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ABSTRACT
Introduction Children diagnosed with developmental 
coordination disorder (DCD) exhibit a range of challenges 
in both gross and fine motor skills, characterised by 
sluggish and awkward movements. Additionally, they 
experience deficits in balance and coordination. Without 
appropriate intervention, these difficulties may endure into 
adolescence and adulthood, impacting various facets of 
their daily lives, including learning, social interactions and 
recreational activities.
Methods and analysis Employing a randomised 
controlled trial design, 60 children diagnosed with DCD 
will be randomly assigned to two groups. The experimental 
group will receive Baduanjin training in addition to health 
education, while the control group will undergo health 
education alone. Following an 8- week intervention period, 
assessments using motor assessment battery for children- 
second edition, ProKin 254 Balance Test System will be 
conducted to evaluate the impact of Baduanjin on the 
motor coordination and balance in children with DCD. 
Furthermore, functional near- infrared spectroscopy will 
be employed to capture haemodynamic data from the 
children’s brain movement- related cortex during functional 
activities. These data will be analysed to assess the level 
of cortical activation, strength of functional connectivity 
and their correlation with changes in motor function, with 
the goal of investigating the cerebral blood oxygenation 
mechanisms underlying the effectiveness of the Baduanjin 
intervention.
Ethics and dissemination This study has been submitted 
for approval and has received ethical clearance from the 
Medical Ethics Committee of Shanghai Fourth People’s 
Hospital (2023080- 001). The results of the study will be 
published in a peer- reviewed scientific journal.
Trial registration number ChiCTR2300078980.

BACKGROUND
Developmental coordination disorder 
(DCD) is a neurodevelopmental disorder 
that impairs children’s capacity to execute 
coordinated motor movements effectively.1 
The prevalence of DCD in children varies, 
with estimates ranging from approximately 
2%–20%. Presently, the most widely accepted 

international figures suggest a prevalence of 
5%–6%.2 The fundamental symptoms of DCD 
primarily revolve around challenges in both 
gross and fine motor skills,3 usually mani-
fested by slow, clumsy or inaccurate movement 
charts, deficits in balance and coordination 
and impairments in fine grasping, dressing, 
writing and other aspects of daily living 
and learning.4 5 Children exhibit symptoms 
during the preschool or school- age years, and 
if these symptoms remain untreated, they 
often persist into adulthood, significantly 
affecting adaptive behaviour and psychoso-
cial well- being.6

Findings from systematic evaluation and 
meta- analyses have consistently demonstrated 
that motor skills training yields significant 
improvements in motor function among 
children with DCD.7 In the study conducted 
by Farhat et al, a task- oriented group motor 
skills training programme was implemented 
for children with DCD, focusing on funda-
mental gross motor skills, such as running, 
jumping, throwing and catching, as well as 
basic motor skills. The results indicated that 
an 8- week motor skills training regimen led 
to significant improvements in the children’s 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study is a clinical randomised controlled trial 
(RCT).

 ⇒ This study will explore the efficacy of Baduanjin 
training on motor function in children with develop-
mental coordination disorder (DCD).

 ⇒ The functional near- infrared spectroscopy will be 
used to clarify the activation level and functional 
connectivity of the motor- related cortex in the brains 
of children with DCD before and after the Baduanjin 
intervention.

 ⇒ As a single- blind RCT, participants will be aware of 
the subgroups and participant expectations may in-
troduce bias.
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motor assessment battery for children scores, along with 
enhanced scores in three subscales: manual dexterity, coor-
dination and balance.8 Baduanjin stands as a traditional 
healthcare exercise distinguished by its unique character-
istics rooted in Chinese medicine. Research studies have 
consistently shown that engaging in regular Baduanjin 
exercises can be effective in improving various functions, 
including enhancing the body’s balance, neuromuscular 
coordination and other related aspects.9–11 In Yuen et al’s 
study, significant improvements in balance and mobility 
were observed in patients who had chronic stroke 
following an 8- week Baduanjin training programme.9 A 
meta- analysis of the results of a study on the improvement 
of motor function and balance in patients with Parkin-
son’s disease with Baduanjin showed that Baduanjin 
training significantly improved patients' balance func-
tion.10 Another meta- analysis11 on the improvement of 
physical functioning in older adults with Baduanjin also 
showed that Baduanjin training significantly improved 
balance and flexibility in older adults. Baduanjin exer-
cises involve a series of movements encompassing flexion 
and extension of the shoulder, hip, knee and ankle joints. 
These movements alternate between a horse stance and 
an upright posture, incorporating shifts in the centre of 
gravity and occasional heel lifts. These actions induce 
static contraction of the muscles in the lower limbs, simul-
taneously stimulating proprioception and vibratory sensa-
tion. This comprehensive approach contributes to the 
effective enhancement of organismal balance function, 
neuromuscular coordination and motor control ability.12

Moreover, Baduanjin training has demonstrated effec-
tiveness in enhancing activation levels and functional 
connectivity within specific brain regions. In studies 
focused on improving activation levels, Baduanjin training 
exhibited a significant increase in blood oxygen concen-
trations within the left dorsolateral prefrontal lobe and 
the right inferior frontal gyrus.13 Additionally, it activated 
brain regions linked to sensorimotor functions, such as 
the left postcentral gyrus.14 Regarding the enhancement 
of functional connectivity within brain regions, Baduanjin 
training exhibited a noteworthy increase in resting- state 
functional connectivity. Specifically, there was a signifi-
cant augmentation in the connectivity between the right 
ventricle and the left ventral tegmental area with the right 
insula and right amygdala.15 Nonetheless, recent research 
has revealed that DCD is not attributable to organic, 
intellectual or psychological issues. Instead, it is associ-
ated with abnormalities in the brain regions responsible 
for processing motor information. Children diagnosed 
with DCD exhibit a distinct pattern of cortical activation 
compared with their neurotypical counterparts.16 Neuro-
imaging data have revealed notable deficiencies in the 
activation of functional networks within the prefrontal, 
parietal and cerebellar regions among children with 
DCD.17 Additionally, there are significant reductions 
in functional connectivity between the sensorimotor 
network and key regions, such as the posterior cingulate 
cortex, precuneus and posterior middle temporal gyrus.18 

Hence, we hypothesise whether Baduanjin training can 
enhance both the activation levels and functional connec-
tivity within the motor regions of the brain cortex in chil-
dren with DCD, consequently leading to an improvement 
in the motor function of these children. Among the brain 
regions associated with motor function, the primary 
sensorimotor cortex (SMC(M1+S1), BA4)) is the main 
brain region involved in motor control19 20; the premotor 
and supplementary motor cortex (PMC+SMA, BA6) is an 
important component of the secondary motor area (M2) 
and plays a key role in the preparation, organisation, 
execution and regulation of movement.21 Besides, the 
prefrontal cortex (PFC) is also a crucial region that regu-
lates the complex motor pathways in a holistic manner, 
including motor behaviours, executive functions and 
motor planning.22 23 To gain a deeper understanding of 
the neural mechanisms underlying the improvement of 
motor function through Baduanjin, it is imperative to 
investigate the activating effects of Baduanjin training on 
the motor- related cortex.

Functional near- infrared spectroscopy (fNIRS) is a 
non- invasive and portable technique for quantifying 
cortical haemodynamics, providing high temporal and 
spatial resolution.24 This allows for a comprehensive and 
quantitative temporal assessment of brain functions.25 
In comparison with the stringent physical constraints of 
the MRI environment and the substantial occurrence 
of motion artefacts during electroencephalogram data 
collection, fNIRS exhibits greater resilience to motion 
artefacts and can be detected to a certain degree during 
actions.26 The technique indirectly captures regional 
cortical activation by real- time monitoring of signal 
changes in cortical oxyhaemoglobin (HbO) and deoxy-
haemoglobin (HbR) concentrations during move-
ments.27 28 There have been previous studies employing 
fNIRS to investigate neurophysiological mechanisms in 
children with DCD.26 27 29

This study will mark the first exploration of the effec-
tiveness of a Baduanjin training programme for children 
meeting the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth edition (DSM- 5) diagnostic criteria for 
DCD. The primary objectives include investigating the 
impact of Baduanjin on motor function in children 
with DCD in comparison with health education. Motor 
coordination will serve as the primary indicator, while 
balance and activities of daily living will be considered 
the secondary indicators. Haemodynamic data from the 
motor- related cortex of children’s brains during func-
tional tasks will be gathered using fNIRS. These data 
will be analysed to determine whether the Baduanjin 
intervention enhances motor function by improving 
activation and functional connectivity in the motor- 
related cortex of children with DCD. Additionally, the 
study aims to explore the cerebral blood oxygenation 
mechanisms that underlie the efficacy of the Baduanjin 
intervention.
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METHODS
Study design
This study is a randomised controlled trial study 
registered in the Chinese Clinical Trial Registry 
(ChiCTR2300078980). The study period is 24 months 
(1 September 2023–1 September 2025). Participants are 
recruited and treated at the Department of Rehabilitation 
Medicine, Shanghai Fourth People’s Hospital affiliated to 
Tongji University, and recruited children with DCD will 
be randomly assigned to either the experimental group 
or the control group. The flowchart of the trial is shown 
in figure 1.

Participants
Inclusion criteria

 ► Children meeting DSM- 530 diagnostic criteria for 
DCD (box 1).

 ► The age range of participants considered in this study 
is between 5 and 10 years.

 ► Children who possess average intelligence, as indi-
cated by a Wechsler Intelligence Scale score of 70 
or higher, are capable of actively participating in 
training.

 ► The family has expressed their willingness to provide 
informed consent.

Exclusion criteria
 ► Do not meet the above inclusion criteria.
 ► Musculoskeletal disorders.
 ► Movement disorders of known aetiology.
 ► Unable to follow commands.

Shedding criteria
 ► Failure to follow trial protocol treatment after start of 

trial.
 ► Those who do not wish to remain in the trial.

Exclusion or termination criteria
 ► Serious accidents or adverse reactions during the trial, 

such as falls, strains and exacerbation of symptoms, 
should terminate the study.

 ► Serious complications or rapid deterioration during 
the trial should lead to termination of study treatment.

 ► Participated in other forms of treatment during the 
trial.

Recruitment procedure
Create recruitment advertisements targeting children 
with DCD. Disseminate these adverts on the official plat-
forms of Shanghai Fourth People’s Hospital and the 
Department of Rehabilitation Medicine of Shanghai 
Fourth People’s Hospital. Additionally, design user- 
friendly materials for display in the paediatric outpa-
tient area. Parents of potential participants will initiate 
the screening process by completing the developmental 
childhood disabilities questionnaire and providing a 
medical history. This screening aims to exclude other 
conditions, such as neurological dysfunction, cognitive 
deficits or psychiatric disorders, which may contribute 
to motor skill deficits. Subsequently, children identi-
fied with unexplained motor skill deficits will undergo 
further evaluation using the motor assessment battery for 
children- second edition (MABC- 2) standardised test to 
confirm a diagnosis of DCD. Additionally, the child’s IQ 
will be assessed using the Wechsler Intelligence Scale for 
Children to ensure eligibility criteria (IQ≥70). Clinical 
team members will communicate study details to eligible 
parents, either during outpatient clinic visits or via tele-
phone, and extend invitations to complete a consent form 
(see online supplemental material). To maintain ethical 
standards, all members of the clinical and research teams 
involved in recruitment will undergo training in good 
clinical practice.

Figure 1 Flowchart of the trial. DCD, developmental 
coordination disorder; DSM- 5, Diagnostic and Statistical 
Manual of Mental Disorders, Fifth edition; fNIRS, functional 
near- infrared spectroscopy.

Box 1 Diagnostic and Statistical Manual of Mental 
Disorders, Fifth edition (DSM- 5) diagnostic criteria.

DSM- 5 diagnostic criteria.
 ⇒ Acquiring and execution of coordinated motor skills is far below the 
expected level for age, given opportunity for skill learning. (Children's 
motor performance is assessed using the motor assessment battery 
for children- second edition (MABC- 2), and a standardised score of 
7 or less on the MABC- 2 test (with a percentile score of 16 or less) 
is required for a definitive diagnosis of developmental coordination 
disorder2).

 ⇒ Motor skill difficulties significantly interfere with activity of daily 
living and impact academic/school productivity, prevocational and 
vocational activities, and leisure and play. (Use the developmen-
tal childhood disabilities questionnaire to assess whether move-
ment disorders have an impact on a child's daily life or academic 
performance31).

 ⇒ Onset is in the early developmental period.
 ⇒ Motor skill difficulties are not better explained by intellectual de-
lay, visual impairment or other neurological conditions that affect 
movement.
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Randomisation, allocation concealment and blinding
After the baseline assessment, the eligible children with 
DCD will be randomly assigned to the Baduanjin exer-
cise group or health education group in a 1:1 ratio by 
simple randomisation. The randomisation sequence will 
be generated by SAS 9.4 statistical software by an indepen-
dent researcher who will not be involved in baseline data 
collection, clinical interventions, functional outcome 
assessment, data collection or statistical analysis. The allo-
cation concealment will be maintained using sequentially 
numbered sealed envelopes. Clinicians will determine the 
availability of subjects to participate in the trial in strict 
accordance with the inclusion/exclusion criteria. All 
subjects who are suitable and willing to sign the informed 
consent form will be randomly assigned. The researcher 
in charge of subject recruitment will allocate eligible 
participants a sealed envelope containing the randomi-
sation number, allocation and intervention details; the 
researcher responsible for recruiting subjects will not 
be aware of the group allocation, and the clinical inter-
vener will be aware of the subject’s group through the 
envelope. We cannot blind participants, exercise coaches 
or intervention supervisors to the assigned treatment, 
but outcome assessors and statisticians will be blinded to 
group allocation.

Sample size
Sample size was calculated based on improvements in 
MABC- 2 scores because of the main outcome indicator 
to assess the improvement of motor function in children 
with DCD. After reviewing the literature,31 the preinter-
vention MABC- 2 score was 58.0±8.7 and postinterven-
tion was 65.5±9.9, which was brought into the G- power 
3.1.9 software to calculate an effect value of 0.80, and at 
α=0.05, the test efficacy 1−β = 0.8; the two groups were 
allocated in a 1:1 ratio, calculated to obtain a sample size 
of at least 26 participants in each group. Considering the 
15% dropout rate, a total of 60 participants are necessary, 
with 30 participants in each group.

Intervention
Control group
The intervention for children in the control group will be 
health education, and subjects will participate in a 45 min 
health education session every 2 weeks for 8 weeks, total-
ling four sessions. Children in the control group will be 
kept in the same routine during the trial period and will 
not be involved in any planned training activities. The 
health education will be conducted by a rehabilitation 
doctor who will teach the aetiology, pathogenesis, clinical 
manifestations and family intervention methods of DCD.

Experimental group
The intervention for children in the experimental group 
will be Baduanjin training+health education interven-
tion, and the content of Baduanjin training is given as 
follows.
1. Two hands hold up the heaven.

2. Drawing the bow to shoot the eagle.
3. Separate heaven and earth.
4. Wise owl gazes backwards.
5. Sway the head and shake the tail.
6. Two hands hold the feet.
7. Clench the fists and glare fiercely.
8. Bouncing on the toes.9

Each exercise will be divided into three phases: 10 min 
of preparation, 30 min of training and 10 min of finishing 
and relaxation, 1 time per day and 5 times per week for 8 
weeks, for a total of 40 times (box 2).

Before commencing the trial, a training session 
will be conducted, during which the researcher will 
provide personalised, on- site instruction to each child. 
The interventionist of this trial is the postgraduate 
student of rehabilitation majoring in Chengdu Sport 
University, School of Sports and Health, class of 2017, 
who has been engaged in group therapy of Baduanjin 
in children’s rehabilitation, has a solid theoretical 
foundation and technical skills of Baduanjin, has 
rich experience in teaching and is able to control the 
training intensity to ensure the safety of the movement. 
Encouragement will be extended to parents to partic-
ipate in this session, fostering a better understanding 
of Baduanjin movements and enabling them to super-
vise their children’s practice at home. Subsequent to 
the instruction, another researcher will conduct an 
assessment to confirm that each child has mastered 
every movement of Baduanjin. Each child’s parents 
will receive a prerecorded teaching video and a note-
book during the training session, with the expectation 
that they will guide or assist their children in practising 
Baduanjin exercises at home. The 8- week trial period 
will then commence, both at home and in the hospital. 
Children in the trial group will attend the hospital 
two times a week for Baduanjin training, while their 
parents will supervise the remaining three sessions 

Box 2 Baduanjin intervention process.

 ⇒ Preparatory activity (10 min)—under the guidance of the rehabilita-
tion therapist, perform whole body joint activities, stretch the body 
and warm up fully.

 ⇒ Baduanjin training (30 min)—essentials of Baduanjin movements: 
during practice, the body, breathing and mind should harmonious-
ly coordinate. Maintain a natural body posture with standardised 
movements. Breathe evenly, avoiding forceful inhalation, and syn-
chronise breathing with body movements. Keep the mind focused 
and the spirit concentrated. Aim for precision, skill and consistency 
in movements, gradually achieving the organic integration of move-
ment, breathing and mental focus. Cultivate mental relaxation and 
tranquillity, facilitating a fluidity in body movements. Throughout 
the exercise, prioritise flexible and powerful movements, grounded 
in the relaxation of all body muscles, combining gentleness with 
strength and coherence.

 ⇒ Tidy up and relax (5 min)—the child stands still, relaxes the whole 
body, breathes evenly and is in a natural state, continuing until the 
body is comfortable.
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at home. Parents will record these sessions and share 
them with researchers via WeChat. Record sheets will 
be completed after each session, and researchers will 
routinely check the children’s daily record books to 
ensure compliance with home practice requirements.

Measurements
All assessments will be carried out by an assessor who 
will have no knowledge of baseline and post- treatment 
group assignments (the schedule is shown in figure 2). 
The assessor will be trained in testing procedures prior 
to the start of the study.

Main outcome indicators
Motor Assessment Battery for Children-Second Edition
Children’s motor coordination will be evaluated using the 
MABC- 2 test, which is based on the Chinese norms and 
includes three main sections: manual dexterity, aiming 
and catching, and balance. These components capture 
fundamental aspects of children’s motor coordination 
during their growth and development. The MABC- 2 test 
provides a comprehensive evaluation, encompassing all 
aspects of children’s motor coordination.32 The study 
includes three distinct age groups: 3–6 years old, 7–10 
years old and 11–16 years old, each with eight items. Raw 
scores obtained will be transformed into standardised 
scores ranging from 1 to 19, using the standard score 
conversion table provided in the MABC- 2 User Manual.

Secondary outcome indicators
ProKin 254 Balance Test System
The ProKin 254 Balance Test System (ProKin 254, Tecno-
Body Company, Italy) will be used to test static balance 
as well as dynamic postural stability. The static balance 

index employs both movement length and movement 
ellipse area, representing the total distance and area of 
the centre of pressure moved by the patient while at rest. 
This reflects the extent of swaying in the patient’s centre 
of gravity, with a larger value indicating poorer static 
postural stability.33 The dynamic balance index is the 
total offset index, referring to the angle formed by the 
patient’s overall offset position and the vertical center-
line. A larger value indicates inferior dynamic postural 
stability. The index for active postural control ability is 
the stability limit value, calculated as the ratio of the total 
distance tilted by the patient in all directions to the ideal 
distance determined by the system based on the patient’s 
height and weight. A higher value signifies better active 
postural control ability and improved balance function.

Neuroimaging assessment
fNIRS measures cortical activity during functional tasks 
through the use of a sensing cap. Given that the MABC- 2 
is a standardised test comprehensively evaluating all 
aspects of children’s motor coordination, task activities 
within the MABC- 2 test will be used to represent activities 
assessing children’s motor functioning in both groups. 
As the MABC- 2 test items vary for different age groups 
(3–6 years old and 7–10 years old), to ensure task consis-
tency, items overlapping in the three major modules of 
the MABC- 2—namely, tracing the trajectory, throwing the 
bag with one hand and balancing with one leg—will be 
selected. These activities represent fine manual dexterity, 
hand–eye coordination and balance aspects for the chil-
dren. In this experiment, NirSmart- 6000A equipment 
(Danyang Huichuang Medical Equipment Co., Ltd., 
China) was used to continuously measure and record the 
concentration changes of brain oxygenated haemoglobin 
(HbO) and deoxyhaemoglobin (HbR) during the task. 
The system consists of a near- infrared light source (light 
emitting diodes) and avalanche photodiodes as detectors, 
with wavelengths of 730 nm and 850 nm, respectively, and 
a sampling rate of 11 Hz. The experiment uses 23 light 
sources and 15 detectors to form 49 effective channels, 
the average distance between the source and the detector 
is 3 cm (range 2.7–3.3 cm), with reference to the interna-
tional 10/20 system for positioning. Regions of interest 
(ROI) will be chosen from the bilateral SMC (BA4) 
region, PMC+SMA (BA6) region and PFC region.

Data processing
fNIRS data preprocessing
The NirSpark software (HuiChuang, China) package 
was used to preprocess fNIRS signals.34 The low- pass 
filter based on the canonical haemodynamic response 
function will be used to reduce/remove high- frequency 
noise, with a cut- off frequency of 0.15 Hz. The wavelet 
minimum description length algorithm will be used to 
remove artefacts caused by respiration, heartbeat, vasodi-
lation and other motion- related disturbances.35 For data 
output, the raw optical density data will be converted into 
relative change curves of HbO and HbR using modified 

Figure 2 Schedule of enrolment, assessments and 
interventions. fNIRS, functional near- infrared spectroscopy; 
MABC- 2, motor assessment battery for children- second 
edition.
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Beer–Lambert’s law.36 Given that HbO exhibits a higher 
signal- to- noise ratio than HbR, demonstrates better 
correlation with blood oxygen- level- dependent signals 
and is more sensitive to changes in cerebral blood flow, 
we will use HbO to assess the participants' brain activation 
status.23 37

fNIRS data analysis
After data preprocessing, the ∆HbO obtained from the 
three tests for each task will be stacked and averaged to 
obtain the time- series variation of each channel under 
each task for each subject. Data will be averaged for all 
channels in each brain region and then averaged for all 
subjects. General linear model analysis will be performed 
using the NirSpark toolkit to obtain the activation coef-
ficient β value of the ROI representing the magnitude 
of neuronal activation of cortical neurons under this 
channel in the subject’s task condition.38

Brain functional connectivity analysis
Functional connectivity between different channels 
refers to the synchronised activation of various channels 
during a specific task, providing insight into the func-
tional synchrony and coordination between distinct 
brain regions. This is assessed by calculating the correla-
tion coefficient of ΔHbO time series between two chan-
nels, a method known as correlation analysis. In this 
study, Pearson’s correlation analysis will be employed to 
compute the correlation coefficient (r) between chan-
nels, serving as an indicator of functional connectivity. 
The correlation coefficient ranges from −1 to 1, with a 
higher absolute value indicating stronger functional 
connectivity between channels. A correlation coeffi-
cient |r|≥0.7 is considered strong, 0.5≤|r|<0.7 is deemed 
moderate and 0.3≤|r|<0.5 is considered weak. Channel 
pairs with moderate or strong correlations are defined as 
having functional connectivity.

Statistical methods
Analyses will be conducted using IBM SPSS 25.0 statistical 
software. For normally distributed measures, results will 
be presented as (Mean±SD), while skewed measures will 
be represented as M (P25 and P75). Two independent 
samples t- test will be applied for normally distributed 
measures that meet variance χ2 criteria, and the Wilcoxon 
rank- sum test will be used for those not meeting these 
criteria. Within- group comparisons before and after the 
intervention will be performed using the paired t- test 
or Wilcoxon paired rank- sum test. The χ2 test will be 
employed for count data. Correlations between the HbO 
β values in the ROIs that exhibit significant changes 
before and after the intervention and corresponding 
functional scores on the MABC- 2 scale will be analysed.

The data will be analysed employing an intention- to- 
treat analysis strategy, which includes individuals who 
drop out of treatment but have completed the outcome 
indicators in the analysis.

Withdrawal and adverse events
Each group of children may experience dropouts from 
the trial. The investigator will be obligated to document 
withdrawal information, including the reason and time 
of withdrawal. Simultaneously, researchers will record 
adverse events during the trial, noting the type, frequency, 
management and outcomes of adverse events in the form 
of a common reporting format.

Adherence analysis
The degree of adherence can be judged according to 
criteria specified in the clinical study protocol, and those 
who meet this criterion are said to have a high level of 
adherence; otherwise, they have a low level of adherence.

Trial adherence=number of trials the subject has 
undergone/total number of trials the subject should have 
undergone×100％.

Data management
The study report form (SRF) will be completed by the 
study subjects and outcome evaluators. Each enrolled 
subject is required to fill out the SRF, which includes an 
activity log sheet, relevant outcome indicator test scales 
and an adverse event record sheet, among other compo-
nents. On completion, the project manager will review 
the SRF, and the data entry clerk will then organise the 
data and manage the original forms uniformly. To main-
tain confidentiality, subjects' names will not be included 
in the SRF; instead, only the phonetic abbreviation and 
assigned trial number will be used. Any relevant study 
summaries, articles and public publications will use only 
initials and numbers as necessary.

Ethics and dissemination
This study has been submitted for approval and has 
received ethical clearance from the Medical Ethics 
Committee of Shanghai Fourth People’s Hospital 
(2023080–001) and registered on the website of China 
Clinical Trial Registry (http://www.chictr.org.cn, identi-
fication number ChiCTR2300078980). Parents of partici-
pating children will sign an informed consent form after 
thoroughly comprehending the study protocol, its signif-
icance and potential benefits and risks. To foster positive 
and compliant participation, children involved in the 
trial will receive free- of- charge treatment throughout the 
study duration. The study will adhere to the guidelines 
outlined in the Data Protection Act and the Declaration 
of Helsinki. Access to all participant data, related docu-
ments and questionnaires—particularly those containing 
identifying information—will be restricted solely to 
the research team. Patient- identifiable data related to 
the study will be securely deleted or destroyed within 6 
months after the study concludes. Researchers are strictly 
prohibited from disclosing patient data in any form to 
individuals not directly involved in the study. The results 
of the study will be published in a peer- reviewed scientific 
journal.

A
U

TH
O

R
 P

R
O

O
F

http://www.chictr.org.cn


7Gao J, et al. BMJ Open 2024;14:e084061. doi:10.1136/bmjopen-2024-084061

Open access

Patient and public involvement statement
This trial is currently in the recruitment phase. No partic-
ipant has been involved in the trial. The patients are not 
involved in the design, or conduct, or reporting of our 
research.

DISCUSSION
DCD is prevalent worldwide, and motor skill impairments 
significantly impact children’s daily activities and psycho-
social well- being. This protocol employs a randomised 
controlled design to intervene with children diagnosed 
with DCD using the traditional Chinese health- improving 
exercise method of Baduanjin. The anticipated outcome 
of this study is an improvement in the motor function of 
children with DCD, consequently enhancing their self- 
care abilities and social adaptation. Thus, this programme 
holds promise as an exercise intervention, offering new 
perspectives for the rehabilitation of children with DCD.

Furthermore, this study will employ an innovative 
approach by using fNIRS to capture haemodynamic data 
from the motor- related cortex in children with DCD 
during functional tasks, such as manual dexterity, balance 
and coordination. The analysis will encompass the eval-
uation of cortical activation levels and the strength of 
functional connectivity. These metrics will be correlated 
with changes in motor function, providing a comprehen-
sive assessment of the efficacy of Baduanjin exercise in 
improving the motor function of children with DCD. This 
approach aims to explore the cerebral blood oxygenation 
mechanisms that underlie the effectiveness of Baduanjin 
exercise, covering both peripheral manifestations and 
central features.

Hence, the key advantages of this study can be 
summarised as follows. (1) Investigating the impact of 
Baduanjin exercise on the motor function of children 
with DCD, aiming to identify a novel approach for DCD 
rehabilitation intervention. (2) Using fNIRS to assess 
the activation of the cortex related to brain motor func-
tion during functional activities in children with DCD, 
providing insights into the cerebral blood oxygenation 
mechanisms underlying the effectiveness of Baduanjin 
exercise.
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