Additional File 2
TIDieR Checklist
Template for Intervention Description and Replication — completed for both trial arms
Effect of virtual reality-based breathing training on trunk control in children with spastic diplegic cerebral palsy (n = 60; 30 per arm) — for submission to BMC Pediatrics
	No
	TIDieR item
	Experimental arm — VR-based breathing training (VRBT) + conventional physiotherapy
	Control arm — Diaphragmatic breathing exercises + conventional physiotherapy
	Where located in manuscript

	1
	BRIEF NAME
Provide the name or a phrase that describes the intervention.
	Virtual reality-based breathing training (VRBT), delivered alongside conventional physiotherapy.
	Diaphragmatic breathing exercises, delivered alongside conventional physiotherapy.
	Methods, Interventions

	2
	WHY
Describe any rationale, theory or goal of the elements essential to the intervention.
	The intervention aimed to facilitate diaphragmatic activation, respiratory muscle recruitment, breathing coordination and trunk stabilisation. The diaphragm has a dual respiratory and postural role, so training respiratory control was expected to influence trunk control.
Virtual reality was expected to confer additional therapeutic advantage by combining real-time visual feedback, enhanced attention, motivation and repetitive goal-directed practice — key principles of motor learning. Systematic reviews in children with cerebral palsy indicate that virtual reality interventions commonly provide enhanced feedback, motivating tasks and opportunities for intensive repetitive practice, which may facilitate motor learning and engagement. Visual biofeedback and game-based breathing tasks were therefore expected to sustain attention, reinforce performance through immediate feedback, and encourage greater repetition of the breathing task than conventional breathing training alone.
	The intervention aimed to improve respiratory muscle strength, breathing efficiency and postural control.
Diaphragmatic breathing was selected as an active comparator because it is a simple breathing intervention targeting diaphragmatic recruitment and respiratory control, and respiratory exercise has been investigated as an adjunct to conventional rehabilitation in children with cerebral palsy. A systematic review and meta-analysis reported improvements in inspiratory muscle strength and pulmonary function following respiratory exercise in this population, and a randomised controlled trial reported improved respiratory muscle strength and chest mobility when diaphragmatic breathing was combined with conventional physiotherapy in children with diplegic cerebral palsy. An active comparator therefore allowed the trial to determine whether visual biofeedback and game-based delivery confer benefit beyond breathing exercise alone.
	Background; Methods, Interventions

	3
	WHAT — Materials
Describe any physical or informational materials used in the intervention, including those provided to participants or used in intervention delivery or in training of intervention providers. Provide information on where the materials can be accessed.
	VR-based breathing training was delivered using the Breathing+ system (Breathing Labs, Ljubljana, Slovenia), comprising the Breathing Headset 2.0 and the Breathing+ breathing-game software, version 1.1.0.
Sensing method. The headset uses a microphone-based sensor positioned near the mouth to detect respiratory activity and provide real-time control of the games.
Platform. The software was operated on an Android mobile device with microphone input; the mobile display provided the visual feedback. No dedicated virtual reality computer or head-mounted display was used.
Activities. Windmill blowing, kite flying, balloon blowing and aeroplane-based breathing games.
Access. The system is commercially available from the manufacturer (Breathing Labs, Ljubljana, Slovenia).
	No spirometry device or other specialised respiratory equipment was used to deliver the comparator intervention. The exercises were performed under physiotherapist supervision using verbal instruction and therapist-guided breathing practice.
No caregiver handout, home-programme sheet or home-training diary was provided, as the intervention was delivered exclusively during supervised sessions at the study centre. This standardised the amount and mode of breathing practice across participants.
	Methods, Interventions

	4
	WHAT — Procedures
Describe each of the procedures, activities and/or processes used in the intervention, including any enabling or support activities.
	Session structure. Each session comprised 30 minutes of conventional physiotherapy followed by a 30-minute VRBT block, divided into 5 minutes of preparation and familiarisation and 25 minutes of active training.
Preparation (5 minutes). One minute positioning the child in supported sitting and fitting and adjusting the equipment for comfort and clear visualisation; two minutes in which the therapist explained and demonstrated the breathing task, emphasising slow inhalation followed by prolonged, controlled exhalation guided by the visual biofeedback; two minutes of practice in which the child became familiar with the environment and breathing cues, with verbal instruction and encouragement from the therapist.
Active training (25 minutes). Three sets of ten breathing repetitions. Each repetition comprised slow inhalation followed by prolonged, controlled exhalation, with a 30-second rest between repetitions and approximately one minute of rest after each set; each set took approximately eight minutes. Throughout, the therapist monitored the child’s breathing pattern, posture, ability to follow the visual feedback, and tolerance. The same protocol was followed for sets 2 and 3.
Targets. No fixed respiratory rate, inspiratory or expiratory duration, pressure or flow target was prescribed.
Position. Well-supported sitting in an armchair to maintain postural stability.
Success criterion. The participant controlled the game through the required respiratory input, with visual feedback emphasising controlled breathing and prolonged exhalation.
	Session structure. Each session comprised 30 minutes of conventional physiotherapy followed by a 30-minute diaphragmatic breathing block, divided into 5 minutes of preparation and familiarisation and 25 minutes of active exercise.
Preparation (5 minutes). One minute positioning the child in supported sitting and instructing an upright, relaxed posture; two minutes in which the therapist explained and demonstrated diaphragmatic breathing, emphasising slow inspiration with abdominal expansion followed by slow, controlled expiration; two minutes of supervised practice, with verbal and tactile cues used to facilitate abdominal breathing and reduce unnecessary upper-chest movement.
Active exercise (25 minutes). Three sets of ten breathing repetitions. Each repetition comprised slow diaphragmatic inhalation followed by prolonged, controlled exhalation, with a 30-second rest between repetitions and approximately one minute of rest after each set; each set took approximately eight minutes. Throughout, the therapist monitored the child’s breathing pattern, abdominal movement, posture and tolerance. The same protocol was followed for sets 2 and 3.
Position. All breathing exercises were performed in supported sitting.
	Methods, Interventions

	5
	WHO PROVIDED
For each category of intervention provider, describe their expertise, background and any specific training given.
	Providers. Three physiotherapists holding postgraduate qualifications, each with more than five years of experience in paediatric neurological rehabilitation, particularly cerebral palsy, conducted the study procedures.
Allocation of roles. One physiotherapist performed the blinded baseline and post-intervention assessments and delivered neither intervention. A second physiotherapist delivered the experimental intervention. A third delivered the comparator intervention. No individual both assessed and treated, and no individual delivered both arms.
Certification. Neurodevelopmental treatment certification was not specified as an eligibility requirement for the treating physiotherapists.
Training. Before the intervention began, the physiotherapists received standardised training in the outcome-measure procedures to ensure consistent baseline and post-intervention assessment. Those administering VRBT were additionally familiarised with the Breathing+ system and the standardised VRBT protocol before participant training commenced.
	Providers. A single physiotherapist with postgraduate qualifications and more than five years of experience in paediatric neurological rehabilitation, particularly cerebral palsy, delivered the comparator intervention to all participants in this arm.
Allocation of roles. This therapist was not involved in delivering the experimental intervention and took no part in outcome assessment.
Certification. Neurodevelopmental treatment certification was not an eligibility requirement.
Training. The same standardised training in the outcome-measure procedures was provided before the trial began.
	Methods, Interventions

	6
	HOW
Describe the modes of delivery of the intervention and whether it was provided individually or in a group.
	Delivered face-to-face and in person, individually, at a 1:1 therapist-to-participant supervision ratio.
	Delivered face-to-face and in person, individually, at a 1:1 therapist-to-participant supervision ratio.
	Methods, Interventions

	7
	WHERE
Describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant features.
	Physiotherapy Division, National Institute for Empowerment of Persons with Multiple Disabilities (Divyangjan), Chennai, Tamil Nadu, India — a tertiary specialist rehabilitation centre.
Training space. A dedicated physiotherapy room of approximately 20 × 10 feet, providing adequate space for safe seated training, with ambient lighting maintained and clear space around the participant to facilitate supervision.
Infrastructure. The Breathing+ system was operated through an Android mobile device with microphone input, paired with the Breathing Headset 2.0, with the mobile display used for visual feedback. No specialised virtual reality computer or high-power infrastructure was required.
Seating and safety. Participants performed VRBT in a stable, well-supported seated position in an armchair with appropriate trunk support. Training was conducted in sitting under continuous physiotherapist supervision, minimising fall risk; participants were positioned securely before each activity, and sessions were stopped if discomfort, dizziness or other adverse symptoms occurred.
	Setting. Delivered in the same physiotherapy department and treatment environment, in a separate room of approximately 20 × 40 feet.
Delivery. Participants received their assigned intervention individually under physiotherapist supervision. The room was arranged to provide adequate space and safe conditions for the exercises.
	Methods, Study setting

	8
	WHEN and HOW MUCH
Describe the number of times the intervention was delivered and over what period of time including the number of sessions, their schedule, and their duration, intensity or dose.
	Schedule. Five days per week for eight consecutive weeks; 40 sessions in total.
Session duration. 60 minutes — 30 minutes of conventional physiotherapy plus a 30-minute VRBT block (5 minutes preparation and familiarisation, 25 minutes active training).
Total contact. Approximately 40 hours over the eight-week period.
	Schedule. Five days per week for eight consecutive weeks; 40 sessions in total.
Session duration. 60 minutes — 30 minutes of conventional physiotherapy plus a 30-minute diaphragmatic breathing block (5 minutes preparation and familiarisation, 25 minutes active exercise).
Total contact. Approximately 40 hours over the eight-week period. Total contact time was equal in both arms.
	Methods, Interventions

	9
	TAILORING
If the intervention was planned to be personalised, titrated or adapted, then describe what, why, when and how.
	Who decided. Progression was determined by the principal investigator, on the basis of the participant’s ability to perform and maintain the prescribed breathing pattern and to complete the assigned virtual reality tasks.
Frequency of review. Performance was reviewed during each training session, and task difficulty was adjusted when the participant demonstrated adequate control and consistent task completion.
Individualisation. Breathing targets were individualised according to each participant’s ability to perform controlled inhalation and prolonged expiration. No fixed respiratory-rate, pressure or flow target was imposed; progression was based on observed respiratory performance and task completion.
	Criteria. Progression was considered when the child could consistently perform the prescribed breathing pattern, maintain adequate breathing control, and complete the assigned functional breathing activity without difficulty or loss of the required technique.
Who decided. Progression was determined by the treating physiotherapist on the basis of the child’s observed performance during the intervention sessions.
	Methods, Interventions

	10
	MODIFICATIONS
If the intervention was modified during the course of the study, describe the changes (what, why, when and how).
	No modifications were made to the intervention during the course of the study.
	No modifications were made to the intervention during the course of the study.
	Methods, Interventions

	11
	HOW WELL — Planned
If intervention adherence or fidelity was assessed, describe how and by whom, and if any strategies were used to maintain or improve fidelity, describe them.
	Session monitoring. Attendance was recorded for every scheduled session, and each participant was individually monitored by the treating physiotherapist throughout training.
Fidelity. Intervention delivery was monitored directly by the treating physiotherapist against the standardised VRBT protocol. Sessions were not video-recorded and no independent or external fidelity audit was performed.
Missed sessions. Missed sessions were documented and, where feasible, rescheduled and completed within the study period. No minimum attendance threshold was pre-specified.
	Therapist fidelity. Conventional physiotherapy and diaphragmatic breathing exercises were administered and supervised by physiotherapists with postgraduate qualifications and more than five years of experience in treating children with cerebral palsy.
Standardisation. The comparator protocol was standardised with respect to session duration, exercise sequence, repetitions, breathing instructions and therapist supervision. The treating physiotherapist ensured the prescribed exercises were performed according to protocol.
Fidelity. Fidelity was maintained through direct therapist supervision and use of the standardised intervention protocol. No independent video audit or external fidelity assessment was performed.
Missed sessions. As for the experimental arm.
	Methods, Interventions

	12
	HOW WELL — Actual
If intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as planned.
	Sessions attended. Mean 38.97 (SD 0.93) of 40 scheduled sessions; range 92.5–100%.
Attendance as scheduled. Ten of 30 participants (33.3%) attended all sessions as originally scheduled; the remainder completed their sessions after rescheduling.
Make-up sessions. Thirty-one sessions were made up; none were forfeited.
Deviations. No protocol deviations were recorded.
	Sessions attended. Mean 38.77 (SD 1.01) of 40 scheduled sessions; range 92.5–100%.
Attendance as scheduled. Eight of 30 participants (26.7%) attended all sessions as originally scheduled; the remainder completed their sessions after rescheduling.
Make-up sessions. Thirty-seven sessions were made up; none were forfeited.
Deviations. No protocol deviations were recorded.
Whole sample. Mean 38.87 (SD 0.96) of 40 sessions attended; 18 of 60 participants (30.0%) attended all sessions as originally scheduled; 68 sessions were made up and none forfeited. All participants completed the planned intervention.
	Results, Participant flow and adherence
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