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Abstract
Background
Worldwide, children with cerebral palsy (CP) living in underserved communities face barriers to accessing motor therapy services. This study assessed the implementation and effectiveness of an 8-week, upper limb (UL) home-based intervention with a movement-tracking videogame (Bootle Blast) in Costa Rican children with CP.

Methods
Children established a weekly playtime goal and two UL activities of daily living (ADLs) that they would like to improve on. A multiple-baseline, single-case experimental design, was used with the Performance Quality Rating Scale (PQRS) as the repeated measure to track changes in performance of the selected ADLs between the baseline (usual care) and intervention (Bootle Blast) phases. The Canadian Occupational Performance Measure (COPM), the Box and Blocks Test (BBT) and the Children’s Hand-Use Experience Questionnaire (CHEQ) were collected before and after the intervention. Technical barriers were documented during weekly video calls with a monitoring therapist. Treatment effect size, slope changes and percentage of non-overlapping data were identified for the PQRS. Descriptive statistics summarized results for the BBT, CHEQ, videogame logs (e.g., playtime) and technical barriers.

Results
Fifteen children participated and 13 completed the intervention. Both participants who dropped out did so after completing baseline assessments, but before experiencing Bootle Blast. Children’s mean active playtime (i.e., mini-games targeting the UL) across the 8-weeks was 377 min, while mean total time spent engaging with Bootle Blast (active + passive play time [e.g., time navigating menus, reviewing rewards]) was 728 min. In total, eight technical issues (from five children) were reported, and all but three were resolved within 48 h. Partial effectiveness was associated with the intervention. Specifically, 85% of participants improved on the PQRS and 69% achieved clinically important improvements ≥ 2 points in performance on the COPM. Children improved by 1.8 blocks on average on the BBT, while on the CHEQ, five children had a clinically important increase of 10% of the total number of UL activities performed with both hands.

Conclusion
Bootle Blast is a feasible and effective option to facilitate access and engage children with cerebral palsy in UL home rehabilitation.
Trial registration Trial registration number: NCT05403567.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12984-024-01446-2.
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Abbreviations
	CP
	Cerebral Palsy

	UL
	Upper limb

	ADLs
	Activities of daily living

	aPTG
	Active playtime goal

	PQRS
	Performance Quality Rating Scale

	COPM
	Canadian Occupational Performance Measure

	BBT
	The Box and Blocks Test
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	Children’s Hand-use Experience Questionnaire

	MACS
	Manual Ability Classification System

	MCID
	Minimally clinical importance difference

	SMD
	Standard mean difference

	PND
	Percentage of non-overlapping data




Introduction
Cerebral palsy (CP) is the most common neuromotor childhood disability affecting 1.6 (high-income countries) to 3.4 (low- and middle-income countries [LMICs]) in 1000 children [1]. It is a movement and posture non-progressive disorder impacting motor skills performance, and the ability to carry out daily life activities (ADLs) independently [2]. Rehabilitation motor therapies can improve quality of movement and participation in ADLs, facilitating social inclusion in children with CP [3]. Yet, worldwide, children with CP living in low-income families, rural areas and developing countries face barriers in accessing motor therapy services [4, 5].
In Costa Rica, over half a million children live with a disability [6, 7], and 43% of these experience difficulties accessing healthcare services [7, 8]. In our previous research with Costa Rican children with CP we learned that only six of 15 participants had ever received rehabilitation for the upper limb (UL). Economical constraints such as not being able to afford UL therapy, or having to prioritize other health services were the primary accessibility barriers reported, followed by time constraints (e.g., difficulty fitting conventional therapy into the child’s schedule), geographical (e.g., need to travel long distances to access care) and COVID-related barriers (e.g., limited availability of services) [9].
Movement-tracking videogame interventions that engage children in UL therapy at home, may help bridge these accessibility gaps. Some videogaming technologies can be integrated in telerehabilitation programs that allow for remote monitoring and adjustment of different game parameters (e.g., level of difficulty, range of movement) [10]. Videogaming interventions can also provide new avenues to engage and motivate children in doing therapy, as they are usually perceived as fun [11, 12] and can ease parental burden as caregivers do not have to be trained to deliver the intervention or be the “therapist at home” [13]. Moreover, they have shown positive results regarding improvements in UL motor functional outcomes and quality of life when used for home-based rehabilitation in children with CP [14–16].
Bootle Blast is a videogame comprised of 13 mini-games targeting motor skill development of the UL (e.g., reaching, grasping-releasing, wrist supination-pronation). Movements are tracked via a 3D camera-computer (Orbbec Persee®). Some of the mini-games are “mixed reality” wherein real-life objects are manipulated (e.g., building blocks, musical instruments) to play the game. Bootle Blast does not require internet connection and can be easily connected to a standard TV screen or monitor. Bootle Blast’s automated set up involves a calibration game, where the range of movement for each shoulder, elbow, and hand is determined. During this process, the targeted UL that will be used in unilateral games is identified, while therapeutic objectives and a weekly active playtime goal (i.e., time the child spends actively engaging in therapeutic movements during mini-games [aPTG]) are set by the study’s monitoring therapist alongside the parent and child [17]. The videogame also records passive playtime, which includes the time spent engaging with Bootle Blast outside of the mini games (e.g., navigating menus, reviewing rewards). While active playtime intensely targets specific therapeutic movements, passive playtime also involves some movement and motor control to navigate menus and make selections.
In Bootle Blast, short (e.g. score counts), mid- (e.g. unlocking new game content) and long (e.g. collecting 100 “rare bootles” to finish the game) term rewards are designed to promote player engagement and are linked to the individual’s abilities and aPTGs as described in detail in previous work [17]. Pilot work with Bootle Blast when used with children with CP in Canada, has provided a firsthand understanding of how this videogame can be integrated into home use and what supports are needed [17]. However, while North American and European literature largely support the use of movement-tracking videogames for home rehabilitation in pediatric populations [18], the feasibility of these interventions in developing countries still needs to be explored.
This paper reports on a sub-set of results associated with an overarching feasibility, multi-phase mixed methods project (NCT05403567) (Appendix 1). Specifically, the objectives of this study were (1) to evaluate implementation (i.e., the extent to which it is possible for an intervention to be implemented as planned) [19] via the amount of time the children spent playing Bootle Blast and the number of reported technical barriers, and (2) to determine the extent to which the 8-week home-based intervention with Bootle Blast was effective in improving UL functional outcomes in Costa Rican children with CP.

Methods
Study design
This study used a feasibility design [19] to evaluate implementation, alongside a single case experimental design to establish effectiveness. Integrating a time series design expands beyond the traditional pre-post approaches of feasibility studies, allowing for the establishment of outcome indicators, and providing a true measure of observed changes. Specifically, we used a randomized multiple-baseline, single case experimental design in which a randomized baseline phase (phase A, 3–5 weeks) was followed by the Bootle Blast intervention (phase B, 8 weeks) with additional pre and post assessments of hand function. Using this approach, a trend of behavior was established in the baseline phase prior to starting the intervention phase in order to mitigate threats to internal validity [20]. The randomization was performed with the randbetween function in Microsoft Excel. Of note, this study was designed and partially conducted during the Coronavirus pandemic, and as such, the intervention and clinical research assessments were selected to support remote administration. The Template for the Intervention Description and Replication—telehealth [21] and the Single-Case Reporting Guideline in Behavioural Interventions (SCRIBE) [22] checklists were followed in this manuscript.

Participants and sampling
During phase 1 of the overarching research study [9], Costa Rican children with CP were invited to participate alongside a parent. A voluntary, convenience sample (n = 15) was recruited via social media platforms (i.e., Instagram, Facebook, WhatsApp) and word of mouth across the country. Inclusion criteria for phase 1 were:	Diagnosis of CP, 7 to 17 years of age—the minimum age was chosen based on previous experiences with Bootle Blast. While it varies by individual, children aged 7 years and up are typically able to understand how to play the game and have sufficient height to be tracked accurately by the Orbbec Persee camera.

	Manual Ability Classification System (MACS) levels I (objects are handled easily and successfully), II (handles most objects but with some reduced quality and/or speed), and III (handles objects with difficulty—the child will need help to prepare and/or modify activities) [23]. The MACS was assessed via videocall by a clinician-researcher (DC) and determined based on parent report.

	Caregiver willing to participate (i.e., assist during virtual clinical assessments, participate in interviews).

	Able to communicate verbally in Spanish or English.

	Access to a TV screen or monitor at home.

	Ability to cooperate, understand, and follow simple instructions for game play as reported by the parent.

	Has an accessibility barrier to UL rehabilitation services as reported by the parent (e.g., not able to pay for therapy, services not available in their area).




Children were excluded if they had a history of uncontrolled epilepsy, visual or hearing impairments that limited their ability to play Bootle Blast, had received constraint induced movement therapy or botulinum toxin injections in the past six months, or active therapy of the UL within three months of the study enrollment.
For this study (phase 2), a nested sample [17] from phase 1 [9] was used. Additional eligibility criteria to participate in phase 2 were:	The family expectations and the child’s therapy goals were in line with the scope of the Bootle Blast intervention.

	The child-parent dyad was able to commit to an aPTG of at least 45 min a week [17] as established during the phase 1 interview [9].

	The child could successfully play at least 10 of the 13 mini-games (assessed during the onboarding session, see data collection: protocol).




In feasibility studies, small convenience samples are used to estimate effect sizes, power, and sample sizes for future larger trials [19]. A randomized clinical trial is currently underway to assess the effectives of Bootle Blast in children with motor disabilities in Canada. In single case experimental designs, a minimum sample of three to five participants is required [20]. As this study combines both intervention designs, a sample of 12–15 participants was considered sufficient to assess the feasibility of implementation and effectiveness of the Bootle Blast intervention.

Data collection
Implementation (feasibility) indicators
Throughout the 8-week intervention phase, the Bootle Blast system’s game logs recorded details for each play session including active (i.e., minutes spent in the mini-games) and passive (e.g., time navigating menus) playtimes, game scores, games played, and system events to aid in identifying and resolving technical issues (e.g., videogame not loading). When the system was periodically connected to the internet, these logs were automatically uploaded onto the cloud and accessible remotely to the researchers. Technical assistance requests reported to a monitoring therapist (DC) during weekly video calls with the child and the parent (see protocol) were used as a secondary indicator to address the feasibility of implementation.

Effectiveness outcome measures
The Performance Quality Rating Scale (PQRS) [24] and the Canadian Occupational Performance Measure (COPM) [25] were the co-primary outcome measures used to evaluate effectiveness. Secondary measures of UL use were the Box and Blocks Test (BBT) [26] and the Children’s Hand-Use Experience Questionnaire (CHEQ) [27]. All assessments had official translations in Spanish, and these versions were administered to participants by a Costa Rican physiotherapist (DC).
The PQRS is a clinician-rated, observational scale that evaluates performance on client-selected, video-recorded ADLs. The PQRS General Scale uses a 10-point response scale (1 = “can’t do the skill at all”, 10 = “does the skill very well”) for timeliness of completion and quality of performance. Scores from these two domains are then averaged to identify the overall quality of activity performance. It has been used with children with diverse diagnoses, with excellent test–retest reliability (> 0.9) across time periods and multiple raters, with an average smallest real difference of 2.55 points. Internal responsiveness is high with large effect sizes reported [24]. The PQRS served as the repeated measure for the effectiveness outcomes. This measure was scored based on weekly videos of the child performing two meaningful ADLs involving the UL that could be done at home. These ADL goals were identified as part of an interview conducted in Phase 1 of the overarching study [9]. In summary, goals were established through a collaborative conversation with the main stipulation being that they must be filmable in the home setting.
The COPM is a patient-reported measure that evaluates performance and satisfaction with performance on ADLs identified by the child and/or parent to be meaningful. The parent rated pre and post intervention the child’s level of performance and satisfaction on a 10-point scale (1 is low, 10 is high) for each of the two ADL goals identified in the phase 1 interviews [9]. The COPM has shown good reliability, construct validity and responsiveness (minimally clinical importance difference [MCID] of two points) when used with children with CP [25]. Of note, the PQRS and COPM can complement each other when they are used to evaluate the same activities, which was the case in this study. The PQRS provides information on what the child can do in a test context, while the COPM rated by the parent, reflects the child’s performance of that activity in daily life.
The BBT [26] and the CHEQ [27] were secondary outcome measures administered pre and post intervention. The BBT consists of 150 wooden cubes—2.5 cm in size within a wooden box that has two open compartments with a vertical divider separating them. Unilateral gross manual dexterity is measured by having the participant pass as many cubes as possible above the division, from one side to another, in 60 s. The test is appropriate for ages three and up. The BBT has excellent test–retest reliability (ICC ≥ 0.85) and moderate responsiveness (effect size ≥ 0.75, more affected hand) in children with CP [28].
The CHEQ captures perceived quality and effectiveness of the child’s use of their affected hand in bimanual task performance in 27 ADLs [27]. In this study, the CHEQ was completed by the parent. It is scored in a unit scale from 0 to 100 with higher scores reflecting better abilities. Additionally, it provides a count of the number of activities the child can perform bimanually, with one hand or with help. The CHEQ has been reported to be valid and reliable (test–retest, ICC 0.87–0.91) for children with CP [29], with a 10% increase for the “activities performed with both hands” component indicating a clinically important change [30].

Protocol
Baseline (phase A)
UL ADL videos for the PQRS were recorded weekly over the participant’s 3 to 5 week baseline phase (as randomized) during a video call (Zoom, same day each week). In the first video call, the families were instructed on how to record the videos independently if needed; if there was a week(s) when a video call was not possible, the parent recorded the videos and sent them via WhatsApp to the monitoring therapist. Only videos sent within a ± 2-day window from their usual video call day were included in the analysis.
Prior to the final week of the baseline phase, a Bootle Blast welcome package was delivered to the participants’ homes. This package included: (1) the Orbbec Persee with Bootle Blast installed, (2) a user manual with explanations and troubleshooting tips, (3) toy musical instruments (i.e., tambourine, castanet, maraca, and glockenspiel) and coloured building blocks (Mega Blocks) to play the mixed-reality games, and (4) a BBT set constructed from cardboard and blocks with dimensions as specified [26]. Additionally, a questionnaire was completed by the parent to document demographic characteristics.
In the final week of the baseline phase, the BBT was administered by DC (monitoring therapist) via video call, and parents completed the CHEQ and the COPM via REDCap [31]. Initial instructions on how to fill out the measure (i.e., a practice one-item trial as suggested by the CHEQ guideline) were provided by DC for the CHEQ. For the COPM, DC and the parent first went through an example together (different from the child’s chosen ADLs) on how to complete it, and then, the parent rated performance and satisfaction for the two ADLs selected as the child’s COPM goals. Of note, the same ADLs were also used for the PQRS videos. The onboarding session with Bootle Blast also took place in this video call, during which DC gave instructions on how to calibrate, use and play the game at home. DC then guided the child on how to input their desired weekly aPTG into the system.
For the observational measures, the BBT was scored by DC from the Zoom video. She was blinded at post scoring (not able to access pre-intervention scores, post assessment video was scored six months after the pre-assessment). The PQRS was scored by a trained physiotherapist (CM) blinded to the timepoint at which the test was administered. To ensure blinding, videos were edited to delete the date on which they were taken, or any verbal cue that could suggest it. The assessor had access to all the videos (baseline, intervention, and post) and completed the scoring for each child within three days.

Home intervention (phase B)
Children played Bootle Blast at home for 8 continuous weeks. Despite having a weekly aPTG, parent and child (participant dyad) were reminded that children could play as much as they could or wanted. At the beginning of each gameplay session, a randomized playlist of three mini-games (three minutes each) was displayed on the screen to encourage participants to try the full range of games available. After completing the playlist, children had complete autonomy over which mini-games they played.
The monitoring therapist, DC, scheduled weekly video calls (approximately 15 min) with each dyad to check-in, record the UL ADLs videos for the PQRS, answer questions, troubleshoot any technical problems, and identify possible factors influencing engagement in Bootle Blast play. The content of each of these interactions, technical assistance requests, and the therapist’s views on the challenges/benefits faced by the participants were documented in field notes.
At the end of week 8, the videogame locked to prevent further play until the post-intervention assessments were complete which consisted of the same battery of tests (i.e. COPM, CHEQ, BBT and PQRS). Table 1 depicts the time points at which assessments were administered. Of note, after completing the research study, children were able to keep Bootle Blast and the Orbbec Persee for personal use.
Table 1Sample participant involvement timeline and time points at which assessments were administered (3–5 weeks baseline)


	Example 1
	Baseline (phase A, 5 weeks)
	Intervention
	Post

	Week
	1
	2
	3
	4
	5
	6–13
	14

	PQRS
	x
	x
	x
	x
	x
	x
	x

	COPM, BBT, CHEQ,
	 	 	 	 	x
	 	x

	Onboarding
	 	 	 	 	x
	 	 
	Demographic questionnaire
	 	 	 	x
	 	 	 

	Example 2
	Baseline (phase A, 4 weeks)
	Intervention
	Post

	Week
	1
	2
	3
	4
	–
	5–12
	13

	PQRS
	x
	x
	x
	x
	–
	x
	x

	COPM, BBT, CHEQ,
	 	 	 	x
	–
	 	x

	Onboarding
	 	 	 	x
	–
	 	 
	Demographic questionnaire
	 	 	x
	 	–
	 	 

	Example 3
	Baseline (phase A, 3 weeks)
	Intervention
	Post

	Week
	1
	2
	3
	–
	–
	4–11
	12

	PQRS
	x
	x
	x
	–
	–
	x
	x

	COPM, BBT, CHEQ,
	 	 	x
	–
	–
	 	x

	Onboarding
	 	 	x
	–
	–
	 	 
	Demographic questionnaire
	 	x
	 	–
	–
	 	 

PQRS Performance Quality Rating Scale, COPM Canadian Occupational Performance Measure, BBT Box and Blocks Test, CHEQ Childrens’ Hand-Use Experience Questionnaire, x symbol indicates timepoints at which the assessment was administered, – symbol indicates an empty cell (i.e., no baseline week)






Data analysis
Success criteria to evaluate the feasibility of implementation and the effectiveness of the Bootle Blast intervention were developed a priori with reference to previous studies of similar UL home-based interventions in children with CP [17, 32, 33].
Success criteria for the main feasibility of implementation indicators were as follows:	≥ 80% of children would complete the intervention.

	≥ 80% of children who completed the intervention would achieve their weekly aPTG in ≥ 6 weeks.

	≤ 20% of participants would experience technical barriers preventing them from playing ≥ 4 days.




Videogame logs were reviewed, outliers (e.g. instances where the game had accidentally been left on and running) were removed and descriptive statistics for active and total (i.e., active + passive) playtime were calculated. Game logs were also used to determine the percentage of children who met their weekly aPTG, and on how many weeks this goal was achieved. To understand the nature and frequency of technical issues encountered, the monitoring therapist’s notes were analyzed using content analysis [34] and reported alongside the videogame log data.
Success criteria for the clinical outcome measures (effectiveness) were as follows:	≥ 75% of the children who completed the intervention would show a positive change on at least one of their identified UL ADLs:	For the PQRS, a small (0.2–0.5) to moderate (0.5–0.8) effect size [35] would reflect a positive change.

	For the COPM, a positive change was a pre-post increase of 2-points (MCID) [25] in the perceived performance.








PQRS individual improvement was calculated as: highest score in phase B—highest score in phase A [24]. Wilcoxon-signed rank was used for descriptive statistics of overall improvement and effect size (rB). Individual effect sizes (standard mean difference [SMD]) were given by: (mean of phase B − mean of phase A)/SD of phase A [24]. Slope changes were visually identified using the split-middle trend line and mean level [20]. The degree of association between time points during the baseline phase was checked using the Tau-U method, and the baseline trend was corrected if needed [36, 37] followed by identifying the percentage of non-overlapping data (PND) [38].
Pre-post differences on the COPM scores were established using a paired sample t-test (SMD and 95% CIs). The BBT was interpreted based on an increase of two blocks on the more affected hand at post [39] and the CHEQ based on a 10% score increase for the “activities performed with both hands” component [30]. Statistical analyses were conducted using JASP 0.17.1 software.


Results
Participants
Fifteen children (10.3 ± 2.6 years) from across Costa Rica and one of their parents participated in the study as described in Table 2 and Fig. 1. Nine child participants had sibling(s) living in the same household, most of them being young or school-aged children. Two children (participants 3 and 4) withdrew at the end of the baseline phase, after completing all clinical assessments but before experiencing Bootle Blast. Reasons for leaving the study are unknown for participant 3 as contact was lost with the family. For participant 4, a family situation delaying the start of phase B resulted in the dyad losing interest in continuing.
Table 2Participants’ demographic characteristics


	ID
	Sex
	Age (years)
	Participating parent
	MACS level
	Most affected side
	Diagnosis
	Videogame experiencea

	1
	M
	13
	Mother
	III
	Left
	Quadriplegia*
	No

	2
	M
	8
	Mother
	II
	Right
	Hemiplegia*
	Plays sometimes

	3
	F
	8
	Mother
	III
	Right
	Triplegia*
	Plays sometimes

	4
	M
	11
	Mother
	III
	Right
	Triplegia*
	Plays sometimes

	5
	M
	7
	Mother
	II
	Left
	Hemiplegia**
	Plays every week

	6
	F
	8
	Mother
	I
	Left
	Hemiplegia*
	Plays sometimes

	7
	F
	7
	Father
	III
	Right
	Quadriplegia*
	No

	8
	M
	10
	Mother
	I
	Left
	Hemiplegia*
	Plays sometimes

	9
	M
	9
	Mother
	II
	Left
	Hemiplegia**
	Plays sometimes

	10
	M
	13
	Mother
	III
	Left
	Hemiplegia**
	Plays every week

	11
	M
	10
	Mother
	I
	Left
	Hemiplegia*
	Plays every week

	12
	M
	12
	Mother
	II
	Left
	Triplegia**
	Plays every week

	13
	M
	10
	Mother
	II
	Right
	Hemiplegia*
	Plays every week

	14
	F
	16
	Father
	III
	Left
	Quadriplegia*
	Plays sometimes

	15
	F
	12
	Mother
	II
	Right
	Triplegia*
	Plays sometimes


aMovement or hand-held controller. M, male; F, female; MACS, Manual Ability Classification System. *as reported by the parent or **by a therapist who had treated the child in the past


[image: ]
Fig. 1Participants’ (%) area of residence and socio-economic status (n = 15)



Feasibility of implementation
Playtime goal
Following the onboarding session with Bootle Blast, dyads identified a mean weekly aPTG of 45–80 min (60 ± 15). Success indicators were partially met as 87% (13/15) of children completed the intervention, but only 23% (3/13) achieved their aPTG ≥ 6 weeks. Children played on average 16 ± 6 days (twice a week) across the 8-weeks for a total of 377 ± 181 min of active playtime (23 ± 6 min per session) and 728 ± 330 of total playtime (active [playing mini games] + passive [e.g., navigating menus] playtime) with an average of 45 ± 11 min per session (Fig. 2). Children with quadriplegia accumulated the highest total intervention playtime (1061 ± 233 min) followed by children with hemiplegia (646 ± 299 min) and triplegia (560 ± 357 min). Appendix 2 shows individual playtimes by intervention week.[image: ]
Fig. 2Participants’ individual playtimes throughout the intervention (n = 13). Red symbol represents participants with technical issues preventing them from playing ≥ 4 days at some point in the 8 week play cycle. Black symbol represents technical barriers solved within 48 h


The monitoring therapists’ field notes made during the weekly video calls highlighted the frequency of barriers to engaging in play with Bootle Blast as reported by families (Fig. 3). The most common barrier was experiencing frustration when not understanding how to play a mini-game, or not being able to play it due to a physical or technical limitation. Additionally, the ability to choose when and how much to play and having weekly follow ups were important facilitators to motivating play. While some children reported enjoying playing with someone, some parents mentioned the multi-player option would evoke feelings of frustration in their child when they were not able to win. This was especially true for children who played with siblings.[image: ]
Fig. 3Reported barriers to engage in playtime with Bootle Blast. Times reported during 86 weekly video calls (out of a maximum of 91). Some dyads reported more than one issue during a video call, while others reported the same issue in more than one call



Technical issues
Three children (23%) were prevented from playing ≥ 4 days due to a technical barrier, and this was slightly above the target incidence criterion of < 20% (Table 3).
Table 3Detail on reported technical problems across participants (n = 5) throughout the intervention


	Technical issue
	# of times reported
	Time to resolve
	Modality to resolve
	Participant prevented from playing ≥ 4 days

	Game freezing or “stuck” (i.e. video is frozen and requires reset)
	5
	within 48 h (n = 2)
	Remotely
	No

	5 days (n = 2)
	Remotely (n = 1)
In person (n = 1)
	Yes

	8 days (n = 1)
	Remotely
	Yes

	Mini games not unlocking after achieving the required level
	2
	within 48 h
	Remotely
	No

	System not identifying interactions with one of the mixed reality items (i.e. the maraca) correctly
	1
	Not resolved
	Remote solution not available. By the time a software update for this issue would be ready, the participant would have finished the intervention
	No, but prevented from playing Bootle Band (Appendix 3)




Technical issues related to the game freezing or being “stuck” were largely caused when Bootle Blast was left on for extended periods of time, as some participants (n = 3) would only turn off their TVs instead of exiting the game and turning off the Orbbec system. As a resolution, the researcher (DC or HF) or parent, (when addressed remotely via a Zoom call) manually extracted the files to reset progress in the game and taught the dyad how to correctly turn off the videogame.


Effectiveness
PQRS
Eleven (85%) children improved on at least one chosen ADL in the PQRS (small to high effect size), which exceeded the study success criterion of 75% (Table 4, Appendix 4). The median PQRS improvement was 1.00 ± 2.26 pts (rB = 1; p = 0.01) for ADL 1, and 0.50 ± 1.07 pts (rB = 1; p = 0.008,) for ADL 2. When the PQRS score for the ADL with the best improvement was considered, the median increase was 1.00 ± 2.17 pts (rB = 1; p = 0.004). The order of the ADLs was not necessarily reflective of the importance it held for the family. Figure 4 details the frequency of UL chosen ADLs across participating dyads.
Table 4Visual analysis and descriptive statistics for the UL ADL with better PQRS improvement by participant (n = 13)


	ID
	Improvement (pts)
	SMD
	Trendline
	Level change
	PND (%)

	1
	1.5
	0.83
	Increasing
	Higher
	37.5

	2
	0
	0.26
	Decreasing
	No change
	0.0

	5
	2
	0.69
	Increasing
	Higher
	14.3

	6
	1
	0.48
	Increasing
	Higher
	16.7

	7
	0.5
	− 0.65
	Increasing
	Lower
	14.3

	8
	0.5
	0.05
	Increasing
	No change
	16.67

	9
	1
	–
	Increasing
	Higher
	75*

	10
	8
	–
	Increasing
	Higher
	100*

	11
	1.5
	1.00
	Decreasing
	Higher
	50.0

	12
	4
	2.08
	Increasing
	Higher
	71.43*

	13
	0
	0.33
	Increasing
	No change
	0.0

	14
	0.5
	0.87
	Flat
	Higher
	12.5

	15
	1.5
	1.06
	Increasing
	Higher
	50.0


SMD standard mean difference, PND percentage of non-overlapping data; – unable to calculate as the standard deviation of the mean in phase A was 0 (i.e., data suggests a high SMD); * significant p value, text in italics represent negative values and/or no effect in the intervention phase
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Fig. 4Activities of daily living (ADLs) in which participants wished to improve their UL motor function


As per the SCRIBE checklist [22], inter- and intra-rater reliability were calculated using baseline videos at three time points (T1 = first baseline video, T2 = second last video before intervention, T3 = last video before intervention, n = 15). For this reliability work, a second rater blinded to the date of the video, scored the PQRS baselines. For ADL 1, inter-rater reliability was moderate to good (ICCs = 0.66 to 0.81) across all time points and for ADL 2, inter-rater reliability was poor for T1 (ICC = 0.31), and good for T2 and T3 (ICCs ≥ 0.82). Intra-rater reliability (T1, n = 14) was good for ADL 1 (ICC = 0.84) and excellent for ADL 2 (ICC = 0.97).


COPM
Nine children (69%) achieved the COPM’s MCID of over 2 points in performance (below the success criterion of 75%) and 12 children (75%) exceeded a 2-point increase on the satisfaction scale, in at least one ADL. Overall, mean post intervention performance and satisfaction scores increased beyond the MCID of 2 points with large effect sizes for both chosen ADLs (Table 5).
Table 5COPM pre-post scores (n = 13)


	 	Pre (mean ± SD) (/10)
	Post (mean ± SD) (/10)
	p
	Cohen’s d (95% CI)

	ADL 1 performance
	4.54 ± 1.85
	7.85 ± 1.63
	< 0.001*
	1.36 (0.58, 2.11)

	ADL 1 satisfaction
	5.77 ± 2.59
	8.62 ± 1.94
	0.015*
	0.79(0.15, 1.40)

	ADL 2 performance
	5.62 ± 2.40
	7.77 ± 1.36
	0.011*
	0.84, (0.19, 1.46)

	ADL 2 satisfaction
	5.62 ± 2.60
	8.23 ± 1.42
	< 0.001*
	1.18 (0.45, 1.88)


* Significant p value (p ≤ 0.05)




BBT
Mean improvement on the BBT at the post-assessment was 1.8 ± 5.2 blocks (Appendix 5), with seven of 12 children improving by at least 3 blocks. There were missing post-test data for one child (participant 13) who was not able to complete the physical assessments due to illness. However, the parent was able to complete the self-report measures. Inter-rater (ICC 0.98, 95% CI 0.93–0.99) and intra-rater (ICC 0.99, 95% CI 0.988–0.999) reliability were excellent for the virtual assessment of the BBT.

CHEQ
Eight of 12 children improved on the number of activities performed with both hands, with five having a positive change of ≥ 10% (Table 6). One parent did not complete the CHEQ at the post assessment (participant 8).
Table 6CHEQ pre-post scores (n = 12)


	 	Pre (mean ± SD) (/100)
	Post (mean ± SD) (/100)
	p
	Cohen’s d/Rank Biserial Correlation (95% CI)

	How do you think the child's hand works?
	48.0 ± 11.1
	55.0 ± 8.1
	0.013*
	0.85, (0.17, 1.5)

	How much time does your child need to do the whole task, compared to peers?
	45.7 ± 10.9
	47.4 ± 17.3
	0.563
	0.21, (0.42, 0.71)

	Is your child bothered by his reduced hand/arm function during this activity
	59.2 ± 12.4
	76.2 ± 21.2
	0.009*
	0.87, (0.60, 0.96)


	 	Pre (mean ± SD)
	Post (mean ± SD)
	p
	Rank Biserial Correlation (95% CI)

	Number of bimanual activities (out of 27)
	19.0 ± 6.5
	20.8 ± 6.0
	0.009*
	0.56, (0.03, 0.86)


* Significant p value (p ≤ 0.05)



Monitoring therapist field notes
During calls with the monitoring therapist, dyads spontaneously reported perceived improvements in one of their chosen ADLs on three occasions (once by each of three dyads), overall improvement in UL function (e.g., using the affected hand/arm more spontaneously) on four occasions (reported by three dyads), and feeling muscle tiredness (associated with doing meaningful UL therapy) on seven occasions (reported by six dyads).



Discussion
This study evaluated the feasibility of implementation and the effectiveness of an 8-week home-based UL therapy gaming intervention, Bootle Blast, when used with 15 Costa Rican children with CP. Indicators of implementation were partially met, with 13 of 15 children completing the intervention. Of the 13, only three achieved their weekly playtime goal in at least six of eight intervention weeks. Technical barriers prevented three children from playing Bootle Blast for at least four days. Effectiveness was demonstrated with 11 children improving on at least one chosen ADL in the PQRS, while nine children achieved targeted gains (MCID) for the COPM.
Implementation
In this study, we tested a novel approach where families were actively engaged in setting individualized aPTGs in line with their context, needs and capacity. Given that “lack of time” is one of the most cited reasons for non-adherence to home-based therapy programs [11, 40], this approach was selected to align with the principles of family-centred care [41] and to promote engagement by ensuring that the treatment plan was perceived as manageable [9, 42]. The design of Bootle Blast uniquely supports this approach in that the game rewards are linked to the child’s individualized aPTG. For example, a new mini-game programmatically unlocks each time a child reaches 17% of their total intervention aPTG to reward their progress and to renew novelty/excitement. This approach is counter to most previous studies in the field where the game rewards are not linked to individualized playtime goals, and where a uniform prescription is provided across participants [10, 15, 43].
Costa Rican families chose a mean aPTG (139 min per week) in phase 1 of the overarching project, prior to experiencing Bootle Blast [9], which was lowered to 60 min per week once they had been onboarded and had a better idea of the physical demands of playing the videogame. This aPTG was similar to a previous study of Bootle Blast in the Canadian context (56 min per week). Having a good understanding of what the game involved and how much play was recommended were important factors for dyads when determining aPTGs [9, 17]. Yet, it is not entirely clear if all families were aware of the difference between active and total playtime despite the monitoring therapist’s (DC) explanations (during screening, in a pre-intervention interview [9] and during the onboarding session) and the “mission time” clock displayed in the home screen. For most children, achieving their aPTG usually took twice as much time overall (e.g., achieving 20 min of active playtime took a child a total of 40 min). This could have affected the feasibility of achieving their weekly objective, as dyads might not have anticipated the additional time required to complete the weekly aPTG. This is an important consideration for future work when considering success indicators for the analysis of playtime.
When comparing playtimes among studies, it is also important to recognize that the intensity of movement may vary greatly between systems and between participants depending on their abilities and play styles. Costa Rican participants played on average 1.5 h/week total playtime. The playtimes reported in previous studies, largely conducted in high income countries, and considering only total playtime, varied from 0.3 to 7 h/week with a mean of 2.1 h/week [11]. Of note, the study in this scoping review [11] that reported the lowest weekly playtime (0.3 h/week) was an exception in that it did not provide participants with a weekly prescription or goal [44]. Across all studies in the review, playtime varied across participants and largely depended on time and family support [11], which was also the case in our study.
Interestingly, children with quadriplegia were among those who played the most. These children had determined and competitive personalities, regularly reported to be enjoying the game and experienced a high level of parental involvement and support during the intervention. Although most studies on rehabilitation videogaming interventions have focused on children with Gross Motor Function Classification System Levels I and II [10, 11], the success with which the children with quadriplegia in this study could engage with Bootle Blast when supported by parents, could suggests they should not be excluded. On the contrary, when families encountered life events that affected the amount of time and energy the child had to engage with Bootle Blast, playtime was usually low. For instance, during holiday breaks or weeks when children had additional schoolwork. Younger children who relied more on parental support also experienced decreased playtimes during weeks when there was a change in the routine involving the parent (e.g., parent was sick). This is also similar to our previous experience with Bootle Blast in the Canadian context, as when events disrupted the family schedule/routing, playtime decreased [17].
As in many other home-based videogame-based therapy studies [10, 11, 17], technical issues challenging the child’s sense of competence and autonomy (e.g., introducing feelings of frustration) were a barrier to engaging with Bootle Blast in Costa Rican children. While efforts were made to promptly address technical issues, insights gained from this study have informed system improvements for future interventions with Bootle Blast. For example, an automatic shut-down feature following 5–10 min of non-detected play has been added to the system to help prevent technical issues and improve the overall user experience. Additionally, improved in-game tutorials were added to mitigate any user frustration by enhancing the learnability of the videogame.
Conversely, other studies have shown that being able to choose when and how much to play and having scheduled follow ups with a monitoring therapist, motivated play with the videogame [10, 11, 17, 40]. Interestingly, Bootle Blast’s multiplayer mode was considered engaging by some, but not all participants. We speculate that there may be cultural aspects that contributed to differences from what has been reported on multi-player experiences in previous studies [11, 17]. This finding will be explored in depth in a future manuscript exploring the participants’ experiences with Bootle Blast.
Overall, not achieving weekly aPTGs does not necessarily indicate a lack of engagement with the intervention, as all children who experienced Bootle Blast completed the 8-week program and played most weeks (Appendix 2). The question of “dose” in rehabilitation interventions is complex and depends on many factors related to the individual, their goals, intensity and nature of practice [45]. As indicated in previous research [32] “more” is not always better, especially if results can be obtained with lower time commitments. Further research is needed to understand how Bootle Blast can best be “prescribed” and used in line with family routines and the characteristics of the child. However, key learnings from this study suggest:	Families should have a good understanding of the gaming program prior to deciding on a playtime goal. This could be facilitated by a short trial run with the game.

	Linking in-game rewards to playtime goals and intervention duration can be an effective strategy to sustain engagement over multiple weeks. For example, unlocking a new mini-game every 2 weeks can provide a more progressive experience and help with sustained motivation.

	Barriers to engagement in the Costa Rican context (e.g., time, life events, technical issues) are similar to those reported in the context of high-income countries, but with more ambiguity around the potential value of multiplayer modes that warrants further exploration.

	The use of therapy gaming technologies should be described relative to active and total playtime to better support comparison among studies and systems.





Effectiveness
Effectiveness was partially met with 11 of the 13 children who played Bootle Blast improving on the PQRS, and nine children achieving targeted gains (MCID) for the COPM. Some children who did not improve on the PQRS demonstrated better outcomes on the COPM, while others who did not reach the COPM’s MCID threshold showed important improvements on the PQRS. Both outcomes were selected to permit complementary measurement (objective and parent-reported) [24] of carryover of the Bootle Blast intervention into ADLs, contributing to a more comprehensive evaluation of overall change. Additionally, observations reported by the parents, such as increased spontaneous use of their child’s affected UL in other ADLs, along with higher scores on the BBT and CHEQ at post-intervention, further indicate the potential of skills transfer from Bootle Blast to everyday life function. These findings are consistent with those of a prior Bootle Blast study [17].
The Bootle Blast intervention appeared to lead to positive clinical outcomes with a modest commitment with respect to playtime. Factors influencing effectiveness of exergaming interventions may include the participants’ individual characteristics (e.g., MACS level), personal interactions with the system (e.g., active vs passive playtime) and level of intensity during gameplay [40, 43]. Understanding the nature and intensity of gameplay during exergaming interventions is necessary to enable comparisons among systems. In Bootle Blast, different mini-games target various aspects of UL function (Appendix 3), such as big joint movements (e.g., shoulder flexion) and fine motor skills (e.g., block manipulations). The seemingly high intensity of the Bootle Blast intervention (e.g., participants reporting feeling muscle fatigue after playing) along with the diversity in games and targeted movements (e.g., games with obstacle avoidance, mixed-reality.), may have contributed to achieving UL motor improvements within playtimes that are lower than the average suggested by the literature (i.e., 14–25 h. of practice for a treatment block) [40, 43].
It is also possible that the potential for improvement was high for this group of Costa Rican participants who had received little to no UL rehabilitation previously [9]. This aligns with prior work in the field which has shown some indication that greater functional gains are realized by children with lower baseline functional scores [43, 46]. While positive changes were associated with the overall intervention, it should be noted that Bootle Blast was just one component. Other factors within this study design, such as the video calls from the monitoring therapists and the PQRS weekly testing could have influenced the clinical outcomes. Increases in the COPM scores indicate parents were conscious of their child’s improved abilities, and this awareness may have been heightened due to weekly filming of these activities. Despite parents being blinded to their pre-intervention COPM scores, the focus on hand and arm function, an area previously overlooked, may have acted as an intervention itself. While the inability to attribute causality should be acknowledged, it should not undermine the importance of the findings, and is in part mitigated by the establishment of baseline performance via the weekly PQRS testing in phase A. Additionally, while not related to their UL goals, it is of note that participants 10 and 12 were receiving physical therapy treatment in preparation for lower limb surgery.
Moving forward, the addition of in-depth qualitative data from the participants’ experiences with the intervention (phase 3 of the overarching project, which will be published as a separate manuscript) will facilitate a more holistic understanding of the level of engagement, enjoyment, and the perceived value of this intervention for improving functionality in UL bimanual activities [11, 40]. Furthermore, while the small sample size of this study precluded conclusions regarding the extent to which sociodemographic factors (rural vs urban, socioeconomic status) impacted outcomes, this is an important area for future research.
Key learnings pertaining to the Bootle Blast intervention’s effectiveness that emerged from this study include:	Overall positive clinical outcomes were achieved with modest time commitments, demonstrating carryover to ADLs.

	Characteristics of the intervention (e.g., presence of a monitoring therapist), the child (e.g. baseline functional levels) and the family environment (e.g. level of support) should be considered when interpreting the effectiveness of therapy gaming interventions.

	The nature and intensity of the gameplay, in addition to playtime alone, warrants additional attention when assessing effectiveness of exergaming interventions.






Limitations
The remote nature of this work introduced certain challenges, including some technical difficulties (e.g., losing Wi-Fi during a call), potential disruptions in children’s attention while doing clinical assessments over Zoom at home, and limited the selection of UL clinical assessments to those that could be virtually administered. For example, assessments like the Assisting Hand Assessment [47] which measures bimanual hand use (clinician-scored) were deemed too complex to be assessed virtually. Additionally, some goals established during phase 1 of the overarching project [9] were found to be less compatible with video observation (e.g., improving grasp when using a walker, which was the case for participant 7). While connecting virtually facilitated access to data and inclusion of “hard-to-reach” participants [48], supported the family-centered approach, and allowed real-world implementation of the intervention, future research should ensure that ADLs selected for virtual assessment are conducive to measurement in that format.
Although we aimed to conceal the randomization process to enhance the study's validity, modifications were necessary for four families to facilitate participation. For some children, waiting to play the video game was challenging, and the lengthy baseline was causing family stress. For one dyad, the baseline was shortened by a week to ensure the child could complete the intervention phase before a week-long commitment that arose. While these modifications could potentially impact the study's validity, it is important to note that they were family- rather than researcher-instigated, thereby reducing the potential for selection bias.
The small sample size (n = 13) affected the interpretation of the effectiveness outcome for the COPM (i.e., 6% of participants under the targeted outcome level represents 0.78 of a child) and limited in-depth, multivariate exploration of the potential factors influencing clinical outcomes. The single case experimental design was however considered a strength that maximized rigour and internal validity with the small and heterogeneous sample. Sample size may have also affected the reliability statistics for the PQRS. For one participant, a 9-point difference in scores between raters in the “task completion” domain influenced the reliability score for ADL2 at T1. This was not the case for the “quality of movement domain”, which was scored consistently across raters. While the reason for this discrepancy could not be ascertained (potentially a typo or possibly what indicated successful completion for this goal was not clearly communicated), it is important to note this was an isolated event across the sample.

Conclusions
Bootle Blast has the potential to support improvements in overall motor performance of the UL during ADLs, when implemented in a real-world environment in Costa Rican children with CP. Using strategies (e.g., trial run with the Bootle Blast system, additional education to participants to facilitate setting playtime goals) to ensure a good fit between the intervention, the family and the child are key for successful implementation. Positive changes in measurement scores with modest playtime suggest that UL motor improvement does not necessarily depend on the amount of time spent playing, but may be influenced by other variables such as the nature and intensity of the practice, baseline function, and the therapy goals selected. Exergaming home interventions, like Bootle Blast, can provide opportunities for home therapy for children with CP, especially for those living in low-income families, rural areas, and remote communities, and as a complement to traditional clinician-led interventions.

Acknowledgements
The authors thank the administrative personnel at Universidad de Costa Rica for supporting the development of this project, our research collaborators Linda Fay and Alexander Hodge, and all our participating dyads for their contributions to this research study.

Author contributions
DC and EB were involved in all stages of the study, from conception to data collection, analysis and drafting of the manuscript. HF, CM and AK contributed to the design process, data collection and analysis. DF, SM and FVW contributed to the design process and data analysis. All authors contributed to the manuscript revision, read, and approved the submitted version.

Funding
This study was funded by the Azrieli Foundation Research Support Fund, the Holland Bloorview Graduate Student Scholarship Award, the Ontario Brain Institute Integrated Discovery Network program (CP-NET), and the Canadian Institutes of Health Research (FRN 426755).

Availability of data and materials
Numeric non-identifiable data regarding the PQRS and game logs are provided within this manuscript and its supplementary information files. Datasets concerning the COPM, CHEQ, BBT and field notes from weekly phone calls are not publicly available as this was not stated in the consent form provided to participants, but are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Ethical approval was granted by the University of Costa Rica (CEC-659-2021), the Bloorview Research Institute (0138) and the University of Toronto (00042340) research ethics boards. Consent was first obtained from the parents via telephone, followed by the signing of the consent form. Assent was obtained from the child (under 12 years old) during the same phone call to which the parent provided consent. For children above 12 years old, consent forms were signed by both the parent and the child. This study was registered at clinicaltrials.com under registration # NCT05403567.

Consent for publication
Consent for publication has been obtained from parents and their children via the consent/assent process required by the Bloorview Research Institute and the University of Costa Rica.

Competing interests
Holland Bloorview is supporting the creation of a company called Pearl Interactives to commercialize Bootle Blast so that it can be made widely available to those who can benefit from it. EB and AK are shareholders in Pearl Interactives and may financially benefit from this interest if Pearl Interactives is successful in marketing Bootle Blast. The terms of this arrangement have been reviewed and approved by Holland Bloorview Kids Rehabilitation Hospital and the University of Toronto in accordance with its policy on objectivity in research and will continue to be actively monitored to mitigate and manage any conflicts of interest.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
McIntyre S, Goldsmith S, Webb A, Ehlinger V, Hollung SJ, McConnell K, et al. Global prevalence of cerebral palsy: a systematic analysis. Dev Med Child Neurol. 2022. https://​doi.​org/​10.​1111/​dmcn.​15346.CrossrefPubMedPubMedCentral


	2.
Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, et al. A report: the definition and classification of cerebral palsy April 2006. Dev Med Child Neurol Suppl. 2007;109:8–14.PubMed


	3.
Damiano DL. Rehabilitative therapies in cerebral palsy: the good, the not as good, and the possible. J Child Neurol. 2009. https://​doi.​org/​10.​1177/​0883073809337919​.CrossrefPubMedPubMedCentral


	4.
World Health Organization. 10 Facts on Disability. https://​www.​who.​int/​news-room/​facts-in-pictures/​detail/​disabilities. Accessed 7 Mar 2023.


	5.
World Health Organization. Rehabilitation 2030 Initiative. https://​www.​who.​int/​initiatives/​rehabilitation-2030. Accessed 8 Aug 2023.


	6.
Fondo de las Naciones Unidas para la Infancia (UNICEF). 2023. Informe 2022 Costa Rica avanza con su infancia. https://​www.​unicef.​org/​costarica/​informes/​informe-anual-unicef-2022-costa-rica-avanza-con-su-infancia. Accessed 19 Feb 2024.


	7.
Patronato Nacional de la Infancia. Fondo de las Naciones Unidas (UNICEF). 2023. Estimación de los recursos públicos destinados a la niñez y a la adolescencia en Costa Rica pare el año 2021. www.​pani.​go.​cr/​gasto-en-ninez-yadolescencia/​. Accessed 19 Feb 2024.


	8.
Segunda Vicepresidencia de la República de Costa Rica, Especial CN de R y E, UNICEF. Una aproximación a la situación de la niñez y la adolescencia con discapacidad en Costa Rica http://​www.​unicef.​org/​costarica/​20140801_​discapacidad_​cr.​pdf. 2014. Accessed 8 Aug 2023.


	9.
Chan-Víquez D, Fernández-Huertas H, Chacón-Vargas F, Montserrat-Gonzalez C, Fehlings D, Munce S, et al. Family expectations and demand for home-based videogaming therapy in children with cerebral palsy in Costa Rica: a mixed methods study. Disabil Rehabil. 2024. https://​doi.​org/​10.​1080/​09638288.​2024.​2362952.CrossrefPubMed


	10.
Hao J, Huang B, Remis A, He Z. The application of virtual reality to home-based rehabilitation for children and adolescents with cerebral palsy: a systematic review and meta-analysis. Physiother Theory Pract. 2023. https://​doi.​org/​10.​1080/​09593985.​2023.​2184220.CrossrefPubMed


	11.
Biddiss E, Chan-Viquez D, Cheung ST, King G. Engaging children with cerebral palsy in interactive computer play-based motor therapies: theoretical perspectives. Disabil Rehabil. 2019. https://​doi.​org/​10.​1080/​09638288.​2019.​1613681.CrossrefPubMed


	12.
Chen Y, Fanchiang HD, Howard A. Effectiveness of virtual reality in children with cerebral palsy: a systematic review and meta-analysis of randomized controlled trials. Phys Ther. 2018. https://​doi.​org/​10.​1093/​ptj/​pzx107.CrossrefPubMedPubMedCentral


	13.
Phelan I, Carrion-Plaza A, Furness PJ, Dimitri P. Home-based immersive virtual reality physical rehabilitation in paediatric patients for upper limb motor impairment: a feasibility study. Virtual Real. 2023. https://​doi.​org/​10.​1007/​s10055-023-00747-6.CrossrefPubMedPubMedCentral


	14.
Shikako-Thomas K, Shevell M, Lach L, Law M, Schmitz N, Poulin C, et al. Are you doing what you want to do? Leisure preferences of adolescents with cerebral palsy. Dev Neurorehabil. 2015. https://​doi.​org/​10.​3109/​17518423.​2013.​794166.CrossrefPubMed


	15.
Ravi DK, Kumar N, Singhi P. Effectiveness of virtual reality rehabilitation for children and adolescents with cerebral palsy: an updated evidence-based systematic review. Physiotherapy. 2017. https://​doi.​org/​10.​1016/​j.​physio.​2016.​08.​004.CrossrefPubMed


	16.
Levac D, Rivard L, Missiuna C. Defining the active ingredients of interactive computer play interventions for children with neuromotor impairments: a scoping review. Res Dev Disabil. 2012. https://​doi.​org/​10.​1016/​j.​ridd.​2011.​09.​007.CrossrefPubMed


	17.
Chan-Viquez D, Khan A, Munce S, Fehlings D, Wright VF, Biddiss E. Understanding a video game home intervention for children with hemiplegia: a mixed-methods multi-case study. Front Med Technol. 2023. https://​doi.​org/​10.​3389/​fmedt.​2023.​1217797.CrossrefPubMedPubMedCentral


	18.
Demers M, Martinie O, Winstein C, Robert MT. Active video games and low-cost virtual reality: an ideal therapeutic modality for children with physical disabilities during a global pandemic. Front Neurol. 2020. https://​doi.​org/​10.​3389/​fneur.​2020.​601898.CrossrefPubMedPubMedCentral


	19.
Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. How we design feasibility studies. Am J Prev Med. 2009. https://​doi.​org/​10.​1016/​j.​amepre.​2009.​02.​002.CrossrefPubMedPubMedCentral


	20.
Romeiser-Logan L, Slaughter R, Hickman R. Single-subject research designs in pediatric rehabilitation: a valuable step towards knowledge translation. Dev Med Child Neurol. 2017. https://​doi.​org/​10.​1111/​dmcn.​13405.CrossrefPubMed


	21.
Rhon DI, Fritz JM, Kerns RD, McGeary DD, Coleman BC, Farrokhi S, et al. TIDieR-telehealth: precision in reporting of telehealth interventions used in clinical trials—unique considerations for the Template for the Intervention Description and Replication (TIDieR) checklist. BMC Med Res Methodol. 2022. https://​doi.​org/​10.​1186/​s12874-022-01640-7.CrossrefPubMedPubMedCentral


	22.
Tate RL, Perdices M, Rosenkoetter U, McDonald S, Togher L, Shadish W, et al. The single-case reporting guideline in behavioural interventions (SCRIBE): explanation and elaboration. Arch Sci Psychol. 2016. https://​doi.​org/​10.​1037/​arc0000027.Crossref


	23.
Eliasson AC, Krumlinde-Sundholm L, Rösblad B, Beckung E, Arner M, Ohrvall AM, et al. The Manual Ability Classification System (MACS) for children with cerebral palsy: scale development and evidence of validity and reliability. Dev Med Child Neurol. 2006. https://​doi.​org/​10.​1017/​S001216220600116​2.CrossrefPubMed


	24.
Martini R, Rios J, Polatajko H, Wolf T, McEwen S. The Performance Quality Rating Scale (PQRS): reliability, convergent validity, and internal responsiveness for two scoring systems. Disabil Rehabil. 2015. https://​doi.​org/​10.​3109/​09638288.​2014.​913702.CrossrefPubMed


	25.
Cusick A, Lannin NA, Lowe K. Adapting the Canadian Occupational Performance Measure for use in a paediatric clinical trial. Disabil Rehabil. 2007. https://​doi.​org/​10.​1080/​0963828060092920​1.CrossrefPubMed


	26.
Mathiowetz V, Weber K. Adult norms for the box and block. Am J Occup Ther. 1985. https://​doi.​org/​10.​5014/​ajot.​39.​6.​386.CrossrefPubMed


	27.
Skold A, Hermansson LN, Krumlinde-Sundholm L, Eliasson AC. Development and evidence of validity for the Children’s Hand-use Experience Questionnaire (CHEQ). Dev Med Child Neurol. 2011. https://​doi.​org/​10.​1111/​j.​1469-8749.​2010.​03896.​x.CrossrefPubMed


	28.
Jongbloed-Pereboom M, Nijhuis-Van Der Sanden MWG, Steenbergen B. Norm scores of the box and block test for children ages 3–10 years. Am J Occup Ther. 2013. https://​doi.​org/​10.​5014/​ajot.​2013.​006643.CrossrefPubMed


	29.
Amer A, Eliasson AC, Peny-Dahlstrand M, Hermansson L. Validity and test–retest reliability of Children’s Hand-use Experience Questionnaire in children with unilateral cerebral palsy. Dev Med Child Neurol. 2016. https://​doi.​org/​10.​1111/​dmcn.​12991.CrossrefPubMed


	30.
Ryll UC, Eliasson AC, Bastiaenen CHG, Green D. To explore the validity of change scores of the Children’s Hand-use Experience Questionnaire (CHEQ) in children with unilateral cerebral palsy. Phys Occup Ther Pediatr. 2019;39(2):168–80. https://​doi.​org/​10.​1080/​01942638.​2018.​1438554.CrossrefPubMed


	31.
Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: building an international community of software partners. J Biomed Inform. 2019. https://​doi.​org/​10.​1016/​j.​jbi.​2019.​103208.CrossrefPubMedPubMedCentral


	32.
MacIntosh A, Desailly E, Vignais N, Vigneron V, Biddiss E. A biofeedback-enhanced therapeutic exercise video game intervention for young people with cerebral palsy: a randomized single-case experimental design feasibility study. PLoS ONE. 2020. https://​doi.​org/​10.​1371/​journal.​pone.​0234767.CrossrefPubMedPubMedCentral


	33.
Lopes S, Magalhães P, Pereira A, Martins J, Magalhães C, Chaleta E, et al. Games used with serious purposes: a systematic review of interventions in patients with cerebral palsy. Front Psychol. 2018. https://​doi.​org/​10.​3389/​fpsyg.​2018.​01712.CrossrefPubMedPubMedCentral


	34.
Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res. 2005. https://​doi.​org/​10.​1177/​1049732305276687​.CrossrefPubMed


	35.
Andrade C. Mean difference, standardized mean difference (SMD) and their use in meta-analysis: as simple as it gets. J Clin Psychiatry. 2020. https://​doi.​org/​10.​4088/​JCP.​20f13681.CrossrefPubMed


	36.
Tarlow KR. Baseline corrected tau calculator. 2016. https://​ktarlow.​com/​stats/​tau/​. Accessed 3 May 2023.


	37.
Krasny-Pacini A, Evans J. Single-case experimental designs to assess intervention effectiveness in rehabilitation: a practical guide. Ann Phys Rehabil Med. 2018. https://​doi.​org/​10.​1016/​j.​rehab.​2017.​12.​002.CrossrefPubMed


	38.
Tarlow KR, Penland A. Outcome assessment and inference with the percentage of nonoverlapping data (PND) single-case statistic. Pract Innov. 2016. https://​doi.​org/​10.​1037/​pri0000029.Crossref


	39.
Araneda R, Ebner-Karestinos D, Paradis J, Saussez G, Friel KM, Gordon AM, et al. Reliability and responsiveness of the Jebsen-Taylor Test of Hand Function and the Box and Block Test for children with cerebral palsy. Dev Med Child Neurol. 2019. https://​doi.​org/​10.​1111/​dmcn.​14184.CrossrefPubMedPubMedCentral


	40.
Beckers LWME, Geijen MME, Kleijnen J, Rameckers EAA, Schnackers MLAP, Smeets RJEM, et al. Feasibility and effectiveness of home-based therapy programmes for children with cerebral palsy: a systematic review. BMJ Open. 2020. https://​doi.​org/​10.​1136/​bmjopen-2019-035454.CrossrefPubMedPubMedCentral


	41.
King G, Chiarello L. Family-centered care for children with cerebral palsy: conceptual and practical considerations to advance care and practice. J Child Neurol. 2014. https://​doi.​org/​10.​1177/​0883073814533009​.CrossrefPubMedPubMedCentral


	42.
King G, Currie M, Petersen P. Child and parent engagement in the mental health intervention process: a motivational framework. Child Adolesc Ment Health. 2014. https://​doi.​org/​10.​1111/​camh.​12015.CrossrefPubMed


	43.
Jackman M, Lannin N, Galea C, Sakzewski L, Miller L, Novak I. What is the threshold dose of upper limb training for children with cerebral palsy to improve function? A systematic review. Aust Occup Ther J. 2020. https://​doi.​org/​10.​1111/​1440-1630.​12666.CrossrefPubMed


	44.
Weightman A, Preston N, Levesley M, et al. Home based computer-assisted upper limb exercise for young children with cerebral palsy: a feasibility study investigating impact on motor control and functional outcome. J Rehabil Med. 2011. https://​doi.​org/​10.​2340/​16501977-0679.CrossrefPubMed


	45.
Demers M, Fung K, Subramanian SK, Lemay M, Robert MT. Integration of motor learning principles into virtual reality interventions for individuals with cerebral palsy: systematic review. JMIR Serious Games. 2021. https://​doi.​org/​10.​2196/​23822.CrossrefPubMedPubMedCentral


	46.
Palomo-Carrión R, Romay-Barrero H, Lirio-Romero C, Arroyo-Fernádez R, Guijarro-Herraiz M, Ferri-Morales A. Feasibility of family-directed home-based bimanual intensive therapy combined with modified constraint induced movement therapy (h-BITmCI) in very low and low bimanual functional level: a brief report. Dev Neurorehabil. 2023. https://​doi.​org/​10.​1080/​17518423.​2022.​2099993.CrossrefPubMed


	47.
Krumlinde-Sundholm L, Holmefur M, Kottorp A, Eliasson AC. The Assisting Hand Assessment: current evidence of validity, reliability, and responsiveness to change. Dev Med Child Neurol. 2007. https://​doi.​org/​10.​1111/​j.​1469-8749.​2007.​00259.​x.CrossrefPubMed


	48.
Seshamani M. Medicare and telehealth: delivering on innovation’s promise for equity, quality, access, and sustainability. Health Aff (Millwood). 2022. https://​doi.​org/​10.​1377/​hlthaff.​2022.​00323.CrossrefPubMed




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12984_2024_1446_Fig1_HTML.png
Area of residence Socio-economic status

53%

= City = Town = Rural Area ® Some money left at the end of the month
» Can afford monthly responsabilities only

Cannot afford monthly responsabilities





OEBPS/images/12984_2024_1446_Fig4_HTML.png
Button up a shirt

Tie shoelaces

Type on computer

Cut with knife and fork

Improve stability in hand grasp when using a walker
Button jeans

Put on a sock

Eat finger foods

Hold on to a loose paper to be able to write on it
Take out small objects from a bag

Fold a blouse

Chosen activities of daily living

S

—

2 3 4 5
Numer of times reported

(o)}

N |





OEBPS/navigation.xhtml

    
      Contents


      
        		Feasibility of a home-based home videogaming intervention with a family-centered approach for children with cerebral palsy: a randomized multiple baseline single-case experimental design


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12984_2024_1446_Fig2_HTML.png
Participants' ID

— N WL O 0O

15
14
13
12
11
10

103

=R e

—-—
* Q
Playtime (minutes)

® Active » Total





OEBPS/images/12984_2024_1446_Fig3_HTML.png
Barriers

Feelings of frustration

Additional schoolwork

Vactaion time / holiday season

Health appointments / feeling sick

Change in family's routine (e.g., parent changing jobs or being sick)

Engagement with a different videogame

Lack of game content (i.e., unlocking all mini-games too early on in
the intervention phase)

<)
()
iy

6 8 10 12
Times reported

14





OEBPS/css/cc-by.png
() _®





OEBPS/css/sidebar.gif





