Analysis for 
Understanding Neurological Disorders 
 

Carozzo Simone1,*,Riccardo Spanò2 
 

Abstract 

Neurological disorders pose a significant challenge, demanding innovative approaches for accurate 

diagnosis, effective treatment, and deeper understanding. Movement analysis emerges as a powerful 

tool, offering a quantitative window into the complexities of motor function. This editorial delves into 

the transformative impact of movement analysis on neurological research and clinical practice. 

Traditional diagnostic methods, reliant on subjective observations, often miss subtle motor 

impairments, particularly in early disease stages. Movement analysis tackles this challenge by 

capturing nuanced abnormalities in gait, balance, and coordination, enabling early detection and 

intervention. Furthermore, it provides a standardized framework for monitoring disease progression, 

treatment efficacy, and potential side effects, crucial for effective disease management. Beyond 

diagnosis and monitoring, movement analysis offers insights into the underlying pathophysiology of 

neurological disorders. By correlating characteristic movement patterns with neural correlates, 

researchers gain valuable knowledge about disease etiology, paving the way for targeted therapies. 

The convergence of wearable sensor technology, motion tracking systems, and machine learning 

techniques has transformed the field of movement analysis. This transformation has made it more 

widely available, economical, and insightful. Such progress offers significant potential for enhancing 

our knowledge of neurological conditions and bettering the health results of patients.. In conclusion, 

movement analysis stands as a beacon of hope, offering unparalleled insights into the nervous system. 

By embracing this quantitative paradigm, we can enhance diagnostic accuracy, objectively monitor 

disease progression, unveil underlying pathophysiology, and bridge the gap between research and 

clinical practice. 

 

Keywords: Movement analysis, Neurological disorders, Gait analysis, Machine learning, Diagnosis, 

Rehabilitation 

 

 

INTRODUCTION 

The human experience is intricately woven with movement. From the subtle coordination of 

grasping a cup to the complex biomechanics of walking, movement is a fundamental aspect of human 

existence. The nervous system plays a central role in orchestrating these movements, and any 

disruption to its intricate pathways can manifest as 

alterations in movement patterns. Analyzing these 

alterations, therefore, offers a unique window into 

the inner workings of the nervous system and the 

potential presence of neurological pathologies. 

 

Recent technology advancements have 

fundamentally changed the way movement 

analysis is carried out. We have transitioned from 

relying solely on subjective clinical observations to 

utilizing sophisticated tools that provide 

quantitative data on motor function. This editorial 

delves into the compelling advantages of 
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incorporating movement analysis into the evaluation and study of neurological disorders. 

 

ENHANCED PRECISION AND OBJECTIVITY 

Traditional clinical assessments often rely on subjective observations made by healthcare 

professionals. These observations, while valuable, can be susceptible to bias and influenced by factors 

such as the clinician's experience and expectations. Conversely, movement analysis methods offer a 

more systematic and unbiased way to assess motor skills. By employing technologies such as motion 

capture systems, wearable sensors, and video-based analysis, clinicians can obtain quantitative 

measurements of movement parameters. These objective data points allow for a more precise 

assessment of neurological impairments, facilitating a deeper understanding of the nature and severity 

of the condition. 

 

EARLY DETECTION AND MONITORING 

Early detection and intervention are crucial for optimal patient outcomes in neurological disorders. 

Movement analysis techniques excel at identifying subtle changes in movement patterns that may 

precede the emergence of more readily apparent symptoms. For instance, gait analysis through 

wearable sensors can detect early signs of gait decline in individuals with Parkinson's disease, paving 

the way for timely interventions aimed at slowing disease progression and improving quality of life. 

This ability to monitor subtle changes over time also allows clinicians to track disease course, assess 

the efficacy of treatment strategies, and make informed decisions regarding patient care. 

 

INSIGHTS INTO PATHOPHYSIOLOGY 

By meticulously analyzing the kinematics (movement patterns) and kinetics (forces involved in 

movement) through movement analysis, researchers can gain valuable insights into the underlying 

pathophysiology of neurological disorders. For example, analyzing gait deviations in patients with 

cerebellar ataxia can shed light on dysfunction in the cerebellum, a brain region responsible for 

coordination and balance. This deeper understanding of the neural mechanisms disrupted by the 

disease informs the development of targeted therapies aimed at restoring lost function or 

compensating for the impaired neural circuits. 

 

ACCURACY COMPARED TO TRADITIONAL OUTCOME MEASURES 

Strength, power (the speed at which force can be generated), motor control and coordination, 

muscle tone and balance can be affected by stroke. The most widely used clinical scale for assessing 

strength is the Medical Research Council (MRC) 6-point scale, from 0 to 5, where 0 represents 

complete paralysis, and 5 indicates normal strength. Stroke survivors will often be able to activate a 

muscle group to a different extent depending on limb position and coactivation of synergistic muscles. 

Such descriptions may lack objectivity and overlook crucial aspects of movement that are not readily 

apparent. Furthermore, the inability of this scale to indicate the degree of motor control can lead to 

misinterpretations, as in the example of a patient who can generate considerable force, but who has 

limited motor control and whose MRC score is recorded as normal or near normal. Despite these 

shortcomings, the MRC scale is widely used by clinicians, and the use of a dynamometer to measure 

force generation is also more time-consuming and similarly fails to assess motor control and therefore 

has a limited role in clinical measurement of paresis in stroke survivors. Therefore, the kinetic and 

kinematic analysis of stroke patients provides a more accurate assessment of motor deficits, 

contractions, compensatory mechanisms and motor control, helping the physician to prepare a 

treatment that is most tailored to the patient and measuring intervention efficacy .Since "true 

recovery" will more closely resemble biological repair mechanisms, it is crucial to discern between 

compensation and actual recovery, which is best accomplished via kinematic analysis of the motor 

behaviour. The most quantitative information regarding the quality of the movements is provided by 

kinematic analysis, which also identifies compensatory behaviors. 
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PERSONALIZED TREATMENT APPROACHES 

Personalized treatment approaches that are suited to the individual demands and deficits of each 

patient are necessary due to the wide variety of neurological illnesses. Movement analysis is crucial in 

shaping the creation of tailored therapeutic strategies. By providing objective data on specific 

movement impairments, clinicians can design targeted rehabilitation protocols that address the root 

causes of the dysfunction. Furthermore, the treatment plan can be changed in real-time during therapy 

sessions utilizing movement analysis technologies in response to the patient's development and 

response. 

 

THE EVOLVING LANDSCAPE OF MOVEMENT ANALYSIS TECHNOLOGIES 

The field of movement analysis is constantly evolving, with technological advancements further 

enhancing its capabilities. The integration of wearable sensors, such as accelerometers and 

gyroscopes, offers a non-invasive and cost-effective approach to capturing movement data in real-

world environments. These sensors can be effortlessly incorporated into garments or worn on the 

wrist, allowing for the constant tracking of walking patterns and physical activity levels. 

 

Furthermore, the field is witnessing the exciting integration of machine learning algorithms with 

movement analysis tools. Studies demonstrate the potential of deep learning algorithms to analyze 

single-camera video recordings and predict clinically relevant gait parameters with high accuracy. 

This paves the way for increased accessibility to quantitative movement analysis in clinical and home 

settings, facilitating large-scale studies of neurological conditions. 

 

THE USE OF DEVICES IN CLINICAL PRACTICE 

Gait and motion analysis today provide a wide range of analysis methods, from simple wearable 

devices that are easy to apply, to very complex laboratory devices. All systems have in common the 

ability to objectify and quantify gait, but under different conditions. High accuracy measurement 

systems, like marker-based gait analysis, are sometimes very expensive to acquire, take a lot of time, 

need to be operated and data analysed by trained individuals, and are restricted to controlled 

laboratory circumstances. Alternative systems, on the other hand, such as small wearable IMUs or 

motion acquisition methods without markers motion acquisition systems are less expensive, compact, 

and easy to use in everyday conditions or outside the laboratory. However, ease of use is often 

accompanied by insufficient accuracy. It is therefore a decision of the treatment center and the 

physician to find the most appropriate measurement system for their needs, while also taking into 

account financial and human resource aspects. Motion analysis has been found to be limited in 

clinical practice by a number of factors, including funding, clinical requirements, software, protocols, 

and common reference jobs. To develop practice standards or further frameworks, future work should 

map harm, activities, outcomes, and measurement methods at the patient population level for both 

clinical and research purposes. 

 

CHALLENGES AND FUTURE DIRECTIONS 

Though movement analysis has come a long way, there are still obstacles and restrictions in the 

area. The quest to enhance the precision and dependability of motion parameter forecasts through 

machine learning model refinement is continuous. Additionally, standardizing data collection and 

interpretation methods across various technologies and studies is essential for ensuring the 

generalizability and reproducibility of findings. 

 

Additional Insights from Recent Studies 

Recent studies have further enriched our understanding of movement analysis and its applications 

across various neurological disorders. These studies have explored gait abnormalities, upper limb 

tasks, aging effects, and rehabilitation outcomes, providing valuable insights for clinical practice and 

research. 
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• Gait Analysis in Familial Dysautonomia (FD): (Portnoy et al. 2018) [1] investigated the ataxic 
gait characteristics in individuals with FD. Their findings suggest that improving compensatory 
strategies and implementing dynamic balance exercises may help reduce falls in individuals with 
FD. 

• Three-Dimensional Analysis of Gait in Rett Syndrome (RTT): (Suzuki et al. 2012) [2] Using 
complete indices of gait kinematics and spatiotemporal gait characteristics, 8 performed 3DGA in 
patients with RTT and found severe anomalies. 

• Three-Dimensional Instrumented Gait Analysis (3DGA): Climatic Effectiveness: (Wren et al. 
2020) [3]. After reviewing 3DGA's clinical efficacy, 10 discovered that it can alter treatment 
plans, boost clinician confidence in their choices, and enhance patient outcomes across a range 
of clinical populations. 

• Novel Method for Quantifying Gait Asymmetry: (Moevus et al. 2015) [4] proposed a novel 
method for quantifying gait symmetry and detecting pathology using a perceptual color map 
based on gait asymmetry, offering an inexpensive and easy-to-use tool for clinicians. 

• Effects of Ankle Supports on Gait Characteristics: (Keene et al. 2015) [5] investigated the effects 
of different ankle supports on gait characteristics in adults without lower limb or neurological 
pathology, highlighting limitations in normal walking characteristics with the use of certain ankle 
supports. 

• Machine Learning Models for PD Motor Subtypes Classification: (Filtjens et al. 2021) [6] 
developed machine learning models for automatically identifying PD motor subtypes using 3D 
kinematic data from walking tasks, achieving high accuracy in classifying PD subtypes. 

• The study conducted by Masuda et al. (2017) [7] examined the biomechanical aspects of toe 
clearance in the swing phase in stroke patients who were hemiparetic. The findings underscored 
the significance of three-dimensional motion analysis in comprehending and customising 
rehabilitative interventions for gait impairments. Wearable Sensors and Machine Learning: 
Wearable sensors integrated with machine learning algorithms can predict clinically relevant 
movement parameters from video footage, improving accessibility and reducing reliance on 
expensive equipment (Celik et al., 2021) [8]; (Kidziński et al., 2020) [9]. 

• Biofeedback Rehabilitation: Wearable devices can provide real-time biofeedback on 
biomechanical parameters, enhancing rehabilitation outcomes in neurological conditions 
(Bowman et al., 2021) [10]. 

• Advanced Gait Analysis and Electromyography (EMG): Instrumented 3D gait analysis offers 
detailed information for evaluating interventions and disease progression. However, interpreting 
vast amounts of data remains a challenge. Concise summary measures are needed for objective 
quantification of gait deviations (Cimolin & Galli, 2014) [11]. EMG analysis can further refine 
gait asymmetry assessment by extracting muscle activation patterns, aiding in the evaluation of 
various pathologies (Castagneri et al., 2019) [12]. 

 

CONCLUSION 

These studies collectively underscore the importance of advanced movement analysis techniques in 

assessing gait disorders, understanding disease mechanisms, and improving clinical management 

strategies across various neurological conditions. In the end, they enhance patient outcomes and 

quality of life by providing insightful information for diagnostic evaluation, treatment planning, and 

rehabilitation therapies. As we continue to harness the power of movement analysis in neurological 

research and clinical practice, collaboration among multidisciplinary teams, integration of cutting-

edge technologies, and translation of research findings into personalized therapeutic interventions will 

be essential in shaping a future where neurological disorders are better understood and effectively 

managed. 
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