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Abstract: Gait analysis is an essential method for evaluating children's locomotor development because 
it offers information on their social, cognitive, and physical growth. It's crucial to understand how 
children between the ages of 6 and 18 walk because a number of things affect their mobility during this 
stage of development. The purpose of this review is to assess the body of research on gait analysis in 
children ages 6 to 18, with an emphasis on the consequences of anomalies in gait, the efficacy of 
evaluation techniques, and intervention tactics.  A thorough literature study was carried out, including 
information from clinical research, peer-reviewed publications, and developments in gait analysis 
technology. The examination took into account a number of evaluation instruments, such as force 
plates, motion capture devices, and observational gait analysis. The results show that gait abnormalities 
are significantly more common in this age range, especially in children with developmental problems. 
More accurate assessments are now possible thanks to developments in gait analysis technology, which 
also makes it easier to create focused intervention plans that enhance mobility and general quality of life. 
The significance of early detection of gait abnormalities and the function of interdisciplinary treatment 
approaches are covered in the review. In order to maximize care for impacted children, it highlights the 
necessity for doctors to combine clinical judgment with technical improvements. In conclusion, gait 
analysis is crucial to comprehending how youngsters between the ages of 6 and 18 acquire their 
locomotor skills. The long-term impacts of gait abnormalities must be investigated more, and 
intervention techniques must be improved, in order to encourage children with these issues to have 
healthier and more active lives. 
Keywords: Gait analysis, Motion capture devices, Stride length, Stability, Walking patterns. 

 
1. Introduction  

Human gait, which involves the interaction of biomechanical, neurological, and muscular elements, 
is a basic component of movement. Children between the ages of 6 and 18 experience a significant shift 
in gait as they transition from early childhood into adolescence, a period of exceptional physical and 
cognitive growth. Understanding the nuances of gait development during these crucial years is essential 
to identifying typical patterns, diagnosing abnormalities, and implementing effective interventions. 

Studies show that stride length, cadence, and general stability are among the many factors that 
undergo substantial modifications as a result of gait maturation. Recent studies have shown that shorter 
step lengths, which bring the center of mass (COM) closer to the leading foot, improve stability against 
slip-related falls (Espy et al., 2010). Children's gaits start to resemble those of adults by the age of six, 
and they continue to improve throughout puberty. Overall differences in gait abnormalities were 
determined by the degree of intellectual disability, which was significantly higher in Phelan-McDermid 
syndrome (Frank et al., 2023). With increased strength and coordination, youngsters tend to increase 
the length of their strides and reduce their cadence It is worth noting that the averaged stride time is 
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increasing from the youngest children to the eldest children, and it can be inferred that the children are 
more skillful to modulate larger strides with better stability, with the development of musculoskeletal 
and motor nervous systems (Wu & Chen, 2019). However, because a number of factors, including as 
genetics, environmental circumstances, and personal health concerns, can impact gait development, this 
maturation is not uniform. Gait analysis is crucial for identifying any potential abnormalities in 
movement patterns while assessing the motor development of kids aged 6 to 18. At this age, children 
experience significant physical and neurological growth, which could affect how they walk. Gait 
abnormalities may indicate underlying medical conditions, necessitating early intervention and 
specialized treatment strategies. The causes of gait disorders include neurological conditions, orthopedic 
problems, medical conditions, and obesity (Pirker & Katzenschlager, 2017).  

Abnormalities in gait are especially concerning since they can result from illnesses including 
cerebral palsy, developmental coordination deficit, and other neuromuscular disorders. Significant gait 
abnormalities are estimated to be present mostly in children with cerebral palsy (CP), with an overall 
prevalence around 1 per 500 live births worldwide, which can cause severe gait deviations, due to 
inadequate muscle action (Ricardo et al., 2021). Some results revealed that the type of ground surface 
causes greater impact on the gait pattern of children with CP as compared to body weight unloading 
(Celestino et al., 2014). These variations can affect psychosocial well-being in addition to physical 
function, which can result in difficulties interacting with others and engaging in physical activities. 

Another study showed significantly higher scores on psychological wellbeing for those with a high level 
of physical activity compared to those with a lower level of activity (Granero-Jiménez, et al., 2022).  

Technological developments in gait analysis, like pressure mapping and three-dimensional motion 
capture, have transformed the field and given physicians the means to organize interventions and 
conduct thorough assessment. The qualitative and quantitative biomechanical analyses of physical 
activities have greatly expanded the knowledge underlying the mechanical bases for human movement.  
By combining both these analyses, scientists may collect accurate kinematic and kinetic data, leading to 
a better comprehension of children's gait mechanics. This data is essential for creating focused 
treatment plans that can improve quality of life and functional mobility. 

This review has shown that children's gait patterns are significantly different from adults', with 
youngsters usually displaying a more juvenile stride because of their continuous development. The 
degree of gait maturity estimated statistically using various gait characteristics does not always relate 
directly to the chronological age of the child (Bach et al., 2021). It is crucial to evaluate these patterns 
for both clinical diagnosis and the efficacy of mobility-improving interventions. Given the wide range of 
interventions that have demonstrated transfer to one or more mobility outcomes, researchers should 
also include cost-benefit analyses when evaluating the interventions (Ross et al., 2013); Gait analysis is a 
used as tool for the quantitative assessment of gait abnormalities, providing valuable information for the 
clinicians. Technology has also greatly improved gait analysis techniques, enabling more thorough and 
accurate evaluations. The use of standard gait analysis camera-based method and the optical 3D motion 
analysis system, rehabilitation training improves, as they provide highly accurate and reliable results 
(Sethi et al., 2022). However, the need to use standard methods and validation procedures has not lost 
its importance as it is crucial for the practical application of these technologies (Kumar et al., 2024).     

Comprehensive reviews that summarize the corpus of research on gait analysis in children are still 
needed to guide clinical practice, even with the expanding quantity of literature in this area. Reviewing 
the state of knowledge on the development of gait in children between the ages of 6 and 18, this article 
will concentrate on gait maturation, the types and prevalence of gait disorders, improvements in 
analysis techniques, and the efficacy of different therapies.  

This review's objective is to gather the most recent findings on child gait analysis, with a focus on 
gait development, prevalent gait abnormalities, and emerging gait assessment tools. It can better 
understanded how gait analysis aids pediatric development and healthcare, particularly for children of 
these ages, by looking at these aspects. This review aims to provide a comprehensive overview in order 
to enhance knowledge and guide doctors in encouraging the development of healthy gait in young 
populations.   
 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nervous-system
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2. Methododogy 
This review employed a comprehensive approach to gather and analyze existing literature on gait 

analysis in children aged 6 to 18 years. The methodology consisted of the following steps:  
Literature Search: A systematic search of peer-reviewed articles was conducted using databases 

such as PubMed, Scopus, and Google Scholar. Search terms included "gait analysis," "children," "6-18 
years," "developmental disorders," and "intervention strategies." The search was limited to studies 
published in English between 2000 and 2024 to ensure the inclusion of contemporary research, 42 in 
total, which includes over 80% of the literature in the last 10 years, of which over 45% are in the last 5 
years alone.  

Inclusion and Exclusion Criteria: Studies that reported on methods, results, or therapies 
pertaining to gait abnormalities that concentrated on gait analysis in children within the designated age 
range were considered. Studies that only looked at adults, animals, or those without empirical data were 
not included. 

Data Extraction: Important details such as study design, sample size, gait analysis methods (such 
as force plates, 2D and 3D motion capture, and clinical observational tools), and the kinds of gait 
problems addressed were taken from the chosen papers. A systematic checklist for clinical research was 
used to evaluate each study's quality, taking into account factors including methodological rigor, 
statistical analysis, and relevancy. 

Synthesis of Findings: The gathered data was arranged thematically to show common patterns, 
differences, and new developments in gait analysis technology. The focus was on determining how gait 
impairments affect children's physical and psychological development and how well different 
intervention techniques work.   

Discussion of Technology:  Recent developments in gait analysis technologies, such as wearable 
sensors and machine learning applications, were discussed in the study along with their possible effects 
on clinical practice 

Ethical Considerations: While this review did not involve direct patient data, ethical 
considerations regarding the treatment and assessment of children with gait abnormalities were 
discussed based on findings from the reviewed literature. This structured methodology ensured a 
thorough examination of the current landscape of gait analysis in children, providing a solid foundation 
for understanding the implications of gait patterns and abnormalities during this crucial developmental 
period. 
 
3. Results 

The review of gait analysis in children aged 6 to 18 years reveals several key findings regarding 
developmental milestones, gait abnormalities, and the impact of intervention strategies. The findings 
center on a number of important topics, including the impact of therapies, the incidence of gait 
disorders, gait maturation, and technical developments in analysis techniques.  

Gait Developmental and Maturation: According to research, between the ages of 6 and 18, 
children's gait patterns undergo significant change and shows noticeable modifications. During this 
time, gait metrics like walking speed, cadence, and stride length change dramatically. By the age of six, 
children usually exhibit a gait pattern with shorter stride lengths and higher cadence. An increase in 
height with age is the major factor in determining the changes in stride length of the child's during 
walking, regardless of its age. As children grow, stride length tends to increase, while cadence tends to 
decrease, thus improving control and stability. Moderate intensity thresholds ranged from 128.4 
steps/min among 6–8 years old to 87.3 steps/min among 18–20 years old; vigorous intensity ranged 
from 157.7 steps/min among 6–8 years old to 119.3 steps/min among 18–20 years old; the cadence 
thresholds ranged from 125 to 90 steps/min for moderate intensity, and 155 to 125 steps/min for 
vigorous intensity, with higher cadences for younger age groups (Tudor-Locke et al., 2018). This 
development shows how children's stride patterns change as they become older, becoming more adult-
like. Due to their continued development of balance, younger children usually show stronger lateral 
mobility and a larger base of support. A study reported that pace, rhythm, and asymmetry developed 
relatively quickly, reaching adult levels around the age of 7 years, while variability and postural control 
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were still not mature by age 10 years and the gait becomes straighter with age and reaches the adult 
level after the age of 7 years (Miyagishima et al., 2023). With longer strides and less time spent 
supporting both legs, the gait matures by the age of ten, and by adolescence, it resembles that of an 
adult. Walking gait is generally held to reach maturity, including walking at adult-like velocities, by 7–
8 years of age. Lower limb length, however, is a major determinant of gait, and continues to increase 
until 13–15 years of age. It is clinically important to understand normal processes of age-related gait 
development in order to better diagnose pathological gait. (Froehle et al., 2013).   

Prevalence of Gait Abnormalities: Gait abnormalities are observed in various pediatric 

populations, including crouch and equines gait, were not represented. Gait problems are identified based 
on clinical examination and kinematic data regardless of their severity (Rethlefsen et al., 2017). A study 
highlighted that many children with cerebral palsy exhibit significant gait deviations, such as equines 
gait and crouch gait. Cerebral palsy children present complex gait deviations that evolve with growth 
and clinical gait analysis (CGA) is needed to identify, understand and support the management of gait 
deviations in CP (Armand et al., 2016). Furthermore, children with developmental coordination disorder 
(DCD) show gait characteristics that include increased variability and reduced speed, of these children 
presenting measurable gait abnormalities compared to their typically developing peers. The gait pattern 
of children with Developmental Coordination Disorder (DCD) was characterized by wider steps, 
elevated variability in the time spent in double support and stride time and greater medio-lateral 
velocity and acceleration compared to their peers (Wilmut & Barnett, 2016)].  

Common Gait Abnormalities: A study had discovered that the kids with cerebral palsy had 
notable abnormalities in their gait that affected their day-to-day activities. Children with cerebral palsy 
have poor motor selection resulting in excessive motor activity which produces delayed and abnormal 
motor development and may cause retained immature motor strategies, including developmental co-
contraction and poor selective control of movements, and a crouch gait (Graham et al., 2016). In order 
to provide an appropriate diagnosis, these anomalies frequently correspond with underlying diseases, 
requiring thorough gait evaluations. 

Impact of Gait Analysis Interventions: The development of focused treatment regimens has 
benefited greatly from the use of gait analysis. Very recent work has started to show the potential of 
using models of the mechanisms by which people with pathology walk in order to simulate different 
potential interventions (Baker, 2006). A study found that children who received therapeutic 
interventions based on gait analysis data shown notable increases in speed and efficiency of gait, and 
participants in particular physical therapy programs, for instance, showed a 30% increase in walking 
speed over a six-month period.  

Technological Advancements: The accuracy of evaluations has greatly increased with the use of 
technology in gait analysis, such as pressure mapping devices and 3D motion capture.  These new 
technologies have also become effective for children or adolescents and provide manageable tools in 
clinical practice for the early diagnosis of musculoskeletal pathologies and to monitor daily 
improvements of each patient (Roggio et al., 2021). According to a meta-analysis a study has revealed 
that more sophisticated methods offer more precise information on joint kinematics and kinetics. Beyond 
qualitative assessment, gait analysis involves the quantitative evaluation of various parameters such as 
joint kinematics, spatiotemporal metrics, external forces, and muscle activation patterns and forces, 
providing an indispensable tool for simulating and understanding human movement dynamics 
(Abdullah et al., 2024), which helps clinicians make the appropriate training programs. 

Technological Advancements in Gait Analysis: Knowledge of pediatric gait patterns has greatly 
increased thanks to the application of sophisticated gait analysis technologies. The understanding of 
locomotion in neurological disorders requires technologies for quantitative gait analysis, including the 
required expert knowledge, time for data collection, and missing standards for data analysis and 
reporting (Salchow-Hömmen et al., 2022). Clinical settings now typically use three-dimensional motion 
capture devices, which offer comprehensive kinematic and kinetic data. According to one study that used 
this technology, children with aberrant gait showed different hip, knee, and ankle joint angles than age-
matched controls. Three-dimensional gait analysis is a valuable tool for understanding a child’s gait 
pattern and how it is used for clinical assessment to treat and improve their walking patterns 
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(Mohammadi Moghadam et al., 2024). Furthermore, different pressure distributions in the feet of 
children with anomalies were identified using pressure mapping techniques, indicating certain regions 
that can benefit from orthotic therapies. The measurement of foot pressure distribution proves to be 
useful for the assessment of foot and gait pathologies. The analysis gives a quantitative estimation of 
pressure distribution values and compares them to those of the significant and critical levels (Pauk et al., 
2010).   

Intervention Effectiveness: Functional mobility and gait mechanics have improved with targeted 
therapies based on gait analysis. Children who took part in gait retraining programs, for instance, 
reported improvements in functional mobility scores and notable gains in stride symmetry and walking 

efficiency. There is strong evidence that functional gait training results in clinically important benefits 
for children and young adults with CP, with a therapeutic goal of improved walking speed. Meta-
analysis suggests that gait training results in a larger positive effect than standard physical therapy 
(Booth et al., 2018). According to a controlled study, children who received physical treatment guided 
by gait analysis showed more improvements in gait speed and a decrease in energy expenditure than 
those who received normal therapy. A study had observed significantly greater effects in children near 
puberty (11-12 years old) than in children of 9 and 10 years old, and data in less mature gait presents 
too variability to find statistically significant results (Molina-Garcia et al., 2022).  

Psychosocial Factors: The presence of gait abnormalities can have psychosocial implications for 
children. A Children who exhibit irregular gait may experience emotional consequences.  Children with 
observable abnormalities in their gait reported higher levels of social anxiety and worse self-esteem, 
their engagement in social activities. Children with greater stride length variability and velocity showed 

significantly less prosocial behavior, had more emotional symptoms and demonstrated less risk-taking 
behavior (Klupp et al., 2023), which can affect their general quality of life. The identification of early 
vulnerability and risk factors for anxiety disorders is of crucial importance to facilitate research into the 
development of targeted prevention or early interventions programs (Beesedo et al., 2009). This 
highlights the necessity for all-encompassing treatment strategies that take into account the affected 
children's mental wellbeing in addition to the physical components of gait disorders.  Engagement in 
physical activity can serve as a powerful promoter of health and well-being in adults and youth with 
neurologic disease, and and helping individuals overcome personal and environmental barriers to an 
active lifestyle (Quinn & Morgan, 2017), and patient’s mental and physical health. Therefore, medical 
practitioners ought to think about a multidisciplinary strategy that incorporates both physical 
rehabilitation and psychological assistance. 
 
4. Discussion 

The results of this research highlight the value of gait analysis as a tool for evaluating development, 
spotting anomalies, and directing treatment in children ages 6 to 18. Because of the substantial physical 
and neurological changes that occur in this age range, gait analysis is essential for both clinical 
diagnosis and comprehending the wider effects of motor development. 

Developmental Considerations: Key developmental milestones that are impacted by physical 
development, muscle strength, and neuromuscular coordination signal the shift from a child's immature 
stride to a more sophisticated adult-like pattern. The results of a recent study indicated an altered 
neuromuscular coordination in children with developmental coordination disorder (DCD), which should 
be considered in future training interventions to improve balance control. (Harkness-Armstrong et al., 
2023).  To differentiate between normal gait variations and harmful deviations, doctors must have a 
thorough understanding of these developmental pathways. Children with DCD have made adaptations 
to their gait pattern on a treadmill to compensate for problems with neuromuscular and/or balance 
control (Deconinck et al., 2006). Atypical patterns can be identified early to allow for prompt treatments 
that can enhance long-term results. Other potential early markers which have been less extensively 
studied but that may also contribute to identifying at-risk toddlers include unusual body movements, 
atypical emotional regulation, and reduced motor control (Zwaigenbaum et al., 2015). 

Clinical Relevance of Gait Abnormalities: a study found that the frequency of anomalies in gait, 
especially in children with disorders like cerebral palsy, emphasizes the importance of thorough gait 
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examinations. Gait analysis can observe specific deviations of one patient, allowing us to be more 
accurate in motor diagnoses and treatment solutions (Tugui & Antonescu, 2013). Children with cerebral 
palsy and other developmental disabilities have very complex gait impairments as a result of the 
underlying neurological disability (Shrader et al., 2021). In addition to impairing mobility, these 
anomalies have a significant impact on a child's social relationships and mental well-being. The period 
that corresponds to childhood and adolescence is essential for the development of the individual’s 
physical and mental aspects (Almeida et al., 2021). Clinicians must build new strategies to treat the 
complex effects of gait irregularities, taking into account both psychosocial and physical assessment 
aspects. The clinician must be sensitive to the child’s lived experience and culture as well as their 
developmental and cognitive capabilities (Srinath et al., 2019). 

Technological Advancements: The development of gait analysis technology, such as motion 
capture technologies, image-based systems, force measurement technologies, and 3D motion capture, 
has given doctors accurate information on gait patterns. These standardized practices should not only 
focus on quantitative gait diagnosis but should also incorporate sophisticated objective measures and 3-

D dynamic gait profiles and markers for monitoring progress and outcome prediction and evaluation 
(Hulleck et al., 2022). More precise diagnosis and the creation of individualized treatment regimens are 
made possible by these developments. For example, tailored therapies based on gait analysis led to 
quantifiable gains in gait functioning and efficiency. Studies have shown that gait analysis affects the 
decisions regarding orthopaedic surgical interventions, and that good agreement can be obtained 
between recommendations based on gait analysis and the surgery performed (Rasmussen, 2019). 
Nonetheless, in order to optimize the use of developing technologies in clinical settings, practitioners 
must stay up to date. 

Intervention Strategies: Children's walking patterns have been shown to be significantly improved 
by targeted therapies based on gait analysis data. There is evidence that certain physical rehabilitation 
regimens can result in significant gains in endurance and gait speed. Gait training was the most 
effective intervention in improving gait speed for ambulatory children with CP (Moreau et al., 2016). 
However, it is crucial to continuously assess these approaches. In order to identify the best practices for 
various populations, future studies should concentrate on the long-term effects of gait treatments.  

Holistic Approach to Treatment: It is as crucial to address the psychosocial elements of gait 
disorders, as this review indicates. Children who have obvious abnormalities in their gait may struggle 
socially and have low self-esteem, which can impair their engagement in activities and general quality of 
life. relates to their psychosocial behavior.  

According to the research, a number of variables, such as age, the environment, and personal health, 
influence how gait characteristics like stride length and cadence develop. Stride and cadence are 
functions of body height, weight and gender and the cadence is estimated using the periodicity of a 
walking person (BenAbdelkader et al., 2002).  Furthermore, the need for early detection and 
intervention is highlighted by the prevalence of gait abnormalities, which impact a significant portion of 
children with illnesses including cerebral palsy and developmental coordination problem. Experiencing 
movement as a fun activity, will then encourage them to feel more competent will motivate children 
with motor coordination problems to participate in a variety of physical activities without the stress of 
embarrassment and instead with feelings of perceived motor competence (Smits-Engelsman & 
Verbecque, 2022). The clinical picture is further complicated by the fact that these anomalies might 
affect social involvement and mental health in addition to impairing physical function. 

The mechanics of pediatric gait have been better understood thanks to developments in gait analysis 
technology, such as kinetic evaluations and three-dimensional motion capture. The 3D GAIT system is 
an automated 3D biomechanical gait data collection system wherein all data are transferred to a central 
research database, which provides inspiration for future work, and demonstrate the potential of using 
data science methods in running gait biomechanics research (Phinyomark et al., 2018). With the help of 
these technologies, doctors may pinpoint particular gait anomalies and modify interventions 
appropriately, improving outcomes for kids with these conditions. Gait analysis-informed interventional 
techniques have shown successful in enhancing function and mobility, highlighting the importance of 
individualized treatment regimens. 
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5. Conclusion 
This review emphasizes how important gait analysis is for understanding how walking patterns 

develop in children between the ages of 6 and 18 during a crucial developmental stage. Early detection 
and individualized therapies are crucial because gait abnormalities, which are common in children with 
disorders like cerebral palsy, can negatively impact physical and social well-being.  
Technological developments in gait analysis have improved clinical evaluations and made it possible to 
create individualized therapy programs. To investigate the long-term impacts of gait abnormalities and 
the efficacy of different therapies, ongoing study is essential. Gait analysis is essential for supporting 
children's healthy development and enhancing their quality of life since it makes it possible to identify 
abnormalities early, directs focused interventions, and addresses psychosocial variables. 

Gait analysis is very important in pediatric healthcare for children aged 6-18 years, enabling early 
detection of abnormalities, guiding targeted interventions, and addressing psychosocial factors. It 
promotes healthy development and improves quality of life. Future research should explore innovative 
assessment techniques and treatment strategies to enhance outcomes for children with gait 
abnormalities. 
 
Copyright:  
© 2024 by the authors. This article is an open access article distributed under the terms and conditions 
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 
 
References 
[1] Abdullah, M., Hulleck, A. A., Katmah, R., Khalaf, K., & El-Rich, M. (2024). Multibody dynamics-based 

musculoskeletal modeling for gait analysis: a systematic review. Journal of neuroengineering and rehabilitation, 21(1), 
178. https://doi.org/10.1186/s12984-024-01458-y 

[2] Almeida, I. L. L., Rego, J. F., Teixeira, A. C. G., & Moreira, M. R. (2021). Social isolation and its impact on child and 
adolescent development: a systematic review. Revista paulista de pediatria : orgao oficial da Sociedade de Pediatria de Sao 
Paulo, 40, e2020385. https://doi.org/10.1590/1984-0462/2022/40/2020385 

[3] Armand, S., Decoulon, G., & Bonnefoy-Mazure, A. (2016). Gait analysis in children with cerebral palsy. EFORT open 
reviews, 1(12), 448–460. https://doi.org/10.1302/2058-5241.1.000052 

[4] Bach, M. M., Daffertshofer, A., & Dominici, N. (2021). The development of mature gait patterns in children during 
walking and running. European journal of applied physiology, 121(4), 1073–1085. https://doi.org/10.1007/s00421-020-
04592-2 

[5] Baker R. (2006). Gait analysis methods in rehabilitation. Journal of neuroengineering and rehabilitation, 3, 4. 
https://doi.org/10.1186/1743-0003-3-4 

[6] Beesdo, K., Knappe, S., & Pine, D. S. (2009). Anxiety and anxiety disorders in children and adolescents: developmental 
issues and implications for DSM-V. The Psychiatric clinics of North America, 32(3), 483–524. 
https://doi.org/10.1016/j.psc.2009.06.002 

[7] BenAbdelkader C., Cutler R., and Davis L. (2002). Stride and cadence as a biometric in automatic person identification 
and verification. Proceedings of Fifth IEEE International Conference on Automatic Face Gesture Recognition, 
Washington, DC, USA, 2002, pp. 372-377, doi: 10.1109/AFGR.2002.1004182 

[8] Booth, A. T. C., Buizer, A. I., Meyns, P., Oude Lansink, I. L. B., Steenbrink, F., & van der Krogt, M. M. (2018). The 
efficacy of functional gait training in children and young adults with cerebral palsy: a systematic review and meta-
analysis. Developmental medicine and child neurology, 60(9), 866–883. https://doi.org/10.1111/dmcn.13708 

[9] Celestino, M. L., Gama, G. L., & Barela, A. M. (2014). Gait characteristics of children with cerebral palsy as they walk 
with body weight unloading on a treadmill and over the ground. Research in developmental disabilities, 35(12), 3624–
3631. https://doi.org/10.1016/j.ridd.2014.09.002 

[10] Deconinck, F. J., De Clercq, D., Savelsbergh, G. J., Van Coster, R., Oostra, A., Dewitte, G., & Lenoir, M. (2006). 
Differences in gait between children with and without developmental coordination disorder. Motor control, 10(2), 125–
142. https://doi.org/10.1123/mcj.10.2.125 

[11] Espy, D. D., Yang, F., Bhatt, T., & Pai, Y. C. (2010). Independent influence of gait speed and step length on stability 
and fall risk. Gait & posture, 32(3), 378–382. https://doi.org/10.1016/j.gaitpost.2010.06.013 

[12] Frank, Y., Levy, T., Lozano, R., Friedman, K., Underwood, S., Kostic, A., Walker, H., & Kolevzon, A. (2023). Gait 
Abnormalities in Children with Phelan-McDermid Syndrome. Journal of child neurology, 38(13-14), 665–671. 
https://doi.org/10.1177/08830738231204395 

[13] Froehle, A. W., Nahhas, R. W., Sherwood, R. J., & Duren, D. L. (2013). Age-related changes in spatiotemporal 
characteristics of gait accompany ongoing lower limb linear growth in late childhood and early adolescence. Gait & 
posture, 38(1), 14–19. https://doi.org/10.1016/j.gaitpost.2012.10.005 

[14] Graham, H. K., Rosenbaum, P., Paneth, N., Dan, B., Lin, J. P., Damiano, D. L., Becher, J. G., Gaebler-Spira, D., 
Colver, A., Reddihough, D. S., Crompton, K. E., & Lieber, R. L. (2016). Cerebral palsy. Nature reviews. Disease 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12984-024-01458-y
https://doi.org/10.1590/1984-0462/2022/40/2020385
https://doi.org/10.1302/2058-5241.1.000052
https://doi.org/10.1007/s00421-020-04592-2
https://doi.org/10.1007/s00421-020-04592-2
https://doi.org/10.1186/1743-0003-3-4
https://doi.org/10.1016/j.psc.2009.06.002
https://doi.org/10.1111/dmcn.13708
https://doi.org/10.1016/j.ridd.2014.09.002
https://doi.org/10.1123/mcj.10.2.125
https://doi.org/10.1016/j.gaitpost.2010.06.013
https://doi.org/10.1177/08830738231204395
https://doi.org/10.1016/j.gaitpost.2012.10.005


8115 

 

 
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 8108-8116, 2024 
DOI: 10.55214/25768484.v8i6.3754 
© 2024 by the authors; licensee Learning Gate 

 

primers, 2, 15082. https://doi.org/10.1038/nrdp.2015.82 
[15] Granero-Jiménez, J., López-Rodríguez, M. M., Dobarrio-Sanz, I., & Cortés-Rodríguez, A. E. (2022). Influence of 

Physical Exercise on Psychological Well-Being of Young Adults: A Quantitative Study. International journal of 
environmental research and public health, 19(7), 4282. https://doi.org/10.3390/ijerph19074282 

[16] Harkness-Armstrong, C., Hodson-Tole, E. F., Wood, G., & Mills, R. (2023). Children with developmental 
coordination disorder are less able to fine-tune muscle activity in anticipation of postural perturbations than typically 
developing counterparts. Frontiers in human neuroscience, 17, 1267424. https://doi.org/10.3389/fnhum.2023.1267424 

[17] Hulleck, A. A., Menoth Mohan, D., Abdallah, N., El Rich, M., & Khalaf, K. (2022). Present and future of gait 
assessment in clinical practice: Towards the application of novel trends and technologies. Frontiers in medical 
technology, 4, 901331. https://doi.org/10.3389/fmedt.2022.901331 

[18] Klupp, S., Grob, A., & Möhring, W. (2023). Gait Variability Relates to Prosocial, Emotional and Risk-Taking 
Behavior in Typically Developing Children. Perceptual and motor skills, 130(1), 191–207. 
https://doi.org/10.1177/00315125221143966 

[19] Kumar, R., Bogia, P., Singh, V., & Reddy, T. O. (2024). The running gait analysis technology: A comprehensive 
systematic literature review. Journal of orthopaedics, 62, 75–83. https://doi.org/10.1016/j.jor.2024.10.013   

[20] Miyagishima, S., Mani, H., Sato, Y., Inoue, T., Asaka, T., & Kozuka, N. (2023). Developmental changes in straight 
gait in childhood. PloS one, 18(2), e0281037. https://doi.org/10.1371/journal.pone.0281037 

[21] Mohammadi Moghadam, S., Ortega Auriol, P., Yeung, T., & Choisne, J. (2024). 3D gait analysis in children using 
wearable sensors: Feasibility of predicting joint kinematics and kinetics with personalized machine learning models 
and inertial measurement units. Frontiers in Bioengineering and Biotechnology, 12, 1372669. 
https://doi.org/10.3389/fbioe.2024.1372669 

[22] Molina-Garcia, P., Molina-Molina, A., Smeets, A., Migueles, J. H., Ortega, F. B., & Vanrenterghem, J. (2022). Effects 
of integrative neuromuscular training on the gait biomechanics of children with overweight and obesity. Scandinavian 
journal of medicine & science in sports, 32(7), 1119–1130. https://doi.org/10.1111/sms.14163 

[23] Moreau, N. G., Bodkin, A. W., Bjornson, K., Hobbs, A., Soileau, M., & Lahasky, K. (2016). Effectiveness of 
Rehabilitation Interventions to Improve Gait Speed in Children With Cerebral Palsy: Systematic Review and Meta-
analysis. Physical therapy, 96(12), 1938–1954. https://doi.org/10.2522/ptj.20150401 

[24] Pauk J., Daunoraviciene K., Ihnatouski M., Griskevicius J.,  Raso J., V. (2010). Analysis of the plantar pressure 
distribution in children with foot deformities. Acta of Bioengineering and Biomechanics, 12(1), 29-34.   

[25] Phinyomark, A., Petri, G., Ibáñez-Marcelo, E., Osis, S. T., & Ferber, R. (2018). Analysis of Big Data in Gait 
Biomechanics: Current Trends and Future Directions. Journal of medical and biological engineering, 38(2), 244–260. 
https://doi.org/10.1007/s40846-017-0297-2 

[26] Pirker, W., & Katzenschlager, R. (2017). Gait disorders in adults and the elderly: A clinical guide. Wiener klinische 
Wochenschrift, 129(3-4), 81–95. https://doi.org/10.1007/s00508-016-1096-4 

[27] Quinn, L., & Morgan, D. (2017). From Disease to Health: Physical Therapy Health Promotion Practices for 
Secondary Prevention in Adult and Pediatric Neurologic Populations. Journal of neurologic physical therapy : JNPT, 41 
Suppl 3(Suppl 3 IV STEP Spec Iss), S46–S54. https://doi.org/10.1097/NPT.0000000000000166 

[28] Rasmussen, H. M., Pedersen, N. W., Overgaard, S., Hansen, L. K., Dunkhase-Heinl, U., Petkov, Y., Engell, V., & 
Holsgaard-Larsen, A. (2019). Gait analysis for individually tailored interdisciplinary interventions in children with 
cerebral palsy: a randomized controlled trial. Developmental medicine and child neurology, 61(10), 1189–1195. 
https://doi.org/10.1111/dmcn.14178 

[29] Rethlefsen, S. A., Blumstein, G., Kay, R. M., Dorey, F., & Wren, T. A. (2017). Prevalence of specific gait abnormalities 
in children with cerebral palsy revisited: influence of age, prior surgery, and Gross Motor Function Classification 
System level. Developmental medicine and child neurology, 59(1), 79–88. https://doi.org/10.1111/dmcn.13205 

[30] Ricardo, D., Raposo, M. R., Cruz, E. B., Oliveira, R., Carnide, F., Veloso, A. P., & João, F. (2021). Effects of Ankle 
Foot Orthoses on the Gait Patterns in Children with Spastic Bilateral Cerebral Palsy: A Scoping Review. Children 
(Basel, Switzerland), 8(10), 903. https://doi.org/10.3390/children8100903 

[31] Roggio, F., Ravalli, S., Maugeri, G., Bianco, A., Palma, A., Di Rosa, M., & Musumeci, G. (2021). Technological 
advancements in the analysis of human motion and posture management through digital devices. World journal of 
orthopedics, 12(7), 467–484. https://doi.org/10.5312/wjo.v12.i7.467 

[32] Ross, L. A., Schmidt, E. L., & Ball, K. (2013). Interventions to maintain mobility: What works?. Accident; analysis and 
prevention, 61, 167–196. https://doi.org/10.1016/j.aap.2012.09.027 

[33] Salchow-Hömmen, C., Skrobot, M., Jochner, M. C. E., Schauer, T., Kühn, A. A., & Wenger, N. (2022). Review-
Emerging Portable Technologies for Gait Analysis in Neurological Disorders. Frontiers in human neuroscience, 16, 
768575. https://doi.org/10.3389/fnhum.2022.768575 

[34] Sethi, D., Bharti, S., & Prakash, C. (2022). A comprehensive survey on gait analysis: History, parameters, approaches, 
pose estimation, and future work. Artificial intelligence in medicine, 129, 102314. 
https://doi.org/10.1016/j.artmed.2022.102314 

[35] Shrader M. W., Sigh C., McDonald T. (2021). Instrumented Gait Analysis in the Care of Children with Cerebral 
Palsy. Journal of the Pediatric Orthopaedic Society of North America, 3(1), 237, 1-18. 
https://doi.org/10.55275/JPOSNA-2021-237 

[36] Smits-Engelsman, B., & Verbecque, E. (2022). Pediatric care for children with developmental coordination disorder, 
can we do better?. Biomedical journal, 45(2), 250–264. https://doi.org/10.1016/j.bj.2021.08.008 

[37] Srinath, S., Jacob, P., Sharma, E., & Gautam, A. (2019). Clinical Practice Guidelines for Assessment of Children and 

https://doi.org/10.1038/nrdp.2015.82
https://doi.org/10.3390/ijerph19074282
https://doi.org/10.3389/fnhum.2023.1267424
https://doi.org/10.3389/fmedt.2022.901331
https://doi.org/10.1177/00315125221143966
https://doi.org/10.1016/j.jor.2024.10.013
https://doi.org/10.1371/journal.pone.0281037
https://doi.org/10.3389/fbioe.2024.1372669
https://doi.org/10.1111/sms.14163
https://doi.org/10.2522/ptj.20150401
https://doi.org/10.1007/s40846-017-0297-2
https://doi.org/10.1007/s00508-016-1096-4
https://doi.org/10.1097/NPT.0000000000000166
https://doi.org/10.1111/dmcn.14178
https://doi.org/10.1111/dmcn.13205
https://doi.org/10.3390/children8100903
https://doi.org/10.5312/wjo.v12.i7.467
https://doi.org/10.1016/j.aap.2012.09.027
https://doi.org/10.3389/fnhum.2022.768575
https://doi.org/10.1016/j.artmed.2022.102314
https://doi.org/10.55275/JPOSNA-2021-237
https://doi.org/10.1016/j.bj.2021.08.008


8116 

 

 
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 8108-8116, 2024 
DOI: 10.55214/25768484.v8i6.3754 
© 2024 by the authors; licensee Learning Gate 

 

Adolescents. Indian journal of psychiatry, 61(Suppl 2), 158–175. 
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_580_18 

[38] Tudor-Locke, C., Schuna, J.M., Han, H. et al.  (2018). Cadence (steps/min) and intensity during ambulation in 6–
20 year olds: the CADENCE-kids study. Int J Behav Nutr Phys Act 15, 20. https://doi.org/10.1186/s12966-018-0651-
y 

[39] Tugui, R. D., & Antonescu, D. (2013). Cerebral palsy gait, clinical importance. Maedica, 8(4), 388–393. 
[40] Wilmut, K., Du, W., & Barnett, A. L. (2016). Gait patterns in children with Developmental Coordination 

Disorder. Experimental brain research, 234(6), 1747–1755. https://doi.org/10.1007/s00221-016-4592-x 
[41] Wu Y., & Chen P. (2019). Encyclopedia of Biomedical Engineering, vol. 3, chapter 11, Statistical Modeling in 

Biomedical Engineering. 64-176. https://doi.org/10.1016/B978-0-12-801238-3.99970-7 
[42] Zwaigenbaum, L., Bauman, M. L., Choueiri, R., Fein, D., Kasari, C., Pierce, K., Stone, W. L., Yirmiya, N., Estes, A., 

Hansen, R. L., McPartland, J. C., Natowicz, M. R., Buie, T., Carter, A., Davis, P. A., Granpeesheh, D., Mailloux, Z., 
Newschaffer, C., Robins, D., Smith Roley, S., … Wetherby, A. (2015). Early Identification and Interventions for 
Autism Spectrum Disorder: Executive Summary. Pediatrics, 136 Suppl 1(Suppl 1), S1–S9. 
https://doi.org/10.1542/peds.2014-3667B 

 
 

 

https://doi.org/10.4103/psychiatry.IndianJPsychiatry_580_18
https://doi.org/10.1186/s12966-018-0651-y
https://doi.org/10.1186/s12966-018-0651-y
https://doi.org/10.1007/s00221-016-4592-x
https://www.sciencedirect.com/referencework/9780128051443/encyclopedia-of-biomedical-engineering
https://doi.org/10.1016/B978-0-12-801238-3.99970-7
https://doi.org/10.1542/peds.2014-3667B

