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Over the past two decades, there has been growing inter-
est in developing treatments for neurological conditions be-
cause of the significant impact of these diseases on global 
health. A recent study showed that 3.4 billion individuals, 
representing approximately 43.1% of the world's popula-
tion, are affected by conditions that affect the nervous sys-
tem.1 Given the short timeframes of clinical trials, several 
drugs have been approved on the basis of biomarkers, such 
as micro-dystrophin level in Duchenne muscular dystrophy 
(DMD).2

Traditionally, neurological disease progression and treat-
ment efficacy have been assessed using methods such as clin-
ical scales, questionnaires, and patients' diaries. However, 
these approaches present reliability and consistency issues 
due to their subjective nature. Additionally, these methods 
typically capture a single point in time, posing significant 
challenges in evaluating rapidly progressing diseases, such 
as Krabbe disease, fluctuating conditions such as myasthenia 

gravis, and diseases influenced by patients' fatigue or moti-
vation, such as spinal muscular atrophy (SMA) and DMD. 
Furthermore, the requirement for repeated visits to clinical 
sites for assessments can discourage participation in clinical 
trials.

To address these limitations, there is increasing interest in 
developing objective and less burdensome evaluation meth-
ods that could be used in clinical trials, in diagnosis, and 
in monitoring of therapy efficacy. Wearable sensors offer a 
promising solution for non-invasive monitoring of neuro-
logical disorders. These devices, placed on shoes, eyeglasses, 
clothing, or watches, can collect a range of biological signals 
(e.g. heart rate, blood pressure) and track movement, while 
also assessing cognition, speech, and pain.3

One key advantage of wearable sensors is their capacity 
to collect data in real-world settings, offering a more com-
prehensive understanding of disease progression. Sensors 
can be used in active assessment, when the patient is asked 
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to perform the same task on a regular basis, or as a passive 
assessment, when daily activity is recorded. The COVID-19 
pandemic accelerated the adoption of wearable technologies, 
particularly for monitoring cardiovascular, respiratory, and 
activity data.4,5 This review focuses on the role of wearable 
technology in paediatric neurology.

M ETHOD

The PubMed electronic database was used to identify rel-
evant published articles, using keywords such as ‘wearable 
sensors’, ‘child’, and ‘neurological disorder’. After identi-
fying key neurological conditions studied using wearable 
sensors (such as cerebral palsy [CP] and epilepsy), a new 
search was conducted for each condition. A total of 209 
result titles and abstracts were screened for inclusion on 
the basis of the mention of the use of wearable sensors in 
children living with a neurological disorder. Reviews and 
studies that did not include children were not considered. 
Full-text articles of shortlisted studies were then assessed 
for adherence to the review question. This process resulted 
in 84 articles. We note that this was not a systematic review 
as the search was conducted by a single assessor and using 
a single database.

R E SU LTS

Tables 1 to 8 summarizes how wearable sensors have been 
applied in paediatric neurology research. Figure 1 illustrates 
the use of wearable devices in children's daily lives and the 
wide range of signals that can be monitored for each re-
viewed pathology.

Cerebral palsy

Researchers have explored the use of accelerometers, pres-
sure sensors, and inertial sensors for monitoring individuals 
with [CP]. In controlled environments, patients wore sensors 
during clinical outcome assessments. Only 3 out of 17 stud-
ies reviewed included home-based monitoring.6–8 Key find-
ings included indicators of motor capacity across different 
motor tasks,9 classification of activities of daily living,10–12 
differentiation between CP and typically developing chil-
dren,10–13 and evidence suggesting that quantitative measure 
could predict clinical outcomes.6

The use of accelerometers was found to be feasible, re-
liable, and acceptable for assessing upper limb activity7 
and gait parameters14 in patients with CP. Gross upper 
limb performance can be inferred from activity counts, al-
though wrist-worn accelerometers may not adequately cap-
ture fine finger movements.15 Furthermore, differences in 
limb usage were observed between children with unilateral 
CP and typically developing children; however, low-speed 

rotations mistakenly increased activity counts.13 Owing to 
the ability of inertial sensors to provide less biased assess-
ments of activity levels, they were proposed as alternatives 
to accelerometers.13

Inertial sensors tracked and quantified arm movement 
asymmetry across various gait speeds in patients with CP.16 
In those with dystonic CP, sensor-derived outcomes reliably 
captured pathological movements17 and enabled home-based 
monitoring of dystonia progression.8 In a multi-centre, 
single-blind, randomized controlled trial, improvements in 
upper limb dexterity, activities of daily living, and forearm 
supination were observed in the intervention group follow-
ing repetitive motor training.18 Foot-worn inertial sensors 
were effective for spatiotemporal gait analysis during 200-
metre walks at self-selected paces.19 Additionally, inertial 
sensors enhanced the accuracy and reliability of a spastic-
ity assessment in children's lower limbs20 and tracked gait 
improvements when combined with feedback training 
programmes.21 Regarding sensor configurations for gait 
assessment, it was found that foot sensors are accurate for 
typical gait patterns in typically developing individuals, 
while sensors placed on the shank and thigh were more ef-
fective for moderate to severely impaired CP gait patterns.22 
Nevertheless, detecting gait events in abnormal patterns re-
mains challenging, particularly from the feet.22

Epilepsy and seizure

Early and accurate seizure detection can improve the qual-
ity of life for patients with epilepsy by enabling better sei-
zure management,23 facilitating preventive measures,24 
reducing anxiety, and allowing greater participation in daily 
life activities.25 The consulted literature explores diverse 
sensor modalities, including accelerometery,26–32 electro-
cardiography,24,27,28 electrodermal activity (EDA),23,29–31 
photoplethysmography (PPG),25,26,29–31,33 electroencepha-
lography,28,34 and electromyography28 to detect seizure-
related changes.

Some studies focused on detecting preictal periods. 
Subtle alterations in EDA signal entropy in a group of in-
dividuals with epilepsy suggest that it could serve as an 

What this paper adds

•	 Recent advancements in wearable sensors high-
light their potential to transform the diagnosis, 
monitoring, and management of paediatric neu-
rological conditions.

•	 More research is needed to validate the effective-
ness and clinical impact of wearable sensors.

•	 Regulatory approval or even formal validation of 
digital outcomes is extremely rare.
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indicator of seizure risk.23 Significant changes in PPG 
features during the pre-seizure period of focal impaired 
awareness seizures were associated with autonomic changes 
related to seizures.25 Similarly, PPG signals during gen-
eralized tonic–clonic seizures exhibited noticeable al-
terations in amplitude and frequency before and after 
seizures.33

Combining accelerometery and PPG data achieved su-
perior results compared with using only a single data type, 
demonstrating better-than-chance seizure detection for 
nine seizure types.30 A deep-learning-based model using 
accelerometer and PPG fusion reached high sensitivity, de-
tecting 19 of 28 seizure types.31 Seizure forecasting, using 
EDA, accelerometery, body temperature, and PPG, was more 
accurate than random guessing in about half of the assessed 
patients.29 Performance improved with more training data, 
suggesting that integrating data from a wider range of pa-
tients could enhance the reliability of seizure forecasting 
systems.29

Wearable sensors have shown promise not only for gen-
eral seizure detection but also for detecting typical absence 
seizures, reducing the review time of a 24-hour EEG record-
ing from 1 to 2 hours to approximately 5 to 10 minutes.34 In 
Dravet syndrome, inertial sensors were used to gain a deeper 
understanding of motor control impairments, with gait pa-
rameters reflecting the unsteady, ataxic gait of individuals 
with the syndrome.32

While wearable sensors have shown promise for seizure 
management, they do have limitations. PPG-based systems 
were less reliable in detecting light reflections in individu-
als with darker skin tones.26 Additionally, adhesive patches 
for electromyography and electrocardiography sensors 
often resulted in signal loss, because their design was not 
suitable for paediatric patients,28 and wristbands sensors 
were sometimes removed by patients or had limited battery 
life.30

Neurodevelopmental disorders

Autism spectrum disorder

When monitoring real-world motor behaviour over pro-
longed periods in children aged 3 to 10 years, both with 
and without autism spectrum disorder (ASD), sensor vari-
ables varied by age but not by sex. Older children showed 
less varied movements, indicating more intentional actions. 
Children with ASD exhibited fewer complex movements 
than typically developing peers, which may help in screen-
ing for motor difficulties.35 Similarly, the use of inertial sen-
sors in high-risk populations for ASD revealed that infants 
who later developed ASD exhibited lower motion complex-
ity scores.36,37 The movement curvature, an accelerometer-
derived measure, was significantly lower in infants who 
were later diagnosed with ASD compared with those with 
attention-deficit/hyperactivity disorder (ADHD) con-
cerns or in the typically developing group. High movement T
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curvature suggests more complex and variable patterns, 
characterized by rapid shifts between locally large and small 
accelerations, whereas low movement curvature indicates 
more gradual shifts and a less variable pattern. Lower move-
ment variability has been shown to predict an ASD diagnosis 
as early as 18 months of age.37

In diagnosed children, repetitive behaviours such as rock-
ing, hand flapping, and drumming were detected with high 
sensitivity, as were self-injurious behaviours, which could 
help in treatment selection and monitoring.38–40 Moreover, 
daily gestures typically performed by children with ASD 
were classified with the aid of machine learning algorithms, 
aiming to enhance the understanding of their needs and 
emotions.41

Treating anxiety in individuals with ASD remains a 
challenge due to difficulties with self-awareness and com-
munication of anxiety symptoms.42 Wearable sensors were 
used to monitor physiological arousal in real-time, demon-
strating feasibility for anxiety detection and management.42 
Additionally, wearable sensors were used to collect multi-
modal signals that could predict precursors to problematic 
behaviours, with body motion being the most predictive 
sensing modality.43

Classroom performance can be improved by predicting 
stress and concentration levels using heart rate and acceler-
ometer data.44 Heart rate signals can also categorize positive, 
negative, or neutral emotional states during avatar interac-
tions, although frequent hand movements compromised sig-
nal quality.45

ADHD

Combining motion sensor output with patient-reported 
activity levels achieved high diagnostic accuracy in dis-
tinguishing typically developing children from those with 
ADHD through the application of machine learning.46 
Another study found that children with ADHD presented 
daytime hyperactivity, but no substantial sleep disruptions 
compared with typically developing peers.47

Actigraphy, in conjunction with recurrent neural net-
works, demonstrated that medication inf luence move-
ment intensity in ADHD.48 Compared with children 
who did not have ADHD, unmedicated individuals with 
ADHD exhibited significant distinct movement patterns 
at medium intensities, while those on medication showed 
statistically different behaviours at lower intensities.48 
Wearable-sensor-derived physical activity data and ma-
chine learning have also been highly effective in differen-
tiating between physically aggressive and non-aggressive 
behaviour, indicating potential for remote monitoring and 
management.49

Despite these promising findings, challenges related to 
battery life46,49 and interface were observed.46 Compliance 
issues included discomfort with wearing the device,47,49 
reluctance to wear the device at school, and occasional 
malfunctions.47T
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Rett syndrome

Wearable sensors have shown feasibility in continuously 
monitoring heart rate, respiratory rate, EDA, and movement 
in Rett syndrome (RTT), despite challenges such as wear-
ability issues, operator errors, and data noise.50–52 In RTT, 
heart rate is higher during the day and lower at night across 
all ages.53 Those with RTT also have less heart rate variabil-
ity (HRV), a higher low-frequency to high-frequency ratio, 
and disrupted circadian regulation compared with typi-
cally developing individuals, which are signs of autonomic 
dysfunction.53,54 Age-related HRV metrics show higher val-
ues in paediatric patients compared with adolescents and 
adults.50,53 Although a recent study did not support previ-
ous findings of reduced HRV in the population with RTT, it 
identified two variables, the percentage of maximum heart 
rate and the heart rate to HRV low-frequency power, as 
potential objective markers of fatigue.50 Both metrics were 
elevated, independent of the wake–sleep cycle, indicating 
persistent fatigue in patients with RTT.50 HRV, respiration 
rate, and skin temperature may also be sensitive to MECP2 
gene mutations, particularly in patients with early trunca-
tion variants.50,54 Significant differences in respiratory rate 
and skin temperature were observed across clinical stages of 
RTT as disease progressed.50

EDA normalization was linked to symptom improvement 
in four patients with RTT treated with buspirone, suggesting 
its potential as a biomarker for dysautonomia.51 Additionally, 
machine learning models using sensor data predicted ASD/
Rett status with 95% accuracy and classified sleep stages in 
RTT with 85.1% accuracy using accelerometers, EDA, and 
PPG.52,55

Down syndrome, Angelman syndrome, and 
Prader–Willi syndrome

Despite evidence suggesting different walking and postural 
strategies between adults with Down syndrome and Prader–
Willi syndrome, children often receive similar treatments. 
Spatiotemporal gait parameters can differentiate children 
with Down syndrome, Prader–Willi syndrome, and typical 
development, which may help clinicians create a more indi-
vidualized clinical picture.56 Sensors may also be valuable 
for assessing the effectiveness of early interventions in Down 
syndrome, as demonstrated by an increase in leg movements 
following kicking sessions in infants under 5 months of age.57

Ankle-worn sensors enable accurate real-world gait 
evaluations for individuals with Angelman syndrome and 
Prader–Willi syndrome that closely match laboratory tests.58 
The use of wearables in both ankles was well tolerated in 
another population with Angelman syndrome, with partic-
ipants recording several hours of data per day.59 Gait anal-
ysis indicated reduced walking distances, shorter strides, 
longer median stride times, lower stride velocity 95th centile 
(SV95C), and less variable speeds than typically developing 
comparison individuals.59R
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Neuromuscular disorders

Duchenne muscular dystrophy

Several therapeutics are currently being evaluated in clinical 
trials for the treatment of DMD.87 However, traditional as-
sessment methods often struggle to reliably capture signifi-
cant changes in a patient's condition over the typical 1-year 
trial period.

Accelerometers can track various physical activity pa-
rameters such as steps, distance, step frequency, gait speed, 
activity levels,60–69 and upper limb movement.68–72 Sensors 
placed on different body parts (chest, arms, wrists, hips, and 
ankles) provide valuable insights into daily movement pat-
terns, aiding in the assessment of disease progression and 
therapeutic response.60,63,66–70,88

Studies comparing gait in patients with DMD and typi-
cally developing comparison individuals revealed that those 
with DMD exhibit fewer daily steps, slower step velocity, 
reduced trunk movement, and lower coordination, sug-
gesting that wearable sensors might also be useful for DMD 
screening.61–64,68,73,74

The SV95C was the first digital endpoint approved by 
a regulatory agency, initially as a secondary89 and later as 
a primary endpoint90,91 for DMD clinical trials. The qual-
ification of the SV95C was facilitated by the feasibility of 
using magneto-inertial sensors on both ankles in children 
aged 4 years and older for long periods in uncontrolled 
environments. The SV95C captures the velocity of the 5% 
most rapid strides performed by an individual, and its ap-
proval by the European Medicines Agency was based on 
demonstrated reliability, responsiveness to change, and 
correlation to well-established clinical outcome measures 

in DMD. SV95C values in typically developing children 
have shown no dependence on age or height, allowing 
growth to be excluded as a variable in year-long clinical 
trials.91 A practical example of its sensitivity to change 
in clinical trials is the SPITFIRE/WN40227 trial, where 
SV95C detected functional decline earlier than traditional 
assessments.75

Additionally, integrating artificial intelligence with 
the collected data enables the prediction of clinical 
scales, gait parameters, patient classification, and disease 
progression.61,62,74

SMA

The introduction of disease-modifying therapies for SMA 
has transformed the care of patients, improving symptoms 
in those diagnosed after symptom onset and being trans-
formative for those identified through newborn infant 
screening.92 Given the high cost of these treatments93 and 
the rise of combination therapies,94 precise measurement of 
patient improvement is essential.

Wearable sensors facilitate the measurement of stride 
length, walking velocity, and endurance, offering valuable 
insights into muscle fatigue and walking patterns in patients 
with SMA.76 Furthermore, continuous monitoring of upper 
limb movement in patients with SMA types II and III using 
magneto-inertial sensor metrics can detect disease progres-
sion earlier than traditional methods.77 These sensors are 
also useful in measuring variations in leg movement pat-
terns over time and distinguishing between children with 
SMA and typically developing individuals, as movement 
rates are lower in patients with SMA.78

F I G U R E  1   Types of signals monitored in children's daily activities and their associated applications in various paediatric neurological conditions. 
Abbreviations: ACC, accelerometer; ADHD, attention-deficit/hyperactivity disorder; AS, Angelman syndrome; ASD, autism spectrum disorder; A-T, 
ataxia–telangiectasia; CP, cerebral palsy; DMD, Duchenne muscular dystrophy; DS, Down syndrome; ECG, electrocardiogram; EDA, electrodermal 
activity; EEG, electroencephalogram; EMG, electromyography; EP, epilepsy; FA, Friedreich ataxia; FMG, force myography; GD, Gaucher disease: HD, 
headaches; GYR, gyroscope; MAG, magnetometer; MEG, magnetoencephalography; OX, oximetry; PPG, photoplethysmography; PWS, Prader–Willi 
syndrome; RIP, respiratory inductance plethysmography; RTT, Rett syndrome; SD, sleep disorders; SMA, spinal muscular atrophy; TEMP, temperature.
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Ataxia

Friedreich ataxia

A single study has investigated the use of wearable sensors to 
assess gait, balance, and arm movements in individuals with 
Friedreich ataxia within a home environment. Participants 
exhibited significant lower activity levels than typically devel-
oping comparison individuals, particularly in foot and wrist 
movements. Cadence was strongly correlated with the Timed 
25-foot walk test?, while stride width was significantly associ-
ated with fall risk. Peak swing and stance periods provided the 
most discriminatory insights between patients with Friedreich 
ataxia and typically developing comparison individuals?. 
However, upper limb data were more challenging to interpret 
owing to the complexities and variability of everyday actions, 
making classification into specific activities of daily living dif-
ficult. Additionally, mean stride width showed a significant 
correlation with GAA repeat length of the short allele, while 
no significant relationship was found between allele length 
and Timed 25-foot walk time in the same participants.79

Ataxia–telangiectasia

In ataxia–telangiectasia, wrist-worn accelerometers have been 
used to assess motor impairment and disease progression.80,81 
Findings indicate that individuals with ataxia–telangiectasia 
exhibit lower activity levels and fewer high-intensity move-
ments than typically developing comparison individuals, 
with activity metrics correlating with the clinical severity.80 
Additionally, patients with ataxia–telangiectasia demonstrated 
smaller, slower, and less variable submovements—segmented 
wrist movements during larger voluntary actions—than 
typically developing peers, suggesting an effort to achieve 
smoother and more controlled movements. Over the course of 
1 year, no significant changes were observed in the sensor data 
of the comparison group, whereas in the ataxia–telangiectasia 
group, sensor data changes aligned with disease progression, 
as confirmed by the Balance Assessment Rating Scale.81

Neurometabolic diseases

The study of walking patterns using a wrist-worn accel-
erometer indicated that individuals with neuronopathic 
Gaucher disease had lower activity levels than patients with 
type 1 Gaucher disease. This difference may be attributed to 
symptoms such as ataxia and tremors, which interfere with 
the ability to perform intense activities that require both 
strength and coordination.82

Furthermore, the analysis of gait and balance in patients 
with leukoencephalopathy involving the brainstem and spi-
nal cord and lactate elevation revealed that gait variability 
and step elevation at mid-swing were higher compared with 
age-matched typically developing individuals during brief 
walking tests.83

Sleep disorders

The application of machine learning to actigraphy and oxi-
metry has improved the accuracy in identifying children 
with severe obstructive sleep apnoea syndrome compared 
with predictions made using only clinical parameters, sug-
gesting that wearable sensors could be used for home-based 
screening for overnight observation.84

Headache and migraine

Sensors can continuously monitor not only physiological 
data but also surrounding environmental data, providing 
valuable insights into headache mechanisms. One study fo-
cused on using multi-sensor data to provide feedback dur-
ing migraine prophylaxis, while a second study integrated 
physiological data with environmental information to iden-
tify factors influencing headache episodes.85,86 Although the 
methods for data acquisition seem to be acceptable for pa-
tients, further work is needed to refine the results. Reasons 
for incomplete wearable sensor data included technical is-
sues in data acquisition and participant-related factors, 
such as sensors not recording data even though participants 
claimed to have worn the band and taking off the device for 
charging or forgetting to wear it.86

DISCUSSION

Wearable sensors hold promise for transforming paediatric 
neurology by providing a non-invasive, long-term method 
for monitoring disease progression and offering guidance to 
improve treatment. These devices can collect a wide range of 
physiological and activity-related data, allowing for the ear-
lier detection of subtle changes that may be missed by stand-
ard clinic assessments, ultimately resulting in improved 
outcomes through timely interventions.30,59 Moreover, 
home-based monitoring may increase patients' participa-
tion in trials and care accessibility, reducing the need for 
frequent clinic visits and relieving patients from stressful 
assessments.95 Wearable sensors also offer an advantage in 
assessing very young children or infants with intellectual 
disabilities, with whom active and reliable collaboration may 
be challenging.

The impact of wearables devices is evident in DMD, where 
the SV95C metric became the first digital outcome measure 
to received regulatory approval across all fields of medicine.91 
The sensitivity to change of the SV95C highlights how wear-
ables can improve future clinical trial design, enabling shorter 
and less expensive trials, without compromising the power 
of the study. Earlier drug launches not only benefit patients 
but also result in higher asset lifecycle values for pharmaceu-
tical companies.96 Further evidence of regulatory interest in 
wearable technologies is the Apple Watch's Atrial Fibrillation 
History feature, which became the first digital tool quali-
fied under the US Food and Drug Administration's Medical 
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Device Development Tools program in May 2024 and is now 
recognized as a secondary endpoint in studies of cardiac abla-
tion devices.97 As this trend persists, projections suggest wide-
spread adoption of wearables in clinical trials, with up to 70% 
of trials expected to incorporate wearable sensors in 2025.95

Artificial intelligence can analyse complex data sets, iden-
tify patterns, and make predictions. For instance, in epilepsy 
management, artificial intelligence has been used to predict 
seizure occurrences and provide timely warnings, improving 
patients' quality of life.24 However, the application of arti-
ficial intelligence is often limited by the need for large data 
sets,29,44,46,48,62 which can be difficult to obtain, particularly 
for rare neurological conditions. Furthermore, evaluating the 
clinical relevance of outcomes derived from artificial intelli-
gence is extremely difficult owing to the lack of standardiza-
tion in evaluation data sets, task definitions, and performance 
metrics. Therefore, it is essential to develop validation frame-
works that build on existing standards and guidelines.98

The studies reviewed reveal several challenges that may 
affect the use of wearable sensors. A primary concern is the 
population size, as many were unable to validate their results 
owing to a limited number of participants. The difficulty in 
recruitment is further aggravated by disease progression, 
leading to patients' withdrawal due to factors such as mor-
tality, loss of ambulation, or participation in other treatment 
trials.60,77 Non-adherence and compliance issues may also 
arise, as patients may forget to wear the devices or find them 
uncomfortable, inconvenient, or aesthetically unappealing, 
leading to discontinuation.60 Additionally, technical and en-
vironmental challenges with the sensors themselves can ex-
acerbate compliance issues.71,80,86,95 Operator-related errors, 
such as incorrect positioning or loose fitting of the wrist-
bands, may affect the quality of signals, requiring extensive 
training for patients.51,52 The regulatory approval process 
for digital outcomes can be lengthy and demand substantial 
data about patients to establish objectivity, reliability, and 
sensitivity to change.88,99 In some cases, corporate invest-
ment may not be viable given the limited size of the poten-
tial market. Furthermore, many studies have used wearables 
for short, 1-day recordings, which may be biased by patients' 
motivation, mirroring challenges faced with in-clinic assess-
ments. For instance, a child diagnosed with SMA exhibited 
atypical increase in movement rates during a single record-
ing session, probably because of the excitement of being at 
a park.78 This example emphasizes the importance of long-
term monitoring strategies to capture more accurate and nu-
anced data about disease progression.

The increasing use of wearable sensors in paediatrics 
raises ethical concerns about invasiveness of privacy, access, 
and surveillance. In long-term monitoring studies, pseudo-
anonymization may be insufficient, as re-identification is 
possible.100,101 Continuous monitoring of sensitive data, such 
as location, necessitates strict limitations on data processing 
to safeguard privacy while balancing technological benefits, 
such as alerts for potential health crises including location 
information.100 Moreover, wearable devices can inadvertently 
collect data from non-users through cameras or microphones, 

further complicating privacy issues.100 Concerns also arise 
about who accesses the data and its intended use, with health-
care providers expected to watch over patients' well-being 
while technology companies may prioritize commercial in-
terests.100 To protect patients' privacy and prevent misuse 
of sensitive information, transparency, confidentiality, and 
clear limitations on data use are needed.100,101 Disparities 
in technology access because of socioeconomic factors also 
pose risks, as they can lead to underrepresentation of cer-
tain groups, resulting in biased outcomes.100 This can result 
in algorithms that underperform or overperform for specific 
demographics, as seen in the poorer performance of PPG in 
measuring blood flow in individuals with darker skin tones.26 
While wearable sensors can provide valuable health insights 
and enhance psychological well-being, the risks associated 
with inaccurate data must be mitigated, as they can have 
physical, emotional, and psychological consequences.100 To 
address these concerns, clinical studies should assess the fea-
sibility, sensitivity, and specificity of these devices. However, 
in paediatric trials, informed consent may be questionable, as 
children may not fully comprehend the implications of data 
collection. Additionally, wearable sensors can impose bur-
dens on participants, including physical discomfort, psycho-
logical stress, stigma, or interference with daily activities.101

Further research is necessary to explore how these tech-
nologies can be effectively integrated into clinical practice, 
in ways that minimize interference, optimize benefits for 
patients, and reduce the long-term risks associated with the 
passive collection of sensitive, emotional, behavioural, and 
neural data.101 Alongside ethical concerns, the clinical im-
plementation of wearable sensors in paediatric neurology 
remains limited because of continuing validation processes, 
regulatory hurdles, and difficulties in integration into stan-
dard care. Currently, the use of wearable sensors varies in 
maturity, with most work focused on proving feasibility and 
reliability. Longitudinal studies and user-centred designs to 
improve usability and comfort for paediatric patients, along 
with collaboration between clinicians, engineers, and reg-
ulators, are crucial to expanding acceptance, development, 
and clinical utility.102

This review has limitations. First, papers were selected 
by a sole individual, and our search was restricted to a sin-
gle database. This approach may have introduced biases 
and overlooked pertinent studies accessible through alter-
native databases or selection methods. Additionally, a total 
of eight papers were not accessible. Nonetheless, our review 
demonstrates that wearable technologies are not restricted 
to adult neurological conditions such as multiple sclerosis, 
Parkinson disease, or amyotrophic lateral sclerosis but can 
be essential components of assessment of paediatric patients 
with neurological conditions.

CONCLUSIONS

More research is needed to prove the effectiveness of in-
terventions based on wearable sensors and their impact on 
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long-term outcomes for patients. Collaboration among re-
searchers, clinicians, and technology developers will be es-
sential in overcoming challenges and maximizing the full 
potential of wearable sensor technology in paediatric health 
care. However, recent advancements such as the regula-
tory validation of the SV95C metric and its adoption as a 
primary endpoint in clinical trials demonstrate consider-
able progress. We expect wearable sensors to revolutionize 
the diagnosis, monitoring, and management of neurological 
conditions in children.

C ON F L IC T OF I N T E R E ST STAT E M E N T
CGB is an employee of the ActiMyo/Syde wearable sensor 
manufacturer, Sysnav. LS gave consultancy to Roche, Biogen 
Digital Health, PepGen, Dyne Therapeurics, WaveLife and 
Sysnav in the context of digital outcome measures.

F U N DI NG I N FOR M AT ION
The authors received no specific funding for this work.

DATA AVA I L A BI L I T Y STAT E M E N T
Data sharing not applicable - no new data generated.

ORCI D
Laurent Servais   https://orcid.org/0000-0001-9270-4061 

R E F E R E N C E S
	 1.	 Steinmetz JD, Seeher KM, Schiess N, Nichols E, Cao B, Servili C, 

et  al. Global, regional, and national burden of disorders affecting 
the nervous system, 1990–2021: a systematic analysis for the Global 
Burden of Disease Study 2021. The Lancet Neurology. 2024 Apr 
1;23(4):344–81.

	 2.	 Spuler S, Borasio GD, Grittner U. Lessons from a negative gene 
therapy trial for Duchenne muscular dystrophy. Nat Med. 2024 Oct 
9;1–2.

	 3.	 Wu M, PhD, Luo J, Contributors POJ of NI. Wearable Technology 
Applications in Healthcare: A Literature Review | HIMSS [Internet]. 
2019 [cited 2024 Apr 8]. Available from: https://​www.​himss.​org/​
resou​rces/​weara​ble-​techn​ology​-​appli​catio​ns-​healt​hcare​-​liter​ature​
-​review

	 4.	 Seshadri DR, Davies EV, Harlow ER, Hsu JJ, Knighton SC, Walker 
TA, et  al. Wearable Sensors for COVID-19: A Call to Action to 
Harness Our Digital Infrastructure for Remote Patient Monitoring 
and Virtual Assessments. Front Digit Health [Internet]. 2020 Jun 23 
[cited 2024 Apr 8];2. Available from: https://www.frontiersin.org/
journals/digital-health/articles/10.3389/fdgth.2020.00008/full

	 5.	 Mohammadzadeh N, Gholamzadeh M, Saeedi S, Rezayi S. The ap-
plication of wearable smart sensors for monitoring the vital signs 
of patients in epidemics: a systematic literature review. J Ambient 
Intell Human Comput. 2023 May 1;14(5):6027–41.

	 6.	 Franchi de’ Cavalieri M, Filogna S, Martini G, Beani E, Maselli M, 
Cianchetti M, et  al. Wearable accelerometers for measuring and 
monitoring the motor behaviour of infants with brain damage 
during CareToy-Revised training. J NeuroEngineering Rehabil. 
2023 May 6;20(1):62.

	 7.	 von Gunten M, Botros A, Tobler-Ammann B, Nef T, Grunt S. Action 
Observation Training to Improve Upper Limb Function in Infants 
with Unilateral Brain Lesion - a Feasibility Study. Dev Neurorehabil. 
2023 May;26(4):234–43.

	 8.	 den Hartog D, van der Krogt MM, van der Burg S, Aleo I, Gijsbers 
J, Bonouvrié LA, et  al. Home-Based Measurements of Dystonia 
in Cerebral Palsy Using Smartphone-Coupled Inertial Sensor 

Technology and Machine Learning: A Proof-of-Concept Study. 
Sensors (Basel). 2022 Jun 9;22(12):4386.

	 9.	 Strohrmann C, Labruyère R, Gerber CN, van Hedel HJ, Arnrich B, 
Tröster G. Monitoring motor capacity changes of children during 
rehabilitation using body-worn sensors. J Neuroeng Rehabil. 2013 
Jul 30;10:83.

	 10.	 Hegde N, Zhang T, Uswatte G, Taub E, Barman J, McKay S, et al. 
The Pediatric SmartShoe: Wearable Sensor System for Ambulatory 
Monitoring of Physical Activity and Gait. IEEE Trans Neural Syst 
Rehabil Eng. 2018 Feb;26(2):477–86.

	 11.	 Ahmadi M, O'Neil M, Fragala-Pinkham M, Lennon N, Trost S. 
Machine learning algorithms for activity recognition in ambulant 
children and adolescents with cerebral palsy. J Neuroeng Rehabil. 
2018 Nov 15;15(1):105.

	 12.	 Ahmadi MN, O'Neil ME, Baque E, Boyd RN, Trost SG. Machine 
Learning to Quantify Physical Activity in Children with Cerebral 
Palsy: Comparison of Group, Group-Personalized, and Fully-
Personalized Activity Classification Models. Sensors (Basel). 2020 
Jul 17;20(14):3976.

	 13.	 Beani E, Maselli M, Sicola E, Perazza S, Cecchi F, Dario P, et  al. 
Actigraph assessment for measuring upper limb activity in unilat-
eral cerebral palsy. J Neuroeng Rehabil. 2019 Feb 22;16(1):30.

	 14.	 Yazıcı MV, Çobanoğlu G, Yazıcı G. Test-retest reliability and min-
imal detectable change for measures of wearable gait analysis sys-
tem (G-Walk) in children with cerebral palsy. Turk J Med Sci. 2022 
Jun;52(3):658–66.

	 15.	 Burgess A, Oftedal S, Boyd RN, Reedman S, Trost SG, Ware 
RS, et  al. Construct Validity of the Both Hands Assessment 
Using Wrist-Worn Accelerometers. Phys Occup Ther Pediatr. 
2024;44(1):42–55.

	 16.	 Wolff A, Sama A, Lenhoff M, Daluiski A. The use of wearable in-
ertial sensors effectively quantify arm asymmetry during gait 
in children with unilateral spastic cerebral palsy. J Hand Ther. 
2022;35(1):148–50.

	 17.	 Vanmechelen I, Bekteshi S, Haberfehlner H, Feys H, Desloovere K, 
Aerts JM, et al. Reliability and Discriminative Validity of Wearable 
Sensors for the Quantification of Upper Limb Movement Disorders 
in Individuals with Dyskinetic Cerebral Palsy. Sensors (Basel). 2023 
Feb 1;23(3):1574.

	 18.	 Choi JY, Yi SH, Ao L, Tang X, Xu X, Shim D, et al. Virtual reality re-
habilitation in children with brain injury: a randomized controlled 
trial. Dev Med Child Neurol. 2021 Apr;63(4):480–7.

	 19.	 Brégou Bourgeois A, Mariani B, Aminian K, Zambelli PY, Newman 
CJ. Spatio-temporal gait analysis in children with cerebral palsy 
using, foot-worn inertial sensors. Gait & Posture. 2014 Jan 
1;39(1):436–42.

	 20.	 Choi S, Shin YB, Kim SY, Kim J. A novel sensor-based assessment 
of lower limb spasticity in children with cerebral palsy. J Neuroeng 
Rehabil. 2018 Jun 4;15(1):45.

	 21.	 Baram Y, Lenger R. Gait improvement in patients with cerebral palsy 
by visual and auditory feedback. Neuromodulation. 2012;15(1):48–
52; discussion 52.

	 22.	 Carcreff L, Gerber CN, Paraschiv-Ionescu A, De Coulon G, Newman 
CJ, Armand S, et  al. What is the Best Configuration of Wearable 
Sensors to Measure Spatiotemporal Gait Parameters in Children 
with Cerebral Palsy? Sensors (Basel). 2018 Jan 30;18(2):394.

	 23.	 Vieluf S, Reinsberger C, El Atrache R, Jackson M, Schubach S, 
Ufongene C, et  al. Autonomic nervous system changes detected 
with peripheral sensors in the setting of epileptic seizures. Sci Rep. 
2020 Jul 14;10(1):11560.

	 24.	 Yamakawa T, Miyajima M, Fujiwara K, Kano M, Suzuki Y, 
Watanabe Y, et  al. Wearable Epileptic Seizure Prediction System 
with Machine-Learning-Based Anomaly Detection of Heart Rate 
Variability. Sensors (Basel). 2020 Jul 17;20(14):3987.

	 25.	 El Atrache R, Tamilia E, Mohammadpour Touserkani F, Hammond 
S, Papadelis C, Kapur K, et al. Photoplethysmography: A measure 
for the function of the autonomic nervous system in focal impaired 
awareness seizures. Epilepsia. 2020 Aug;61(8):1617–26.

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.16239, W
iley O

nline L
ibrary on [11/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-9270-4061
https://orcid.org/0000-0001-9270-4061
https://www.himss.org/resources/wearable-technology-applications-healthcare-literature-review
https://www.himss.org/resources/wearable-technology-applications-healthcare-literature-review
https://www.himss.org/resources/wearable-technology-applications-healthcare-literature-review
https://doi.org/10.3389/fdgth.2020.00008/full
https://doi.org/10.3389/fdgth.2020.00008/full


18  |      GONZÁLEZ BARRAL and SERVAIS

	 26.	 Arends J, Thijs RD, Gutter T, Ungureanu C, Cluitmans P, Van Dijk 
J, et  al. Multimodal nocturnal seizure detection in a residential 
care setting: A long-term prospective trial. Neurology. 2018 Nov 
20;91(21):e2010–9.

	 27.	 Hegarty-Craver M, Kroner BL, Bumbut A, DeFilipp SJ, Gaillard 
WD, Gilchrist KH. Cardiac-based detection of seizures in children 
with epilepsy. Epilepsy Behav. 2021 Sep;122:108129.

	 28.	 Proost R, Macea J, Lagae L, Van Paesschen W, Jansen K. Wearable 
detection of tonic seizures in childhood epilepsy: An exploratory 
cohort study. Epilepsia. 2023 Nov;64(11):3013–24.

	 29.	 Meisel C, El Atrache R, Jackson M, Schubach S, Ufongene C, 
Loddenkemper T. Machine learning from wristband sensor data 
for wearable, noninvasive seizure forecasting. Epilepsia. 2020 
Dec;61(12):2653–66.

	 30.	 Tang J, El Atrache R, Yu S, Asif U, Jackson M, Roy S, et al. Seizure 
detection using wearable sensors and machine learning: Setting a 
benchmark. Epilepsia. 2021 Aug;62(8):1807–19.

	 31.	 Yu S, El Atrache R, Tang J, Jackson M, Makarucha A, Cantley S, 
et al. Artificial intelligence-enhanced epileptic seizure detection by 
wearables. Epilepsia. 2023 Dec;64(12):3213–26.

	 32.	 Bisi MC, Di Marco R, Ragona F, Darra F, Vecchi M, Masiero S, 
et al. Quantitative Characterization of Motor Control during Gait 
in Dravet Syndrome Using Wearable Sensors: A Preliminary Study. 
Sensors (Basel). 2022 Mar 10;22(6):2140.

	 33.	 Mohammadpour Touserkani F, Tamilia E, Coughlin F, Hammond 
S, El Atrache R, Jackson M, et  al. Photoplethysmographic eval-
uation of generalized tonic-clonic seizures. Epilepsia. 2020 
Aug;61(8):1606–16.

	 34.	 Swinnen L, Chatzichristos C, Jansen K, Lagae L, Depondt C, 
Seynaeve L, et al. Accurate detection of typical absence seizures in 
adults and children using a two-channel electroencephalographic 
wearable behind the ears. Epilepsia. 2021 Nov;62(11):2741–52.

	 35.	 Konrad J, Marrus N, Lang CE. A Feasibility Study of Bilateral Wrist 
Sensors for Measuring Motor Traits in Children With Autism. 
Percept Mot Skills. 2022 Dec;129(6):1709–35.

	 36.	 Wilson RB, Vangala S, Elashoff D, Safari T, Smith BA. Using 
Wearable Sensor Technology to Measure Motion Complexity 
in Infants at High Familial Risk for Autism Spectrum Disorder. 
Sensors (Basel). 2021 Jan 17;21(2):616.

	 37.	 Wilson RB, Vangala S, Reetzke R, Piergies A, Ozonoff S, Miller M. 
Objective measurement of movement variability using wearable 
sensors predicts ASD outcomes in infants at high likelihood for 
ASD and ADHD. Autism Research. 2024;17(6):1094–105.

	 38.	 Gilchrist KH, Hegarty-Craver M, Christian RB, Grego S, Kies AC, 
Wheeler AC. Automated Detection of Repetitive Motor Behaviors 
as an Outcome Measurement in Intellectual and Developmental 
Disabilities. J Autism Dev Disord. 2018 May;48(5):1458–66.

	 39.	 Min C-H. Automatic detection and labeling of self-stimulatory 
behavioral patterns in children with Autism Spectrum Disorder. 
Annu Int Conf IEEE Eng Med Biol Soc. 2017 Jul;2017:279–82.

	 40.	 Cantin-Garside KD, Kong Z, White SW, Antezana L, Kim S, 
Nussbaum MA. Detecting and Classifying Self-injurious Behavior 
in Autism Spectrum Disorder Using Machine Learning Techniques. 
J Autism Dev Disord. 2020 Nov;50(11):4039–52.

	 41.	 Siddiqui UA, Ullah F, Iqbal A, Khan A, Ullah R, Paracha S, et al. 
Wearable-Sensors-Based Platform for Gesture Recognition of 
Autism Spectrum Disorder Children Using Machine Learning 
Algorithms. Sensors (Basel). 2021 May 11;21(10):3319.

	 42.	 Puli A, Kushki A. Toward Automatic Anxiety Detection in Autism: 
A Real-Time Algorithm for Detecting Physiological Arousal in the 
Presence of Motion. IEEE Transactions on Biomedical Engineering. 
2020 Mar;67(3):646–57.

	 43.	 Zheng ZK, Staubitz JE, Weitlauf AS, Staubitz J, Pollack M, Shibley 
L, et  al. A Predictive Multimodal Framework to Alert Caregivers 
of Problem Behaviors for Children with ASD (PreMAC). Sensors 
(Basel). 2021 Jan 7;21(2):370.

	 44.	 Deng L, Rattadilok P. A Sensor and Machine Learning-Based 
Sensory Management Recommendation System for Children 

with Autism Spectrum Disorders. Sensors (Basel). 2022 Aug 
3;22(15):5803.

	 45.	 Ali K, Shah S, Hughes CE. In-the-Wild Affect Analysis of Children 
with ASD Using Heart Rate. Sensors (Basel). 2023 Jul 21;23(14):6572.

	 46.	 Lindhiem O, Goel M, Shaaban S, Mak KJ, Chikersal P, Feldman 
J, et  al. Objective Measurement of Hyperactivity Using Mobile 
Sensing and Machine Learning: Pilot Study. JMIR Form Res. 2022 
Apr 25;6(4):e35803.

	 47.	 Faedda GL, Ohashi K, Hernandez M, McGreenery CE, Grant MC, 
Baroni A, et  al. Actigraph measures discriminate pediatric bi-
polar disorder from attention-deficit/hyperactivity disorder and 
typically developing controls. J Child Psychol Psychiatry. 2016 
Jun;57(6):706–16.

	 48.	 Muñoz-Organero M, Powell L, Heller B, Harpin V, Parker J. Using 
Recurrent Neural Networks to Compare Movement Patterns in ADHD 
and Normally Developing Children Based on Acceleration Signals 
from the Wrist and Ankle. Sensors (Basel). 2019 Jul 3;19(13):2935.

	 49.	 Park C, Rouzi MD, Atique MMU, Finco MG, Mishra RK, Barba-
Villalobos G, et al. Machine Learning-Based Aggression Detection 
in Children with ADHD Using Sensor-Based Physical Activity 
Monitoring. Sensors (Basel). 2023 May 21;23(10):4949.

	 50.	 Leoncini S, Boasiako L, Di Lucia S, Beker A, Scandurra V, Vignoli A, 
et al. 24-h continuous non-invasive multiparameter home monitor-
ing of vitals in patients with Rett syndrome by an innovative wear-
able technology: evidence of an overlooked chronic fatigue status. 
Front Neurol. 2024;15:1388506.

	 51.	 Gualniera L, Singh J, Fiori F, Santosh P. Emotional Behavioural and 
Autonomic Dysregulation (EBAD) in Rett Syndrome - EDA and 
HRV monitoring using wearable sensor technology. J Psychiatr Res. 
2021 Jun;138:186–93.

	 52.	 Migovich M, Ullal A, Fu C, Peters SU, Sarkar N. Feasibility of wear-
able devices and machine learning for sleep classification in chil-
dren with Rett syndrome: A pilot study. Digit Health. 2023 Aug 
1;9:20552076231191622.

	 53.	 Singh J, Ameenpur S, Ahmed R, Basheer S, Chishti S, Lawrence 
R, et  al. An Observational Study of Heart Rate Variability Using 
Wearable Sensors Provides a Target for Therapeutic Monitoring 
of Autonomic Dysregulation in Patients with Rett Syndrome. 
Biomedicines. 2022 Jul 13;10(7):1684.

	 54.	 Carroll MS, Ramirez JM, Weese-Mayer DE. Diurnal variation in au-
tonomic regulation among patients with genotyped Rett syndrome. 
J Med Genet. 2020 Nov;57(11):786–93.

	 55.	 Iakovidou N, Lanzarini E, Singh J, Fiori F, Santosh P. Differentiating 
Females with Rett Syndrome and Those with Multi-Comorbid 
Autism Spectrum Disorder Using Physiological Biomarkers: A 
Novel Approach. J Clin Med. 2020 Sep 2;9(9):2842.

	 56.	 Belluscio V, Bergamini E, Salatino G, Marro T, Gentili P, Iosa M, 
et  al. Dynamic balance assessment during gait in children with 
Down and Prader-Willi syndromes using inertial sensors. Hum 
Mov Sci. 2019 Feb;63:53–61.

	 57.	 Khasgiwale RN, Smith BA, Looper J. Leg Movement Rate Pre- and 
Post-Kicking Intervention in Infants with Down Syndrome. Phys 
Occup Ther Pediatr. 2021;41(6):590–600.

	 58.	 Kraan CM, Date P, Rattray A, Sangeux M, Bui QM, Baker EK, et al. 
Feasibility of wearable technology for ‘real-world’ gait analysis in 
children with Prader-Willi and Angelman syndromes. J Intellect 
Disabil Res. 2022 Aug;66(8–9):717–25.

	 59.	 Duis J, Skinner A, Carson R, Gouelle A, Annoussamy M, Silverman 
JL, et al. Quantitative measures of motor development in Angelman 
syndrome. Am J Med Genet A. 2023 Apr 5;191(7):1711–21.

	 60.	 McErlane F, Davies EH, Ollivier C, Mayhew A, Anyanwu O, 
Harbottle V, et  al. Wearable Technologies for Children with 
Chronic Illnesses: An Exploratory Approach. Ther Innov Regul Sci. 
2021 Jul;55(4):799–806.

	 61.	 Ramli AA, Liu X, Berndt K, Chuah CN, Goude E, Kaethler LB, 
et al. Gait Event Detection and Travel Distance Using Waist-Worn 
Accelerometers across a Range of Speeds: Automated Approach. 
Sensors (Basel). 2024 Feb 9;24(4):1155.

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.16239, W
iley O

nline L
ibrary on [11/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  19WEARABLE SENSORS IN PAEDIATRIC NEUROLOGY

	 62.	 Ramli AA, Liu X, Berndt K, Goude E, Hou J, Kaethler LB, et al. Gait 
Characterization in Duchenne Muscular Dystrophy (DMD) Using 
a Single-Sensor Accelerometer: Classical Machine Learning and 
Deep Learning Approaches. Sensors (Basel). 2024 Feb 8;24(4):1123.

	 63.	 Lott DJ, Taivassalo T, Senesac CR, Willcocks RJ, Harrington AM, 
Zilke K, et  al. Walking activity in a large cohort of boys with 
Duchenne muscular dystrophy. Muscle Nerve. 2021 Feb;63(2):192–8.

	 64.	 Ganea R, Jeannet PY, Paraschiv-Ionescu A, Goemans NM, Piot C, 
Van den Hauwe M, et al. Gait assessment in children with duchenne 
muscular dystrophy during long-distance walking. J Child Neurol. 
2012 Jan;27(1):30–8.

	 65.	 Jeannet PY, Aminian K, Bloetzer C, Najafi B, Paraschiv-Ionescu A. 
Continuous monitoring and quantification of multiple parameters 
of daily physical activity in ambulatory Duchenne muscular dystro-
phy patients. Eur J Paediatr Neurol. 2011 Jan;15(1):40–7.

	 66.	 Kimura S, Ozasa S, Nomura K, Yoshioka K, Endo F. Estimation of 
muscle strength from actigraph data in Duchenne muscular dystro-
phy. Pediatr Int. 2014 Oct;56(5):748–52.

	 67.	 Fowler EG, Staudt LA, Heberer KR, Sienko SE, Buckon CE, Bagley 
AM, et al. Longitudinal community walking activity in Duchenne 
muscular dystrophy. Muscle & Nerve. 2018;57(3):401–6.

	 68.	 Arteaga D, Donnelly T, Crum K, Markham L, Killian M, Burnette 
WB, et  al. Assessing Physical Activity Using Accelerometers in 
Youth with Duchenne Muscular Dystrophy. J Neuromuscul Dis. 
2020;7(3):331–42.

	 69.	 Killian M, Buchowski MS, Donnelly T, Burnette WB, Markham LW, 
Slaughter JC, et al. Beyond ambulation: Measuring physical activity 
in youth with Duchenne muscular dystrophy. Neuromuscul Disord. 
2020 Apr;30(4):277–82.

	 70.	 Siegel BI, Cakmak A, Reinertsen E, Benoit M, Figueroa J, Clifford 
GD, et  al. Use of a wearable device to assess sleep and motor 
function in Duchenne muscular dystrophy. Muscle Nerve. 2020 
Feb;61(2):198–204.

	 71.	 van der Geest A, Essers JMN, Bergsma A, Jansen M, de Groot IJM. 
Monitoring daily physical activity of upper extremity in young and 
adolescent boys with Duchenne muscular dystrophy: A pilot study. 
Muscle Nerve. 2020 Mar;61(3):293–300.

	 72.	 Le Moing AG, Seferian AM, Moraux A, Annoussamy M, Dorveaux 
E, Gasnier E, et al. A Movement Monitor Based on Magneto-Inertial 
Sensors for Non-Ambulant Patients with Duchenne Muscular 
Dystrophy: A Pilot Study in Controlled Environment. PLoS One. 
2016;11(6):e0156696.

	 73.	 An J, Xie Z, Jia F, Wang Z, Yuan Y, Zhang J, et al. Quantitative coor-
dination evaluation for screening children with Duchenne muscu-
lar dystrophy. Chaos. 2020 Feb;30(2):023116.

	 74.	 Ricotti V, Kadirvelu B, Selby V, Festenstein R, Mercuri E, Voit T, 
et al. Wearable full-body motion tracking of activities of daily living 
predicts disease trajectory in Duchenne muscular dystrophy. Nat 
Med. 2023;29(1):95–103.

	 75.	 Rabbia M, Ormazabal MG, Staunton H, Veenstra K, Eggenspieler 
D, Annoussamy M, et  al. Stride Velocity 95th Centile Detects 
Decline in Ambulatory Function Over Shorter Intervals than 
the 6-Minute Walk Test or North Star Ambulatory Assessment 
in Duchenne Muscular Dystrophy. J Neuromuscul Dis. 2024 Apr 
16;11(3):701–14.

	 76.	 Montes J, Zanotto D, Dunaway Young S, Salazar R, De Vivo DC, 
Agrawal S. Gait assessment with solesound instrumented footwear 
in spinal muscular atrophy. Muscle & Nerve. 2017;56(2):230–6.

	 77.	 Annoussamy M, Seferian AM, Daron A, Péréon Y, Cances C, 
Vuillerot C, et al. Natural history of Type 2 and 3 spinal muscular 
atrophy: 2-year NatHis-SMA study. Ann Clin Transl Neurol. 2021 
Feb;8(2):359–73.

	 78.	 McIntyre M, Dunn L, David J, Devine C, Smith BA. Daily Quantity 
and Kinematic Characteristics of Leg Movement in a Child 
With SMA (2 Copies SMN2). Pediatric Physical Therapy. 2023 
Oct;35(4):486.

	 79.	 Mueller A, Paterson E, McIntosh A, Praestgaard J, Bylo M, Hoefling 
H, et  al. Digital endpoints for self-administered home-based 

functional assessment in pediatric Friedreich's ataxia. Ann Clin 
Transl Neurol. 2021 Aug 6;8(9):1845–56.

	 80.	 Khan NC, Pandey V, Gajos KZ, Gupta AS. Free-Living Motor 
Activity Monitoring in Ataxia-Telangiectasia. Cerebellum. 
2022;21(3):368–79.

	 81.	 Gupta AS, Luddy AC, Khan NC, Reiling S, Thornton JK. Real-life 
Wrist Movement Patterns Capture Motor Impairment in Individuals 
with Ataxia-Telangiectasia. Cerebellum. 2023 Apr;22(2):261–71.

	 82.	 Donald A, Cizer H, Finnegan N, Collin-Histed T, Hughes DA, 
Davies EH. Measuring disease activity and patient experience re-
motely using wearable technology and a mobile phone app: out-
comes from a pilot study in Gaucher disease. Orphanet J Rare Dis. 
2019 Sep 5;14(1):212.

	 83.	 Smith Fine A, Kaufman M, Goodman J, Turk B, Bastian A, Lin D, 
et  al. Wearable sensors detect impaired gait and coordination in 
LBSL during remote assessments. Ann Clin Transl Neurol. 2022 
Apr;9(4):468–77.

	 84.	 Bertoni D, Sterni LM, Pereira KD, Das G, Isaiah A. Predicting poly-
somnographic severity thresholds in children using machine learn-
ing. Pediatr Res. 2020 Sep;88(3):404–11.

	 85.	 Stubberud A, Tronvik E, Olsen A, Gravdahl G, Linde M. 
Biofeedback Treatment App for Pediatric Migraine: Development 
and Usability Study. Headache: The Journal of Head and Face Pain. 
2020;60(5):889–901.

	 86.	 Connelly MA, Boorigie ME. Feasibility of using ‘SMARTER’ meth-
odology for monitoring precipitating conditions of pediatric mi-
graine episodes. Headache. 2021 Mar;61(3):500–10.

	 87.	 Markati T, Oskoui M, Farrar MA, Duong T, Goemans N, Servais 
L. Emerging therapies for Duchenne muscular dystrophy. Lancet 
Neurol. 2022 Sep;21(9):814–29.

	 88.	 Servais L, Yen K, Guridi M, Lukawy J, Vissière D, Strijbos P. 
Stride Velocity 95th Centile: Insights into Gaining Regulatory 
Qualification of the First Wearable-Derived Digital Endpoint for 
use in Duchenne Muscular Dystrophy Trials. J Neuromuscul Dis. 
2022;9(2):335–46.

	 89.	 Servais L, Camino E, Clement A, McDonald CM, Lukawy J, 
Lowes LP, et  al. First Regulatory Qualification of a Novel Digital 
Endpoint in Duchenne Muscular Dystrophy: A Multi-Stakeholder 
Perspective on the Impact for Patients and for Drug Development in 
Neuromuscular Diseases. Digit Biomark. 2021;5(2):183–90.

	 90.	 Servais L, Eggenspieler D, Poleur M, Grelet M, Muntoni F, Strijbos 
P, et  al. First regulatory qualification of a digital primary end-
point to measure treatment efficacy in DMD. Nat Med. 2023 
Oct;29(10):2391–2.

	 91.	 Servais L, Strijbos P, Poleur M, Mirea A, Butoianu N, Sansone VA, 
et al. Evidentiary basis of the first regulatory qualification of a digi-
tal primary efficacy endpoint. Sci Rep. 2024 Nov 29;14(1):29681.

	 92.	 Aragon-Gawinska K, Mouraux C, Dangouloff T, Servais L. Spinal 
Muscular Atrophy Treatment in Patients Identified by Newborn 
Screening—A Systematic Review. Genes. 2023 Jul;14(7):1377.

	 93.	 Dangouloff T, Botty C, Beaudart C, Servais L, Hiligsmann M. 
Systematic literature review of the economic burden of spinal mus-
cular atrophy and economic evaluations of treatments. Orphanet 
Journal of Rare Diseases. 2021 Jan 23;16(1):47.

	 94.	 Proud CM, Mercuri E, Finkel RS, Kirschner J, De Vivo DC, Muntoni 
F, et al. Combination disease-modifying treatment in spinal mus-
cular atrophy: A proposed classification. Annals of Clinical and 
Translational Neurology. 2023;10(11):2155–60.

	 95.	 Mittermaier M, Venkatesh KP, Kvedar JC. Digital health technology 
in clinical trials. NPJ Digit Med. 2023 May 18;6(1):88.

	 96.	 Mori H, Wiklund SJ, Zhang JY. Quantifying the Benefits of Digital 
Biomarkers and Technology-Based Study Endpoints in Clinical 
Trials: Project Moneyball. Digit Biomark. 2022;6(2):36–46.

	 97.	 American College of Cardiology [Internet]. [cited 2024 May 27]. 
FDA Update: Agency Qualifies Apple AFib History Feature as 
an MDDT. Available from: https://​www.​acc.​org/​Lates​t-​in-​Cardi​
ology/​​Artic​les/​2024/​05/​02/​20/​02/​http%​3a%​2f%​2fwww.​acc.​org%​
2fLat​est-​in-​Cardi​ology%​2fArt​icles%​2f2024%​2f05%​2f02%​2f20%​

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.16239, W
iley O

nline L
ibrary on [11/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/http%3a//www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/fda-update-agency-qualifies-apple-afib-history-feature-as-an-mddt
https://www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/http%3a//www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/fda-update-agency-qualifies-apple-afib-history-feature-as-an-mddt
https://www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/http%3a//www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/fda-update-agency-qualifies-apple-afib-history-feature-as-an-mddt


20  |      GONZÁLEZ BARRAL and SERVAIS

2f02%​2ffda-​updat​e-​agenc​y-​quali​fies-​apple​-​afib-​histo​ry-​featu​
re-​as-​an-​mddt

	 98.	 Dan J. Validation of artificial intelligence for epileptic seizure 
detection: Moving from research into the clinic. Developmental 
Medicine & Child Neurology. 2024;66(9):1114–1114.

	 99.	 Colloud S, Metcalfe T, Askin S, Belachew S, Ammann J, Bos E, 
et al. Evolving regulatory perspectives on digital health technolo-
gies for medicinal product development. npj Digit Med. 2023 Mar 
29;6(1):1–11.

	100.	 Eversdijk M, Habibović M, Willems DL, Kop WJ, Ploem MC, 
Dekker LRC, et  al. Ethics of Wearable-Based Out-of-Hospital 
Cardiac Arrest Detection. Circ Arrhythm Electrophysiol. 2024 
Sep;17(9):e012913.

	101.	 Hurley ME, Sonig A, Herrington J, Storch EA, Lázaro-Muñoz G, 
Blumenthal-Barby J, et  al. Ethical considerations for integrating 
multimodal computer perception and neurotechnology. Front Hum 
Neurosci. 2024 Feb 16;18:1332451.

	102.	 Ahuja A, Agrawal S, Acharya S, Batra N, Daiya V, Ahuja A, et al. 
Advancements in Wearable Digital Health Technology: A Review of 
Epilepsy Management. Cureus [Internet]. 2024 Mar 27 [cited 2024 
Nov 21];16. Available from: https://​www.​cureus.​com/​artic​les/​24147​
0-​advan​cemen​ts-​in-​weara​ble-​digit​al-​healt​h-​techn​ology​-​a-​revie​w-​
of-​epile​psy-​manag​ement#​!/​

How to cite this article: González Barral C, Servais L. 
Wearable sensors in paediatric neurology. Dev Med 
Child Neurol. 2025;00:1–20. https://doi.org/10.1111/
dmcn.16239

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.16239, W
iley O

nline L
ibrary on [11/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/http%3a//www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/fda-update-agency-qualifies-apple-afib-history-feature-as-an-mddt
https://www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/http%3a//www.acc.org/Latest-in-Cardiology/Articles/2024/05/02/20/02/fda-update-agency-qualifies-apple-afib-history-feature-as-an-mddt
https://www.cureus.com/articles/241470-advancements-in-wearable-digital-health-technology-a-review-of-epilepsy-management#!/
https://www.cureus.com/articles/241470-advancements-in-wearable-digital-health-technology-a-review-of-epilepsy-management#!/
https://www.cureus.com/articles/241470-advancements-in-wearable-digital-health-technology-a-review-of-epilepsy-management#!/
https://doi.org/10.1111/dmcn.16239
https://doi.org/10.1111/dmcn.16239

	Wearable sensors in paediatric neurology
	Abstract
	METHOD
	RESULTS
	Cerebral palsy
	Epilepsy and seizure
	Neurodevelopmental disorders
	Autism spectrum disorder
	ADHD
	Rett syndrome
	Down syndrome, Angelman syndrome, and Prader–Willi syndrome

	Neuromuscular disorders
	Duchenne muscular dystrophy
	SMA

	Ataxia
	Friedreich ataxia
	Ataxia–telangiectasia

	Neurometabolic diseases
	Sleep disorders
	Headache and migraine

	DISCUSSION
	CONCLUSIONS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


