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Editorial on the Research Topic Advances in pediatric rehabilitation clinical trials: design, methods, and analysis


The work in this Research Topic represents critical topics in pediatric rehabilitation: measurement, participation, precision rehabilitation/habilitation, rehabilitation complexity, and lifespan considerations. Pediatric rehabilitation researchers confront challenges as they design and implement studies because of the many variables that influence rehabilitation intervention outcomes, such as child growth and development, family ecosystems, community systems, disease processes and even world events. As editors we, Stephanie C. DeLuca (Virginia Tech), Jill Heathcock (The Ohio State University), and Amy Darragh (Virginia Commonwealth University), would like to express our deep gratitude to the 86 contributing authors who chose to publish their work in our Research Topics. The presented work covers areas broadly summarized around measurement, intervention, and theory. The articles describe multiple topics and challenges in pediatric rehabilitation research and will provide guidance for the future rehabilitation research, ultimately impacting the lives of many children with disabilities and their families.

One area considered in this Research Topic was measurement. Pediatric rehabilitation measures must be reliable and valid, and they must measure what matters to children and families. Our authors present an array of measures that reflect measurement success and challenges in rehabilitation research. Their works represents efforts to move the field forward by developing tools that detect change in real world settings, impact participation in daily activities, assess subtle preferences and abilities, and advance precision rehabilitation. Petruccelli et al., used advanced technology to measure physical recovery in a real-world environment among children recovering from critical illness. Sarsak and Rushton focused on measuring wheelchair confidence in children using manual wheelchairs because low confidence in wheelchair use is associated with less participation in daily activity. Mulrenin et al., emphasize the importance of detecting subtle differences in preferences and abilities in children with complex medical conditions. Skorup et al., articulate the importance of precision measurement in intervention: specifically, how the measurement and contributions of understanding active ingredients can inform variations in interventions (e.g., motor error, the study's focus) based on individual child characteristics. Collectively, these articles present the intersection of psychometrically sound measures that facilitate measurement of meaningful, relevant, and important constructs to children and families.

This Research Topic included three intervention studies, Vacchini et al., Brennan et al., and Kemp et al., that identify the importance of individualized interventions that focus on real world impact. Vacchini et al. present a protocol in which they focus on family- and child-identified goal and activity preferences, environmental context, and an intervention that is tailored for the abilities of each child. Brennan et al. conducted a study of adaptive cycling for children with disabilities. Similarly, they focused on child-centered goals and delivered the intervention in a contextually-relevant environment (school). The study focused on improving the child's health and participation, using a functional and age-appropriate activity that improved physical activity, and, in this case, happiness. Relatedly, Kemp et al. delivered a personalized intervention with individualized goals in a community environment (pool in a local school) that emphasized participation in an age-appropriate and functional activity, swimming. The study focused on improving water competency with the long-term goal of drowning prevention, a leading cause of death for children with autism. Thematically, these studies demonstrate the importance of research that is family- and child-centered, individualized and relevant, and focused on activity and participation.

Finally, three articles presented frameworks for considering or reconsidering approaches to pediatric rehabilitation to ensure all children with disabilities have access to and receive the care they deserve. Bican et al. identified the serious and wide ranging barriers to care experienced by families of children with disabilities in rural communities, such as access to and waitlists for specialists, distance to providers, costs of gas, care for siblings, and transportation, and recommend policy change and continued research to ensure children living in under-resourced and/or rural areas in the U.S. receive rehabilitation services that support function and participation. Cai et al. assessed decision making for early pulmonary rehabilitation (PR) in the PICU and identified multiple intrinsic and extrinsic factors that impact delivery of early PR including lack of knowledge and training in PR, lack of standards of care for PR, and then experiences of caring for critically ill children. Finally, Ramey et al. present an interdisciplinary developmental framework they titled the Interdisciplinary Monitoring, Planning, and Caring for the Total-Child – Together (IMPACT2) to guide inter-community interaction towards effective pediatric rehabilitation. All identify the gaps in policy, access, education, training, and context that impact service delivery for children with disabilities, the result of which can have lifelong consequences.

The need for specialized and collaborative work across disciplines is greater than ever as rehabilitation professionals seek to be positive change agents in the lives of children and families. In pediatric rehabilitation, interventions occur at single points or short periods in time, but there is an ever-increasing knowledge that these points occur in a mass of interacting trajectories of influence. Each child's pediatric rehabilitation journey is an interacting web of these variables that travel with them across time as they often complete a multitude of interventions. The choice of these interventions and their success are manifestly defined by that child and the family. Almost by definition, this means that rehabilitation must consider “meaningful” change as a dynamic and “individualized” process. Measures of rehabilitation intervention efficacy, harm, and effectiveness all occur within complex contextual relationships that cannot be set aside. Thus, the intricacies of understanding precision rehabilitation or even a single intervention exceed those typically encountered in health research addressing chronic conditions. Pediatric rehabilitation researchers and clinicians are often in positions that require them to challenge the status quo because of these complexities. These issues are just what we as editor sought to address, and the authors answered our call. We and the authors are challenging the long and pervasive history of clinical practice and scientific inquiry that emphasized of biomarkers, singular primary outcome measures, and expert opinions while often excluding the opinions and perspectives of families and individuals with disabilities – the true experts. We are grateful to all who rose to aid us in giving voice to these issues.
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Introduction: The delivery of precision medicine in rehabilitation will require not only precise measurement of participant response, but also precise measurement of the “ingredients” of intervention and their dose. As an example, we report the measurement of motor error in two treatment groups from a randomized controlled trial in toddlers (mean age 26.3 months) with cerebral palsy (CP). Our objective was to measure the type and amount of motor error during physical therapy sessions in young children with CP.



Methods: Participants were stratified by motor function and age and randomly allocated to “conventional” physical therapy that generally prevented falls or to an intervention that encouraged error experience by not preventing falls (experimental group). Baseline motor and cognitive function were measured using the Gross Motor Function Measure-66 (GMFM-66) and Bayley 3 cognitive subscale (B3-C) prior to randomization. Randomly selected video recorded therapy sessions were manually coded to identify losses of balance defined as falls (child contacted floor), rescues (therapist prevented fall) or saves (child recovered their balance independently).



Results: Average number of losses of balance per session were higher in the experimental group than the conventional group due to significantly greater falls. Saves were infrequent in both groups but were also significantly higher in the experimental group. Average number of rescues did not differ between groups. In the experimental group, greater frequency of falls was significantly related to GMFM-66. In both groups, greater frequency of saves was related to GMFM-66. Neither total losses of balance per session nor rescues were related to GMFM-66 in either group. There were no significant relationships between losses of balance and baseline cognition in either group, except greater frequency of saves was related to higher cognitive ability in the experimental group.



Discussion: Our observations suggest that motor error experience is lower in toddlers with CP compared to peers with typical development but can be manipulated to higher doses of error during therapy sessions. Future work should investigate the relationship between type and amount of error experience and rehabilitation outcomes, as well as other “ingredients” of rehabilitation therapy. Tools to automate the precise measurement of intervention content are necessary for broad scale implementation.
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Introduction

Precision medicine is advancing health care from traditional “one-size-fits-all” models to care plans that consider patients’ individual needs including genetic, biomarker and/or psychosocial characteristics (1). In the pharmaceutical field, the active ingredients and dose of medicines are precisely adjusted to optimize the therapeutic effect. In pediatric rehabilitation, some “one-size-fits-all” models exist, but care is more commonly delivered on a trial-and-error basis, considering age, medical condition, level of impairment/disability, and social/contextual factors (2, 3). Similar to pharmaceutical prescription, precision rehabilitation will require the systematic study of how to adjust the active ingredients and dose of behavioral therapies to optimize the therapeutic effect.

Our ability to generate evidence from the iterative trial and error process (evaluate–treat–re-evaluate–adjust) has been complicated by the immense heterogeneity of clinical presentation in children and inconsistency in the selection of outcome measures and treatment regimens across patients. There are often multiple active ingredients in therapy as well as a variety of personal and environmental factors that influence treatment response. It is often difficult to identify the most important ingredients and how they interact with one another to optimize outcomes. Not surprisingly, our patients demonstrate wide variability in treatment response (3–6). Precision rehabilitation efforts to date have largely focused on the measurement of participants and their response to intervention, including standardizing measures of function and quantifying variability between participants to facilitate subgrouping of patients who share similar characteristics (7). These efforts are critical to the understanding of participant response, but equally critical to the delivery of precision rehabilitation is the need for detailed measurement of interventions (8, 9).

Here, we present an example of the precise measurement of an ingredient in pediatric rehabilitation therapy. We measured the frequency and type of motor error, specifically the inability to maintain postural control which leads to a loss of balance, experienced by participants in a randomized clinical trial (NCT02340026) in toddlers with cerebral palsy (CP) (10). CP is the most common childhood motor disorder. Children with CP have impairments in motor control due to a brain injury at birth or early in life, resulting in impairments in postural control, motor skill and functional limitations, often accompanied by other comorbidities such as impaired cognition and communication (11). Children with CP often begin early intervention therapy at a young age, some within the first months of life. While studies measuring the effect of different intervention approaches are becoming more numerous (3), there is a great deal of variability in the delivery of most interventions and detailed investigations on how to deliver precise protocols to optimize motor outcomes for individual children are lacking. A recent systematic review reported that therapy to improve motor control should encourage child-initiated movement, targeted motor training and incorporate task-specific and context specific activities at a high repetition and intensity (12). While useful as guidelines for therapists, these recommendations are general, are not precise prescriptions, and do not offer clear predictions for resulting neuroplastic change and motor outcomes.

Motor error, which is defined as the difference between the goal of the behavior and the actual motor outcome (13), may be an important ingredient when learning new motor skills and for acquisition of complex mobility skills. The nervous system constantly uses movement error information to adapt current movements and modify movement strategies for future movements. Motor error is highly prevalent in typically developing infants when learning to move (14) and has been studied in several rehabilitation applications in adults (15, 16). Typically developing novice walkers aged 12- to 19-months-old fall 31.5 times per hour, which decreases over the first months of walking experience to half this amount (14), and falling has been hypothesized as an important ingredient in learning to walk (17). In adults with hemiplegia from stroke, Hornby and colleagues reported diminished long-term gains in gait kinematics when postural and lower extremity errors were eliminated from practice (18). In pediatric rehabilitation, infants at risk for CP experienced a significantly lower amount of error during robotic crawl training compared to their peers with typical development (TD) (19).

The most common type of error during upright motor practice is a loss of balance. Without assistance, a loss of balance results in a fall or a self-recovery of balance to prevent falling. Young children with CP may not experience motor error as frequently as their peers because of their lower physical activity level or a limited ability to produce movements that challenge their balance. However, error experience has not been quantified in this population during free play or therapy sessions. Additionally, conventional therapy has typically focused on providing task specific practice of motor skills with hands-on guidance of motor patterns to prevent errors and the development of typical motor patterns. For example, many studies have focused on gait training interventions to promote independent walking and improve walking patterns in children with CP. These studies typically focus on providing guidance or external support during gait training, which limits error and prevents falls (20–23). Also, falls in children have traditionally been avoided to reduce the risk of injury (24) and some rehabilitation studies focus on strategies to prevent falls in children rather than encourage them (22, 25, 26). For these reasons, our objective was to measure the type and amount of motor error during physical therapy sessions in young children with CP as part of quantifying key ingredients of rehabilitation intervention.



Methods


Study design

This was a secondary behavioral video coding analysis of physical therapy sessions from the iMOVE (Intensive Mobility training with Variability and Error) clinical trial (NCTBLINDED) (10). The iMOVE study was a single-blind randomized controlled trial that compared the outcomes of a therapy program intended to provide motor learning experiences more similar to typically developing children that, among other variables, aimed for high rates of error experience (iMOVE group) to dose-matched conventional physical therapy that limited error experience (CONV group). The intervention phase was a minimum of 12 weeks, and participants’ caregivers could choose to extend the intervention to 18 or 24 weeks in duration. Therapy was planned for three 30-min sessions per week while actual attendance averaged 2.3 (SD 0.45) sessions per week. Two randomly selected therapy sessions per month, one from the first half and one from the second half of the month, were selected for secondary behavioral coding analysis.



Setting

The study was conducted at a single site—the Children's Hospital of Philadelphia, which is a large urban pediatric academic medical center.



Study sample

Participants were 12–36 months of age at enrollment, had the cognitive ability to follow one-step commands, had a diagnosis of CP or suspected CP [defined as motor percentile rank less than the 10th percentile on the Bayley Scales of Infant and Toddler Development, Third Edition (27, 28), and a neurological sign associated with CP, such as spasticity or periventricular leukomalacia] and had the ability to initiate pulling to stand at a surface as indicated by a score of 1 on the Gross Motor Function Measure (GMFM) item 52 (29). Participants were ineligible for the trial if they demonstrated any of the following: secondary orthopedic, neuromuscular or cardiovascular condition unrelated to CP, general muscle hypotonia without other neurological signs associated with CP (30), independent walking ability as indicated by a score of 3 on GMFM item 69, or history of surgery or injury to the lower extremities in the past 6 months. Sample size estimation for the clinical trial was based on pilot data that suggested evaluable group sizes of 17 participants in each would detect sufficient difference in gross motor function. We anticipated a uniform attrition rate of 20% to arrive at the target of 42 participants. After the baseline assessment, participants were stratified by motor ability and age and randomized to either the iMOVE or CONV treatment group (allocation ratio 1:1). The randomization list was prepared by the study statistician and stored in a secure electronic file accessible by the study coordinator.



Interventions

All therapy was delivered by three experienced pediatric physical therapists who had 3–4 years full-time experience at the start of the study. The therapists were trained on characteristics of each therapy group, including strategies to minimize or encourage motor error during therapy, through a half-day workshop and supplemented by video review of pilot study sessions. Distinguishing characteristics of each group are detailed in the iMOVE protocol manuscript (10) and are summarized here. iMOVE Therapy. The experimental therapy group was designed to mimic typical toddler motor learning experiences allowing for motor error experiences or losses of balance. Losses of balance were characterized as a fall (child contacts the ground), rescue (therapist interferes to prevent the child from contacting the ground) or save (child prevents self from contacting ground). Participants in this group received dynamic weight support (using the ZeroG® Gait and Balance training system, Aretech LLC, Ashburn, VA) during all therapy time to promote independent practice and the practice of challenging motor skills. The dynamic support system vertically unloads the user to provide a consistent level of unweighting despite how the user moves in vertical or horizontal space (31), allowing typical infant/toddler movements such as moving between the floor and standing, turning around and crawling, all while continuously unweighted. The system does not assist with maintaining balance. Infants may lose their balance and fall in the weight support system just as they might outside of it. The therapists provided supervision throughout the intervention to maintain a safe play environment and intervened during losses of balance to ensure the infants did not cause serious harm to themselves, such as hitting their head during a fall. Conventional Therapy. The CONV therapy group received traditional, therapist-directed pediatric physical therapy. Therapy focused on gross motor function and early gait training strategies with encouragement of “typical” movement patterns and manual guidance or correction to prevent error experience. Therapy activities were performed in blocks of practice, with the specific activities and level of therapist assistance tailored to each child.



Functional assessment

An experienced physical therapist researcher, who was blinded to group assignment, collected baseline measures of gross motor function and cognition. Gross motor function was measured by GMFM-66 score, a Rasch-analyzed measure of gross motor function designed for children with CP (32). Cognition was measured by the percentile rank of the Bayley Scales of Infant and Toddler Development—Third Edition, cognitive subscale (27).



Behavioral video coding

A primary coder watched each video continuously to identify all losses of balance that occurred during the therapy session using Datavyu software (33). The videos had been previously coded for activity (34). Losses of balance were identified within the specific activity that the child was performing (i.e., crawling, standing, walking) and were further coded as falls, rescues, or saves. A fall was defined as a loss of balance that results in the child hitting the floor or a surface without interference from the therapist to change the experience of the loss of balance. A rescue was coded when the child loses their balance but the therapist intervenes to prevent the child from falling to the floor. A save was coded when the child loses their balance but recovers it independently to prevent a fall.



Reliability

Two individuals completed video coding for each therapy session. Coders were a physical therapist and a research assistant. Data reliability was ensured with a two-step process. First, and most important, all coders were trained on previously coded videos and achieved 80% agreement with prior coders before generating new data for analysis. Second, to maintain reliability among trained coders, each video was coded in full by a primary coder. Ten randomly selected loss of balance events were selected for secondary coding. If the primary coder identified <10 loss of balance events during a therapy session, other timepoints in the session (not identified by the primary coder as having a loss of balance event) were randomly selected to ensure that the secondary coder had a minimum of 10 events per session to code. We set an 80% agreement standard meaning that data from the primary coder was used for analysis for all videos that met or exceeded 80% agreement between coders. Agreement for events that do not have a loss of balance event was reached if the secondary coder counted 0 for losses of balance. For individual videos that did not reach 80% agreement, primary and secondary coders met to reconcile disagreements. The reconciled data from the double-coded portions were used for analysis, along with, if applicable, the primary coder's data on any remaining (single-coded only) portions of the video.



Statistical analysis

Counts of each type of loss of balance were calculated and averaged across all coded sessions for each participant. Differences between groups in total losses of balance and each type of loss of balance were assessed with Mann Whitney tests with Bonferroni correction for multiple comparisons. Relationships of losses of balance to baseline levels of gross motor (GMFM-66) and cognitive function (B-3) were quantified by Pearson or nonparametric Spearman correlation as appropriate. Log 10 scale was used for visualization of cognitive scores due to skewing of data toward low end of range.




Results


Participant sample

The enrollment target of 42 participants was met. The 37 participants who completed the treatment phase of the trial were included in the analyses [mean age 22.1 months, Gross Motor Function Classification System I–IV (35)]. Four participants did not complete the treatment phase and one participant did not complete baseline assessment. See Table 1 for demographic characteristics of the sample. Fifty-six percent of participants were male, which reflects the population of individuals with CP (36). Ten percent of participants were Hispanic in ethnicity. Racial composition of the sample was 57% white, 24% black, 5% Asian, 11% mixed, and 3% not reported. The race and ethnicity of the sample reflects the diversity of the city of Philadelphia and surrounding region (37) and approximates the population of children with CP in the United States (38).


TABLE 1 Demographic and baseline characteristics of the participant sample. Age is reported as mean (SD) and was adjusted for preterm birth if applicable. Sex, ethnicity, race and gross motor function classification system level are reported as counts (% of total).

[image: Table summarizing demographic and classification data: Average age 22.1 months. Sex: 20 boys (54.1%), 17 girls (45.9%). Ethnicity: 32 not Hispanic (86.5%), 4 Hispanic (10.8%), 1 not reported (2.7%). Race: 21 White (56.8%), 9 Black (24.3%), 2 Asian (5.4%), 2 Asian and White (5.4%), 1 each Black and White, American Indian and Black and White, and not reported (2.7% each). Gross motor function levels: I (5, 13.5%), II (12, 32.4%), III (11, 29.7%), IV (9, 24.3%).]

Participants were evenly assigned to the conventional (n = 19) and iMOVE (n = 18) treatment groups. As expected, due to stratification in randomized group allocation, there were no group differences in age (adjusted for preterm birth if applicable, p = 0.227), cognition (p = 0.637) or gross motor function (p = 0.969) at baseline. There were also no group differences at baseline in ethnicity (p = 0.581), race (p = 0.271) or sex (p = 0.756). A consort figure was published in the primary results paper for the iMOVE clinical trial (10).

A total of 422 videos were coded from the 37 participants. Thirty-three participants completed 24 weeks of therapy (each contributing 12 videos), one completed 18 weeks of therapy (contributing 9 videos) and three completed 12 weeks of therapy (two contributing 6 videos each and one contributing only 5 videos due to many missed sessions for medical complications).



Reliability

Reliability for 385 videos (91.2%) exceeded the agreement standard of the primary and secondary coder of 80%. Consensus between the two coders on disagreements was reached for the remaining 37 videos (8.8%).



Type and amount of error

With the iMOVE and CONV groups combined, there was an average of 12.2 (SD 6.6) losses of balance per therapy session, including falls, rescues and saves. The most frequent type of loss of balance were rescues (6.0, SD 3.2) followed by falls (5.3, SD 4.9) with saves occurring infrequently (0.9, SD 1.1). No serious injuries or need to stop a therapy session occurred from losses of balance. Minor bumps caused by loss of balance onto a nearby toy or bench were infrequent (3 total during all therapy sessions). Table 2 reports the total error and type of error for each group.


TABLE 2 Number and type of losses of balance per session for the iMOVE and conventional (CONV) therapy groups, reported as average counts (SD) per 30-min therapy session.

[image: A table compares the iMOVE, CONV, and Combined datasets. It shows means and standard deviations for Falls, Rescues, Saves, and Total losses of balance. iMOVE has the highest values in all categories, while CONV has the lowest. Combined values fall between the two.]

Total losses of balance (falls, rescues and saves) were higher in the iMOVE group than in the conventional therapy group, as intended. There was an average of 16.4 (SD 6.4) losses of balance per session in the iMOVE group compared to 8.3 (SD 4.0) in the conventional group. This difference is largely attributed to a significantly larger number of falls in the iMOVE group (p < 0.0001) with an average of 8.6 falls per session (SD 5.1) compared to 2.2 (SD 1.4) per session in the conventional group. Saves were infrequent in both groups, but they were significantly higher in the iMOVE group (1.4, SD 1.3) compared to conventional (0.3, SD 0.5; p = 0.0064). There was no difference in rescues between groups (Bonferroni corrected p = 1) with an average of 6.4 (SD 3.8) rescues per session in the iMOVE group and 5.8 (SD 2.7) rescues in the conventional group. Figure 1 displays the average losses of balance by type and group.


[image: Bar chart showing losses of balance in two groups: CONV and iMOVE. iMOVE has higher overall losses, with components of falls, rescues, and saves. CONV shows fewer losses in all categories. Statistical significance is indicated by asterisks.]
FIGURE 1
Stacked column graphs showing average losses of balance by type and group. Total losses of balance were higher in the iMOVE therapy group compared to the conventional therapy (CONV) group (p = 0.0003). More specifically, falls (p < 0.0001) and saves (p = 0.0064) were significantly different between groups. Rescues did not significantly differ between groups (Bonferroni corrected p = 1).




Relationship with gross motor ability and cognition

The average losses of balance per session was not related to baseline gross motor function for either the iMOVE or CONV groups (iMOVE r = 0.27, p = 0.284; CONV r = 0.34, p = 0.158). However, the number of falls was related to higher gross motor function in the iMOVE group (r = 0.51, p = 0.317) but not in the conventional group (r = 0.24, p = 0.326). Rescues were not related to baseline gross motor function in either the iMOVE or conventional therapy group. The frequency of saves was related to baseline motor function for both groups (iMOVE r = 0.78, p = 0.0001; CONV r = 0.55, p = 0.014), with those who were higher functioning at baseline on the GMFM-66 demonstrating higher ability to save their balance than those who were lower functioning at baseline. Total losses of balance were not related to baseline cognition for either group (iMOVE r = 0.11, p = 0.652; CONV r = 0.22, p = 0.360). The frequency of falls was not related to baseline cognitive function in either group (iMOVE r = 0.39, p = 0.109; CONV r = 0.14, p = 0.560). The frequency of saves was related to baseline cognitive function in the iMOVE group (r = 0.63, p = 0.014) with the participants with higher baseline cognitive ability demonstrating more saves during therapy, but not in the conventional group (r = 0.31, p = 0.194). Figure 2 displays the average number of falls and saves per session for each child relative to their baseline gross motor function and cognition. Rescues are not shown because they did not differ between groups and were not related to baseline gross motor or cognitive function.


[image: Scatter plots showing comparisons between two groups: CONV and iMOVE, represented by orange circles and blue squares, respectively. Plot A shows falls versus gross motor function. Plot B shows falls versus cognition on a log scale. Plot C shows saves versus gross motor function. Plot D shows saves versus cognition on a log scale. Overall, iMOVE displays more variability and instances compared to CONV in all plots. Legends indicate statistical significance noted by asterisks.]
FIGURE 2
Scatter plots showing the relations between falls and saves during therapy sessions with gross motor function and cognition. Data points from participants in the conventional therapy group are orange. Data points from participants in the iMOVE therapy group are blue. (A) More falls were related to higher gross motor function in the iMOVE group (r = 0.51, p = 0.317*), but not the conventional therapy group. (B) Frequency of falls was not significantly related to cognition in either group. Log 10 scale used for visualization due to skewing of data toward low end of range. (C) More saves were related to higher gross motor function in both groups (iMOVE r = 0.78, p = 0.0001***; conventional r = 0.55, p = 0.014). (D) More saves were related to higher cognition in the iMOVE group (r = 0.63, p = 0.0049**), but not the conventional therapy group. Log 10 scale used for visualization due to skewing of data toward low end of range.





Discussion

This is the first study to report the frequency and type of motor error during rehabilitation therapy sessions. As intended by the study design, the iMOVE therapy group experienced more overall motor error than the conventional therapy group due to a greater number of falls. While saves were also greater in the iMOVE group, the number of rescues were not different between groups. This suggests that toddlers with CP do experience losses of balance during therapy sessions when they are practicing new skills and supports the hypothesis that toddlers with CP do not traditionally experience falls similar to the levels of their typically developing peers, perhaps because they are unable to generate motor experiences that challenge their motor skill or balance. Importantly, we showed that losses of balance can be manipulated to encourage greater fall experience during therapy.

Not surprisingly, children with CP experience less falls than their typically developing peers. Typically developing toddlers between the ages of 12- and 19-months fall an average of 17 times per hour during free play and early walkers >31 times per hour (14). With a focus on error-based practice, toddlers with CP are able to experience falls at similar rates as their typically developing peers (16.4 times per 30-min session, if maintained would be 32.8 times per hour) (14). However, it is not yet known if an increase in error experience alone will result in better motor outcomes in children with CP.

While error experience appears to be an important component of motor learning and neuromotor rehabilitation, several different strategies to manipulate error during rehabilitation have been proposed for different neurological populations. Error augmentation is an example of one technique that magnifies the degree of error experienced by the patient with the goal of forcing the patient to “fight” the error signal to correct the movement. The exaggerated feedback may make the error more noticeable to the patient, especially small errors amplified as larger ones, which is hypothesized to improve learning (39–41). The relative size of errors for functional gain needs further study because excessively large errors have been reported to prohibit learning (42). For instance, in a study where participants walked on a split belt treadmill and encountered errors, the larger errors that were created due to environmental obstructions prevented the transfer of motor learning off the treadmill to overground walking (15). Additionally, a systematic review of error augmentation during upper limb motor training in adults after stroke showed some evidence that error augmentation is beneficial, but the findings are not conclusive due to imprecise measurements and variable dosing. This underscores the need for more precise ways to measure rehabilitation interventions to quantify the dose of active ingredients being prescribed (39).

In contrast to error augmentation, error reduction strategies, such as errorless learning, have been explored in adults with cognitive impairment (43). In errorless learning paradigms, error is prevented during the practice of a task and may involve breaking the task down to easier steps, modeling the task before allowing practice, and providing immediate correction to decrease motor errors (44). In adults with traumatic brain injury, errorless learning showed better learning in discrete task specific activities (45), but questionable generalization to more complex tasks in changing environments (46). In children with cognitive impairment, reduction of error during learning decreases the cognitive demands associated with learning a new task which may result in improved motor learning, especially for more complex tasks (47, 48). Maxwell and colleagues showed that reducing error during a complex task in children was more beneficial in children with lower motor abilities (49). This could suggest that minimizing error in children with cognitive impairments, similar to some of the participants in our study, may result in improved learning of motor skills for some children. These hypotheses need further study in specific subgroups of children based on age and cognitive function.

The approach we used encouraged a higher frequency of motor error but did not manipulate (augment or minimize) the magnitude of error. Instead, the error experience was caused by the child's own postural instability or movements. This type of approach is most consistent with an “error-based” strategy like the one used by Torres-Oviedo using a split belt treadmill paradigm to measure the influence of error during a walking task on the ability to translate to walking overground (15). They found that natural error produced by one's own body (i.e., error produced by one's own postural instability or movement pattern error) resulted in better motor learning and transfer to adapted walking off the treadmill compared to error that was abrupt and caused by the environment (i.e., large and sudden change in speed of split belt treadmill) (15). And while it is suggested that error during motor skill acquisition is an important component of acquiring the ability to walk (17), the specific type and amount of error that can produce learning and generalizability to more advanced motor skills in children with CP needs further study.

Our results show that type and dose of error can be manipulated during physical therapy sessions in toddlers with CP who have cognitive and motor impairments. But it is important to consider if a child with brain injury is able to adapt motor performance from error experience. Studies have shown that adults who experienced a stroke were able to adapt from error but required more practice before error-free movement occurred (16). When comparing higher error vs. error minimizing strategies in throwing tasks in children with CP, children learned with both approaches with no difference in motor learning between the approaches (50). Additionally, neither error augmentation nor error minimization was superior in improving spatiotemporal gait parameters in adults post stroke when walking on a spilt belt treadmill (51), which raises the question of whether type of error is more important in some applications but not others. Levac and colleagues showed that a gradual increase in error may be best for retention of skills, starting with errorless learning to allow the participants to strengthen their motor skill before having to adapt movement in response to error. This hybrid approach to error that is modified based on the individual's motor and cognitive function is promising and should receive further study (52).

There are many factors to consider how children with CP make gains in their motor skills and it is important to study how these factors interact with one another to improve functional outcomes. For instance, in our study, we found that baseline cognition was related to the number of saves the child was able to produce in the iMOVE group only. It is unknown how cognition may affect the child's ability to learn motor skills, as well as learn from error experience during rehabilitation. Children with higher baseline cognition may perform higher motor skills and be able to adapt their movement in response to error, such as produce a save from a loss of balance. The thresholds for cognitive and motor skills that allow children with CP to practice and learn from error for benefit is unknown. It is also important to consider that the ability to capture true cognitive capabilities in this population is limited because the assessment of cognition requires fine motor control or speech, and often vision and hearing capacity, all of which can be impaired in this population. Additionally, there are other factors besides cognition, such as motivation to move, attention and parent involvement, that may contribute to rehabilitation outcomes but are difficult to precisely measure as well as manipulate.

Our investigation provides an approach that could be a model for application to other populations and other rehabilitation interventions. However, our approach has some limitations. First, error was manipulated and measured during therapy only and not at home or in children's natural environments. Future work should explore ways to manipulate motor error during play outside of therapy to allow more opportunities for adaption and learning of motor skills. In addition, visual video coding to identify error also requires the loss of balance to be large enough to be seen by the coder. This may result in missing the smaller occurrences of error, specifically error that the child is able to self-correct resulting in an undercount of saves. Finally, the amount of time to manually video code therapy sessions, including double coding the videos to ensure reliability, is considerable. The videos of the 30-min therapy sessions were first coded for gross motor activity (34) and then coded for losses of balance. This took hundreds of hours from multiple coders to complete, including the time and effort to train coders to reliability. Automating data capture will be essential to improving efficiency and consistency in quantifying the ingredients of therapy, such as motor error, and is needed for broad scale implementation.

Future research is needed to investigate the relationship between error and rehabilitation response as well as other ingredients of therapy and treatment response—which ingredients are essential to improve motor control and skill acquisition, including the minimum dose and the interaction between the ingredients for optimal change as well as how baseline characteristics and family resources can affect outcomes. Generating evidence-based dose-response trajectories for active therapeutic ingredients will inform the identification of thresholds for therapeutic effect in specific subgroups of patients and allow the prediction of individuals’ likelihood of response to specific treatment regimens.

Precision medicine in rehabilitation is an ambitious but important goal in neurorehabilitation, especially in pediatric therapy. Orthopedic rehabilitation has more readily been able to utilize protocols and clinical practice guidelines that offer precise details of examination, intervention and expected outcomes (53–56). In pediatric rehabilitation, there is a published clinical practice guideline for the physical therapy treatment of congenital muscular torticollis. It provides evidence for specific ingredients of therapy that must be included for a therapeutic effect, such as neck and trunk range of motion and environmental adaptations, as well as specific ways to measure outcomes to assess if therapy is indeed effective (57). While precision rehabilitation is increasing for orthopedic and muscular conditions, application to motor training interventions in infants and toddlers with CP is more difficult.

The ability to precisely time, dose and deliver interventions to improve motor control in young children with CP is important so that providers and families spend their limited time to maximize outcomes, with the ultimate goal being improvement in motor control and function for lifelong improvement in functional independence and motor outcomes. Equally important is identifying ingredients or doses that do not contribute to functional gains so families can focus on other priorities. Future work should focus on quantifying the many variables of intervention, and their automation, to identify precisely how to optimize rehabilitation outcomes with the minimum dosage.
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Introduction: There is a critical need for evidence-based and manualized interventions targeting water competency including swim and water safety skills tailored to meet the needs of children on the autism spectrum, a group that is at a high risk of drowning. This study examined the efficacy of AquOTic—a 10-week occupational therapy-based aquatic intervention to improve water competency among children on the autism spectrum.



Methods: A total of 37 children on the autism spectrum (ages 5–9 years) were randomized to a waitlist control group (n = 24) or AquOTic intervention group (n = 37; 28 males). Blinded assessors administered the standardized Water Orientation Test-Alyn (WOTA) 1 and 2 and a Swim Skills Checklist to all participants pre- and post-AquOTic/control. Repeated measures mixed effects models were used to examine intervention effects.



Results: Average WOTA 1 scores increased significantly after participants received AquOTic (Δ = 5.7; 95% CI: 3.7–7.8; p < 0.001), and average WOTA 2 scores increased significantly after participants received AquOTic (Δ = 9.0; 95% CI: 5.7–12.3; p < 0.001). Average swim skills increased significantly after participants received AquOTic (Δ = 7.6; 95% CI: 5.3, 10.0; p < 0.001).



Conclusion: Our results highlight the efficacy of AquOTic to improve water competency among children on the autism spectrum. Further research is needed to examine long-term effects, dosage requirements to achieve water competency, and the impact of aquatic therapy on other health outcomes.




Clinical Trials Registration: clinicaltrials.gov, NCT05524753.



KEYWORDS
autism, swim skills, AquOTic, water competency, intervention, occupational therapy





1 Introduction

Autism Spectrum Condition (henceforth “autism”) is a neurodevelopmental condition, associated with social, communication, and behavioral differences, with an estimated prevalence of 1 in 36 children (1). Approximately one-third have a co-occurring intellectual disability (1) and up to 87% show motor differences (2). Drowning is a leading cause of unintentional injury death in children on the autism spectrum, accounting for about 90% of deaths in children ages 14 and younger (3). The wide array of sensory, cognitive, and motor challenges associated with autism often limit participation in traditional swim lessons (4). In addition, high rates of wandering and elopement in children on the autism spectrum are a primary contributing factor to fatal drowning (3). Over 70% of lethal elopement cases can be attributed to accidental drowning (5). Moreover, individuals in the autism spectrum are twice as likely to die from drowning than the general population (6). Thus, there is a critical need for therapeutic water competency interventions for children on the autism spectrum. Water competency includes skills of entering the water safely, getting a breath, staying afloat, changing positions, swimming a distance, and then getting out of the water (7). Should a child fall or wander into a pool, lake, or other bodies of water, these are the essential skills for returning to land safely. Additional skills that can increase the chance of drowning survival include knowing what the sound of a whistle means, knowing who lifeguards are and what their job is, recognizing a person in distress, knowing when to call for help, and how to safely provide flotation to others (8). Gaining proficiency in water competency is a protracted process requiring multiple instructional sessions combining learning alongside developmental maturation (8).

Formal swim instruction in young neurotypical children significantly reduces the risk of drowning (9). However, traditional methods of instruction may be of limited benefit for children on the autism spectrum due to differences in learning, sensory, motor, behavioral, and social skills (10). Traditional swim lessons are designed for neurotypical children, taught by one instructor to a group of children using a set curriculum, and instructors have very little information, if any, on how to adapt lessons for children with different learning needs. Parents consistently report that their children on the autism spectrum do not learn to successfully swim in traditional swim lessons (4, 10–12). Despite the risk, swimming has been ranked as one of the most enjoyed activities for children on the autism spectrum (13). Currently, no evidence-based form of water competency and safety exists as the standard of care for these children.

There is growing consensus that swim instruction is effective in improving water competency in children on the autism spectrum (14–16). Synthesis of existing swim interventions for children on the autism spectrum shows that programs offer a multifaceted approach targeting physical, sensory, and social skills. Most autism aquatic intervention programs are tailored to the child's individual needs, incorporating structured, sensory-friendly practices and involving family support. The Halliwick method is a widely used instruction approach, comprised of a 10-point program that uses the hydrostatic and hydrodynamic water properties to progressively teach swim skills from easy to complex movements and is usually taught within group settings (17–19). A recent review (14) showed that the majority of programs (12 out of 19 studies analyzed) were offered 60 min per week, with program durations ranging from 30 to 90 min. The instructor/therapist child supervision ratio was 1:1 in 13 out of the 19 studies analyzed, with most programs being led by occupational or physical therapists or certified swim instructors (14). Duration varied from 4 h to 72 h (over 10 months). Significant improvements in swim skills have been shown at a minimum of 10 h of intervention (22, 26) with continued improvements through 28 h of intervention (24). A recent meta-analysis showed that aquatic programs significantly improved motor and social skills among children on the autism spectrum (14). In addition to gaining life-saving swim skills, increasing swim abilities also leads to better overall health outcomes (4, 15, 17, 19–21).

Despite growing evidence supporting swim interventions in autism, there are critical gaps in the literature and the need for rigorous intervention trials. Recent systematic reviews (14, 15, 21, 22) of swim interventions for children on the autism spectrum showed that more than half contained sample sizes of less than 7 participants, had significant methodological concerns, lacked control groups, did not use standardized measures, or followed a manualized evidence-based intervention. They concluded that high-quality randomized controlled trials (RTCs) of swim and water competency were needed.

In this article, we present results from an RCT of an occupational therapy-based water competency intervention—AquOTic among children on the autism spectrum. AquOTic is a manualized 10-week swim intervention that includes evidence-based techniques such as play-based and child-led activities, task-specific training, positive reinforcement, sensory supports, and a modified Halliwick approach to swim instruction (23). Our prior feasibility study of AquOTic among eight children on the autism spectrum showed that AquOTic was safe with no adverse events and feasible as measured by high intervention fidelity and low attrition (23). AquOTic also had high caregiver satisfaction and child participants showed significant improvements in swim skills. Expanding on our earlier work, in the current study, we examined the efficacy of AquOTic to improve water competency skills among children on the autism spectrum using a single-blind RCT design. We hypothesized that children receiving the AquOTic intervention would show greater improvements in standardized measures of swim skills and water competency criteria compared to children in the waitlist control group.



2 Methods

This study was conducted at The Ohio State University and registered at clinicaltrials.gov (Clinical Trials NCT05524753). Study procedures were approved by the local university's Institutional Review Board. All families provided signed informed consent.


2.1 Participants

Participants (n = 37) aged 5–9 years on the autism spectrum were recruited using a waitlist control design. Participants were randomized using a computer-generated randomization schedule to one of three groups, (1) the AquOTic intervention-first; (2) Waitlist control a; or 3. Waitlist control b. Participants randomized to the AquOTic intervention first (n = 12) began the AquOTic intervention immediately in fall 2022. Participants assigned to the waitlist control groups a and b (n = 25) served as controls for a period of at least 4 months and then were offered the opportunity to participate in the AquOTic intervention. Those assigned to waitlist control a received the AquOTic intervention during Spring 2023 while those in waitlist control b received the AquOTic intervention during Spring/Summer 2023. Children were recruited between July 2022 and September 2022 through the local County Board of Developmental Disabilities, social media posts, word-of-mouth, and flyers distributed throughout the local university. Participants were included if they: (1) had a confirmed diagnosis of autism by a healthcare provider, (2) were between the ages of 5–9 years, (3) had normal or corrected vision and hearing, (4) had intact airways, and (5) no uncontrolled seizures. Children who demonstrated swim proficiency, as defined by the ability to float for 5–10 s or move their body through the water without flotation on parent report, were excluded. As an incentive, families received $25 for each assessment session they attended and the AquOTic intervention sessions were provided at no charge with no additional incentives.



2.2 Procedures

Altogether, 41 participants were assessed for eligibility and 37 participants were randomized to AquOTic intervention or control groups see Figure 1. All participants completed a baseline and post-intervention/control assessment with a blinded trained assessor. Both the child participant and blinded assessor were in the water at the time of the assessments which typically occurred over 30 min.


[image: Flowchart of a study enrollment process. Forty-one participants assessed; four excluded (two due to ability to float, two due to age). Thirty-seven randomized. Control group: twenty-five allocated, one lost to follow-up due to vacation, twenty-four analyzed. Intervention group: thirty-seven allocated, two lost to follow-up for vacation or moving, one discontinued due to injury, thirty-four analyzed.]
FIGURE 1
Consolidated standards for reporting trials (CONSORT) flow diagram.



2.2.1 Aquotic intervention protocol

The AquOTic intervention is an occupational therapy-based water competency and safety intervention tailored for children on the autism spectrum (23). AquOTic provides individualized therapeutic swim intervention in a group setting, with one interventionist assigned to each child throughout the program. There are 6 child-interventionist dyads per session, supervised by a lead therapist. Six dyads represent best practice for therapeutic groups (24). Each child is paired with the same 1:1 interventionist, a current graduate-level therapy student, to develop a therapeutic relationship and provide individualized intervention. The program occurs once a week over 10 weeks in a warm water pool located at a local school for children with developmental disabilities. Each 60-min intervention session follows a structured routine with individualized activities. The interventionists individualize the intervention each week to each child's needs and goals. The baseline land and water-based assessment informs the creation of individualized goals for each child see Table 1.


TABLE 1 Description of AquOTic protocol and session structure.

[image: Schedule for a 60-minute session. Activities: Rules (5 min, Pool deck), Water adjustment (5 min, Edge of pool), Skill introduction (5 min, In the pool), Station rotations (35 min, In the pool), Closing game/song (5 min, In the pool), Caregiver feedback (5 min, Pool deck). Examples include “Use walking feet,” sponges, bubbles, various swimming skills, "Wheels on the bus," and skill emphasis feedback.]

Each session begins with swim safety instruction including concepts such as using walking feet, who a lifeguard is, what to do when you hear a whistle, and where it is safe to jump into the pool. Water adjustment follows with a song for water acclimation, followed by 2–3 min of water adjustment. The group then gathers in the pool to review the swim skill of the week with time to practice with their interventionist. These skills include tolerating splashing, bubbles, submerging, floating, kicking, and scooping arms. The group is then dismissed to stations where each child and interventionist follow a visual schedule to rotate through 6 stations individually to address individual swim skills, which are adjusted to each child's level by the interventionist.

Each station reflects a different swim skill including bubbles/submersion, kicking, floating, jumping, throwing & scooping items, monkey crawl, and one for individual skills. The individual swim skill station allows children and their interventionist to work on additional skills not addressed by the stations that week or have additional practice on a skill with the leading therapist, a licensed occupational therapist most often the first author. Throughout the stations, therapeutic techniques included AquOTic active ingredients such as positive reinforcement, modeling, child-led and play-based activities, shaping motor movements, and repetition. The session ends with the group re-visiting that week's skill together and then singing songs or a group game to end the session.



2.2.2 Training for interventionists

All interventionists underwent comprehensive training in AquOTic intervention fidelity before working with study participants. Training included both land and water-based education, focusing on each of the fidelity active ingredients and their application at each skill station. In addition, all interventionists had completed pediatric coursework, which included detailed information about autism as a diagnosis, grading and adapting, play as a therapeutic technique and other common intervention approaches.

Following each session, interventionists completed a self-report fidelity checklist to ensure adherence to the intervention protocol. Weekly feedback was provided by the lead therapist, and individualized support or additional training was offered as needed to ensure ongoing fidelity and professional development.



2.2.3 Training for blinded assessors

All assessors were trained on the Water Orientation Test-Alyn (WOTA) and the Swim Skills Checklist (SSC). Assessors first read both assessments and reviewed the swim skills in each. The blinded assessors then determined how items could be grouped together across both assessments for efficiency of assessing and scoring. Each assessor completed in-water training where they administered the assessments to one neurotypical child and one child on the autism spectrum. Initial agreement for rating items was 90% or higher with the first author. Video recordings were obtained, and the third author, who was also the primary blinded assessor, verified scores as needed.




2.3 Outcome measures


2.3.1 Water orientation test-Alyn (WOTA)

The WOTA measures a child's level of adjustment and functional ability in water. The evaluation is based on the Halliwick concept and measures mental adjustment, postural balance, and the ability to move and change position in the water (18). The WOTA is a reliable and valid standardized assessment tool for children with physical disabilities, consisting of two versions (WOTA1 and WOTA2). The WOTA1 has 13 specific swim skills scored on a scale of 1–4 with a minimal detectable change score of 4.5 (18). The swim skills assessed include mental adjustment (items 1, 5-–), breath control (items 4, 8), and function (items 2, 3, 9–13). Mental adjustment includes entering the water willingly, splashing, and side/back floating. Breath control includes being able to blow bubbles and submerge under water. Items related to function include standing or sitting in the water, entering/exiting the pool, and holding/moving across a rope. The WOTA2 has 27 specific swim skills scored on a 0–3 scale with a minimal detectable change score of 11.5 (18). The items assessed on the WOTA2 are broken into four sections: (A) mental adjustment (item 1), (B) breath control (items 2–6), and C/D) function (items 7–27). Mental adjustment on the WOTA2 assesses a child's adjustment to the pool environment. Breath control includes skills such as blowing bubbles through the mouth, and the nose, rhythmically moving and breathing, and alternating blowing bubbles from the mouth and nose. Section C on the WOTA2 includes items such as entering/exiting, walking, jumping, back float, prone float, changing orientation while floating, and submerging. Section D of the WOTA2 focuses on skills such as progression on the back, freestyle, backstroke, and breaststroke. Higher scores indicate more proficient swim skills. Across both measures, the inter-rater reliability has been reported as excellent (WOTA1 ICC = .97; WOTA2 ICC = .97) with reliability for individual items as fair to good (kappa >.4) (18). Our prior work (23) and those of others (17, 22) have shown that the WOTA is a sensitive measure to change in water competency among children on the autism spectrum.



2.3.2 Swim skills checklist (SSC)

The SSC was developed by our research team to obtain additional information pertaining to water competency not assessed on the WOTA1 or WOTA2. The SSC was developed based on the guidance of the American Red Cross and other established checklists for water competence (25, 26). The SSC contains 14 items including kicking, treading water, jumping in the pool, and returning to the edge of the pool. Higher scores represent more swim skills.



2.3.3 Daily documentation

Interventionists completed a structured daily documentation after each session noting any adverse events, specific goals for the child, and notes for the day including activities completed, favorite toys, and cues that the child responded to.



2.3.4 Fidelity checklist

Interventionists completed a self-report fidelity checklist after each session noting the implementation of AquOTic active ingredients including visual modeling of techniques by the interventionist, use of verbal or other praise for attempts at skills, using a preferred toy or song to encourage the swimming motions, and repetition of skills and activities to reinforce motor learning. Please see Supplementary Material for the checklist and associated active ingredients.




2.4 Power analysis

Based on a recent meta-analysis of behavioral aquatic therapy for children on the autism spectrum (6–12 years) (20), and our pilot feasibility study with AquOTic (23), the effect size for pre- to post-therapy change in WOTA scores was large (Cohen's D = 1.65) (27). To determine the required sample size for our study, we performed a power analysis using G*Power software (version 3.1.9.7) for an F-test ANOVA repeated measures within-between factors analysis. The input parameters for G*Power were as follows: Effect size (f): 0.4; α error probability: 0.05, Power: 0.95, Number of groups: 2; number of measurements: 2. The minimal sample required was 24 participants per group. Thus, our sample of 37 participants (25 controls and 37 intervention) was sufficiently powered to achieve statistical significance.



2.5 Statistical analysis

Frequencies and percentages were used to describe the categorical characteristics of the sample, and medians and interquartile ranges (IQR) were used to describe continuous measures. Sample demographics and baseline scores were stratified by those who received the AquOTic intervention first and those who were randomized to the control group first. Average WOTA1, WOTA2, and SSC scores were provided at each time point using a repeated measures mixed effects model, where the time points were assumed to follow a first-order autoregressive [i.e., AR(1)] correlation structure. For those who had pre- and post-AquOTic intervention time points, the Cohen's D for overall scores and individual swim skills was calculated to determine the mean standardized difference before and after receiving the intervention. Based on the American Red Cross definition of water competency, we identified six skills (Entry, Total Submersion, Recovery to surface with 1 min of floating/treading, Change in body orientation, Propulsion for 25 yards, and Exit Water) from the WOTA and SCC to examine change in water competency. Significance was assessed at the 0.05 level, and Cohen's D greater than 0.80 were considered large effect sizes. All analyses were performed using SAS v9.4.




3 Results


3.1 Participant demographics

Among the 37 children who participated in this study, 12 were assigned to the AquOTic intervention first, and 25 were assigned to waitlist control groups (Table 2). The median age was six for both groups (AquOTic IQR: 5–7; Control IQR: 6–7), and the proportion of males was similar in each (AquOTic: 75.0%, n = 9; Control: 76.0%, n = 19). The waitlist control group had 6% more children who identified as non-white, and the intervention group had 12.7% more children who identified as Hispanic/Latino compared to the waitlist controls. The median number of sessions attended was nine for both groups (AquOTic IQR: 9–10; Control IQR: 8–10). Based on the interventionist fidelity checklist, all key ingredients were present >90% of the time across all sessions. No adverse events or injuries were reported among the children or the interventionists during AquOTic sessions.


TABLE 2 Sample demographics and scores on the water orientation test-Alyn (WOTA) 1 and 2, swim skills checklist, and attendance (N = 37).

[image: Table comparing demographics, WOTA scores, and swim skills between AquOTic first group (n=12) and waitlist control (n=25). Both groups have a median age of 6 years. Majority are male: 75% in AquOTic, 76% in control. Racial distribution varies, with no Asian participants in AquOTic. WOTA 1 scores are similar: 36 for AquOTic, 37 for control. Swim skills checklist shows comparable performance in both groups, but a slightly higher combined swim skills score in AquOTic. Note: 2 out of 25 waitlist controls did not attend AquOTic intervention.]



3.2 Change in WOTA 1 and 2 with AquOTic

Average WOTA1 scores increased significantly after participants received AquOTic (Δ = 5.7; 95% CI: 3.7–7.8; p < 0.001), and average WOTA2 scores increased significantly after participants received AquOTic (Δ = 9.0; 95% CI: 5.7–12.3; p < 0.001; See Table 3). While WOTA1 and 2 scores increased from the participant's first baseline assessment (control time 1) to post-intervention, scores only increased significantly after participants received AquOTic. Moderate-to-large mean standardized differences in scores were also observed after participants received AquOTic (WOTA1 Cohen's D = 0.87; WOTA2 Cohen's D = 0.63).


TABLE 3 Effect sizes and average WOTA and swim skills over time with corresponding 95% Cis.

[image: Table showing average scores and confidence intervals for WOTA 1, WOTA 2, and Swim Skills Checklist across different time points: Control time 1, Control time 2, Pre-AquOTic, and Post-AquOTic. Post-pre AquOTic change effect sizes are 0.87 for WOTA 1, 0.63 for WOTA 2, and 0.86 for the Swim Skills Checklist. A note explains effect size as mean standardized differences in scores post versus pre-AquOTic intervention.]



3.3 Change in swim skills with AquOTic

Average swim skills based on the Swim Skills Checklist increased significantly after participants received AquOTic (Δ = 7.6; 95% CI: 5.3, 10.0; p < 0.001). While swim skills increased consistently over time, overall swim skill scores only increased significantly after participants received AquOTic. In addition, the effect size for swim skill score post- to pre-AquOTic intervention was large (Cohen's D = 0.86). Large effect sizes were observed in the following individual swim skills: touches water (Cohen's D = 0.93), breath control (Cohen's D = 0.90), visual location, and retrieval of item (Cohen's D = 1.08; Table 4). That is, the average child after AquOTic scored approximately 1 standard deviation above the average child before AquOTic (see Figures 2, 3).


TABLE 4 Mean standardized differences (Cohen's D) of individual swim skills post vs. pre-AquOTic intervention; bolded Cohen's D are considered to be large (>0.80) effect sizes.

[image: Table displaying swim skills checklist items and their corresponding Cohen's D values, indicating effect sizes. Notable large values include: Visual location and retrieval of item (1.08), Touches water (0.93), and Breath control (0.90). Bold values are considered to be large effect sizes.]



3.4 Change in water competency with AquOTic

Using the participant's most recent baseline assessment prior to the intervention and their measurements post-AquOTic, children improved in most skill components of water competency (Table 5). Largest percent changes in water competency included total submersion (+40% improvement) and exiting the water (+22.9% improvement). Propulsion for 25 yards was the only category that did not show improvement (+0% change).


TABLE 5 Change in water competency from most recent baseline assessment to post-AquOTic intervention.

[image: A table comparing swim skills at baseline and post-aquOTic for two groups. Skills include entry, total submersion, recovery, orientation change, propulsion, and exiting water. Notable improvements post-aquOTic include entry (88.2% vs. 75.7%), total submersion (64.7% vs. 24.3%), and exiting water (82.4% vs. 59.5%). No change in propulsion. A footnote indicates certain items are from WOTA 2, while others are from a swim skills checklist.]


[image: Line graph comparing two conditions, WOTA 1 and WOTA 2, across four time points: Control T1, Control T2, Pre-AquOTic, and Post-AquOTic. The y-axis represents average WOTA scores with 95% confidence intervals, ranging from 20 to 45. WOTA 1, shown in red, increases steadily, while WOTA 2, in blue, shows a more marked increase, especially after Pre-AquOTic. Sample sizes for each group are noted below the x-axis.]
FIGURE 2
Average WOTA 1 and 2 over time with corresponding 95% CIs.



[image: Line graph showing average swim scores with 95% confidence intervals across four groups: Control T1, Control T2, Pre-AquOTic, and Post-AquOTic. Scores increase from Control T1 to Post-AquOTic, with sample sizes 25, 24, 24, and 34 respectively.]
FIGURE 3
Average swim score based on the Swim Skills Checklist over time with corresponding 95% CIs.





4 Discussion

This is one of the first single-blind randomized controlled trials of a manualized water competency and safety intervention among children on the autism spectrum. Our results show that AquOTic results in significant improvements in elements of water competency and safety among children on the autism spectrum as measured by the standardized WOTA 1 and 2 measures. In addition, children receiving AquOTic showed substantial improvements in water competency skills as defined by the American Red Cross. Our findings align with recent reviews of swim intervention programs for children on the autism spectrum that show significant improvements in swim skills and water safety after at least 10 h of intervention (15, 17, 21). Our findings expand on our prior feasibility study with AquOTic which highlighted the safety, feasibility, and acceptability of the intervention (23). Noteworthy, trained assessors who were unfamiliar with the child were blind to group assignment and pre- vs. post-status, reducing bias.

According to the World Health Organization, basic swim skill intervention could prevent over 238,000 fatal and 549,000 nonfatal drowning cases worldwide from 2020 to 2050 (28). By investing in prevention, more than $400 billion in potential economic losses due to drowning can be avoided (28). Each dollar invested into drowning prevention can yield returns of up to nine times, promoting public health and well-being (28). Due to the disproportionate prevalence of drowning among children with autism, targeted swim skill intervention for this population is critical. Families of children on the autism spectrum have few resources for adaptive swim programs that are appropriate for their child and often must resort to private lessons, which may or may not include an instructor familiar with the needs of their child. AquOTic is a novel application of occupational therapy practice to water competency training for children on the autism spectrum, making it scalable and widely acceptable. Occupational therapy is one of the most requested and highly utilized interventions for autism (29). Occupational therapy practitioners should consider water competency skill development in their routine care, to mitigate drowning risks. The AquOTic program provides an innovative approach to serving families of children on the autism spectrum by offering a specialized aquatic program that could be implemented by widely available occupational therapy practitioners in their local communities.

A common concern across reviews synthesizing aquatic interventions among children on the autism spectrum and other neurodevelopmental conditions is the lack of consistent standardized outcome measures across studies. The variability in outcome measures used across studies hampers the ability to compare intervention types and consistently examine the effects of intervention intensity and frequency. The results from our study show that the WOTA 1 and 2 are sensitive to change and feasible to use among children on the autism spectrum. However, the WOTA 1 and 2 do not include all critical water competency skills as defined by the American Red Cross (7). Thus, there is a need for better standardized water competency measures that are tailored for children with neurodevelopmental conditions. Prior studies using the WOTA 1 and 2 have had sample sizes less than seven and did not use control groups (15, 22). The results from our study show that AquOTic effect sizes with WOTA 1 and 2 are large (Cohen's D WOTA 1 = .87; WOTA 2 = .63). A recent systematic review and meta-analysis of aquatic therapy among children with neurodevelopmental conditions used the Humphries’ Assessment of Aquatic Readiness (HAAR) checklist across 4 trials (20). The review showed that aquatic therapy improved mental adjustment, rotation, balance and control, and independent movement in water compared to land-based exercises with similar effect sizes as the current study (20). In the current study, children demonstrated the highest gains in skills related to mental adjustment, breath control, and visual location and retrieval of items. These findings are also consistent with prior occupational therapy-based swim interventions in children on the autism spectrum, where 8 h of intervention resulted in the highest gains in breath control, propulsion, and changing positions while swimming (30).

Gaining proficiency in water competency is a protracted process requiring multiple instructional sessions combining learning alongside developmental maturation (31). Our results and those from a systematic review of 23 studies of swim programs for individuals on the autism spectrum (15) indicate that at least 8–10 h of therapeutic swim instruction is required to teach children foundational swim and water safety skills. While participants in our study showed substantial improvement in water competency skills, they did not meet criteria for water competency. Although there is no defined cut-off for water competency on the WOTA2, the maximum score is 81. In this study, the mean post-AquOTic total WOTA2 score was 36.8 points, which clearly shows that children have the potential to continue learning water competency skills and highlights the need for higher doses of AquOTic. Current studies of swim interventions in autism show that children demonstrate the highest gains in water competency with 24–28 h of intervention (23, 30, 32, 33). Exposure to positive aquatic experiences and prior swim lessons has been associated with greater swim skills among children on the autism spectrum (34, 35). Thus, it is critical for families to have access to therapeutic aquatic intervention programs that support positive aquatic exposure. Future research is needed to examine the ideal dosage (number of swim intervention hours) to achieve water competency for children on the autism spectrum.

There is a need for scalable and community-based aquatic programs tailored to meet the needs of children on the autism spectrum and other neurodevelopmental conditions. AquOTic is a personnel-intensive program given the structure of 1:1 child: interventionist pairing along with a lead supervising therapist. In the current study, all interventionists were graduate-level occupational or physical therapy students. The advanced training among the study interventionists potentially contributed to the high intervention fidelity. Prior studies also note that skilled clinical therapists providing the intervention result in children on the autism spectrum gaining greater skills (30, 33). Future research should investigate optimal implementation strategies such as involving individuals with high-school or undergraduate-level training and developing water competency/safety instruction training for non-professional individuals to ensure scalability in the community.


4.1 Study limitations and important future directions

Although this study had several strengths, including a racially diverse sample, standardized measures with blind assessors, high fidelity, and low attrition, there remain some limitations. This study lacked an active control group of a traditional community-based swim intervention to use as a comparison with AquOTic. For ethical reasons, children in the waitlist control group were not asked to restrict exposure to other aquatic activities during their time as controls. Our study findings clearly show that children in the waitlist control group with multiple assessments showed significant gains in water competency only after AquOTic intervention. Moreover, 40% of caregivers of children on the autism spectrum (n = 15) reported being unable to find private or group swim lessons that met their child's unique needs. Additionally, 14% (n = 5) had to discontinue lessons due to safety concerns or requests from the facility. These findings highlight significant gaps in the availability and suitability of traditional swim lessons for children on the autism spectrum. There is a need for long-term follow-up evaluations to examine the retention and consistency of swim skills over time. The primary outcome measure in this study was swim skills and water safety as measured by the WOTA 1 and 2 and the Swim Skills Checklist. Future research with large samples should examine the impact of swim interventions on drowning risks. Given the growing evidence highlighting the impact of aquatic therapy on other health outcomes for children on the autism spectrum (20, 22), future research should include outcome measures targeting cognitive, motor, sensory, play, and social skills. Aquatic exercise for children on the autism spectrum has also been shown to improve inflammatory serum levels and sleep patterns (36). Future research should also focus on caregiver-centered goals including caregiver stress around aquatic exposure and quality of life. This study's participants included 40% minimally verbal children (n = 14) based on parent-report and therapist-observation. However, verbal skills, IQ, and level of autism severity were not assessed using standardized measures. The results of this study highlight that aquatic intervention is feasible and beneficial for children across the spectrum. Minimally verbal children are often excluded from research and there is a critical need to ensure that children across the autism spectrum are represented in intervention research.




5 Conclusions

Overall, the present single-blinded RCT design of AquOTic intervention provides strong support that 10 weeks of an occupational therapy-based aquatic intervention significantly improves water competency including swim skills and water safety among children on the autism spectrum. The highest gains were observed in basic swim skills such as mental adjustment, breath control, and visual retrieval of items in the water. These findings highlight the need for long-term aquatic interventions for children on the autism spectrum. Future research should examine the ideal dosage to achieve water competency and the impact of aquatic intervention on other health outcomes.
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Introduction: Pediatric therapists in school-based practice can incorporate exercise promotion through adaptive cycling for children with disabilities who experience high levels of sedentary behavior and low levels of moderate to vigorous activity.



Methods: The impacts of an adaptive cycling pilot program for children with disabilities were investigated through a community-based participatory study. During an eight-week intervention, students had a goal of riding adaptive cycles three times a week for twenty minutes. Using a pre-and post-test design, primary outcomes included individualized goal attainment scaling (GAS) linked to students' individualized education plans (IEP) and the 6-minute cycling test (6MCT) measuring cycling distance. Secondary outcomes included cycling duration over time, assistance levels for pedaling and steering, a “happiness scale”, and overall program satisfaction of parents and teachers. To prevent harm, pain behavior was examined using the Faces, Legs, Activity, Cry, Consolability (FLACC).



Results: Cycling had a positive impact on students with disabilities. No increased levels of pain behavior or adverse events were reported. Individual GAS T-score means significantly improved to 0.24 and program effectiveness achieved a T-score value of 50.53. The mean distance of 6MCT increased from 728.95 feet to 880.5 feet. Secondary measures also documented significant improvement. Parents and teachers reported high overall satisfaction.



Discussion: Adaptive cycling can incorporate needed physical activity into the school day and also support the achievement of IEP goals, physical activity capacity, and emotional happiness. Scaling adaptive cycling programs for children with disabilities should be considered an excellent opportunity for educational growth, health, and well-being.
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adaptive cycling, school-based rehabilitation, goal attainment scaling, developmental delay, autism, physical activity, pediatric rehabilitation, community-based participatory research





1 Introduction

The recommended dosage of physical activity (PA) for school-aged children is 60 minutes a day as recommended by Healthy People 2030', which is a United States Department of Health and Human Services program that sets national objectives for improving health and well-being of its people (1, 2). The current proportion of children in the United States achieving this level of daily PA is low at 23.6% with an existing Healthy People 2030 objective seeking to increase the proportion of children meeting the 60 minute dosage (3). It is important to recognize that PA levels of children with disabilities trend even lower as they demonstrate high levels of sedentary behavior and low levels of moderate to vigorous PA. Thus, identifying realistic PA opportunities for this often under-represented population is essential (4). Since 1973, United States' federal regulations have supported the inclusion and participation of children with disabilities in public school programming, including physical education (5). Since children regularly attend school, improving PA opportunities within schools is reasonable.

Adaptive cycling is one such physical activity that has been incorporated into the school day (6), as well as clinical and home environments (7, 8). Existing evidence on adaptive cycling for children with disabilities is limited with most studies having been conducted in clinical environments rather than in natural childhood settings such as home or school. Preliminary evidence suggests that adaptive cycling may produce benefits including improved muscle strength, gross motor function, and achievement of individualized goals (7, 8). In the school setting, adaptive cycling has resulted in individualized goal achievement in a small sample of children with cerebral palsy (6). Strategies to initiate, sustain, and extend adaptive cycling opportunities in children with disabilities are needed although ideal training dosages have yet to be determined (8, 9).

To continue investigating the possible benefits of adaptive cycling programs in schools, this study used a community based participatory research (CBPR) model which allowed researchers to engage in an equal partnership with community entities. This ensured that the “interventions created responded to the community's needs” (10). The school-based environment provides an avenue for implementing CBPR studies in child and youth populations (11–17) with findings focusing on physical or social health, and some with a specific focus on physical activity (11, 12). Within existing evidence, one CBPR study focused on cycling, although not adaptive cycling, in a school environment (17).

This CBPR study aimed to investigate the impact of a school-based adaptive cycling program entitled “Pedals Possible” on children with disabilities within the Lancaster County School District located in South Carolina. It is hypothesized that participation in 20 minutes of physical activity over three days a week will improve educational goals, physical capacity, and emotional well-being in children with disabilities in a public school setting.



2 Methods


2.1 Human subject statement

This study involving human participant's was reviewed and approved by Lancaster County School District (LCSD). The Medical University of South Carolina (MUSC) had access only to de-identified data, so; Institutional Review Board approval was not necessary. (See Supplementary Material 1.5 for certification tool.)



2.2 Study design

In this CBPR model cohort study, a pre- and post-test design was implemented and measured the primary outcomes of individualized educational plan goals using goal attainment scaling methodology and cycling distance captured by the six-minute cycling test. A repeated measures design measured pain behaviors, happiness, assistance level and daily cycling duration (physical activity capacity). Program satisfaction, student social/school engagement, and physical activity survey data reported by parents and teachers were collected following completion of the 8-week intervention. Roles of CBPR partners and outcome measures are further described in upcoming sections of this paper.


2.2.1 Community-based participatory partners

The four community partners who collaborated on this study included LCSD, Lancaster County Breakfast Rotary Club, Heather's Ride and MUSC College of Health Professions. The Lancaster County Breakfast Rotary Club established the Pedals Possible program which supported funding and classroom placement of the adaptive cycles and safety equipment. Heather's Ride (https://heathersride.org/), a non-profit organization based out of Greenville, South Carolina, selected and procured the adaptive cycling and safety equipment. Researchers from MUSC provided study funding, coordination, methodological support, data analyses and dissemination.



2.2.2 Site and participants

Following recommendations of the school-based partner, inclusion criteria amongst the CBPR team were set as (1) any child within LCSD special education programming, (2) between the ages of 3 and 21 years, (3) and considered medically stable. Established exclusion criteria prevented a child's participation when they demonstrated (1) contraindications to increased physical activity (i.e., progressive neuromuscular disease), (2) elevated pain levels before preassessment, and (3) extreme behaviors that may cause harm. As agreed upon by the CBPR team, school administrators chose the special education classrooms from which to recruit children for study participation. LCSD elementary classrooms chosen to participate ranged from preschool to an equivalent of 5th grade. Parents and guardians of children within these classrooms were identified and approached by teachers or therapists for study participation. Twenty-one children with disabilities between the ages of three and ten years participated. See Table 1 for demographics.


TABLE 1 Demographics.

[image: Table showing demographics of students enrolled and those who completed a program. Categories include age, gender, race, ambulatory status, and diagnoses. For age, most enrollees were three to four years old, with similar trends in other categories. Most participants were male and White/Caucasian. The majority were independent ambulators. Common diagnoses included autism and developmental delay.]



2.2.3 Cycling equipment

Discovery Series adaptive cycles from Freedom Concepts (i.e., DCP mini, DCP12, and DCP16) (https://freedomconcepts.com/our-products/discovery-series/dcp-12/) were used in this study. The features and sizes of the Discovery cycle met the heterogeneous needs of the participating children with disabilities. Standard features of the Discovery Series included: adjustable seat height, lockable hoop handlebars, low back seating system for postural support, large pedals/footplates with straps, direct drive gearing for improved propulsion power, and seatbelts (i.e., lap belt and chest belt) to promote safety. To address safety concerns, cycles were equipped with caregiver controls and helmets were available in a variety of sizes. An example of the cycle can be found in Figure 1A.


[image: (A) A child is seated on a blue adaptive tricycle with three wheels, wearing a harness for support. An adult stands nearby assisting. (B) A diagram with orange triangles forming an oval track with dimensions labeled: thirty feet long and five feet wide.]
FIGURE 1
(A) Adaptive cycles (18). (B) Six minute cycling test course. Image of the cycle: Reprinted with permission from Freedom Concepts Inc, https://freedomconcepts.com/our-products/discovery-series/dcp-16/ (Accessed Jun 17, 2024), © Copyright Freedom Concept.





2.3 Intervention overview

Students participated in adaptive cycling for eight weeks with a goal of completing three, twenty- minute sessions each week for a total of twenty-four sessions. At times, school holidays and student absences interrupted the eight weeks of intervention. In these cases, up to two additional weeks were allotted to optimize the student's potential to complete twenty-four sessions. These sessions were completed during class, recess, or school-based therapy sessions. If a student was unable to cycle for twenty minutes, he/she was allowed to participate with the goal of attempting to reach the twenty minutes duration at some point across or by the end of the eight weeks. With training and guidance from the MUSC study coordinators, LCSD teachers, classroom assistants, or school-based physical or occupational therapists guided each cycling intervention. These individuals were familiar with each child that they assisted during the eight weeks of cycling. Classrooms were able to support one to two students' participation at a time and enrollment into the program occurred on a rolling basis across the school year.

The school-based physical therapists (PT) played an important and additional study role. After completing two on-site trainings with the MUSC study coordinators and researchers, they collected pre- and post-assessment data for the primary outcomes, served as communicators and liaisons between MUSC researchers, LCSD administrators, teachers and other school-based personnel, and maintained adaptive cycling equipment. Across the length of the study, LCSD school-based PTs met virtually twice a month with MUSC study coordinators and researchers to collaborate and/or problem solve any study matters and challenges related to procedures, data collection, and equipment.



2.4 Outcome measures

As recommended with CBPR, study tools needed to fit the characteristics of the community, which in this case was a heterogenic sample of students with disabilities enrolled in special education classrooms. Special education goals commonly address and measure gross motor, fine motor, selfcare, communication, behaviors, and social functioning domains. As such primary outcomes were reflective of these domains. School administrators, teachers, school-based PTs, stakeholders from Pedal Possible, Heather's Ride, and MUSC researchers reached consensus on chosen outcome measures, which helped ensure study compliance.


2.4.1 Primary outcomes

The primary outcomes were collected before and after the eight-week cycling intervention.

Goal Attainment Scaling (GAS) was used to objectively measure individual student progress towards Individualized Educational Plan (IEP) goals. Effective use of GAS has been demonstrated in the school setting for children with disabilities (19, 20) and more specifically in a school-based adaptive cycling intervention for children with cerebral palsy (6). Based on the bell-shaped curve, GAS uses a five-point scale with raw scores ranging from −2 to +2 (−2, −1, 0, 1, 2) to predict expected goal outcomes and score progress. The “−2” value serves a baseline that represents current level of performance. The “0” value is defined as the expected level of performance. Goal Attainment Scaling methodology requires that only one variable within the goal is measured and increments between “−2” and “+2” must be equivalent. Examples of GAS are available in the Supplemental Material, as part of the Pre- and Post-intervention measures in Section 1.3. When used to measure change and score GASs, in this case at the end of eight-weeks, raw scores from one or more GASs are used to calculate T-scores. These T-scores can be reflective of individual or collective improvement including overall program effectiveness (21, 22). For this study, T-scores were calculated for each participants' one to three individual goals and the broader program effectiveness which included all study related GASs. Reliability of GAS is strongest when an interprofessional team is in place to establish GASs (23, 24). Thus, teachers, school-based PTs, and MUSC study coordinators and researchers worked collaboratively and consistently each week to establish, measure, and score each participant's one to three unique, individualized GASs.

The Six-minute cycling test (6MCT) was conceptualized from the six-minute walk test (6MWT) which measures physical capacity (25, 26). The 6MCT was standardized with a “cone course” (see Figure 1B) that was placed in a gym or lobby space of each school. Students were timed as they completed laps of the course and total distance in feet was measured using a Zozen collapsible measuring wheel. School PTs were trained by MUSC study coordinators and administered all 6MCT.



2.4.2 Secondary outcome measures

Apart from the satisfaction survey, the secondary outcome measures were collected each session.

The Faces, Legs, Activity, Cry, Consolability (FLACC) behavior tool (27) is a validated pain behavior scale used for children who are non-verbal (28, 29). The primary reason for the inclusion of the FLACC was to mitigate harm by establishing a stopping and/or no-go criteria before and during the cycling intervention. Trained in the FLACC by school-based PTs, teachers, teaching assistants, or therapists who guided the cycling intervention for the day scored the FLACC before, during and after each session. Children did not participate or stopped participating in cycling if FLACC scores reached a value greater than eight.

Assistance level provided to each participant by teachers, teaching assistants or therapists during cycling session was collected for both pedaling and steering of the adaptive cycle. Levels of assistance were defined by the following: no assistance, minimum assistance of 25% or less support, moderate assistance of between 25% and 75% support, and maximum assistance of 75% or more support.

Session duration and cycling duration were collected. The overall session duration involved all tasks related to the cycling session such as transferring on and off the cycle, adjusting the cycle, allowing participants to become familiar with the cycle, donning/doffing safety equipment (i.e., helmet), and riding the cycle itself. The actual time spent cycling during session was defined as the cycling duration. School staff facilitating the cycling session documented the session and cycling durations. Session and cycling durations provided an indication of each participants' physical capacity.

A Happiness Scale was used to understand emotional changes that occurred across the adaptive cycling session. Before and after each cycling session, the Happiness Scale was visually presented to each participant, and he/she pointed to or circled the facial expression that most closely corresponded to their feelings. If the student was unable to self-report, the teacher, teaching assistant or therapist guiding the day's session, served as the proxy and scored the happiness scale. An example of the happiness scale is included in Supplementary Material 1.4 “Daily Flowsheet”.

A program specific, Likert scale surveys was created to understand program satisfaction, family or classroom social engagement, and changes in physical activity. With input from CBPR members, survey questions were created by study coordinators. Surveys were distributed to classroom teachers and parents of participating children following completion of the program. See Supplementary Materials 1.1–1.2 for the surveys.




2.5 Procedures

Lancaster County School District administration chose the special education classrooms that participated in the program. Administration from the district obtained parental informed consent and participant assent that allowed children to enroll in the study. Teachers and the three school-based PTs selected the students from each classroom to participate.

Primary outcome measures were collected by the school-based PTs within two weeks before the start and two weeks after the finish of the eight week intervention.

The secondary, repeated-measure outcomes were collected before and after each participant's cycling session. This data was recorded by a teacher, teaching assistant, or school-based therapists guiding the session.

Surveys were provided and collected from teachers and parents at the end of the study programming.


2.5.1 Data collection

All primary and secondary outcomes were collected on paper using two study specific flowsheets, a pre- and post-intervention flowsheet and a pre- and post-session flowsheet. These were created by the MUSC coordinators and can be found in Supplementary Materials sections 1.3, 1.4. Data on the flowsheet was considered de-identified. The MUSC study coordinators provided each school-based PT with a hardcopy pre- and post-intervention flowsheet to collect primary outcomes. For secondary outcomes, each classroom was provided a binder with hardcopy pre- and post-session flowsheets. Throughout the length of the study, these de-identified flowsheets were scanned by the school-based PTs and securely sent to the research team by email. The research coordinator reviewed all flowsheets to ensure procedures were followed and to clarify discrepancies. Study coordinators transferred this data to a database on a MUSC secure server. At the end of each school semester, binders were returned and stored at MUSC.




2.6 Statistical analyses

Demographic and outcome data is summarized in Tables 1, 2. The primary research question was to assess how participation in the adaptive cycling pilot program impacts student's individualized goals (i.e., GASs) and the physical capacity (i.e., 6MCT). For each of these outcomes a paired t-test compared the pre- and post-test values, where the null hypothesis stated that the mean difference in the outcome from the pre- to post-visit was 0. Each secondary outcome measure (e.g., happiness scale, assistance level, FLACC, and surveys) was modeled using a multivariable mixed model regression framework to assess whether the time spent in the cycling intervention demonstrated improvement from the initial visit across the eight weeks of study participation. For binary outcomes, a binomial distribution with a logit link was assumed. For ordinal variables, proportional odds model was estimated. For, continuous outcomes, a multivariable linear mixed model was implemented, and for ordinal outcomes, a two-way repeated measures ordinal regression model was used.


TABLE 2 Secondary outcomes.

[image: Table comparing the first and last sessions on pedal and steering assistance levels, cycling duration, and overall impressions. Pedal assistance shows increased "No Assistance" and decreased "Maximum Assistance" in the last session. Steering assistance reveals a decrease in "Maximum Assistance" and an increase in "No Assistance". Cycling duration increases slightly. Overall impressions of the program, school engagement, family/community engagement, and physical activity tolerance are mostly positive, with high "Agree" and "Strongly Agree" responses. Footnotes indicate responses from parents, caregivers, and teachers.]

For each of the regression models, normality assumptions were assessed and confirmed by visualizing plots of residuals. P-values <0.05 were considered statistically significant. All statistical analyses were performed using R version 4.1.3. (v4.1.2; R Core Team 2021).




3 Results


3.1 Baseline demographic and clinical characteristics

A summary of participant's recruitment through enrollment is depicted in Supplementary Material 2.1. Reasons for drop out included: three due to classroom staffing shortage, one due to a social circumstance in the home, one due to absences, and one due to withdrawal from school. The baseline demographic and clinical characteristics of the remaining 21 participants in the study cohort are summarized in Table 1. Of the 21 participants, nine (42.9%) were diagnosed with developmental delay, nine (42.9%) were diagnosed with autism, and three (14.3%) were diagnosed with a genetic disorder. The goal was for each student participant to reach 24 intervention sessions over eight weeks with a 2 week extension if needed, the overall session attendance rate was 72.6% of those 24 sessions.



3.2 Primary outcomes


3.2.1 Goal attainment scalings and six-minute cycling test

Goal attainment scalings were categorized across four educational-related categories: attention at 21%, communication at 15%, social function at 15%, and gross motor/physical activity at 49%.

The pre-test GAS raw score mean value was −2 with a T-score value of 27.25. The mean raw score post-test achieved 0.24 with corresponding T-score of 52.18. Examination of the paired pre- and post-GAS scores using a paired t-test yielded statistically significant difference (p < 0.05). Given initial GAS was at the minimum possible value of −2 for each participant, the statistically significant difference indicated that participation in the adaptive cycling program was associated with improved progress on students' IEP goals. This is depicted in Figure 2. The program effectiveness score which is reflective of all student's goal achievement was 50.53.
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FIGURE 2
(A) Goal attainment scaling T-scores at post-assessment. (B) 6-minutes cycling test distances at pre and post testing.


The 6MCT pre-test mean was 728.95 feet with a post-test value of 880.5 feet, resulting in a mean difference of 151.55 feet. (See Figure 2). The paired t-test indicated there was not sufficient evidence to suggest rejecting the null hypothesis that a difference between the pre- and post-visits existed (p = 0.051). However, given the clinically meaningful increase in the distance cycled as well as the near statistically significant p-value, we find that the utilization of the adaptive cycling program obtained one of the desired results of increasing physical activity levels in participing children with disabilities. (See Figure 2).




3.3 Secondary outcomes

Mean and standard deviation from secondary measures can be found in Table 2.


3.3.1 Face legs activity cry consolability scale

The FLACC was used across the 8-weeks of cycling sessions to mitigate harm. Only one participant was not able to participate in a cycling session because of a FLACC score over the established threshold of 8. Within the model, FLACC scores obtained at the end of each individual session were estimated to be approximately 0.886 points lower than scores obtained prior to an individual session. This provides an indication that adaptive cycling did not increase pain and demonstrates that no harm occurred.



3.3.2 Assistance level scale

The two-way repeated measures ordinal regression model examining the assistance level scale (pedaling and steering ability) as a function of repeated visits and found a statistically significant difference in pedal assistance across the 8-week duration of the study (p < 0.05). The degree of pedal assistance required for participants significantly decreased across the duration of intervention. There was not a statistically significance between visits and steering assistance.



3.3.3 Happiness scale

A linear mixed regression model examined the happiness score as a function of when the score was measured at each individual session (at the start or at the end) and the interaction between when the score was measured at each individual session and visits. Happiness scores obtained after each individual session relative to being obtained at the start of each individual session were statistically significant (p < 0.05). Within the model, happiness scores obtained at the end of each individual session were estimated to be approximately 0.7 points higher than scores obtained prior to an individual session.



3.3.4 Cycling duration

Cycling duration was recorded at each session to provide an indication on change in physical capacity of children with disabilities. Sessions varied in length of time; however sustained cycling was documented on average for 83.6% of a given session. A linear mixed-effects model accounting for repeated measures was used to examine whether there was an association between students' session and their cycling duration. Assuming a random subject effect of 0, cycling duration is expected to increase by approximately 0.0092 minutes (5.5 s) for each session a child attends. For a child that attends all twenty-four sessions, cycling duration was expected to increase by approximately 2.2 minutes (132 s) from prior to their 1st session to their 24th session. With a p-value of 0.012, this was a statistically significant result (p < 0.05).



3.3.5 Surveys

Overall impressions (e.g., satisfaction, student social/school engagement, and physical activity) of the adaptive cycling program for children with disabilities, as assessed by teacher and parental surveys range from 0 (strongly disagree) to 5 (strongly agree). With regards to the overall impression of the adaptive cycling program, 96.8% of parents/caregivers and teachers indicated a positive agreement with 61.2% having a strong positive agreement. Additionally, 87.1% of parents/caregivers and teachers provided positive agreement that the participants' physical activity capacity improved, 84.2% of teachers had a positive agreement that the program improved school engagement, and 91.7% of parents/caregivers indicated a positive agreement that the program had a positive impact on the family and community engagement. In addition to positive findings from the surveys, qualitative statements further substantiated findings. One teacher commented that “Overall, (the child) is making huge gains in social emotional skills, including playing and communicating with peers, following directions, and using playground equipment”. Another noted emotional change, “He was always more calm and focused after his rides”. “Every day we see a wonderful improvement in (our child), his self-confidence has grown and he is starting to initiate play!” reported one parent. Another noted, “(our child) has grown active in her playing and in her verbal ability”.





4 Discussion

This school-based cycling study demonstrated positive findings for children with disabilities. Not only did goal attainment scalings, aligned with individualized educational goals, display improvements, but physical capacity as measured by the 6MCT, session cycling durations, and levels of pedaling assistance did as well. This provides indications that school-based cycling programs are valuable, which is similar to findings from another school-based cycling program (6) and other general adaptive cycling programs for children with disabilities (7–9). Adaptive cycling is a realistic activity that can occur within a school-based environment in order to support PA in children with disabilities (4), contribute to the recommended PA dosage of 60 minutes a day (1), and improve the likelihood that a greater proportion of children in the United States reach recommended 60-minutes daily dosages (3).

Study findings documented improvements despite many participants not completing 24 sessions. Participants completed 72.6% of the 24 sessions, or a rate of 18 sessions total. While this may indicate that positive gains can be made with fewer cycling sessions, it would be a premature assumption. To identify a cycling dose response, minutes of cycling, assistance level considerations, fidelity of treatment, and environmental barriers and facilitators would need to be better documented and/or better controlled than this preliminary study was capable. Ideally, future studies will begin to examine some of these features. In the meantime, what can be stated is that a program targeting 20 minutes of adaptive cycling for 24 sessions for ambulatory children with disabilities improves individualized school-related goals, happiness, and physical capacity.

Students with disabilities demonstrated improved happiness as a result of participating in this school-based adaptive cycling program. During a time of heightened of mental health awareness for children with disabilities, especially in the wake of COVID-19 restrictions (30), this is a key finding. Recent evidence shows that mental health conditions are more common in young people with intellectual or developmental disabilites in comparison to the general population (31–33). These findings support that one potential action to contribute to improvements in child mental well-being is to increase PA and facilitate its positive effect on behavior and emotional problems (34).

Not only did this school-based PA intervention not cause harm, it was also feasibly carried out in a school setting, which supports recommendations from the Centers for Disease Controls “Heathy Schools” initiative. Five components of the this comprehensive school physical activity program include: physical activity before and after school, physical education, physical activity during school, family and community engagement, and staff involvement (35). Expansion of this adaptive cycling program offers multiple avenues for growth across these five areas, such as incorporating cycling into a student with disabilities' commute between home and school, mobility within the school as an alternative to a wheelchair or stroller mobility, or as part of extracurricular and/or physical education programming.

Pediatric PTs working within school-based practice have capacity to change the trajectory of PA opportunities for children with disabilities! First, the greatest percentage of pediatric PTs work in the school-based practice (36), which if banded together, their impact on PA for children with disabilities could be remarkable. Secondly, pediatric PTs have expertise regarding children with disabilities and health promotion which better ensures that PA can be provided to the children properly and safely. Lastly, the school environment within which they work is a true participatory environment for children with disabilities. Collectively, these factors provide great capacity to generate systems change in implementing and achieving PA recommendations for children with disabilities.

As with many successful rehabilitation strategies for children with disabilities (37–39), an interdisciplinary (ID) approach is beneficial to creating success. This is true for school-based environment as well. In this study, the alliance between members of the LCSD school environment (i.e., teachers, teaching assistants, physical and occupational therapists, administrators) was key to successful programmatic implementation and results. These school-based physical therapists also mentioned that teamwork and support between disciplines empowered teachers and staff members which resulted in increased adherence to the proposed schedule of three sessions per week. Additionally, involvement from multiple disciplines also allows for dynamic and responsive problem solving as well as service delivery. This ID approach is common and expected within school-based practice; thus, implementation of similar programs across public school entities is a realistic possibility and would benefit children with disabilities.

A facilitator of success for this school-based program included utilization of a CBPR approach. All stakeholders played an essential role in creating a community which enriched the learning, health and well-being of children with disabilities as well as added to the evidence. In public school settings where financial resources are often limited, a CBPR approach may offer realistic opportunities to enhance achievement and health promotion of students with disabilities (11). In addition, as demonstrated in this and earlier studies (11–17), research support from academic entities and community partners can often provide the momentum to carry an initiative through in its entireity, including in the school setting. This project's CBPR relationship is ongoing and continuing with study dissemination, extramural grant submission and expansion into additional classrooms, school districts, and community recreational centers.


4.1 Limitations guiding future directions

The lack of a control group limits generalization of these findings; however, it may be challenging to implement control groups within the context of a public school which is designed to offer a free and appropriate education to all students. Designs of future studies may need to consider single subject design or crossover approaches that promote control group-like comparisons.

Although the 6MCT was founded on the well-validated 6-Minute Walk Test (25, 26) and was standardized in its administration, it is unvalidated which created a study limitation. It was used as an attempt to have a common measure of physical capacity in students of all mobility levels. Validation of the 6MCT in future studies would be constructive.

The aim of this school-based study was to examine the benefits of a regular physical activity program for children with disabilities. This study saw positive outcomes following participation in an adaptive cycling program in children with disabilities, but the study sample consisted mostly of ambulatory children with the majority having autism spectrum disorders. This is similar to what is currently found in the literature. For example, a scoping review of leisure time PA in children and adults with cerebral palsy, 49 studies were included, but only 17 involved individuals who used wheelchairs (40). Additionally, in two systematic reviews of PA in children with CP, all outcomes examined standing and walking (41, 42). The absences of non-ambulatory children with disabilities in this study may be reflective of the CBPR model and the important role that school district administrators had in selecting classrooms and children that participated. Knowing that physical activity levels are reduced for all children with disabilities and improving these levels may provide learning, health, and well-being benefits, it is essential that research efforts and PA opportunities are expanded and carried out. This includes the inclusion of nonambulatory children with disabilities.




5 Conclusion

Overall, this program demonstrates that adaptive cycling was a feasible intervention for those who participated in this study in the school environment, yielded benefits and caused no harm. Implementation of this program in the school environment offers children with disabilities an opportunity to participate in PA that is fun, meaningful and can easily be incorporated into their daily routine. Not only did the school-based setting provide an optimal site for conducting community based participatory research; the CBPR approach generated additional resources for the schools while producing valuble research findings and community engagement. Future projects would benefit from utilization of the school based setting to research PA for children with disabilities.
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Introduction: Children with medical complexity (CMC) are medically fragile with severe brain damage and chronic conditions, necessitating daily care. Their neurological impairments often limit participation in childhood activities, affecting quality of life. Current assessment tools fail to detect subtle abilities in CMC, hindering development of effective rehabilitation goals and interventions. The Pediatric Awareness and Sensory Motor Assessment (PASMA) was created to fill this gap, providing sensitive measurement of sensory awareness and motor response across five domains (i.e., olfactory, visual, auditory, gustatory, and tactile).



Methods: In this retrospective study, a Rasch analysis was conducted on PASMA data for CMC. The PASMA was administered five times over ten weekdays to each child, reflecting its intended clinical use to gain a reliable sense of each child's awareness.



Results: Analysis of data from 36 CMC revealed that the PASMA is sufficiently unidimensional, effectively measuring sensory awareness and motor response as a single construct. Its rating scale structure was validated without modifications, and the item hierarchy matched clinical expectations. High item reliability (0.97) was observed, with one item (V2 blink in response to light) slightly misfitting, but without affecting overall measures. Adequate person reliability was observed (0.81), with 15% person misfit. Person misfit did not degrade item measures or model statistics. Differential item functioning (DIF) was noted for the three easiest items on specific days. The PASMA successfully stratified participants into three distinct awareness levels (low, medium, and high awareness), without floor or ceiling effects.



Discussion: The PASMA is a valid unidimensional measure of sensory awareness and motor response in CMC. Rating scale characteristics, item hierarchy, and person separation measures all support the PASMA's measurement properties within this heterogeneous sample of CMC. DIF findings support a potential reduction in the recommended number of PASMA administrations per individual. Future research will focus on establishing rater reliability and external validity. Additional efforts will support health professionals to utilize the PASMA for baseline assessments, guiding personalized interventions, and tracking progress.



Conclusion: Clinical use of the PASMA could provide new opportunities to detect subtle abilities, preferences, and changes in CMC, to promote meaningful participation and improve quality of life.
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Introduction

Children with medical complexity are a medically fragile subset of children who have severe brain damage, chronic medical conditions, and persistent intensive daily care needs. Their origins of brain damage are varied and primary health conditions for these children include but are not limited to severe forms of cerebral palsy, traumatic brain injury, hypoxic encephalopathy, and genetic diseases (1, 2). Their needs commonly include complex medication regimens and dependence on medical equipment and technology including wheelchairs, ventilators, and feeding tubes.

Advances in medical technology have led to increased survival of children with medical complexity. Unfortunately, the neurological damage associated with medical complexity causes severe cognitive and motor disabilities. For this reason, children with medical complexity have intensive daily care needs and require special education programs, social services, and coordinated medical and rehabilitative care (3). Additional sequalae of medical complexity include unmet health care needs, family stress, limited participation in typical childhood occupations, and compromised quality of life (1, 4, 31).

Interprofessional health care teams including rehabilitation providers (i.e., physical therapists, occupational therapists, and speech language pathologists) can play an essential role in providing family support, and improving health, participation, and quality of life for children with medical complexity. However, the assessment tools currently used with this population do not offer adequate clinical information to guide long-term rehabilitation decision-making. For instance, imaging and electroencephalogram (EEG) are used to detect structural neurological impairment in children with brain damage, but they do not provide reliable information about functional capabilities or impairments for this population (5). Broad classifications of brain damage like the Glasgow Coma Scale (GCS) (6–8), the JFK Coma Recovery Scale-Revised (CRS-R) (9, 10), and The Rancho Levels of Cognitive Functioning Scale (LCFS) (11) provide important information in the acute phases of treatment. However, they do not have the sensitivity to identify subtle sensory awareness and motor behaviors.

Without appropriate assessment tools, interprofessional team members miss opportunities to develop appropriate goals and enhance participation and quality of life for this population. As a result, children with medical complexity commonly receive passive and custodial care instead of appropriate individualized care. Therefore, to improve care for children with medical complexity, there is an urgent need for an assessment that measures subtle abilities including nuanced signs of sensory awareness and purposeful motor behaviors. To meet this need, the Pediatric Awareness and Sensory Motor Assessment (PASMA) was developed by an interprofessional team of clinicians, therapists, and researchers who serve children with medical complexity. This is the first publication about this assessment.

The PASMA is an observation-based assessment designed to capture subtle signs of awareness of/response to sensory stimulation across multiple sensory domains, to help health professionals gain baseline knowledge of the child's awareness, guide individualized interventions, and monitor changes over time. The instrument was modeled after a similar tool for adults with severe brain damage, the Sensory Modality Assessment and Rehabilitation Technique (Adult SMART) (12). The Adult SMART is more effective at discriminating awareness and detecting higher levels of cognitive functioning in individuals with severe neuro-disability compared to other tools used with this population, including the Western Neuro Sensory Stimulation Profile (WNSSP) (13, 14), the JFK Coma Recovery Scale (15), and the Sensory Stimulation Assessment Measure (13, 16).

The purpose of the present study was to examine item-level measurement properties of the PASMA using Rasch analysis. Unlike classical test theory which evaluates psychometric properties of an instrument as a whole, Rasch analysis examines measurement properties of each individual item within an assessment (17). Rasch analysis uses probabilistic mathematical modeling to examine a tool's ability to quantify abstract constructs in a meaningful way (18), which is especially useful for assessments that are based on clinician observation or patient report rather than physiological measurement (17, 32). Rasch analysis can be conducted when items within an assessment represent a single construct and a reasonable hierarchy of item difficulty can be presumed. When analyzing a dataset, the Rasch mathematical model assigns each assessment item a “difficulty” score and each person an “ability score”, and the probability that each person will be successful on each item is calculated based on these scores (17). The model produces multiple metrics of measurement properties for each assessment item and produces an ordered version of the assessment with item difficulty set on a linear scale (17).

We hypothesized that the PASMA's measurement characteristics would align with Rasch measurement theory as evidenced by measurement unidimensionality, an appropriate rating scale system, and an item hierarchy that aligns with clinical and theoretical expectations.



Methods


Data source

Study methodology was informed by the RULER statement (33). The present study is a retrospective secondary analysis of clinical data collected during a prospective descriptive cohort study of children with medical complexity. Informed consent was obtained for participation in the prospective study. Deidentified data were used in the present study and IRB approval of this secondary analysis was not required (19).

Medically stable children with medical complexity between the ages of 5 and 21 years old were eligible for inclusion in this study. Children with uncontrolled life-threatening diseases were excluded.



Instrument

The PASMA consists of 30 scored items, and additional unscored components (e.g., a baseline observation period and documentation of observed side preferences for 17 items, described below) that provide important information about the child. Before beginning the scored portion of the PASMA, the child is seated in a quiet exam room for a five-minute baseline observation period. During this period, the assessor observes and documents the child's alertness and common motor behaviors (e.g., specific voluntary and involuntary movements). After the baseline observation period, the 30 scored items are administered. These items are structured across five sensory domains: Olfactory (four items), visual (10 items), auditory (two items), gustatory (six items), and tactile (eight items). Table 1 shows all PASMA items listed by sensory domain.


TABLE 1 All pasma items listed by sensory domain.

[image: Table listing sensory items categorized into olfactory, visual, auditory, gustatory, and tactile groups. Each item is labeled and described, with footnotes indicating specific conditions such as rating scales and bilateral testing.]

For 23 PASMA items, scoring is dichotomous (i.e., 0 = No response OR the child's commonly observed motor response, meaning no response beyond baseline motor patterns; 2 = a discrete response to the sensory information presented). The other seven PASMA items use a three-point rating scale (i.e., 0 = least possible response; 1 = medium response; 2 = best response). Table 2 shows examples of administration and scoring directions for select PASMA items.


TABLE 2 Directions for administration and scoring of select PASMA items.

[image: Table outlining sensory tests for PASMA assessing olfactory, visual, auditory, gustatory, and tactile responses. Each test includes directions and scoring criteria. The olfactory test uses scented markers. The visual test involves a red pompom. The auditory test uses a conversational tone. The gustatory test involves lip gloss. The tactile test uses a monofilament. Scoring is based on responses ranging from none to significant, such as localized responses or motor activity.]

Importantly, 17 PASMA items are administered on both the right and left side of the body (i.e., one olfactory item, six visual items, two auditory items, and eight tactile items) because a participant's responsiveness to unilateral stimuli will vary depending on their specific brain damage. Only the participant's best response for each item (i.e., response on the preferred side) is included in the PASMA score (see Table 3). Therefore, the item scores included in the Rasch analysis represent each participant's best sensory awareness and motor response (i.e., when all stimuli are presented on their preferred side). However, the participant's performance on both sides and any observed side preferences are recorded on the PASMA score sheet for use by clinicians and caregivers. Additionally, any other observed sensory preferences may be documented but are not scored (i.e., a preferred color on visual items, preferred scent on olfactory items, or preferred taste on gustatory items).


TABLE 3 Deriving a participant's PASMA scores for select items tested on both sides of body.

[image: Table showing performance and preferences for stimuli on body sides. Items T1 to T4 assess preference with feathers and monofilaments on the face and hand. Observed preferences vary, with PASMA scores from 0 to 2: T1 = 2, T2 = 0, T3 = 2, T4 = 2. A footnote explains scoring where 0 indicates no response and 2 a discrete response.]

Like the Adult Smart, the PASMA was designed to be administered five times per participant, on five different days within 10 calendar weekdays. Multiple administrations are recommended because conditions that elicit each child's best performance (e.g., time of day and alertness) vary. This administration schedule allows the assessor to gain a thorough understanding of an individual's sensory awareness and motor functioning within a relatively short timeframe (12).



Tool administration

All but two participants in this sample completed testing on all five days; two completed less than five days of testing (completed 2 and 3 days) due to acute medical issues. Each participant who completed 5 days of testing was either seen in the morning for 3 days and the afternoon for 2 days, or vice versa. The time of day was recorded, but all scores from each PASMA administration were included in the Rasch analysis without controlling for time of day. This design was selected to examine the strength of item-level measurement properties irrespective of participant alertness level, to ensure a robust instrument. To examine whether dependent pairs of data impacted results, Differential Item Functioning was examined across the 5 assessment days.



Rasch analysis

Rasch analysis of the PASMA was completed with the Rating Scale Model in Winsteps version 3.93.1 (20).


Dimensionality

The Rating Scale Model assumes unidimensionality of the instrument, meaning that all items on the instrument examine the same measurement construct. We hypothesized the PASMA captures a single comprehensive measurement of a child's sensory and motor awareness that consists of the five sensory domains. We tested this with a principal components analysis of residuals (21). The following criteria were used to determine whether unidimensionality was sufficient for measurement: (1) at least 50% variance in the data is explained by the Rasch dimension, (2) the first contrast in residuals explains <∼4% of data variance, and (3) the size (Eigenvalue) of the first contrast in the standardized residuals is ≤2 (22). If criteria were not met (i.e., suggesting multiple dimensions exist), we examined item clusters for additional dimensions and determined whether clusters made sense clinically and theoretically.

We also compared disattenuated correlations of additional dimensions with the Rasch dimension, to determine whether multiple dimensionality affected person measurement. Disattenuated correlations >0.82 were considered to represent dependent item clusters which were sufficiently unidimensional and not degrading measurement (22).

Additionally, we tested the Rasch model assumption that items on the instrument are locally independent. Items were considered locally independent if correlations between standardized residuals of items did not exceed 0.7 (33).



Rating scale structure

Linacre's three rating scale criteria were used to determine the appropriateness of rating scale categories: (1) Each rating scale category has a minimum of 10 observations; (2) The average measures of rating scale categories advance monotonically; and (3) Outfit mean square values are less than 2.0 (23).



Item fit statistics and person fit statistics

Item and person fit statistics were compared to previously established criteria to identify possible misfit (24). Items and individuals were classified as misfitting the Rasch model if outfit statistics had mean square standardized residuals ≥1.4 and standardized z-scores ≥2. Misfitting items were removed to examine the effect on remaining item fit and to determine whether their removal affected person ability measures. Items with misfit were retained if removing them caused additional items to misfit and/or if removing the item did not have a meaningful effect on person ability measures.

If >10% of persons in the sample were found to misfit the model's expectations for item response patterns, the effect of this misfit was explored by removing persons with the most unexpected patterns from the dataset to determine whether this affected item difficulty measures. Misfitting persons were retained if removal did not influence item difficulty measures.



Item difficulty hierarchy

The Rasch model produces item difficulty measures and person ability measures on the same interval scale using logits. Lower measures are assigned to easier items and persons with less ability. Higher measures are assigned to harder items and persons with more ability. Thus, conducting a Rasch analysis produces a hierarchy of item difficulty, based on the measure estimates of item difficulty. We examined this hierarchy to determine whether it was consistent with clinical and theoretical expectations (25).



Floor and ceiling effects

We examined the distribution of person ability in our sample and assessed for floor effects and ceiling effects, defined as >15% of individuals in the sample having the minimum or maximum possible score, respectively (26).



Differential item function

Tests of differential item function (DIF) were used to test whether the test administration day had an effect on item difficulty measures. Items were considered to have DIF if item difficulty measures were different by a magnitude of 0.5 logits and had an associated t-statistic that was >2 or <−2 (27).



Separation index

Person separation index was used to evaluate the assessment's ability to separate people into statistically distinct strata. The formula below was used to calculate the number of strata in our sample (28):

Strata=[4×(personseparationindex)+1]/3





Results


Participant characteristics

Thirty-six children with medical complexity participated in the original data collection study and all PASMA data collected from these participants was included in the present analysis. Participants were between 5 and 21 years old with a mean age of 11 years. The sample included 11 females (31%) and 25 males (69%), and multiple races and ethnicities were represented (see Table 4). All participants (100%) had severe brain damage, but the origins of brain damage varied; primary health conditions included cerebral palsy, traumatic brain injury, hypoxic encephalopathy, and genetic diseases. At the time of testing, all children were confirmed by their physician or nurse to be medically stable, defined as having life-threatening diseases under control. All 36 participants (100%) were wheelchair users and were dependent on caregivers for mobility, communication, and daily care needs (i.e., eating, bathing, grooming, dressing, toileting,). In addition to primary diagnoses, many participants had co-occurring medical conditions (e.g., 42% had a history of seizures) and many required specific medical support for survival (e.g., 75% used a gastrostomy tube for feeding and 11% used a tracheostomy tube for breathing).


TABLE 4 Participant characteristics.

[image: A table provides a breakdown of a sample group of 36 individuals. The age mean is 11 years, with a range from 5 to 21. The sex distribution is 31% female and 69% male. Race is categorized as 3% American Indian, 3% Asian, 19% Black/African American, 53% White, and 22% Unknown. Ethnicity includes 19% Hispanic/Latino and 81% Not Hispanic/Latino. Co-occurring conditions show 42% with seizures, 11% with tracheostomy, 100% using caregiver-propelled wheelchairs, and 75% with gastrostomy tubes. The cerebral palsy subgroup is 56% of the total, with classification levels detailed in the table.]


Dimensionality

The principal components analysis showed that the Rasch dimension explained 46.0% of the variance in our data, which did not meet the criterion of >50%. The first contrast in residuals explained 6.2% of the variance in our data, which did not meet the criterion of <4%. The corresponding eigenvalue was 3.4, which did not meet the criterion of <2.0.

Because criteria for unidimensionality were not met, we examined additional clusters to determine whether there was a clinical/theoretical explanation. We found that the secondary dimension consisted of visual items and was therefore explained by these items representing a specific sensory system. We examined the disattenuated correlations between the primary dimension (i.e., the Rasch dimension) and secondary dimensions, which was 1.0 (meeting the guideline of >0.82). This indicates that these two clusters of items are dependent and therefore, can be treated as representative of the same latent construct without degrading measurement quality (29). Therefore, the PASMA is sufficiently unidimensional for measuring sensory awareness/motor response, and all items can be considered a single construct.

Correlations between standardized residuals of items did not exceed 0.7 for any item pairs, meeting the assumption of local independence.



Rating scale structure

Rating scale structures for PASMA items met the three essential criteria. (1) Each rating scale category had >10 observations. (2) The rating scale categories advanced monotonically, and (3) Outfit mean square values are <than 2.0. The rating scale structure for the PASMA, observed averages for each score, and associated infit and outfit mean square values are shown in Table 5.


TABLE 5 Rating scale structure of the PASMA.

[image: Table displaying the rating scale structure for PASMA items, showing scores 0, 1, 2, and Missing, with respective frequency counts and percentages, observed averages, infit, and outfit mean-square values. The table indicates a monotonic trend with higher scores having higher observed averages.]



Item fit statistics and person fit statistics

Item fit statistics are presented in Table 6. One of the 30 PASMA items (V2 blink in response to light) misfit the Rating Scale Model, with outfit mean square values and standardized z-scores above our pre-specified thresholds (≥1.4 and ≥2.0, respectively). Removing this item caused another item to misfit (G5 seeking taste lip gloss). Figure 1 shows results from the comparison of person ability measures with vs. without the misfitting item. The person ability measures from these scenarios were very highly correlated (R = 0.9926), indicating that removing this item does not cause a significant change in person ability measures. Therefore, we determined that keeping this item did not degrade PASMA measurement properties.


TABLE 6 PASMA items in measure order with item Fit statistics.

[image: Table showing fit statistics for PASMA items, ordered with the most difficult items at the top. Columns include Item, Measure, Model standard error, Infit (Mean square, z-score), and Outfit (Mean square, z-score). Note indicates item misfits.]


[image: Scatter plot showing a strong positive correlation between person measures with all PASMA items included and person measures with item V2 removed. Data points lie close to the line of best fit, with a correlation coefficient (R) of 0.9926.]
FIGURE 1
Comparing person ability measures with vs. without misfitting item (V2 blink in response to light) in the model. The x-axis of this figure displays person ability measure estimates with all PASMA items included in the model. The y-axis displays person ability measures estimates when the one misfitting item (V2 blink in response to light) was removed from the model. In spite of a few person measure outliers that occurred when item V2 was removed, person ability measures for both scenarios (with and without item V2) are very highly correlated (R = 0.9926). The line of best fit (the upward slanting dotted line) for both datasets is very close to person measure estimates with all items included in the model. Therefore, all items were left in the final analysis model.


Person fit scores from 26 of the 177 assessments (15%) in this sample misfit the Rasch model. Assessment scores for the nine (5%) most misfitting person response strings (i.e., tests for a single day) were removed from the model and item measures and item difficulty measures were compared with and without these persons. Figure 2 shows that item difficulty measure estimates with and without the nine most misfitting person response strings in the model were very highly correlated (R = 0.997). Therefore, misfitting persons did not affect item difficulty measures or the item hierarchy.


[image: Scatter plot showing a linear relationship between item measures with and without the nine most misfitting person response strings removed. The x-axis is labeled "Items measures with all person response strings included in the model," and the y-axis is labeled "Item measures with nine most misfitting person response strings removed." The data points closely follow the line of best fit with an R-squared value of 0.9949, indicating a strong correlation.]
FIGURE 2
Comparing item difficulty measures with vs. without the 9 most misfitting person response strings in the model. The x-axis of this figure displays item difficulty measure estimates with all person response strings included in the model. The y-axis displays item difficulty measure estimates when the nine most misfitting person response strings were removed from the model. Item difficulty measures were very highly correlated (R = 0.997) for both scenarios (with vs. without the most misfitting person response strings). The line of best fit (the upward slanting dotted line) for both datasets is very close to the original item measure estimates (with all persons included in the model). Therefore, all person response strings were left in the final analysis model.




Item difficulty and person-item match

The person-item map (Figure 3) displays the distribution of all persons and items on the same linear scale. The range of distribution of person ability and item difficulty in our sample was six logits (−2–4). Average item difficulty is anchored at 0 logits by the Rating Scale Model, and average person ability level in our sample was 1.35 logits (SE = 0.46), which was >1 standard deviation higher than the average item difficulty. The easiest item on the PASMA was O1 mint scent (−1.54 logits, model SE = 0.25), and the most difficult item was V10 visually guided reach (1.97 logits, SE = 0.12).


[image: A graph illustrating the difficulty of sensory and motor items, with higher ability on the left and harder items on the right. Items range from visually guided reach to mint scent detection. Abilities are marked from -2 to 4, indicating difficulty levels, with measurements including mean, standard deviations, and individuals. Key information includes M for mean, S for one standard deviation, and T for two standard deviations.]
FIGURE 3
PASMA person-item Map. Numbers on the left side of the map (ranging from −2 to 4) are logits that represent measurement of person ability (left of the vertical dotted line) and item difficulty (right of the vertical dotted line). The lowest person ability and easiest items are shown at the bottom, and the highest person ability and hardest items are shown at the top. The Rating Scale Model anchors the mean item difficulty estimate for a sample to a logit value of 0. Therefore, items with a logit of 0 (i.e., O4 preferred scent motor response) represent the average item difficulty. This map shows that the easiest PASMA item is O1 mint scent and the hardest item is V10 visually guided reach. Left of the vertical dotted line, the lowest symbol (.) represents the participant with the least ability; the highest symbol (####) represents the participants with the most ability. Within this sample, the mean person ability was 1.35 logits higher than the mean PASMA item difficulty (anchored at 0 logits).


The PASMA had high person reliability (0.81) and high item reliability (0.97). Zero of 177 assessment score totals (0%) received the minimum possible score, and eight of 177 (4.5%) received the maximum possible score on the PASMA. Thus, floor and ceiling effects were not observed.




Differential item functioning

Twenty-seven PASMA items (90%) functioned consistently when examined across five assessment days, but three items (i.e., O1 mint scent, G2 salty taste, and G3 sour taste) showed differential item function on specific days, as shown in Figure 4. These are the three easiest items on the assessment, meaning that participants were most likely to notice/respond to these olfactory and gustatory sensory stimuli. On some test days, participants responded less than expected to these three items, but even then, the items were among the easiest on the PASMA.


[image: Line graph showing item difficulty measure (IDIF) by assessment day for various items. The x-axis lists items like "mint scent" and "sour taste," while the y-axis measures IDIF ranging from negative three to positive three. Lines represent data from Day 1 to Day 5, with respective color codings: black, red, green, blue, and magenta. Data points are marked with symbols indicating trends over days, with fluctuations depicted across the chart.]
FIGURE 4
Differential item functioning across PASMA assessment days. PASMA items are listed in difficulty order from the easiest (on the left) to the hardest (on the right). Item difficulty estimates for each assessment day (1 through 5) are shown on the plot in the color/shape that corresponds with the key on the right side of the figure. The maroon line with a circle on the plot (shown below Day 5 on the figure legend) represents the item difficulty measure estimate from all assessment days combined. *Full items names are shown for the three items with differential item functioning across assessment days (O1 mint scent, G3 sour taste, and G2 salty taste). These items are the easiest on the PASMA (based on measure estimates for all assessment days combined) and their item difficulty was significantly lower on the days with differential item functioning (represented by the lowest points on the y-axis between −2 and −3).




Separation index

The person separation index was 2.06, indicating that the PASMA differentiated individuals in our sample into 3.08 statistically distinct strata.




Discussion

Findings from this study demonstrate that the PASMA is a unidimensional measure that can be used to quantify sensory and motor awareness in children with medical complexity.


Dimensionality

A secondary dimension consisting of visual items of the PASMA was identified, and these items could be explored as an independent measurement scale in future study. However, the Rasch analysis findings show that keeping visual items in the PASMA and treating all sensory sections as a single construct does not degrade the assessment's measurement characteristics. Clinically, keeping all PASMA items together enables the examiner to have one unified measurement value for a child's overall sensory and motor functioning which can guide holistic participation-based interventions. Therefore, we do not recommend removing any items at this time. This decision is supported by Andrich's metaphor of measuring student achievement in mathematics: Achievement can be subdivided into areas such as addition, subtraction, multiplication, and division and tested separately; or they can be grouped together on a single test to provide a broader measurement of mathematical achievement (30).



Item difficulty hierarchy

The item hierarchy (shown on the right side of the person-item map in Figure 3) shows that the easiest PASMA items examine participants' responses to intense discreet sensory inputs (e.g., demonstrating awareness of smells such as mint, lemon, and cinnamon; concentrated sour, salty, and sweet flavors; oral tactile sensations such as cold temperatures; hearing their name spoken by a familiar person; and pupils reflexively constricting in response to light shining into eyes).

More challenging items included more subtle sensory inputs (e.g., whispering the child's name or touching the child's hand or face with a feather or pipe cleaner). Consistent hierarchies emerged within sensory sections. For example, demonstrating awareness of touch sensations on the face was relatively easy (i.e., a feather, a pipe cleaner, and ice), but demonstrating awareness of touch sensations on the hands was found to be more challenging. Patterns of tactile awareness were also identified: Noticing a pin prick stimulus on the hand was the easiest, whereas noticing a pipe cleaner or a feather touching the hand was more difficult.

The most difficult PASMA items were those that required participants to demonstrate a higher level motor response to sensory stimuli (e.g., moving away from approaching visual threats; opening mouth in response to a preferred flavor being offered; purposeful visual pursuits such as horizontal and vertical tracking to follow an engaging toy; and purposeful reaching toward the toy).

Overall, the item hierarchy derived from this analysis is consistent with clinical and theoretical expectations of sensory awareness and motor responses. Collectively, findings from this analysis suggest that this measurement scale is a conceptually valid representation of the construct of sensory and motor awareness among children with medical complexity.



Item fit statistics

As shown in Table 6, Rasch analysis of the PASMA revealed that one item (V2 blink in response to light) misfit criteria for outfit. However, since this misfitting item does not degrade the measurement properties of the PASMA, we recommend keeping all items in the assessment to preserve fidelity to the original construct validity of this assessment. Item V2 takes less than ten seconds to administer, and it provides important information about whether the blink reflex is intact. This information can inform safe and comfortable participation in activities where noxious visual stimuli may be present. For instance, for children who do not reflexively blink in response to light, protective measures (e.g., protective eyewear, reduced bright lights/glare, and/or lubricating eye drops) could promote enjoyable participation in meaningful activities in their home, school, and community settings.



Person-item match

The average person ability in this sample (1.35 logits) was higher than the average item difficulty (anchored at 0 logits by the Rasch model), but person-item match was adequate. The range of difficulty of PASMA items was sufficient to cover the spread of person ability in this sample, which was a heterogeneous group of children with medical complexity that was representative of the range of abilities observed among this population in clinical practice. Therefore, the item difficulty spread is believed to be sufficient to measure the wide range of sensory and motor awareness in the intended population of children.



Separation index

The person separation index showed that the PASMA divided this sample into 3.08 statistically distinct person strata, meaning participants were separated into three groups based on sensory awareness and motor responsiveness: a group with low responsiveness, medium responsiveness, and the highest responsiveness (17). This distribution will be useful for identifying and understanding subgroups of sensory and motor awareness and may help to quantify changes (increases or decreases) in awareness which may occur in response to health status, medication, or rehabilitation.

Further exploration is needed to understand the cause of differential item function and determine whether this finding supports using fewer than five PASMA administrations per individual. For instance, if participants responded less to these items on later assessment days due to learning/habituation to the sensory stimuli, then fewer test administrations could reduce habituation, and thereby, reduce differential item functioning across days. Fewer PASMA administrations per individual could make using the assessment in clinical practice more feasible by decreasing the burden of testing on patients and therapists. However, because children with medical complexity commonly have variable alertness and responsiveness day to day, more research will be needed to demonstrate that the final recommended number of administrations (e.g., three) is sufficient to understand individuals' sensory and motor awareness and unique sensory and side preferences.



Study limitations

First, this study is a secondary analysis of data that was collected for purposes other than examining item-level measurement properties. As such, some dataset factors were not optimal for this analysis. For example, in the analysis we used only the best score for items that are tested on both sides of the body. This represents the individual's sensory and motor awareness in the most ideal conditions (i.e., when stimuli are presented on their preferred side). We believe this scoring system provides maximum opportunity for therapists and caregivers to recognize each individual's rehabilitative potential. However, for children with medical complexity, sensory and motor awareness may be lower when conditions are not ideal (e.g., when stimuli are presented on the non-preferred side). Although this discrepancy is represented qualitatively on the PASMA score sheet (i.e., by showing point values for each side and noting observed side preference), it is not represented in the PASMA scores used in this Rating Scale Analysis.

Second, while the heterogeneous sample promotes generalizability of findings to a wide range of children with medical complexity between five and 21 years old, our findings are not generalizable to individuals with medical complexity outside of this age range. Additionally, factors that caused individuals to misfit the model expectations are not well understood, but our findings may be less generalizable to this misfitting subset of children with medical complexity.



Potential impact of the instrument

The PASMA enables detection of subtle motor responses to sensory input. This information will help therapists and caregivers to set appropriate goals, design individualized interventions, and detect changes in the child's awareness and responses over time.

Perhaps most importantly, the PASMA provides information about a child's unique sensory strengths and preferences. This information can readily be applied to choose activities that suit the individual, to promote meaningful and enjoyable participation in daily activities. For example, a child who responds positively to olfactory and gustatory stimuli may enjoy being involved in cooking activities. A child who responds positively to tactile stimuli may enjoy water-based activities or hippotherapy.

Further, information from the PASMA can be applied to set up activities and environments to promote optimal participation. For instance, for a child participating in hippotherapy, knowledge of whether they respond more to stimuli on one side of the body will inform the therapist's position and how the horse's movements are directed. Auditory and visual environments of the activity can also be modified to meet the child's unique needs to make participation as immersive and enjoyable as possible (e.g., using an ideal voice volume and the best color for the horse's reigns and saddle). Importantly, knowledge of a child's sensory preferences can also be applied to everyday environments to help the child feel more regulated, comfortable, and safe.



Future research

This study has established conceptual and structural validity of the PASMA using methodology informed by the RULER statement (33). Additionally, a degree of item measure reliability was established by examining differential item functioning across the five days that the PASMA was administered, but more research is needed to assess the reproducibility of these results and to address items that have differential function across assessment days. Future research is also needed to establish rater reliability and external validity of the PASMA. Future research will also examine consequential validity and will be geared toward optimizing use of PASMA results to guide rehabilitation decision-making for children with medical complexity.




Conclusions

Although opportunities for future study have been described and will further enhance measurement properties of the PASMA, overall, this Rasch analysis provides support for this assessment's item-level measurement properties. The PASMA is a unified measurement tool which captures subtle signs of awareness of and response to sensory stimulation across domains in children with medical complexity. Future work will examine reliability and validity of the PASMA and will examine how baseline knowledge from this instrument can be used to guide individualized interventions, promote meaningful and enjoyable participation, and monitor changes over time for children with medical complexity.
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Children with neurodevelopmental disabilities living in rural and low-resourced regions within the United States, such as Appalachia, face gaps and barriers to accessing healthcare services due to a shortage of providers, specialists, hospitals, and clinics. Without access to specialized medical and rehabilitation services, their performance across developmental domains and participation within their communities is likely suboptimal. The purpose of this study was to identify both intrinsic and extrinsic factors using a mixed-methods approach to better understand factors that may impact performance across developmental domains and participation for children with disabilities living in Appalachia. Parents completed one study visit in which they completed a total of 4 surveys and a semi-structured interview. The surveys included a parent survey (demographic information, medical history for the child, and barriers to receiving healthcare for their child), health literacy screen, the F-Words Life Wheel, and the Pediatric Evaluation of Disability Inventory (PEDI-CAT). The semi-structured interview asked questions in five primary categories: (1) background, (2) understanding of their child's medical diagnosis and management of their disability, (3) insurance coverage, (4) barriers to receiving healthcare, and (5) social support. This cross-sectional study included n = 17 parents of n = 26 children with neurodevelopmental disabilities. Themes from the interviews were coded both inductively and deductively. Most of the children had delays in important developmental domains, indicating a need for rehabilitation services. Participants reported significant difficulty finding specialists due to the distance from their house to the specialist, they experienced long waitlists and delayed diagnoses, they had difficulties finding caregivers for their children, they frequently had multiple children with disabilities, and they experience sleep disruptions due to their child(ren) with neurodevelopmental disabilities. The authors provide clinical research recommendations and policy changes that may be considered to help mitigate barriers to healthcare for children with neurodevelopmental disabilities living in rural and low-resourced regions.
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1 Introduction

Children born in Appalachia, a rural and low-resourced region, face tremendous health inequities when compared to the rest of the United States (US) population (1, 2). Appalachia is a socioeconomically disadvantaged geographical and cultural region in the eastern US (2). Infants born in Appalachia are at a higher risk for being born prematurely or at a low birthweight (2–4) and children in Appalachia have a higher prevalence of developmental delays when compared to the rest of the US (28% in Appalachia, 17% across the US) (5). These children often require comprehensive healthcare for optimal health outcomes and to promote full participation within their communities. Unfortunately, children living in Appalachia face both gaps in healthcare and barriers to accessing healthcare.

A majority of the counties in Appalachia have a federal designation as a health professional shortage area (HPSA) (6, 7). This shortage in healthcare providers and healthcare facilities results in gaps in care for primary and specialized services for both children and adults (4, 6–16). A study by Morrone et al. in 2021 (10) surveyed 695 people from both Appalachian and non-Appalachian counties and found that only 29% of survey respondents from Appalachia felt that there were enough healthcare services within their county. This was 28% lower than respondents from non-Appalachian counties (10). In addition to limited available medical resources, adults and children living in Appalachia face barriers to accessing healthcare and adhering to medical recommendations. High unemployment rates and the low socioeconomic status of individuals living in this region (2, 15, 17) make it difficult for individuals to travel to and pay for required healthcare services (8, 13–15). Many studies have cited health insurance coverage as a barrier for accessing care (4, 10, 11, 15, 17, 18) and the lack of healthcare coverage has been identified as a barrier for mothers seeking prenatal healthcare (13). Individuals living in Appalachia also have lower education and health literacy levels (2, 7, 14, 14, 18), as well as a documented distrust in the medical system (11, 15, 18), which may result in lower rates of seeking out healthcare and adherence to medical interventions.

Children with disabilities living in rural regions have higher unmet medical needs when compared to children from urban regions (5, 17). Neurodevelopmental disabilities, such as attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD), and autism spectrum disorder (ASD), often result in delays across developmental domains, including cognitive, learning, motor, speech and language, and social emotional skills (19–21). To address these delays, children with neurodevelopmental disabilities require comprehensive interventions from medical providers, including rehabilitation specialists, for optimal participation within their communities (19, 20, 22). There is a single study by Scarpa et al. (23) that specifically investigates gaps in healthcare and barriers individuals with ASD face living in Appalachia. For this study, 15 caregivers of children with ASD and 33 service providers were included. They report limited availability and lack of affordability of ASD services. They also report limited availability of rehabilitation specialists, including physical, occupational, and speech therapists (23). The lack of specialty providers, and subsequent lack of specialty interventions, likely impacts a child's performance and participation within their communities, however, the relationship between these factors has not yet been studied.

The purpose of our study was to describe factors that may influence performance across developmental domains and participation for children with neurodevelopmental disabilities living in Appalachia, which may help to inform the development of targeted clinical interventions. To do this, we utilized the Person-Environment-Occupation-Performance (PEOP) Framework. The PEOP was first proposed by Law et al. (24) in 1996 as a theoretical model that suggests that performance and participation within their social roles are influenced by the person, environment, and occupational activities or tasks. This top-down, systems model was later updated by Baum et al. in 2015 (25, 26). This updated PEOP suggests that performance and participation are influenced by both intrinsic (personal) factors and extrinsic (environmental) factors (24, 25). The study described in this manuscript seeks to identify both intrinsic and extrinsic factors using a mixed-methods approach to better understand factors that may impact performance across developmental domains and participation for children with disabilities living in Appalachia. The authors will also discuss opportunities for clinical research and policy changes to improve the health and wellbeing of children with neurodevelopmental disabilities living in Appalachia, which may be relevant to other rural and low-resourced communities.



2 Materials and methods


2.1 Participants

The procedures described in this study were approved by the Institutional Review Board at Ohio University (IRB-FY24-129). Informed written consent was obtained from all participants. The primary aim of the larger study was to evaluate the relationship between intrinsic/extrinsic factors and performance across developmental domains and participation for children with developmental delays living in Appalachia.

This study included a subset of the participants from the larger study. The subset of participants for this manuscript was determined by the following inclusion and exclusion criteria. Inclusion criteria: Parents of children (1) ages 0–17 years old, (2) living in an Appalachian County >50% of the time, and (3) has a neurodevelopmental disability including ADD, ADHD, ASD, or are pending a diagnosis for a neurodevelopmental disability. Exclusion criteria: (1) non-English speaking. Although ADD, ADHD, and ASD range in etiology and severity, we chose to include all diagnoses in this study due to similar parent-reported challenges/impairments across developmental domains and behaviors that these children experience. This sample size allowed for saturation of themes to be identified from the semi-structured interviews. The primary aim of this study is to describe intrinsic and extrinsic factors that may impact performance across developmental domains and participation based on the PEOP Framework.



2.2 Study procedures

Participants completed one study visit that took between 2.5 and 3 h to complete. Study visits took place at the participant's home, at Ohio University, or online via Microsoft Teams. Parent participants chose the location of the study visit based on convenience and comfortability.


2.2.1 Outcomes

Parents completed a total of 4 surveys and 1 semi-structured interview. The surveys and the semi-structured interview collect data on intrinsic factors (factors related to the child and family), extrinsic factors (factors related to the child's home and community environment), performance across developmental domains, and participation within the home and community.


2.2.1.1 Parent survey

During the study visit, participants completed an initial parent survey that collected both intrinsic and extrinsic factor information. The survey included demographics, medical history of the child, rehabilitation use, and barriers to accessing healthcare. The survey included open response and selection from options (see Supplementary Material for the full survey). This survey took about 15 min for the participant to complete. A researcher was available to answer any questions from the parent participant while they were completing the survey.



2.2.1.2 Health literacy screen

Participants completed the Rapid Estimate of Adult Literacy in Medicine-Short Form (REALM-SF) (26) as part of the intrinsic factors. This screen is a 7-item word recognition test and is a validated instrument for assessing participant health literacy. Participants were handed the REALM-SF and were asked to read the words out loud and that if they were unable to identify the word, they could say pass. The words include behavior, exercise, menopause, rectal, antibiotics, anemia, and jaundice. Participants receive 1-point for every correct word for a total of 7-points. The points on the screen can be used to determine a grade-level literacy score ranging from below third grade level to high school level.



2.2.1.3 Performance across developmental domains and participation outcomes

Participants completed the F-Words Life Wheel. The F-Words Life Wheel provides families with a framework to discuss goals for their child across key developmental domains and is based on the International Classification of Functioning, Disability, and Health (27). These domains include the following: (1) family, (2) function in the home/community, (3) fitness, (4) fun, (5) friends, and (6) future. Specifically, the domains of Function and Fun are associated with performance and participation. Participants were handed the F-Words Life Wheel handout and were read a blurb for each of the domains by the researcher. The researcher then asked them to circle a score from 1 (least satisfied) to 10 (most satisfied) regarding their child's current function within the domain. The F-Words Life Wheel is available for free from CANChild.

Participants completed the Pediatric Evaluation of Disability Inventory, Computerized Adapted Test (PEDI-CAT). The PEDI-CAT is a responsive (r = 0.78) (28) and reliable (ICC = 0.96) assessment for children ages 0–12 years old to capture performance and participation in four domains: Daily Activities, Mobility, Social/Cognitive, and Responsibility (29, 30).



2.2.1.4 Semi-structured interviews

The participants also completed a semi-structured interview facilitated by one trained researcher (See Supplementary Material for the full interview guide). The interviews were video and audio recorded. The interview guide was developed by the researchers on the team based on the PEOP and on previous research. The interview questions spanned both intrinsic and extrinsic factors that may influence performance and participation for children with neurodevelopmental disabilities living in Appalachia. Five main categories were identified to serve as a starting point for the development of the interview questions. These categories included (1) the family and child's background, including medical history, (2) the participant's understanding of their child's medical diagnosis and management of their disability, (3) insurance coverage in regards to accessing healthcare, (4) barriers to receiving healthcare, including availability of primary and specialty care, transportation, and travel, and (5) perceived social support from the medical and educational systems. Table 1 presents examples of questions in each category. Interviews took approximately 60 min to complete and were video and audio recorded.


TABLE 1 Examples of questions on the semi-structured interview.

[image: Table with two columns titled "Category" and "Questions." Categories include Background, Understanding of their child's medical diagnosis and management of their disability, Insurance coverage, Barriers to receiving healthcare, and Social support. Corresponding questions address topics such as area description, child's medical conditions, diagnosis timeline, health insurance evaluation, barriers to care, and sources of social support.]





2.3 Statistical analysis

Descriptive statistics (means, standard deviations, ranges, percentages) were used to report the findings from the parent participant survey, REALM-SF, F-Words Life Wheel, and the PEDI-CAT. Qualitative data analysis was completed to develop themes from the semi-structured interviews. Interviews were video and audio recorded and were transcribed verbatim. A codebook was developed by the lead qualitative research on this study (AH). Themes were determined both inductively and deductively using the latest version of NVivo and following a foundation of thematic analysis (31). Two coders (AH and SS) separately coded the interviews to determine themes and appropriate quotes. Coders then met to discuss analysis and reach consensus. Cohen's kappa was calculated to measure interrater reliability across both coders and showed substantial agreement across both coders (kappa = .78).




3 Results


3.1 Parent survey

For this cross-sectional study, n = 17 parents of n = 26 children with a neurodevelopmental disability participated. This study included a subset of participants from a larger study that included n = 29 parents of n = 40 children with developmental delays. Inclusion criteria for larger study included: Parents of children (1) ages 0–17 years old, (2) living in an Appalachian County >50% of the time, and (3) has a diagnosed developmental delay. Of the parent participants, n = 16 are mothers and n = 1 is a father. Demographic information including parent and child age, sex, race, and ethnicity; and parent education level, marital status, employment, and income are presented in Table 2.


TABLE 2 Parent and child demographic information.

[image: Table displaying demographic information of parent and child participants. Parents: Mean age 37.5 years, 5.9% male, 94.1% White, 94.1% non-Hispanic. Education levels vary, with 35.3% having a high school diploma. Most are married (88.2%) and 35.3% are employed full-time. 64.7% of spouses/partners are employed full-time. Income ranges with 35.3% earning less than $50,000. Children: Mean age 9.4 years, 65.4% male, 92.4% White, 96.2% non-Hispanic. Health insurance: 38.4% Medicaid, 30.7% private, 23.1% have both types.]

Most of the children of the participants had a diagnosis of or were suspected to have ASD (73.1%). Most children also had two or more formal medical diagnoses (80.8%). During the interviews, most parents expressed that their children had difficulty making meaningful friendships in school and in the community due to their medical diagnoses and developmental delays. The mean age of diagnosis for their child's neurodevelopmental disorder was when the child was 4.3 years old, although the mean age the parents suspected a problem was when their child was 2.3 years old. Most parents reported that they believed that the diagnosis was late (65.4%). See Table 3 for more information on the child's diagnosis and medical history.


TABLE 3 Medical history of the children with neurodevelopmental disabilities whose parents were enrolled in the study.

[image: Table detailing medical diagnoses, associated conditions, and parent-reported delays in children. Diagnoses include ADHD (23.1%), ASD (46.2%), and pending diagnoses (26.9%). Other conditions involve anxiety (19.2%) and global developmental delay (11.5%). Parent-reported delays show speech/language issues (50%). Parents perceive diagnosis latency with 65.4% affirming it was late. Average age at diagnosis is 4.3 years and suspicion of delay at 2.3 years.]

Rehabilitation use is presented in Table 4. The largest proportion of children were receiving rehabilitation services once a year or less (behavioral therapy 34.7%; occupational therapy 57.7%; physical therapy 61.6%, and speech therapy 34.7%). Most parents believed that this frequency was appropriate for their child (frequency is appropriate for behavioral therapy 77.0%; occupational therapy 73.1%; physical therapy 92.3%, and speech therapy 80.8%).


TABLE 4 Rehabilitation use for the children of the parents included in the study.

[image: Table showing therapy services received by 26 children and parent perceptions. For behavioral, occupational, physical, and speech therapies, data includes how often services are received and parental opinions on the adequacy of frequency. For behavioral therapy, 34.7% receive it once a year or less, and 77% of parents think more is needed. Occupational therapy is received once a year or less by 57.7%, with 73.1% parental satisfaction. Physical therapy has 61.6% receiving it once a year or less, with 92.3% of parents satisfied. For speech therapy, 34.7% receive it once a year or less, with 80.8% parental satisfaction.]

Most of the participants selected cost of gas (65.4%), distance to the clinic or hospital (65.4%), inability to find childcare for siblings (73.1%), insurance coverage (53.8%), lack of social support (57.7%), and personal or family schedules (88.5%) as barriers to care (Table 5). Parents were also able to write in other barriers to care. One parent reported that “insurance deciding what meds we can try and what therapies are ‘worth it’” was a barrier to care. Another parent reported a “lack of understanding” demonstrated by medical providers.


TABLE 5 Parent-reported barriers to healthcare for their child.

[image: Table listing barriers to healthcare access with percentages. Barriers include cost of gas (65.4%), distance from clinic/hospital (65.4%), hours of operation (50%), inability to find childcare (73.1%), insurance coverage (53.8%), lack of equipment (19.2%), lack of reliable transportation (34.6%), lack of social support (57.7%), personal or family work schedule (88.5%), and delivery time for packages (30.8%).]



3.2 Health literacy screen

All participants scored a 7/7 on the REALM-SF, indicating all were at a high school level.



3.3 Performance across developmental domains and participation

F-Words Life Wheel: Participant averages for each domain are presented: Family: 8.8 ± 1.2, Function at home: 7.0 ± 1.7, Function in the community: 6.7 ± 2.4, Fitness: 8.0 ± 2.0, Fun: 8.3 ± 1.4, Friends: 5.3 ± 2.7, and Future: 7.7 ± 1.7.

PEDI-CAT: Participant scores for each category are presented. Daily Activities: Scaled score = 56.3 [standard error (SE) = 0.70] (65.4% falling under the 25th percentile); Mobility: Scaled score = 68.1 (SE = 1.01) (34.6% falling under the 25th percentile); Social/Cognitive: Scaled score = 64.3 (SE = 0.77) (76.9% falling under the 25th percentile); Responsibility: Scaled score = 45.8 (SE = 1.13) (57.7% falling under the 25th percentile).



3.4 Semi-structured interview themes

Participants report significant difficulty finding specialists due to distance, experience long waitlists and delayed diagnoses, challenges finding caregivers for their children requiring them to stay home to be the primary caregiver, frequently have multiple children with disabilities, and experiencing sleep disruptions for them and their child(ren) with neurodevelopmental disabilities.


3.4.1 Theme 1—difficulty finding specialists due to distance

Participants noted that Appalachian Ohio lacks specialists their children need for healthcare. The lack of specialists means families need to travel to larger cities in the state to receive healthcare from pediatric specialists. Due to participants' locations—participants often experience over an hour-long car ride from the Columbus and Cincinnati based specialists one way.

One participant noted the significant driving time that comes with seeing specialists by stating, “And we tried to get in with [children's hospital 2]; to transfer our care from his care team from [children's hospital 1] to [children's hospital 2] just because it's closer. I don’t want to drive two and a half hours to go to a visit. And that was impossible.”

Another stated: “Specialists are not here. Specialists, you have to go to Columbus [Ohio, about a 1.5-h drive from their home].”

One participant said, “I more worry because I don’t know where else to find it. So, if we lived in Columbus, I am sure if we were told by the [clinic] to leave, we probably can find somewhere else. But here, we just don’t have much options. So, I’ve been thinking of driving to Marietta [Ohio, about a 45-min drive from their home].”



3.4.2 Theme 2—waitlist and delayed diagnosis

Participants were asked what their barriers to healthcare for their children were and many expressed the issues with long waitlists to see pediatric specialists. Specialist waitlists are a common phenomenon of the US healthcare system, but early intervention is critical for developmental delays (7, 17). Importantly, waitlists may mean that their children had delayed diagnoses because they were unable to see the specialists. Participants shared that waitlists such as these can have ramifications for Individualized Educations Plans (IEPs), 504 plans, and health outcomes. Participants stated their children were waitlisted for ASD and ADHD evaluations, their children waited over a year to get into the dentist, and waited between 6 months and a year to see a specialist at the closest children's medical center which is about a 1.5-h drive from most of the participants' homes.

One participant stated: “We first got on the waitlist at [a children's hospital], because the doctor referred us. It takes forever.”

Another stated: “She had been on the waitlist for almost exactly a year”.

One participant mentioned waitlists and the lack of specialists: “And so he couldn’t get in until July [for speech and language pathology]. So again, that stunk. But yeah, so there was only one speech therapist, and then there was no other assistant.”



3.4.3 Theme 3—caregiving and staying at home

Participants expressed a range of caregiving responses. Some stated that they had support from family or support professionals: “We have direct support professionals that come in our house after school and help out until right around bedtime”. To get this support (an aide at home), the interviewee stated they had to document that the child was a danger to themselves/others in the household (especially other children in the house). This is when they were asking about support at home. This child also has a one-on-one at school when asked about support there.

One participant stated that they do not want to place the burden of caregiving for their child on others, “He has stayed the night with my in-laws before but I always.. I hate doing it because I know that that means they’re just not getting any sleep. Like my mother-in-law is just not going to sleep that night. She's in her 60s. She's got her own medical issues. She needs to sleep. So, I just don’t like putting her through that.”

Another family has strong support from the county: “We have the same [medical] teams for both kids, and they actually have the same [social] workers mostly through the Family and Children First Council, County Board of Duty, all of that. At least as of right now, they have the same [social] worker. There's been times where we’ve had different [social] workers, and it's just easier to have the same [social] worker.”

Several participants stated that they cannot find caregivers and that it produces a lot of anxiety for them. Many participants said they were unable to work due to taking care of their children with disabilities. Participants expressed uncertainty: “I don’t know what they [in reference to a babysitter or caregiver] will do with kids who will have a meltdown. I mean even they [caregiver] are full well.. they are very well intentioned; I just don’t know.. I mean whether they [caregiver] have the skills or experience.”

Another stated: “… I don’t know if he would handle somebody [in reference to a babysitter or caregiver], if he [the child] had a physical outburst, if they [the caregiver] would be able to handle it or if they [the caregiver] would hurt him or if he would hurt them. Or if they [caregiver] can’t handle him, would they involve law enforcement or something? I’m more worried about the physical outbursts that he [the child] has.”



3.4.4 Theme 4—multiple children with disabilities

Seven of the participants interviewed have multiple children with disabilities, and interviewees described the challenges faced when caring for them. One participant stated, “Well, and I think maybe it would have been better if he was my only child or if I’d had a different older child [who also has a disability], but because I was dealing with [older child]…who had severe behavioral issues that whole year.”

Another expressed how they felt when their second child received their diagnosis: “Horrible. You know it. You know it's coming, because you’ve already been down this path. You know. In that respect, it was horrible, because you know this is what it's going to feel like again. But on another end, you know so much more about what to do [in regards to getting a diagnosis for the second child].”

One participant brought up the different sensory challenges their children face: “And having kids with sensory issues with the food makes it even harder, because [child 1] doesn’t eat pasta. And both the kids are on different ends of the spectrum. [Child 2] is a seeker, [child 1] is an avoider.. But everybody's like, how come you eat two meals for dinner every night? And I’m like, because if three out of four of us eat it, it's a good night. Most of the time, I make two meals and two people are going to eat it and two people are going to eat the other meal.”



3.4.5 Theme 5—sleep dysfunction

Several participants stated there is significant sleep disruption with their child(ren) with disability and that it also impacts their sleep.


“He [the child] would rather wake up at 3:00 or 4:00 in the afternoon, do his tutoring, wake up completely, and then get something to eat. And then he’ll [the child] come back at like midnight, and I’ll be like, “Okay, I need you to tell me so many facts about whatever.” And he’ll come back and be like, “I watched this really cool documentary on this. Can I study this tonight?” And I'm like, “Yeah, knock yourself silly.” [..] we'll be having a conversation at three o'clock in the morning about the Roman Empire or how the Canadians burned down the White House or whatever.”



Another stated: “Definitely do feel like it would be a burden particularly at night because he [the child] does not sleep. He just doesn’t sleep.”

One participant has frequent sleep disruptions due to their child: “waking up, yes. I will literally wake up in the middle of the night and hear something and look at the foot of my bed, and he's [the child] just kind of standing there.”





4 Discussion

Parents of children with neurodevelopmental disabilities living in Appalachia face immense difficulties maintaining the health and well-being of their children. Children with disabilities often require comprehensive medical and rehabilitation services to promote performance across developmental domains and participation within their communities. Medically underserved regions of the US, such as Appalachia, have gaps in available healthcare and parents of children with disabilities face many barriers when trying to access healthcare. This likely negatively impacts a child's developmental skills and their ability to fully participate in their communities. The aim of the study is to identify intrinsic (personal) and extrinsic (environmental) factors that may impact performance across developmental domains and participation.

Parents reported that their children had delays in important performance and participation domains. Our study found that ∼34% of the children in this study fell below the 25th percentile in Mobility domain and ∼77% of children fell below the 25th percentile in Social/Cognitive domain on the PEDI-CAT. Parent satisfaction with their child's functioning within the home and community averaged 6.9 out of 10 on the F-Words Life Wheel. These findings would suggest that most of the children would benefit from rehabilitation services and targeted interventions. However, our study found significant gaps in healthcare for local specialists, resulting in many barriers to accessing the care their child needs.

Parents reported many barriers to accessing and adhering to medical and rehabilitation care related both to intrinsic and extrinsic factors. Two major themes were identified as barriers to care during the semi-structured interviews: (1) distance from the hospital or clinic, and (2) waitlist and delayed diagnoses. Most parents in the study must drive to the nearest children's hospital, about 1.5 h away, to get specialized care for their child. Some families reported making this drive several times a month. To make these appointments, it requires the parent and family to have flexibility in their schedule (88.5% reported as a barrier), money to pay for gas (65.4% reported as a barrier), care for other siblings if they are unable to attend the appointment (73.1% reported as a barrier), and reliable transportation (34.6% reported as a barrier). The magnitude of the effort the parent must put in to adhere to these medical appointments becomes clear once all barriers are accounted for.

Parents also reported difficulty scheduling an appointment due to long waitlists at specialized clinics to receive a neurodevelopmental diagnosis for their child. Approximately 65.4% of the parents perceived that their child's diagnosis was delayed. Parents, on average, identified a “problem” when their child was 2.3 years old; however, parents reported the medical diagnosis was not given on average until their child was 4.3 years old. Waitlists to get into these specialized clinics in this region are roughly 1 year, although early diagnosis and subsequent intervention are critical for best outcomes for children with neurodevelopmental disabilities (7, 17). Due to the lack of service providers, there are also waitlists for rehabilitation providers. Parents report that when they start rehabilitation, the frequency of services can be very low. The largest proportion of children report being seen once a year or less. This is particularly worrisome because children with neurodevelopmental disabilities likely need rehabilitation; however, accessing these services more frequently for education, evaluation, and treatment may be difficult.

Our study examined several intrinsic factors including socioeconomic components, health literacy, and the child's medical history that may impact performance and participation. When examining socioeconomic factors of the family, most parents (58.8%) reported having additional training after high school or a college level degree, yet most were not currently employed (52.9%). Many parents reported that their unemployment, underemployment, or a change in employment was directly related to caring for and managing appointments for their child with a neurodevelopmental disability. Parents also reported that leaving the workforce invoked a loss of self-identity. These findings are consistent with previous literature that found parents of children with disabilities often have higher unemployment rates, despite no difference in education level when compared to parents of children without disabilities (32, 33).

Many of the parents also reported secondary medical diagnoses and delays across developmental domains. Approximately, 30.7% of the parents reported that their child has a mental or behavioral health diagnosis. These include anxiety, depression, obsessive compulsive disorder, and oppositional defiant disorder. Hirota and King previously reported that children with ASD are more likely to have higher rates of anxiety (20% vs. 7%) and depression (11% vs. 5%) compared to children without a disability (20). However, accessing behavioral health services in Appalachia can be difficult due to the lack of providers. Precisely 50% of the children also have a speech or language delay and more than 25% of children have delays in the cognitive, learning, motor, and social emotional domains. Sanchack and Thomas recommend early and intensive behavioral therapies to improve outcomes across developmental domains (19). Parents also report that these secondary diagnoses and developmental delays can inhibit their child from making meaningful friendships or participating within their communities. This was evident in the responses from the F-Words Life Wheel, as Friendship was rated the lowest in satisfaction by parents with an average score of 5.3 out of 10.

Seven of the parent participants (41.2%) had multiple children with a neurodevelopmental disability. Five parents had two children, and two parents had three children with a neurodevelopmental disability. This is unsurprising as both ADHD and ASD are thought to have genetic etiologies (34, 35). However, managing the health and wellbeing of two (or more) children with unique needs can be very challenging for parents. Parents discussed the difficulty of managing different medical schedules, education, and behaviors of their children. They also discuss the fear of receiving a diagnosis for their younger child and contemplations about how they were going to manage their daily lives after receiving the diagnosis for their child.

To create targeted clinical interventions to improve performance across developmental domains and participation for children with neurodevelopmental disabilities living in Appalachia, or other rural communities, it is important to consider both intrinsic (personal) and extrinsic (environmental) factors. Based on the findings from our study, we have several recommendations for clinical interventions for children with disabilities living in rural and medically underserved regions. Interventions for children with neurodevelopmental disabilities in rural communities may target any developmental domain, as delays exist in each. Targeted clinical interventions within medically underserved regions should first consider the shortage of service providers to ensure the sustainability of their efforts. Group-based interventions may be considered as they reduce the number of trained professionals required, while providing care to more than 1 child at a time. Group-based interventions may also help to target the development of social emotional skills and help children with neurodevelopmental disabilities create meaningful friendships, an area parents identified as being important to their child's well-being. Interventions that utilize telehealth services may also help to improve access to specialized care by expanding the care network outside of the region. Both synchronous and asynchronous telehealth services should be explored, as the internet within rural communities are not always reliable. Finally, many parents in our study had multiple children with disabilities and expressed feelings of being overwhelmed. This is not unique to the Appalachian region and should be considered during the development of research studies targeting children with disabilities. Families of children with disabilities may need access to affordable respite care options. Future studies may investigate the use and cost of respite care to better identify gaps in this region to inform clinical interventions and policy decisions. In addition, studies that utilize parent-coaching as a model should be aware of these feelings, as it may inadvertently result in non-adherence to the intervention.

To further improve the health and well-being of these children, current policies may need to be re-examined for their effectiveness for helping children with neurodevelopmental disabilities to access needed healthcare. Existing Ohio policies and legislation do not address the gaps and barriers in healthcare that we have discussed in this paper. Many Appalachian counties are federally designated as HPSA (6, 7), meaning not enough providers to meet the healthcare needs of children living in these regions. Many rural regions of the United States face similar challenges. A study by Probst et al. in 2018 (7) found that 56.6% of rural communities lack even a single pediatrician. Specialists are even more scarce. This gap in healthcare creates barriers for families to accessing services due to required travel (8, 13–15). Telehealth has been proposed as a solution, however, Ohio and its bordering states face barriers to telehealth, because telehealth requires stable internet connection—a rarity in certain regions of Appalachia and throughout rural communities. In the North Central region in Appalachia, only 83.1% of households have access to broadband internet subscriptions. Increasing access to affordable and high-speed broadband internet within this region may help to actualize the routine use of telehealth services in this medically underserved region. Policies may consider incentivizing not only medically trained personnel, but also rehabilitation professionals to work in these rural regions to help combat the shortage of providers and provide children with the care they need to fully participate within their communities.

Barriers related to health insurance coverage remains at the forefront of the literature regarding access to healthcare in Appalachia (4, 10, 11, 15, 17, 18). Ohio Medicaid Expansion under the Affordable Care Act (ACA) significantly increased healthcare coverage for low-income individuals during the beginning of the COVID-19 pandemic. Ohio Medicaid has begun disenrolling people since 2022 impacting hundreds of thousands of Ohioans. This directly impacts a family's ability to afford healthcare for their children. Regarding disability home healthcare coverage, Ohio provides Medicaid waivers for individuals with disabilities to receive services at home or in community settings, yet access varies widely due to funding and workforce shortages in rural areas. Policies that incentivize trained community workers may help to mitigate this shortage.

Studies consistently highlight poor health outcomes in Appalachian Ohio, including higher rates of chronic illnesses and substance use. This is consistent with other Appalachian regions, which includes 13 states and millions of children. Access to healthcare is hindered by healthcare provider shortages, transportation barriers, and socioeconomic challenges, even with the previous Medicaid expansion. Both policy goals and research highlight the need to address rural healthcare provider shortages, improve service accessibility, and expand funding for critical health programs. Policies and studies acknowledge telehealth as a promising solution for rural areas but note the challenges of broadband access in Appalachia and in other rural regions. Existing policies often highlight theoretical access to services, but research reveals persistent gaps in actual utilization, especially among low-income and disabled populations. Research findings emphasize cultural and social barriers, such as stigma and mistrust of systems, which are less frequently addressed in policy design.

Children with disabilities deserve the highest level of care, regardless of where they live. The themes developed from this research study may help guide future clinical research projects and policy changes to improve the health and wellbeing of children with disabilities living in rural and low-resourced regions of the US.

Limitations: There are several limitations to this study. First it is a small sample size that lacks diversity, which limits the generalizability of the results. These findings are specific for children with neurodevelopmental disabilities living in the North Central Appalachian region. However, readers may consider this as a potential starting point for clinical research in other rural and low-resourced regions within the US.
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Introduction: This study translated the pediatric Wheelchair Use Confidence Scale for Manual Wheelchair Users (WheelCon-M-P) into Arabic (WheelCon-M-A-P) and evaluated whether the translation produced scores similar to the original English version.



Methods: The English version was first translated into Arabic and then verified by back translation method by expert committee in the field of rehabilitation and wheelchair service provision. The final versions were administered to assess confidence with manual wheelchair use among children. Each participant was asked to complete both the WheelCon-M-P English version and the WheelCon-M-A-P Arabic version in a random sequence. Kappa statistics were used to quantify the level of agreement between scores obtained from both versions.



Results: Participants (n = 48) had an average age of 14.2 years, were all bilingual, and 54% were male. Kappa agreement obtained was 0.54 (95% confidence interval, 0.49–0.62) indicating significant moderate agreement between the two versions (p < 0.000).



Discussion: This study provides preliminary evidence of a valid WheelCon-M-A-P to assess confidence with manual wheelchair use among Arabic-speaking children. Future studies to further test its psychometric properties are crucial.
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Implications for rehabilitation


	•The Arabic pediatric version of the Wheelchair Use Confidence Scale for Manual Wheelchair Users (WheelCon-M-A-P) is now available for Arabic healthcare professionals and can be used with Arabic-speaking pediatric manual wheelchair users in clinical practice and research.

	•It is important to assess confidence in wheelchair mobility in pediatric populations. The WheelCon-M-A-P can be used to measure Arabic-speaking wheelchair users' confidence with wheelchair use and provide useful information about a child's belief in his/her ability to perform wheelchair related tasks.

	•This study provides an opportunity for identifying areas of low confidence in Arabic- speaking pediatric manual wheelchair users. This will help clinicians make informed decisions when prescribing and training pediatric wheelchair users in wheelchair use and providing confidence-enhancing interventions.





Introduction

Globally, UNICEF estimated that over 236.4 million (10.1%) children aged 0–17 years have disability (1). The Middle East and North Africa are home to more than 20 million children with disabilities (2, 3). One in seven children in the region has one or more functional difficulties that require the use of assistive technology devices including wheelchairs (4, 5). A properly fitted wheelchair supports both the cognitive and psychosocial development of children with physical disabilities (6, 7). Proper wheelchairs enable children to explore their environments and have increased independence, safety, and quality of life (8–10). They also help promote self-worth, confidence and provide opportunities for social participation (11–14).

Wheelchair confidence, defined as the belief individuals have in their ability to use their wheelchair in a variety of contexts, is a key element in wheelchair provision process (11, 15–23). Manual wheelchair users who demonstrate low confidence with wheelchair use show a low level of participation in activities of daily living (24–26). The prevalence of low wheelchair confidence was determined to be 25%–35% as reported among wheelchair users, hence, wheelchair confidence should be both assessed and considered with interventions of rehabilitation as an influencing factor for self-efficacy and social participation (27). Therefore, self-report outcome measures were developed to assess confidence with wheelchair use. The Wheelchair Use Confidence Scale (WheelCon) was designed to measure confidence with wheelchair use and identify individuals who have low confidence while using wheelchair. There are different WheelCon versions available including the Wheelchair Use Confidence Scale for Manual Pediatric Wheelchair users (WheelCon-M-P). The WheelCon outcome measures have been used in research and clinical settings and proved to be valid and reliable tools (19, 20, 27–30).

There are currently a handful of validated Arabic wheelchair outcome measures and none of them measure confidence with manual wheelchair use (31, 32). Therefore, the purpose of this study was to translate the WheelCon-M-P into Arabic and evaluate its level of kappa agreement with the English version.



Methods


Study participants

To be included in this study, children needed to: (1) be between the ages of 5 and 18; (2) use a manual wheelchair daily for a minimum of 6 months prior to the study; and (3) be able to read, write, communicate verbally in Arabic and English, and understand simple instructions. Children with severe cognitive and language disorders or children who had undergone a medical intervention during the previous 6 months that could have affected the study outcomes were excluded. All children who met the inclusion criteria were approached first and educated along with their parents about the study seeking their interest and agreement to participate. All interested children provided assent and informed consent was then obtained from their parents. Children recruited for the purpose of this study using convenience sampling methodology after obtaining permission from their parents.



Ethical approval

Ethical approval to conduct the current study was first obtained from the clinical research ethical committee of a local school-based rehabilitation center (decision number REVAPP20231103).



Instrument

The WheelCon-M-P was translated in this study from English to Arabic language. The WheelCon-M-P is a 33-item self-report outcome measurement tool that is used for pediatric manual wheelchair users. It measures wheelchair confidence in the areas of negotiating the physical environment, performing activities in the manual wheelchair, knowledge and problem-solving, advocacy, managing social situations and managing emotions (see Table 1). The response scale is based on a visual 5-level Smiley Face Likert scale, with descriptive anchors for the red face (not confident) and green face (very confident). For scoring the WheelCon-M-P, each response is first transformed to a number with red face = 0 and green face = 4 and then the average questionnaire total score is calculated by adding the scores of each question and dividing it by the number of questions answered. The WheelCon-M-P was developed by adapting the WheelCon-M, French Canadian version based on the perceptions of occupational therapists, parents, and pediatric manual wheelchair users. It is available in both French and English. The French-Canadian version has preliminary evidence of its reliability and validity (33). There is also a Dutch version available for assessing confidence in wheelchair mobility in Dutch youth using a manual wheelchair and it includes items only from the negotiating the environment area (34).


TABLE 1 Focus areas and number of items of the WheelCon-M-P.

[image: Table listing areas and corresponding item counts. Areas include: Negotiating the physical environment (15), Performing activities in the manual wheelchair (6), Knowledge and problem-solving (4), Advocacy (3), Managing social situations (3), Managing emotions (2), with a total of 33 items.]



Methodological procedures

The WheelCon-M-P English version developers were approached first to obtain approval to translate it into Arabic and were provided with the final verified Arabic version. The forward-back translation methodology following the World Health Organization (WHO) guidelines and recommended procedures were used in this study (35–37). A committee of three Arab expert professionals in the field of rehabilitation and wheelchair service provision performed the forward translation into Arabic and then it was translated back into English by another three bilingual healthcare professionals who were not familiar with the instrument. The final WheelCon-M-P English version was then compared with the original English version by the primary study researcher to verify quality of translated work and perseverance of intended meaning in all items. Pilot testing was conducted to run cognitive debriefing and test level of understanding of the final Arabic pediatric version of the WheelCon-M-P (WheelCon-M-A-P) by 12 of the study participants. This helped ensure that the Arabic translation is clear, easy to understand, culturally acceptable, and relevant to the original English version.

After approval of the final version of the WheelCon-M-A-P, it was tested in 48 bilingual English-Arabic pediatric manual wheelchair users. All participants were asked to complete both the WheelCon-M-P English version and the WheelCon-M-A-P Arabic version in a random sequence and it took each participant an average of 10–15 min to complete each version. The study principal investigator provided an opportunity for parents to be there while completing the instrument. Also, children felt free to ask questions if they did not understand any of the items in either the English or Arabic version and the interviewer read some of the items for the children once needed.



Data analyses

Descriptive statistics of simple percentages, means, and standard deviation were used to analyze participants' demographic information. The agreement between the two versions was assessed using kappa coefficient for agreement between the two versions, a 95% confidence interval was constructed for kappa, and the kappa coefficient was interpreted conventionally as follows: values ≤ 0 as indicating no agreement and 0.01–0.20 as none to slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 0.81–1.00 as almost perfect agreement (38). All statistical analyses were done using IBM-SPSS version 23.0 (39).




Results


Demographics of subjects (n = 48)

The study sample consisted of 48 pediatric wheelchair users (26 were male and 22 were female). The average child age was 14.2 years old and had used a manual wheelchair for a least the past 6 months (see Table 2).


TABLE 2 Study participants’ demographics (n = 48).

[image: Table showing demographics of a study sample. Age: mean 14.2 years (SD ±6.45). Gender: 54% male (26), 46% female (22). Years using wheelchair: mean 3.8 years (SD ±2.48). First language: 69% Arabic (33), 31% English (15). Primary diagnosis: 40% cerebral palsy (19), 33% spina bifida (16), 27% muscular dystrophy (13).]



WheelCon-M-P items translation

Per cognitive debriefing and backward translation review, only one minor issue was detected and revealed during the translation in question/item number 12 “I am confident that I can use my manual wheelchair to go push the crosswalk button and cross the street before the traffic light turns red”. In Saudi Arabia and most Arab countries, we don't have crosswalk button next to the traffic light. Therefore, a minor edit was performed while maintaining the original intended meaning and the modified item became “I am confident that I can use my manual wheelchair to go push the crosswalk button and/or cross the street before the traffic light turns red”. The developers were informed of this minor change and provided with the final approved version.



Kappa measurement of agreement

Kappa agreement obtained was 0.54 (95% confidence interval, 0.49–0.62) with percent agreement of over 61% indicating significant moderate agreement between the two versions (p < 0.000) (see Figure 1).


[image: Two line graphs compare results for WheelCon-M-P tests. The top graph shows Arabic first, English second (n=23), with Arabic and English lines displaying similar trends around 120-140 total WheelCon-M-P scores. The bottom graph shows English first, Arabic second (n=25), with both lines displaying similar fluctuations between 100 and 140 on the total WheelCon-M-P scale. The X-axis is labeled 1 to 25, and the Y-axis represents total WheelCon-M-P scores.]
FIGURE 1
WheelCon-M-P 1 (complete the first WheelCon-M-P), and WheelCon-M-P 2 (complete the second WheelCon-M-P in the other language).





Discussion

The purpose of the current study was to translate the WheelCon-M-P into Arabic and to evaluate its agreement with the original English version. The Wheel-Con-M-P tool measures confidence in wheelchair use for children and has proved to be helpful and useful outcome measure in wheeled mobility and seating assessments. The WheelCon-M, French-Canadian version was adapted into the pediatric version then translated to English and provided a reliable information that helped better understand children confidence while using their wheelchairs (33). The current study is considered the first to translate the WheelCon-M-P tool into Arabic and utilize it with Arabic-speaking wheelchair users' population. In the current study, expert rehabilitation professionals in the field of wheelchair service provision with over 20 years of experience not only performed a rigorous forward and back translation, but a thorough review was conducted to ensure accuracy. In addition, our study reported on the translation of the WheelCon-M-P in which the WHO recommended translation guidelines were followed (35–37). Additionally, our panel of experts ensured maintenance of the original meaning of the items and helped make the Arabic version of the WheelCon-M-P (WheelCon-M-A-P) available for use for Arabic-speaking pediatric wheelchair users and healthcare professionals.

In this study, the participants completed the WheelCon-M-P English and Arabic versions in a random sequence and there were 33 questions with 5 possible answers in the WheelCon-M-P which helped minimize recall, order bias, and improved quality of results. We obtained a significant moderate agreement between English and Arabic WheelCon-M-P versions with highest agreements in items related to negotiating the physical environment, performing activities in the manual wheelchair, knowledge and problem-solving, and advocacy and lower agreements were obtained in items related to managing social situations and managing emotions. This finding was expected and concur with previous studies indicated that social emotional learning process and emotional self-regulation skills in which children learn to better comprehend and manage difficult emotions, express their feelings, develop relationships, and practice social interaction skills especially in critical stressful situations maybe confusing for some children with disabilities and require a lot of training and support to enhance their self-expressive skills and their ability to communicate their emotions with others adequately (40, 41).

To the best of our knowledge, this study was the only study to apply the WheelCon-M-P tool into Arabic context. The statistically significant moderate agreement between English and Arabic WheelCon-M-P versions obtained in the current study is promising and suggests that the translated Arabic version could be helpful and useful to Arabic wheelchair service providers who would like to use it for Arabic-speaking pediatric wheelchair users.


Limitations of the study

In the current study, participants recruited were from one center only. Future multicenter research studies conducted at more than one medical center or clinic are crucial to better represent the target population. Also, the data derived from this study was self-reported and based on children perceptions only. Further studies that include data derived from focus groups conducted with wheelchair professionals and qualitative interviews conducted with parents of manual wheelchair users are imperative to explore different perspectives on wheelchair confidence and better understand pediatric wheelchair user' needs. For future direction, this would help explore if there are other aspects of wheelchair confidence that are pertinent for Arabic pediatric manual wheelchairs users from the perspectives of children, parents, and healthcare professionals measuring the content validity of the WheelCon-M-A-P (42, 43). Furthermore, this pilot study only examined the level of agreement of the translated version with the original version. Therefore, we are planning to examine other psychometric properties of the WheelCon-M-P Arabic version (WheelCon-M-A-P), such as validity (content and face validity) and reliability (test-retest and inter-rater reliability).




Conclusion

The WheelCon-M-A-P self-report Arabic tool has been developed for use in research and clinical practice. This study has provided preliminary evidence of new promising, valid, and useful tool for Arab healthcare professionals to help measure confidence with wheelchair use among Arabic-speaking pediatric wheelchair users. Further validation studies are warranted.
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In this paper, we identify major paradoxes that have emerged from randomized controlled trials and longitudinal studies of diverse groups of young children with identified disabilities and risk conditions. We concentrate on the first three years of life because these coincide with a period of rapid changes in brain structure and function as well as dramatic expansion of a child's skills in motor, language, social-emotional, and cognitive domains. The paradoxes support a major revision in hypotheses about how effective interventions can alter a child's functioning and life course. The following conclusions derive from the paradoxes: (1) the intertwined biological and environmental influences on a child's well-being contribute more to functional outcomes than do the primary medical diagnoses and biological risks alone; (2) high-intensity, high-cost interventions that are well-timed, wholistic, and multi-domain can be more powerful and economical (i.e., yield higher “returns on investment”) than many treatments that initially appear less costly and easier to implement; (3) treatments that are individualized to the child and family, while adhering to evidence-backed treatment protocols, are among the most likely to result in large and long-lasting benefits compared to those that are solely individualized or adherent to a treatment protocol that does not make adjustments for the child; and 4) a clearly presented conceptual theoretical framework about human development can be a remarkably practical and informative tool in maximizing benefits of pediatric rehabilitation. We propose an interdisciplinary “total-child” platform – named the Interdisciplinary Monitoring, Planning, and Caring for the Total-Child – Together (IMPACT2) Developmental Framework - to support forming strong partnerships to facilitate informed clinical and family decision-making as well as the design and conduct of scientific investigations. We encourage others to consider these paradoxes and the IMPACT2 framework to stimulate conversations and promote innovative family and community partnerships to realize greater impact from delivering effective pediatric rehabilitation interventions to all eligible children.
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Introduction

This paper has been germinating for a long time in the minds, research, and conversations of the three authors. Craig Ramey is among the first lifecourse developmental psychologists recruited through an NIH interdisciplinary program that admitted its first graduate students in 1966 and a pioneering scientist in infant learning research. He has conducted many randomized controlled trials (RCTs) testing the efficacy of early interventions developed to improve outcomes for vulnerable children and those with diagnosed developmental delays and disabilities. Michael Msall is a board-certified Neurodevelopmental and Behavioral Pediatrician who has conducted research and synthesized research findings in the areas of genetics, resiliency, low birthweight and prematurity, and developmental disabilities, including the development of innovative assessment measures of child functioning after neuroprotection interventions. Sharon Landesman Ramey is a developmental scientist with training in comparative and developmental psychobiology, ethology, and behavioral teratology who has conducted clinical trials since 1972 that test new interventions to improve learning and health outcomes in individuals with developmental disabilities (including children once deemed “untreatable”) and children with high environmental risks.

In 2022 at a national meeting, after a long, wide-ranging conversation about changes and opportunities in our fields, we pledged to continue sharing our thoughts and to write about some of the research findings that we think could transform the lives of vulnerable young children, but have not yet been fully implemented. These potentially high-impact discoveries over the past 50 years are scattered across many disciplines – including pediatrics, psychology, pediatric rehabilitation, epidemiology, and early childhood education. We thus have written this paper, designated as an “Hypothesis and Theory” contribution to Frontiers in Pediatrics, to present our vision for the practical application of these discoveries. We present an updated version of a conceptual theoretical framework that emphasizes a continuous learning system for optimizing the health and well-being of all young children through partnerships. This framework is compatible with a 2024 report from the JAMA Summit on Clinical Trials (1) that provides a clear vision with strategies for “modernizing the data infrastructure for clinical research to meet evolving demands for evidence” – recognizing the need to combine RCT results with real-world data documenting a far wider variety of clinical experiences and outcomes.

Major advances in maternal-fetal medicine, genetics/epigenetics, neonatology, pediatrics, developmental psychology, and functional neuroimaging have opened up new strategies to improve the monitoring and development of young children with neurodevelopmental risks and medical diagnoses. These advances are compatible with most biopsychosocial and ecological conceptual frameworks about human development, such as those proposed by Arnold Sameroff (2), Urie Bronfenbrenner (3, 4), the Rameys (5, 6), and Clancy Blair (7), among others. The World Health Organization International Classification of Functioning, Disability and Health (ICF) (8, 9) and the life course health models proposed by Halfon, Litt, Msall, Hirschfeld, and colleagues (10, 11) are additional examples of broad, integrative frameworks intended for use with clinical pediatric patient populations.

A critically important goal is increasing the awareness among medical and health care practitioners, as well as scientists and parents, of how useful these broad conceptual frameworks can be in making strategic reforms in the systems of care and partnership models of clinical decision-making related to improving child outcomes, including children's resiliency, risk reduction, functional abilities, learning, and neuroplasticity. Mark Scher (12), among others, has brought forth how the model of a dynamic multidimensional exposome – that is, the measure of all lifetime exposures of a child and how these relate to health at different times and cumulatively – plays a crucial role in lifespan brain health and, in turn, can transform the way we prepare clinicians for practice (13). In preparing this article, we have placed high value on published results from RCTs, yet we allow ourselves to share impressions from our direct experiences, including our community-based participatory research projects and working as lead clinical and scientific administrators within academic pediatric and rehabilitation service delivery systems in the United States. Above all, we recognize that widely accepted assumptions about children's development are strongly influenced by social pressures, professional traditions, and broad cultural factors, not only scientific evidence about child development and treatment efficacy. This reality often results in strong resistance to implementing scientific findings and new interventions that challenge or criticize the status quo. We nonetheless are optimistic that interdisciplinary partnerships and inclusion of people with lived experiences (14, 15) in our clinical service delivery and scientific investigations will facilitate more rapid, responsive, and successful implementation of evidence-based practices (EBPs). Although we particularly focus on children who face exceptional challenges, we conclude that evidence strongly favors the commonalities in how all children learn and in the supports that promote their optimal health and performance. That is, we endorse total-child practices and a shared conceptual framework for learning, functioning, and resiliency of all children, rather than developing entirely separate frameworks for specific medical diagnoses and environmental risks.

Our early intervention RCTs as well as our laboratory studies, have revealed and affirmed many basic neuroscientific principles for optimizing early childhood learning, health, and quality of life. These highlight the importance of dynamic, repeated, and responsive transactions that young children have with others and the environment – transactions in which young children actively participate and experience the immediate effects of their own behavior (responses) on what happens next. One of these central foundational principles of infant learning is known as “response-contingent learning” [e.g., (16, 17)] – a type of learning that has propelled the development of many efficacious interventions for vulnerable infants, including infants with failure-to-thrive (18), children born into extreme poverty with multiple environmental risks (6, 19), infants who are premature and low birthweight (20, 21), and children with cerebral palsy and other neuromotor impairments (22–25).



Paradoxes in pediatric rehabilitation and early intervention programs

We have identified the following four paradoxes through our own longitudinal studies, clinical practice, and RCTs of young children with multiple risks and/or special needs. They also receive supportive evidence from many others [e.g., (26–32)]. We present each paradox in words conforming to the traditional definition as “a statement that is seemingly contradictory or opposed to common sense and yet is perhaps true” (33). Table 1 lists these along with their relationship to fundamental principles of development and their implications for hypotheses in treatment intervention and research.


TABLE 1 Major paradoxes from early intervention research and their treatment implications.

[image: A table illustrates the connections between paradoxes, principles about development, and treatment implications. The paradoxes highlight the importance of considering biological and environmental influences, timing and intensity of interventions, individualized treatments, and conceptual frameworks. The principles column outlines conditions affecting child development, learning, and treatment needs. The treatment implications emphasize early assessment, sharing information, intensive and multi-domain treatments, and the importance of a total-child framework for recording progress and developing partnerships with families and educators.]


Paradox 1: recognizing the intertwined biological and environmental influences on a child's well-being leads to better functional outcomes than focusing primarily on medical diagnoses and biological risks

These combined influences often are not simply additive but represent distinct and cumulative forces that optimize or impair life course health and developmental trajectories. Importantly, environmental supports influence how biology expresses itself during specific time periods of a child's life and how children's brains learn and adapt. This paradox challenges a conventional clinical assumption that there usually is one primary etiology (cause) that explains a child's impairment or diagnosed disability. Typically, this assumption of primary biomedical determination leads to a clinical diagnosis with a general prognosis about the child's future health and development. This diagnostic determination often is conducted by a physician who has little knowledge about the child's everyday environment, including the family home environment and parenting practices, and who seldom has spent enough time with the parents and child to understand how the child's “individuality” (such as comfort with strangers, willingness to try new and potentially difficult things, cooperation with adult or parental requests, ability to sustain focused attention to specific tasks) may influence the child's performance during standardized assessment sessions and clinical examination. In turn, after the physician completes the initial diagnostic workup, the child is referred to other specialists for further evaluations, largely so the child can receive treatments from rehabilitation specialists - such as physical, occupational, speech-language, and behavior therapists - and so a child's eligibility can be determined for special child care and early educational programs the family may choose to access. Remarkably, rarely is there a total-child assessment that adequately addresses this paradox of intertwined influences between biology and environment. Currently, many children receive a complex set of services, and may have a “multidisciplinary team” that gets together and agrees to a treatment-management plan. All too often, however, the resultant treatment plan is merely a combined set of separate interventions, not closely coordinated and not informed by a total-child perspective. Accordingly, opportunities for maximizing improvement in the child's biomedical condition and development across multiple domains are overlooked, fragmented, and seldom scaffolded to the child's joy of learning essential skills and task-mastery in everyday activities.

The emerging and enthusiastically embraced scientific developmental models referred to as “epigenetic models” seek to overcome the dual view of a child as an equation with separate elements for biology/genetics and the environment [cf (34) for overview]. Although debates about nature vs. nurture may continue in public arenas, discoveries of the past 50 years show that genes, for example, can be turned on, turned off, and influenced by experience in how they are expressed. For some people, this epigenetic framework becomes so technically complex that they may lament that “If everything affects everything, how can we ever make sense of a given child's life?” We have no simple answer nor do we deny it can feel overwhelming to consider a wide array of complex and simultaneous influences. Rather, we are encouraged by examples of complex biological and behavioral systems in the fields of cardiovascular health and cancer, for example, where specialists with different areas of expertise understand how important it is to include other simultaneous influences to maximize positive patient outcomes.

We have observed that when a young child has a diagnosed CNS disease, injury, or genetic aberration, the focus initially is on that condition and its management, rather than considering the child's health and functioning in other domains. This is often demonstrated in the management of children who were born extremely preterm. They experience a variety of complex medical conditions including bronchopulmonary dysplasia, necrotizing enterocolitis, high risk of sepsis, and feeding and regulatory behavior delays. Most importantly, the immature CNS of extreme prematurity has vulnerability to intraventricular hemorrhage, periventricular hemorrhagic infarction, periventricular leukomalacia, and retinopathy of prematurity. The neurodevelopmental outcomes of these children include elevated rates of cerebral palsy, neurosensory disability, global developmental delay, and challenges in coordination, visual perception, communication, executive function, and learning disorders [e.g., (10)]. Overall, outcomes are improving for very low birthweight and premature infants, and mounting evidence indicates the importance of environmental enrichment and family supports [e.g., (31)]. For instance, a cohort study of preterm infants (35) showed that maternal factors were as important as direct brain injury – resulting in the finding that among higher social status children there were no lasting effects of neonatal brain injury on measured cognitive outcomes.

Understanding the combined transactions among environmental supports from the child's family, community, and medical interventions is imperative. We seek to counter this situation by not focusing unduly on either the biological risks or environmental risks, because failure to see the “big picture” of a child's life in its full context, including cultural influences, can lead to selecting treatments that are not sufficiently informed about the natural supports and likely stressors impacting the child and family.

This paradox that biomedical conditions are inherently intertwined with the environment is affirmed in scores of studies in which pediatric interventions produce effects on aspects of the child's or family's life that were not explicitly targeted by the treatment. Often, when unpredicted positive changes occur in multiple domains, these are described as spillover effects, secondary outcomes, or pathway outcomes mediated by the treatment intervention. Many plausible explanations for these multi-domain effects exist. One explanation concerns how the brain develops, such that the “motor areas” of the brain can influence the “prefrontal or thinking areas” of the brain, or that the “emotional areas” of the brain can support or interfere with “decision-making areas” of the brain. Another focuses on the psychological view of the child as having voluntary control or “agency” over new behaviors: after a child observes making major gains in a short period of time, the child may try to master other difficult tasks that were not part of the original treatment. Or from a social ecological view, when parents and others in the child's life see rapid, large improvement in one area, they may increase their expectations about the child's future and begin offering new learning opportunities and supports for achievement that they previously had not considered. Perhaps one of the most defensible explanations of why a child improves in more than just one domain after receiving effective treatment is that during the intervention itself the adults engaged in new activities that promoted “incidental learning” and “observational learning.” One example from our work includes children with unilateral or asymmetric cerebral palsy who receive multiple weeks of full-day Constraint-Induced Movement Therapy (CIMT) concentrated on improving skillful use of the more impaired (paretic) arm-and-hand who then begin to walk, speak, initiate more social interactions, and/or show marked reduction in behavior problems (24). Another example of cross-domain benefits is from an RCT, known as the Abecedarian Project, with infants born into very low-resource, high-risk families who received 5 years of full-day, high-quality child care with an individually-paced educational curriculum, Learningames, informed by response-contingent principles. The children who received the Abecedarian Approach intervention showed not only significantly higher cognitive and language development in the early years (the primary targeted outcomes), followed by higher academic achievement in reading and math throughout the school years, but in middle age they showed greater compassion and caring for others in their decision-making activities, had more positive adult relationships with their parents, had significant differences in their brain structure, and had higher rates of full-time employment, advanced education attainment, and accumulation of material assets (6). Finally, another example is from cryosurgery for retinopathy of prematurity RCT, where successful ophthalmological interventions not only increased favorable visual status but also were associated with higher levels of motor, self-care, continency, and social cognitive functional skills (36). Importantly, favorable visual status and more optimal functioning at kindergarten entry predicted higher academic performance in reading, mathematics, and handwriting and a decreased need for special education placements at age 8 years (35).

One of the earliest examples of the dynamic play between biology and the environment is the Sameroff and Chandler (1975) (37) landmark article that reported the finding that low birthweight/premature infants from different socioeconomic circumstances had major differences in their long-term outcomes. Specifically, being born prematurely and/or low birthweight for children from economically impoverished families exerted a stronger negative consequence, when compared to peers from similarly impoverished families who were full-term, normal birthweight, than did similar degrees of prematurity/low birthweight for children from higher resource families, who often showed negligible or no long-term effects of this biological condition at birth. This does not mean there were no consequences of the infant's early birth and/or inadequate circumstances, but rather that an enriched family environment served to help overcome the potential harm of biological birth risk conditions. This observational finding was later confirmed in an 8-site RCT known as the Infant Health and Development Project that tested a multi-pronged early educational intervention for 985 premature, low birthweight infants through the first 3 years of life (20, 21). Overall, the early intervention – almost the same as that in the Abecedarian Project - demonstrated efficacy across all 8 sites. However, a more refined look showed sub-group differences: specifically, premature, low birthweight infants born to parents with at least a 4-year college degree performed equally well (above national average) whether or not they received the early education intervention. For all other maternal education groups, the intervention produced significant gains in cognitive scores at age 3 compared to the control group. We interpret this finding as supportive of the inference that high-resource families, even when in the control group, likely sought out and provided stimulation and care that effectively counteracted the potential long-term harm of prematurity and low birthweight.


Paradox 1 implications for practice and hypotheses

For children with biomedical conditions that are potentially complicated by environmental conditions, it is vital to consider how these multiple factors influence the accuracy and the impact of diagnoses, treatment recommendations, and child outcomes. To realize maximal benefits of treatments, adopting a whole-child perspective is likely to improve the feasibility and benefits of the child's overall treatment plan.




Paradox 2: investing in high-intensity, high-cost interventions that are well-timed, wholistic, and multi-domain can be less expensive (i.e., yield higher “returns on investment”) and optimize life course outcomes better in the long-term than many treatments that initially appear less costly, easier, and narrower

What may at first appear to be a treatment that is too demanding – a high dose of therapy in a concentrated period of time - surprisingly can be easier and “more enjoyable” for the child, the family, and even the therapists or teachers than conventional therapy that is low dose and initially may appear simpler to deliver and less burdensome. An endorsement of this paradox is provided by independent teams that have conducted long-term or lifespan economic analyses adopting a “return on investment” (ROI) paradigm. For example, James Heckman and colleagues (38) completed an expansive set of ROI analyses, using longitudinal data over 4 decades from 2 independent RCTs we conducted - The Abecedarian Project and Project CARE. These studies tested the same multi-modal early intervention from birth to age 5, using the Learningames curriculum as part of the high-intensity intervention (full day educational child care, 5 days/week for 50 weeks/year for 5 years) for highly vulnerable children born into extreme poverty with multiple family-level risks. They concluded that each dollar invested in the Abecedarian Approach yielded an ROI of $7.30, producing an average annualized rate of return of 13.7 percent. Despite the relatively high initial cost (about the same or less than the cost of center-based Early Head Start programs and high-quality private childcare in the U.S.), this intervention prevented many non-optimal developmental and health outcomes that would have been far costlier when placed into a life course framework. In addition, we point out that the overall costs for high quality, comprehensive, intensive interventions are far less than for a 2 to 4-week inpatient rehabilitation stay for adults with stroke, traumatic brain, or spinal cord injury or a hip replacement and rehabilitation after a fall.

To date, this model of appraising the overall worth of high-intensity early interventions has not been applied systematically in pediatric rehabilitation. However, we strongly encourage this, including consideration of places where EBPs have been successfully adapted in spite of the early intervention and rehabilitation resources being limited and notable differences in the culture and community context for parenting [e.g., (32, 39)]. In the U.S., many children with neuromotor and/or cognitive disabilities receive nearly two decades of relatively low dose (a few hours per week), but mostly unproven forms of individual rehabilitation, amounting to thousands of hours of insurance or government paid treatment. In contrast, even repeated epochs of high-intensity rehabilitation that yield clinically significant benefits would be far less costly - in terms of both monetary and time costs - in the long run.

In a 2013 major comprehensive review of treatments for children with cerebral palsy, Novak and colleagues (27) opened with this provocative statement: “Thirty to 40% of interventions have no reported evidence base and, alarmingly, another 20% of interventions are ineffectual, unnecessary, or harmful (p. 885.)” By 2020, when they published a major update of findings from newly published studies (28), they were able to add many other treatments to the “green light” or “do it” interventions, although the majority (66%) were still in the “yellow light” or “apply with caution” category. We cite these two reviews because they are exemplary in seeking to synthesize results from the rapid increase in rigorous studies of the efficacy of a wide range of treatments. We also provide a quote from the end of their 2020 review, because it reflects the slow rate of implementation of new discoveries and continued reliance on traditional “ineffective” approaches: “There is a lack of robust clinical efficacy evidence for a large proportion of the interventions in use within standard care for people with cerebral palsy (p. 13)” (28). When considering cost implications of high dosage “green light” efficacious interventions, such as Bimanual Therapy and CIMT, we urge families, clinicians, and administrators to consider the large costs that already accumulate by delivering “standard care of uncertain benefit”.

We often have wondered if the improved functional and health outcomes for children with developmental disabilities after they receive high-intensity early interventions can be attributed to driving up their engagement in exploration, play, and participation throughout childhood? For example, children with Down syndrome once were expected to die at very young ages, and now they live into their 60s, clearly the result of both many medical advances and a completely different view of the potential of these children to learn and fully participate in a wide range of activities from childhood through adulthood (40).



Paradox 3: treatments can be individualized for a child while also adhering to systematic, evidence-based treatment protocols

Our knowledge about efficacious behaviorally-based interventions for biologically and socially vulnerable young children are that the intervention protocols almost always specify that the treatment be adjusted for the child, via individualized treatment goals, pacing the treatment components to match the child's progress and interests, and altering the transactions to ensure the child and family stay highly engaged. These interventions emphasize the importance of children having fun, often embedding the structured learning and therapy activities into everyday play and typical routines, such as meals, dressing, and hygiene. Stated in other words, the majority of efficacious early interventions include explicit instructions for individualizing the treatment to the child, identifying what is rewarding and enjoyable for the child, and frequently monitoring the child's responses and progress during the course of treatment so that adjustments can be made as needed. In addition, many effective interventions consider the child's environment and other life circumstances in deciding when and where to provide treatment and how to effectively engage the child's family and other caregivers.

An important caveat to consider is that most journals strictly limit the number of words allowed in reporting results of clinical trials, resulting in extreme brevity when describing the treatment intervention. For example, the Infant Health and Development Program, an 8-site RCT for low birthweight, premature infants, involved a weekly home visiting program for the first 12 months of life (age-adjusted for prematurity), with a reduced frequency of home visits until age 3 years, and then from 12 to 36 months old providing center-based treatment for 5 full-days per week, 50 weeks/year in a specially designed and staffed child care center, using the Partners for Learning curriculum. This multi-domain intervention was based on informed developmental psychology science about which types of activities promote early learning at what ages in child care and home learning environments. This RCT included weekly documentation of the intervention and each child's progress as well as centralized monitoring with feedback to the providers at each local site. Training for the teachers and teacher assistants was intensive and included explicitly designed activities with monitoring for implementation fidelity. Also, the intervention included structured parent meetings that provided informational content and instructions for parents for home carryover, while also listening and responding to parents. In the first published article about the results (20), in the esteemed Journal of the American Medical Association (JAMA), the entire 3-year treatment intervention was described in only four paragraphs with fewer than 300 words! (Two later books providing extensive information about the treatment protocol required more than 1,000 pages; and the intervention is formally stored in NIH archives of efficacious early childhood interventions (41, 42). For clinicians and early childhood educators, a brief description of the treatment is woefully inadequate, failing to specify the content and timing of the formal “learning games” that teachers presented to the child and how these were paced sequentially, allowing activities within each domain to be continuously individualized for each child based on documenting the child's progress daily and weekly.

There also is a long history of implementing a variety of treatments, often deemed efficacious in well-controlled trials, that are based on principles from operant conditioning and formal learning theory, including Applied Behavioral Analysis or ABA treatments. This has led to some clinicians and families to mistakenly believe that any “standardized” intervention would be overly regimented and lack individualization. More than 20 years ago, the National Research Council issued a report “Educating Children with Autism” (43) that strongly affirmed the value of ABA-informed treatments as well as the necessity of high-dose treatment (a minimum of 25 h per week, 12 months a year) and individualized services to yield measurable and enduring benefits. This report resulted in a major transformation of the practices and insurance coverage for this pediatric patient population, as well as identification of key areas for future scientific inquiry. Even today, the insights from this exemplary project are worthy of careful consideration, especially their relevance to other groups of children with special needs.

A key to replicating treatments with high fidelity in real-world settings includes instruction for all individuals involved in delivering treatment. Ideally, this includes having specified standards for knowledge and behavioral skills of clinicians, parents, and others who participate. For example, in an ongoing Phase 3 randomized clinical trial conducted in 15 sites, The I-ACQUIRE Study funded by NIH, therapists receive centralized training and formal certification over several weeks (some self-paced and at least 3 full days of in-person demonstration and practice), followed by a written exam and coded observation of them delivering the I-ACQUIRE treatment. Then throughout the trial, each therapist submits at least one hour of videotaped treatment per week for each child; this is promptly scored by Master Therapists in the I-ACQUIRE intervention protocol who provide feedback within the next week to ensure that the protocol implementation continues to adhere to the key required elements. Embedded throughout this process is the necessity of individualizing the treatment for each child, maintaining the child's attention and active participation, and ensuring that treatment activities are fun, play-like, and combined with other naturally occurring daily activities, such as eating and dressing. In 2025, Jackman and colleagues (44) proposed having a process-oriented tool to help clinicians and organizations monitor their application of evidence-based practice guidelines, a promising idea that is worthy of field-testing to estimate its value in improving community implementation of treatments deemed efficacious.


Paradox 3 implications for practice and hypotheses

There is a widespread, but unfounded belief that providing a specified treatment protocol ignores the individuality of the child and family; in turn, this incorrect belief leads many clinicians to approach each child as a unique case who will need a unique array of treatment strategies. Almost all efficacious treatments build-in benchmarks, goals, and plans to adjust for the individual child while also adhering to the specified protocol, such as behavioral shaping, changing the pace of treatment delivery, or altering the natural learning opportunities for the child to attain more advanced levels that integrate and maintain new skills in the child's natural environment.




Paradox 4: a clearly written conceptual framework can be remarkably practical and powerful, rather than merely an exercise in abstract theorizing

In psychology, Kurt Lewin is often cited for his idea that “There is nothing as practical as a good theory” (45). Lewin founded what is known as “Action Research” (1946) (46) and we re-affirm his maxim here. For pediatric rehabilitation, the theoretical or conceptual framework ideally will align closely with biopsychosocial and ecological models of brain adaptation and learning (e.g., refs cited above) and be compatible with the emerging area referred to as “precision rehabilitation” (22, 47). The details that accompany a complex, multi-user conceptual framework may be viewed at different levels of magnification and specification, akin to using a Global Positioning System application (GPS) for driving in a large urban area that is adjusted for close proximity vs. far distance viewing, knowing that at each level there is important and different information for use at different times and different purposes. Just as GPS programs require continuous and sometimes major updates, a strong conceptual framework must be amenable to revisions and refinements to provide the best currently available data.

Presently, the best-known framework used by therapists who work with children with developmental disabilities is the World Health Organization (WHO) International Classification of Functioning, Disability and Health – designated the ICF Framework (8). The ICF frequently is taught during pre-service and continuing education for occupational therapists, physical therapists, developmental and behavioral pediatricians, and physiatrists and often is alluded to in presentations at professional meetings. Further, the ICF has been used to identify important variables to collect systematically to encourage comparisons across electronic health data systems (note: this has occurred primarily in countries that have universal health care and provide rehabilitation services to all eligible children). Increasingly, however, critiques of the ICF have appeared (48, 49) - perhaps something that inevitably occurs after experience using a new system. That is, to be enduring and successful, a useful conceptual framework should explicitly be described as dynamic and open to incorporating changes, adding new constructs, and eliminating others when they no longer are sufficiently accurate or helpful. We have admired the amount of thought and work from the interdisciplinary team that created the ICF system, especially broadening beyond what many refer to as “traditional medical model” perspectives. Unfortunately, in the settings where we have worked directly in launching new multidisciplinary clinics and treatment programs, and in the research centers we have helped to build, we seldom observe clinicians referring to the ICF framework in their decision-making about individual children's treatment plans or using it to stimulate development and testing of new treatment approaches. Further, many neonatologists, pediatric neurologists, orthopedists, primary care pediatricians, and family practice physicians – that is, those primarily in charge of making the primary diagnoses for children with special needs - do not know much about or do not choose to use the ICF framework. One of the major reasons for gaps in using the ICF is that accessible measures of child functioning in daily activities at home and school and the supports they need for participation have not been uniformly applied in minimal data sets, in contrast to use of widely available measures for adult patients. Some useful tools for rehabilitation have been reviewed by Msall and colleagues over infancy, preschool, middle childhood, and adolescent developmental epochs (50).

The case against diagnosis-specific conceptual frameworks to understand life course development: We think that there are serious limitations in using a conceptual framework designed for “atypically developing” children or children with diagnosed “disabilities,” whether for a broad group of children or for specific diagnoses. Such disease- or disability-specific conceptual frameworks are based on an unstated assumption that the exceptionality/ies or diagnosed conditions for an individual child will continue, and that the strategies to improve a child's health, development, and well-being differ from models of learning and development for all children (that is, those considered “typically developing”). Research findings about the environmental forces that contribute positively or negatively to a child's current health and documented functional status are highly similar across many clinical diagnoses, ages, and contexts. Although we recognize that a child with a visible difference may more likely encounter negative social and administrative barriers to optimal functioning, “typical” children often experience somewhat similar barriers, usually more than once, as they grow up. How much these environmental forces will impact a child – regardless of the child's specific biomedical conditions and diagnostic labels – will be determined by a combination of biological and environmental influences. Thus, we strongly favor a general systems framework [see for an introductory overview of key principles of a theoretical systems frameworks in the life sciences, we recommend (51)]; for a more technical and classical treatise on systems theory refer to Bertalanffy (52).

The systems framework is well-suited to adding information about particular disorders, injuries, and risk conditions; just as importantly, this readily allows for the fact that most infants with a specific medical diagnosis will later receive additional diagnoses (often described as “co-morbidities” or “secondary conditions”). Imagine a child with a clinically confirmed neonatal stroke in the first 28 days of life who by 8 months old displays a clinically significant hemiparesis (major asymmetry in voluntary control over the left and right sides of the body, qualifying the child for a diagnosis of hemiparetic or unilateral cerebral palsy) and also demonstrates social and communicative behaviors at 24 months compatible with a diagnosis of an Autism Spectrum Disorder (ASD); then, a few years later this child begins to have seizures that require medication to control and earns sub-average scores on standardized tests of cognitive development and adaptive behavior that lead to another diagnosis - intellectual disability or global developmental delay. Furthermore, in school, the child struggles with attention and executive function and meets criteria for combined attention deficit hyperactivity disorder (ADHD). If we relied on separate diagnosis-specific conceptual frameworks for each of these conditions – that is, pediatric stroke, cerebral palsy, autism/ASD, seizure disorder, intellectual disability. and ADHD, this situation would be nearly overwhelming for the parents, the specialty therapists, the child's regular caregivers, early childhood teachers, and the child's primary care health practitioner(s). This hypothetical child example is far from rare or unfamiliar to those working with vulnerable young children. The complex neurodevelopmental disorders cannot be conceptualized in the same way as a focal brain injury in a mature brain, but rather these reflect a dynamic developmental brain that is simultaneously vulnerable and adaptable; accordingly, these likely will impact a spectrum of neurodevelopmental impairments in functioning. We also know that many children are referred for evaluation and then concurrently receive speech-language therapy, physical therapy, occupational therapy, high-intensity ABA therapy, and socialization/play therapy, each therapy at least once a week and sometimes multiple times per week. Perhaps even more importantly, we know that many children receiving multiple therapies from different specialists will later have one or more of their earlier diagnosed conditions “dropped” after they receive treatment(s) and as they become older. Over time, many of these children will encounter an array of changing social and environmental opportunities, as well as obstacles and stressors, that may exert an even more powerful effect on their quality of life and participation in meaningful, valued activities than did their earlier biomedical diagnoses. For such children and their families, we postulate that having a practically useful, comprehensive conceptual framework can help guide them over the years and across the changing health care systems and natural social ecologies.

The framework could be immensely helpful in (1) understanding their own child's development, (2) communicating with professionals from different disciplines about options for promising interventions and future preventive strategies that optimize functioning and participation, and (3) providing a life course perspective and appropriate accurate documentation as they navigate what is likely to be a complex set of decisions, treatments, and changing life circumstances. To the extent that true “individualization” is both a necessity and an ideal for all children, adopting a conceptual framework with plain language descriptions relating to a child's dynamic health and emerging behavior, skills, and motivation is decidedly not an “abstract” or “Ivory Tower” academic exercise.

In this Hypothesis and Theory paper, we present below a revised version of a conceptual framework that the Rameys and their colleagues have used in the design and conduct of >15 clinical trials in developmental disabilities and early childhood education (6, 53). This is based on a biosocial-ecological systems framework that has been instrumental in the design and conduct of multi-pronged and often high-dose interventions that we have tested with vulnerable infants, including failure-to-thrive infants, premature and low birthweight infants, and infants born full-term and healthy but who face multiple serious family and environmental risks to their well-being. We do not consider this to be a final framework, but rather offer this as a foundational platform designed to identify a variety of ways to promote mechanisms that can positively influence the child and family, in the short- and long-term.


Paradox 4 implications for practice and hypotheses

The agreement to use a written and illustrated conceptual framework as an organizing system for major planning and treatment choices, as well as for research, also is a commitment by participants to collect and review data about key indicators of child progress and to use this information to modify treatment – spanning biomedical and social environmental interventions – based on reliable, valid information. This necessitates that the family and lead clinical players discuss the framework and what it means to them. The conceptual framework serves as a unifying reminder of the importance of embracing a “total-child” perspective and committing to a longitudinal and life course view.

The paradox that a complex, multi-component, and transdisciplinary conceptual framework can be practical does not minimize the need for investing considerable time and effort to learn about the framework and develop both procedures and consensus practical outcomes they will use for monitoring over time and across situations. We have seen benefits from consistently using appropriate measures of child motor, cognitive, communicative, self-care, and social emotional functioning, as well as general health and well-being. We recommend that those who engage in this endeavor consider the recommendations that have emerged from reviewing “the science of team science” (54) that emphasize the critical importance of establishing a common shared language and learning about the value of highly specialized knowledge being integrated into a much broader or holistic perspective when seeking to advance understanding of a complex topic.




The IMPACT2 framework: description of a flexible biosocial and ecological framework for promoting optimal development for children and their families

IMPACT2 is a total-child conceptual framework that builds upon earlier versions of the biosocial contextual development system that Craig Ramey and many colleagues have used since the early 1970s in the design and conduct of many RCTs [e.g., (6, 53)]. Here we choose the name IMPACT2 for this framework, to represent our intention that it is designed to facilitate a positive “impact” on the child and family. We also use IMPACT2 as an acronym capturing its endorsement of “Interdisciplinary Monitoring, Planning, and Caring for the Total-Child-Together.” One of the most distinctive features of IMPACT2 is that it identifies “context” as an active component, not merely a background or static description of the where and what of a child's and family's life situation. That is, context refers to a dynamic and potentially modifiable component – spanning many dimensions of the environment and culture - to consider in the design and measurement of new treatments. This framework is one that intentionally was designed to transcend any given culture, country, or service delivery models, and has been helpful in developing and testing locally-adapted variations of the Abecedarian Approach in 8 quite diverse countries (32) and helpful as a backdrop for our working in developing countries that have reached out to receive assistance in learning about EBPs so they can make cultural adaptations and best utilize their local clinical and community resources [e.g., (39)] At the heart of IMPACT2 is its emphasis on the child's “transactions with others and effective use of environmental supports.” Figure 1 illustrates the major constructs or components of the system.
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FIGURE 1
The IMPACT2 Lifespan Framework [informed by Biosocial Developmental Contextualism, C. Ramey & S. Ramey, 1998 (5)].Key: Green = protect and promote; Red = prevent and reduce; Blue = monitor for changes and planning.



Definitions related to using IMPACT2

First, we use the term “total-child” to designate that a child's well-being must simultaneously consider multiple domains of the child's life, including health, neuromotor, cognitive, language, social-emotional, and self-help domains, along with personal perceptions of well-being and quality of life. Essentially, the terms whole child, holistic child approach, and entire child connote similar meaning. Second, the term “development” refers to changes that can be measured within specific domains and that promote maturation, flexibility, and participation in age-appropriate activities. Third, the construct of “transactions” derives from developmental science, encompassing broad sets of behaviors in which the child has an active role that potentially alters the other person(s) and/or the environment, and vice versa. Transactions are multi-directional influences that function as powerful mechanisms for children to learn about their role in co-determining their experiences and, in turn, their developmental outcomes. Fourth, adopting a total-child view means that skills and activities are not practiced solely under the auspices of one discipline or one setting. Examples: The child must move at home, in rehab, in group care, and school and community settings; parents and other adults must understand and promote the child's communicative and social interactive skills, not just speech therapists or psychologists; and physical health depends on many family-based choices and behaviors as well as what physicians, other health care practitioners, and teachers do for children. Fifth and finally, the word “together” at the end of the IMPACT2 name is essential to our proposed framework; optimizing a child's life course requires an active partnership involving parents, rehabilitation therapists, health professionals, educators, and community individuals (e.g., relatives, sports coaches, music and art teachers).



A beginning guide to looking at IMPACT2

We think of IMPACT2 as having features similar to a GPS that helps guide users from one place to another. The starting place is illustrated in Figure 1 in the box “Child's current biomedical and behavioral status, including risks (multi-domain,” while the designated destination is the box shown as “Changes in child's biobehavioral status and quality of life.” Figure 1 shows the large view or map, but any feature in the framework can be honed in on to identify greater detail about that place or construct, including measurement options. Most GPS systems allow the user to indicate preferences that help to select the final guidance directions (e.g., favoring shortest time vs. shortest distance, avoiding toll roads, adding in scenic routes/cultural attractions). Above all, most GPS systems have the option for users to keep track of prior destinations. Keeping track of prior journeys and their outcomes is what families do for all of their children as they grow up. Observing and continuously updating their interpretation of their child's transactions with associated consequences are ways that families, other key adults, and service providers make choices related to the child. Ideally, a practically useful interdisciplinary conceptual framework would efficiently store data about the child's and the family's relevant history, and facilitate identifying “routes” that did or did not work well for the users, and why (if possible). The experience of using these routes would include understanding of what was easy to implement, what tasks needed specific scaffolding, and what areas required pragmatic enriched environments (adaptive playgrounds, communication boards, alternative mobility). To date, however, no such system exists, although the technology is widely available and increasingly considered user-friendly.

We reminisce about the huge promise several decades ago about the revolution that would accompany individualized electronic health care records, while noting that navigating across service providers still has not become streamlined or easy for families whose child has a complex and shifting clinical profile. All too often, the information collected still remains in silos, rarely is fully shared or trusted across providers, and often contains serious errors that are difficult for parents or outside experts to correct. In the United States, this promise has not been realized largely because most families deal with multiple provider-specific electronic information systems, and other relevant publicly maintained databases (such as schools, public welfare services, and social supports) are not accessible directly by families or health providers. We have listened to parents and clinicians alike who lament this situation, still hoping that this promise will be fulfilled. Ideally, when partnerships commit to open data-sharing and including parents as full partners in the electronic archiving of essential information, then timely sharing of crucial data will occur to facilitate decision-making for individual children and families. These individual clinical records will also complement results from RCTs so that collectively we will advance understanding different developmental pathways for patient groups with shared characteristics and special needs, as recommended by the recent Summit on Clinical Trials (1).

We realize that this paper alone cannot serve as an adequate administrative guide for all the ways that IMPACT2 might be able to improve services and outcomes for a child and family. Rather, we report that this framework has directly helped us in designing multiple new interventions and in measuring their impact more widely and longitudinally. From the start, this framework emphasized the potentially powerful role of context and culture, the inseparable nature of biological and behavioral development, and the importance of frequent measurement of what is happening in a child's life, including both formal treatments and everyday environmental influences. As Figure 1 shows in the oval at the bottom of the far-left column labeled “Level of Analysis,” we know firsthand the rewards of working with interdisciplinary teams of practitioners, families, and scientists who are truly “open to new information, ideas, and a life course view.”





Discussion

We identified four major paradoxes related to the science of early child development and the practice of pediatric rehabilitation. Our goal was to increase awareness of these paradoxes and how they truly change the dominant and traditional approaches for optimizing outcomes for children with special needs. We need to explicitly recognize and share with parents how strongly a child's biomedical status depends on external environmental influences (either improving or worsening the long-term consequences of physical and genetic differences) (55), rather than continuing to focus narrowly on just the child's medical diagnoses and risk conditions (Paradox 1). We also must recognize that many of the most impactful early interventions have been far more intensive (such as high dose and longer duration) and extensive (touching multiple domains of development, not just one or two areas) (55) (Paradox 2). Many clinicians continue to reject implementing these high-intensity treatment approaches using the excuse that they are too expensive (at least in the short-run) and require changing the way that traditional rehabilitation is delivered (in the U.S., this is often in clinics, during one-hour sessions, usually once or twice a week, and seldom directly coordinated with other activities in the child's life), then we predict that the status quo, described so aptly by Novak et al. in 2013 (27, 28), will directly limit the lifelong health and well-being of many children with special needs. A recent comparative efficacy RCT of dosage of pediatric CIMT, for instance, showed that even receiving three 2.5 h sessions of CIMT a week for 4 weeks (a weekly dose of 7.5 h) was not significantly better than Usual and Customary Treatment, but receiving five 3 h sessions (i.e., daily) per week for 4 weeks (a weekly dose of 15 h) did produce significant gains lasting at least 6-months for children with unilateral or hemiparetic cerebral palsy (25).

Another excuse we hear often from practitioners and academic directors of training programs is that their specialized type of rehabilitation requires “individualization” for each child and therefore they cannot be expected to deliver a “standardized treatment protocol.” This is incorrect (Paradox 3)! Finally, despite tremendous awareness that a child's outcomes are determined by a multitude of factors, clinicians rarely commit to an interdisciplinary partnership that openly discusses their different approaches and shows a willingness to speak up and change how they fulfill their distinctive roles. We propose that a shared conceptual framework is urgently needed (Paradox 4). Yet we are not naïve about the tremendous effort required to have active partnerships realized and maintained. The excuses for not being able to sustain these partnerships are abundant, as well as predictable. Further, many clinicians and parents feel that the “mandated” teams in the U.S. for developing treatment plans in early intervention and special education have been mostly a failure, and very costly. Our optimism propels us to persevere in seeking to have these partnerships work better than before.

We think the breakthroughs in understanding treatment-induced neuroplasticity and discovering efficacious forms of pediatric rehabilitation are important. We actively advocate for conducting more vigorous research and testing of novel and combination forms of therapy and enhancing parent and community supports – through interdisciplinary teams that include people with lived experiences. The days of giving parents dismal prognoses for a child's diagnosis, based on little and often outdated data, need to end. The strides seen in the life course outcomes for many children with diagnosed disabilities and serious biological conditions need to be celebrated and, most importantly, replicated. Perhaps it is time that we also cease to describe any medical condition as “static” and become receptive to changing the service delivery system in ways that listen to and act upon what parents and children have to say, what the findings of careful studies demonstrate, and what practitioners report has and has not worked for them. In closing, we share Figure 2 as an illustration that depicts the wide range of different outcomes possible based on the presence (or absence) of multiple co-existing factors in a child's life. We welcome comments and dialogue with readers!


[image: Comparison chart of Conventional Approach and IMPACT2 Approach to developmental outcomes. The left table lists features like fragmented services and diagnostic pessimism versus integrated support and focus on adaptability. The graph shows developmental trajectories across epochs from infancy to older adulthood, depicting a green line for successful outcomes, a dashed line for intermediate outcomes, and a red line for sub-optimal outcomes. Influencing factors include parenting resources, interventions, and support systems. Text highlights positive family interactions and community support enhancing success.]
FIGURE 2
IMPACT2 Neuroplasticity trajectories: optimizing treatment outcomes, health, and quality of life for prematurity, cerebral palsy, Down syndrome, and other developmental delays and disablities (Key: examples of promotive influences in green boxes, harmful influences in red boxes).
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Introduction: Mobile monitoring devices offer an opportunity to characterize physical health recovery in children who survive critical illness.



Methods: To validate the BioIntelliSense BioButton® as a pediatric activity monitor, we studied healthy children (2–17 years-old) who wore the BioButton® device and an ActiGraph wGT3X-BT accelerometer, and a study team member documented activity in 1 min intervals (gold standard) during 45 min of scripted activities. In two-thirds of the cohort (derivation cohort), we identified BioButton activity count thresholds to differentiate activity levels based on highest Youden indices. Thresholds were applied to the remainder of the cohort (validation cohort) to determine sensitivity and specificity [95% confidence interval (CI)]. We also evaluated BioButton activity designations compared with accelerometer designations and calculated agreement between BioButton-measured body position and the activity log.



Results: Forty-five participants provided a median 43 (IQR 41, 44) analyzable minutes. Sensitivity and specificity of derived BioButton thresholds were 0.78 (95% CI: 0.69, 0.88) and 0.95 (95% CI: 0.90, 0.97) to identify moderate or vigorous activity (MVPA) and 0.91 (95% CI: 0.87, 0.95) and 0.98 (95% CI: 0.98, 0.98) to identify sedentary behavior. Sensitivity and specificity compared with the accelerometer were 0.52 (95% CI: 0.45–0.60) and 0.88 (95% CI: (95% CI: 0.84, 0.93) to identify MVPA and 0.92 (95% CI: 0.89–0.96) and 0.70 (95% CI: 0.67, 0.73) to identify sedentary behavior. The BioButton accurately identified position during 1,125 of 1,432 (78.6%) minutes.



Discussion: The BioButton device accurately identified physical activity and body position in children and may be a useful tool to quantify physical activity as an outcome in future trials.



KEYWORDS
exercise, sedentary behavior, patient outcome assessment (MeSH), pediatrics—children, critical care outcomes





Introduction

In 2019, an estimated 239,000 U.S. children were admitted to an intensive care unit (1). Although more than 97% of children survived, there is growing recognition that survivors of critical illness can suffer from long-lasting impairments associated with their critical illness (2). Notably, critical illness puts children at risk of prolonged impairments in physical functioning. In a prospective study of 144 children who were mechanically ventilated for at least 3 days, one in five children had persistently worse physical health-related quality of life (HRQL) relative to their pre-admission state that persisted for at least one year after discharge (3). Other studies demonstrated similar or higher rates of physical impairments after pediatric critical illness (4–6). Impairments in physical activity are critically important because prolonged impairment in physical functioning may limit a child's ability to participate in activities that foster physical, social, and cognitive development, decreasing the likelihood of maintaining a healthy lifestyle in adulthood.

As the focus on survivorship has increased, core outcome sets were developed to guide evaluation of critically ill children. Across all outcome sets, physical activity is identified as a critically important outcome (7–9). The measures used to evaluate physical activity are primarily survey-based and, while patient- and proxy-reported outcomes such as HRQL offer valuable insight into a patient's or caregiver's perception of their or their child's health, direct measurements offer complimentary information, providing a more comprehensive understanding of a patient's recovery (10–12). Additionally, in contrast to direct measurements of functional abilities that can be measured in the clinic setting (e.g., six-minute walk test), functional outcomes such as physical activity are best evaluated in a child's natural setting to incorporate the context of everyday living.

The rapid development of mobile technologies provides an opportunity to augment measurement of physical health outcomes in children (13–15). Activity monitors have been used in other domains of pediatric research to evaluate physical health (16–18), but their use to measure physical recovery after a critical illness is limited (19). To ensure feasibility for use in studies evaluating children who survive a critical illness, the activity monitor must be acceptable to wear, and participation should be facilitated remotely given the challenges of in-person contact with study participants after discharge. We previously used the ActiGraph accelerometer (Pensacola, Florida USA), worn on hip (<6 years old) and wrist (≥6 years old), to evaluate physical activity in children who survived an episode of acute respiratory failure (19). The study's impact was limited by missing data because of reluctance to wear the monitor due to discomfort and visibility. In this study, we assessed the BioIntelliSense BioButton® (Golden, Colorado USA) as an alternative device to measure activity in children. The BioButton® is a 1.5 inch-diameter device that is worn directly on the skin and uses accelerometer technology to measure activity. The BioButton received 510(k) clearance by the U.S. Food and Drug Administration (FDA) in December of 2022 and is available for use in pediatric research as a non-significant risk device (20). It has been used to monitor adults during and after hospitalization but has not been used clinically in children (21). The primary objective of this study was to evaluate the accuracy of the BioIntelliSense BioButton® device to characterize physical activity in children relative to direct observation and, as a secondary objective, we compared physical activity level as characterized by the BioButton to the ActiGraph wGT3X-BT accelerometer. We hypothesized that the BioIntelliSense BioButton® device accurately characterizes moderate or vigorous physical activity (MVPA) and sedentary behavior.



Materials and methods

This study was approved by the Colorado Multiple Institutional Review Board (Protocol: #22-2214, Physical Activity Monitor Validation) on February 06, 2023, and the study was conducted in accordance with institutional standards and the 1975 Helsinki Declaration. Consent was obtained from each participant's legal guardian, and child assent was obtained in children 7 years and older. Participants were healthy volunteers recruited through advertisements in Children's Hospital Colorado research newsletters. We included children (age 2 to 17) who were ambulatory (defined as able to walk and run independently) and able to engage in age-appropriate activities. We excluded children with chest burns or wounds that would preclude placement of the BioButton device, those who were in state custody, or if they resided in juvenile detention or jail. Enrollment was stratified by age group [>2 to <6 years-old [early childhood], ≥6 to <12 years-old [middle childhood], and ≥12 to <17 years-old [adolescence]]. We enrolled healthy participants to facilitate the ability to directly monitor activity in a prescribed setting which would not have been feasible if we enrolled children who had survived critical illness and, although the amount of activity may differ, we anticipated activity monitors would perform similarly in healthy children and those surviving critical illness. We evaluated for eligibility using a pre-eligibility survey administered by telephone to the participants' parent or legal guardian.

Study participants engaged in directed activities including sedentary behavior and light, moderate, or vigorous activity for a total duration of approximately 45 min (Supplementary eTable S1) (22). During the activities, each participant wore the BioIntelliSense BioButton device, adhered to the left side of their chest, and the ActiGraph accelerometer on their waist (<6-years-old) or wrist (≥6-years-old) (23, 24). In older children, wrist-worn accelerometers provide comparable data and increase wear time as compared to hip accelerometers (25–28). In younger children, hip worn accelerometers are shown to be well tolerated (29). We used previously reported thresholds to characterize activity as sedentary behavior or light, moderate, or vigorous activity based on vector magnitude data reported by the ActiGraph wGT3X-BT accelerometer (23, 24). The BioButton and ActiGraph accelerometer use triaxial accelerometer technology to measure activity defined as activity counts for the BioButton and vector magnitudes for the ActiGraph accelerometer. The BioButton also detects body position and classifies it as supine, prone, lateral, or upright (sitting or standing). A study team member assigned to each participant documented activity, activity level, and position in 1 min intervals in the participant's activity log. At the end of the 45 min activity period, surveys were distributed to families to evaluate receptivity of participants in using the devices (Supplementary eTable S2). The study was conducted at a local park over the course of five days during the summer months under similar weather conditions.


Statistical analysis

Variables were summarized as median and interquartile range (IQR) or frequency and percentage. To determine BioButton thresholds to characterize activity level in children, the cohort was divided into derivation and validation cohorts. Data from the derivation cohort identified optimal BioButton activity count thresholds to differentiate between the four different levels of activity (sedentary, light, moderate, and vigorous) as compared with the activity log, considered to be the gold standard. Receiver operating characteristic (ROC) curves were created for each pairwise activity level, as recorded by the activity log: (1) sedentary vs. light, (2) light vs. moderate, (3) moderate vs. vigorous. The optimal cutpoint between each level was chosen as the activity count with the highest Youden index (sensitivity + specificity −1) to optimize sensitivity and specificity. We calculated sensitivity and specificity of the thresholds to identify MVPA and sedentary behavior across the derivation cohort and validation cohort, using the activity log as the gold standard. This was repeated within each age group. Due to the clustered nature of the repeated measures on a single child, the ratio estimator for the variance of clustered binary data was used to calculate the confidence intervals of sensitivity and specificity (30, 31). As a secondary comparison, we evaluated the BioButton-derived activity level with the activity level characterized by the ActiGraph accelerometer in the full study cohort. To evaluate accuracy of the BioButton device to characterize body position, data from all participants were used to assess the percent agreement between body position designations by the BioButton device and the activity log. Sensitivity and specificity for correctly identifying body position were also reported. Missing data were not imputed. Statistical analyses were conducting using R version 4.2.2 (Vienna, Austria).




Results

We enrolled 45 children, 28 in the derivation cohort and 17 in the validation cohort. Participants were divided into the validation and derivation cohorts based on timing of participation in the study. Patient characteristics were similar between the derivation and validation cohorts, and there were at least 5 participants evaluated in each age group in both the derivation and validation cohorts (Table 1). Study activities were conducted outdoors over 5 days between July and September of 2023. On the study days, daily high temperatures ranged from 80 to 88 degrees Fahrenheit. Participants engaged in study activities for a median of 46 min (IQR 45, 49) and participants had a median of 43 (IQR 41, 44) analyzable minutes with BioButton, ActiGraph accelerometer, and activity log information.


TABLE 1 Study cohort.

[image: Table showing characteristics of participants divided into total (n=45), derivation (n=28), and validation (n=17) groups. Age group percentages are given for >2 to <6 years, ≥6 to <12 years, and ≥12 to <17 years. Female sex percentage is listed, along with BMI median and interquartile range.]

We used data from the derivation cohort to identify optimal activity count thresholds measured by the BioButton to identify sedentary behavior and light, moderate, and vigorous activity based on activity log data (Supplementary eTable S3). In the derivation subset of the cohort, sensitivity for identifying MVPA was 0.76 (95% CI: 0.69, 0.82) and specificity was 0.91 (95% CI: 0.89, 0.94) (Table 2). Across the three age groups, sensitivity values were greater than 0.75 with exception of the ≥12 year-old age group [0.63 (95% CI: 0.45, 0.80)], and specificities were greater than 0.9. Sensitivity of the BioButton device for identifying sedentary behavior was 0.88 (95% CI: 0.85, 0.91), and specificity was 0.93 (95% CI: 0.91, 0.95). Subsequently, we tested these thresholds in the validation cohort. Sensitivity for identifying MVPA was 0.78 (95% CI: 0.69, 0.88), and specificity was 0.95 (95% CI: 0.90, 0.97). Similar sensitivities and specificities were demonstrated across the three age groups (Table 3). Sensitivity of the BioButton for identifying sedentary behavior was 0.91 (95% CI: 0.87, 0.95) and specificity was 0.98 (95% CI: 0.98, 0.98) with similar performance across the three age groups (Table 2).


TABLE 2 Discrimination values of the bioButton compared with the activity Log: derivation cohort.

[image: Table displaying sensitivity and specificity with 95% confidence intervals for different cohorts. It includes both derivation and validation cohorts for distinguishing moderate or vigorous physical activity and sedentary behavior. Data is categorized by age groups: entire cohort, over 2 and under 6 years, over 6 and under 12 years, and over 12 and under 17 years. Specific values range for sensitivity and specificity are provided for each category.]


TABLE 3 Discrimination values of the bioButton compared with the actiGraph accelerometera.

[image: Table showing sensitivity and specificity for physical activity and sedentary behavior discrimination across different age groups using ActiGraph Accelerometer data. Sensitivity for moderate or vigorous activity ranges from 0.43 to 0.81, and specificity from 0.89 to 1.00. For sedentary behavior, sensitivity ranges from 0.92 to 1.00, and specificity from 0.66 to 0.80. Data is stratified by age groups: entire cohort, greater than two and less than six years, six to less than twelve years, and twelve to less than seventeen years. Participants wore accelerometers on the waist or wrist.]

We compared the activity level identified by the BioButton with the activity level identified by the ActiGraph accelerometer as a secondary gold standard (Table 3). Compared with the ActiGraph accelerometer, the BioButton demonstrated a sensitivity of 0.52 (95% CI: 0.45, 0.60) and specificity of 0.88 (95% CI: 0.84, 0.93) in identifying MVPA. Sensitivities were lower in older age groups, but specificities were similar. Compared with the ActiGraph accelerometer, the BioButton demonstrated a sensitivity of 0.92 (95% CI: 0.89, 0.96) and specificity of 0.70 (95% CI: 0.67, 0.73) in identifying sedentary behavior. Performance was similar across the three age groups.

To evaluate accuracy of the BioButton to identify body position, we analyzed 1,432 min. Of these 1,432 min, the device accurately identified participant position during 1,125 (78.6%) minutes (Supplementary eTable S4). Of the 947 min of upright positioning (sitting and standing), the BioButton device accurately identified 861 (90.9%) minutes as upright (Supplementary eTable S4). Sensitivity for identifying upright position was 0.91 (95% CI: 0.88, 0.94) and specificity was 0.76 (95% CI: 0.69, 0.83) (Supplementary eTable S5). Of the 485 min of recumbent positioning, the device accurately identified 317 (72.9%). For the recumbent positions, sensitivity was 0.76 (95% CI: 0.69, 0.83) and specificity was 0.91 (95% CI: 0.88, 0.94). Notably, supine position was most often categorized as upright (Supplementary eTable S6).

Surveys completed at the end of the participation period demonstrated that nearly all participants agreed or strongly agreed that the devices were comfortable to wear and easy to place and remove, and they would agree to wear the devices for the conduct of a study (Figure 1). There was no difference in survey responses based on age <6 and ≥6 years-old (data not shown). As noted by two participants in our study, the BioButton device adhesive was less effective when placed on moist skin such as would occur if placement occurred during activity causing extreme perspiration. If the adhesive was placed prior to sweating, it was more effective.


[image: Bar chart titled "Device Satisfaction Survey Results" comparing BioButton and Accelerometer satisfaction ratings. Five statements are evaluated: comfort during activity, comfort while laying down, ease of placement, ease of removal, and willingness to participate in a study. Satisfaction ratings are Strongly Disagree, Disagree, Agree, and Strongly Agree, represented by varying shades from light to dark. The x-axis shows percentage of respondents from zero to one hundred. Most ratings for both devices skew towards Agree and Strongly Agree across statements.]
FIGURE 1
Satisfaction survey results.




Discussion

In this cohort of healthy, typically developing children, we identified that the BioButton device was able to differentiate MVPA from sedentary and other lesser activity and identify sedentary behavior. In addition to activity monitoring, the BioButton device was also able to differentiate upright vs. recumbent positioning, which may be relevant to children with mobility and activity limitations. Physical activity represents an important outcome domain for children who have experienced critical illness, and the ability to measure activity in free-living conditions is an important complementary evaluation to survey data, which is currently the most common method of assessment of physical outcomes after critical illness. The BioButton device can serve as an alternative option to measure physical recovery longitudinally and could provide a method to identify patients who require further interventions after critical illness.

Core outcome sets developed for critically ill children and adults highlight the importance of physical recovery (7–9, 32, 33). In core outcome sets for adults, surveys are most commonly used for physical activity assessment, but there are objective measures also including the 6 min walk test, short physical performance battery; and 30 s sit to stand test (7, 34–36). In core outcome sets for children who have survived an episode of critical illness, physical activity measurements are limited to survey-based tools (8, 37). Commonly used measures to evaluate physical functioning are the Functional Independence Measure including the pediatric version, WeeFIM, the Functional Status Scale (FSS) score, the PedsQL Physical Health Summary Score, which is a HRQL measure, and the Pediatric Evaluation of Disability Inventory Computer Adaptive Test (PEDICat) (2, 4, 38–41). These measures can reflect change in function over time but are limited by subjectivity. Researchers evaluating physical health recovery after critical illness could add objective physical health data using mobile monitoring devices. As demonstrated by the survey data collected at the end of the wear period of our study, the BioButton may be an acceptable device for this use due to the simplicity of placement and removal as well as the discrete design.

The remote set-up and monitoring capabilities provided by the BioButton and ActiGraph accelerometer may reduce disparities in measuring physical health outcomes by eliminating the need to return to a hospital or clinic for direct evaluation. Removing this barrier may increase participation of socially vulnerable populations who are underrepresented in research but overrepresented in PICU patients (42, 43). Adoption of these methods in critical care research as well as other domains of pediatric research may provide more robust trial outcomes and improve research access for underrepresented populations. Additionally, BioButton users can access their data through a smartphone and data transmission through cellular networks allows for data collection even if the device is not returned. The single-use and relatively low cost of the BioButton, currently one-fifth the cost of the ActiGraph accelerometer, are also attractive features. Additionally, there may be opportunities to pair BioButton monitoring with electronic ecological momentary assessments to understand the social and environmental contexts associated with more sedentary or more active periods (44–47). However, there are important limitations of this technology to quantify physical activity outcomes. The lack of pre-illness baseline measurements poses a challenge to evaluating the impact of critical illness on objectively measured physical outcomes. Additionally, use of the BioButton device requires connection to the downloadable BioMobile™ application by a smart phone or connection to a separate BioHub™ device for wireless data transmission. Notably, BioButton users can access their information through the BioMobile™ application, which could influence their overall physical activity. This would be important to consider if used as a trial outcome. Lastly, the BioButton smartphone application, user guides, and related resources are currently only available in English.

In addition to measuring physical activity, the BioButton device's ability to characterize body position may provide a valuable measure of physical outcomes in children with mobility restrictions. A recent epidemiologic study of critically ill children identified that nearly 60% of children have a pre-existing comorbidity including one in four with technology dependence and one in five with a neuromuscular comorbidity (1). These patients frequently have mobility limitations, but their physical functioning outcomes could be readily quantified by positioning including time in the upright position. The BioButton device's ability to differentiate position offers a unique opportunity to quantify this physical outcome for children with limited mobility.

This study has important limitations. Although we attempted to capture activity and positioning data at the minute-level using direct observation, start and stop times of activity may not have been exact, particularly due to the need for water breaks and brief rests during significant heat on some study days. Due to study location, we were unable to use a gold-standard method to evaluate exercise intensity (e.g., indirect calorimetry). Comparison with the ActiGraph accelerometer demonstrated acceptable specificity to discriminate accelerometer-identified MVPA, even though sensitivity was lower in the older age groups. This may be due to the wrist-worn location for the ActiGraph accelerometer in older participants relative to the similarity of truncal locations between the ActiGraph accelerometer in younger patients (hip) and the BioButton (chest). Discrimination of accelerometer-identified sedentary behavior based on BioButton thresholds was good. Our study population was limited to healthy, typically developing children, which may limit generalizability to children with physical or cognitive impairments. Lastly, the variability in exertion by study participants who completed the same type of activity may also have affected our study's internal validity when comparing measured to documented activity. We attempted to mitigate this with direct one-on-one interaction with the children to encourage participation at the appropriate activity level and note when the activity level was not reached but some participants struggled to maintain specific activity levels for prolonged periods of time.

The BioIntelliSense BioButton® device is a promising new technology that may serve as an accurate, objective, and feasible method to measure physical outcomes in children. This device or devices with similar characteristics may serve as a method to measure objective, patient-centered outcomes for future clinical trials to complement patient-reported outcome measures. Future studies are needed to evaluate tolerance and accuracy of prolonged monitoring periods.
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Background: To understand the reasons for hindering and promoting the recommended decision-making behaviors for early pulmonary rehabilitation of PICU medical staff, and to provide a basis for developing corresponding management plans.



Methods: Based on the Capability, Opportunity, Motivation-Behavior (COM-B) model and Theoretical Domains Framework (TDF), interview outlines were developed. A descriptive qualitative research method was used, and a purposive sampling method was employed to select medical staff from the intensive care unit of a tertiary children's hospital in Nanjing from September to December 2023 for semi-structured interviews. The interview data were coded using the COM-B and TDF frameworks, and analyzed, summarized, and refined using the Colaizzi 7-step method to extract themes.



Results: Four main themes and 13 sub-themes were extracted, including the need for pulmonary rehabilitation knowledge and skills, the experience of implementing pulmonary rehabilitation in critically ill children, communication and collaboration in the PICU rehabilitation platform, and external support for PICU pulmonary rehabilitation.



Conclusion: In the process of recommending early pulmonary rehabilitation for critically ill children, departments should help PICU medical staff change their views on pulmonary rehabilitation and acquire relevant knowledge and skills, strengthen multidisciplinary cooperation, optimize external support, and create a good practice environment for the implementation and promotion of early pulmonary rehabilitation for critically ill children.
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1 Introduction

The advancements in pediatric critical care management have significantly improved survival rates for children in the Pediatric Intensive Care Unit (PICU) and reduced mortality rates. However, factors such as mechanical ventilation, the use of sedatives and analgesics, and immobilization can lead to more than half of critically ill children experiencing Pediatric Post-Intensive Care Syndrome (p-PICS). This condition not only affects the course of their illness but also impacts long-term functional outcomes, resulting in a decline in the quality of life for these children (1, 2). As a result, prompt and efficient intervention strategies are essential for children in critical condition. Pulmonary rehabilitation (PR) is an all-encompassing method that includes exercise training, education, and changes in behavior. The aim is to improve the physical and mental health of patients while encouraging lasting commitment to health-promoting habits (3). Research on critically ill adult patients indicates that early pulmonary rehabilitation is linked to improved outcomes (4). However, the prevalence of pulmonary rehabilitation among critically ill children is low, and there is limited research focusing on pulmonary rehabilitation practices for this population. This may be attributed to several obstacles that hinder the integration of pulmonary rehabilitation into the daily activities of the PICU (5). Previous quantitative research has identified several factors that influence the implementation of early rehabilitation in PICU. These factors include the heterogeneity of children's ages and cognitive abilities, the absence of rehabilitation guidelines specifically for critically ill children, limited availability of rehabilitation resources, and caregivers' lack of awareness regarding the benefits and significance of early rehabilitation for this vulnerable population (6). Among these professionals, healthcare workers are the frontline personnel responsible for the care of children and the implementation of early PR for critically ill patients. They play a crucial role in decision-making and recommendations regarding PR treatments, and their understanding of these practices forms the foundation for effective rehabilitation in critically ill children. Therefore, this study aims to explore the barriers and facilitators influencing the decision-making behavior related to early PR recommendations among healthcare professionals in PICU. By adopting a qualitative perspective, the study seeks to gain a deeper understanding of the diseases, experiences, and behaviors involved, ultimately providing a reference for developing early PR programs for critically ill children.



2 Methods


2.1 Design

We conducted a qualitative, exploratory study using a semi-structured, one-on-one interview method. This study follows the Standards for Reporting Qualitative Research (SRQR) (Supplementary Appendix 1) to ensure transparency in the research report (7). This study was approved by the Research Ethics Committee of the Children's Hospital of Nanjing Medical University (approval number 202405014-1).



2.2 Conceptual model

To provide theoretical and practical guidance for this study, we utilized two complementary frameworks: the Capacity, Opportunity, Motivation-Behavior (COM-B) model and the Theoretical Domains Framework (TDF). The COM-B model, along with intervention functions and policy categories, is situated within the behavior change framework, aiming to identify deficiencies in target behaviors and summarize the factors that influence behavior (8). TDF is an integrated theoretical framework. In 2005, Michie et al. (9) systematically reviewed 33 behavior change theories and consolidated them into 12 domains within the TDF. In 2012, Cane et al. (10) revised the framework to include 14 theoretical domains: knowledge, skills, social/professional role identity, beliefs about capabilities, optimism, beliefs about consequences, reinforcement, intentions, goals, memory/attention and decision processes, environment context and resources, social influences, emotions, and behavior regulation. These domains encompass individual, organizational, and societal levels, with the goal of establishing a comprehensive theory of behavior change to inform behavioral intervention research. The TDF can support the COM-B model in identifying specific and comprehensive factors related to target behaviors, with each domain of the TDF corresponding to a specific component of the COM-B model (11). These two theoretical frameworks have been effectively utilized to identify barriers and facilitators related to behavior, and in many instances, to design interventions (12, 13).



2.3 Setting, participants and sampling

This study was conducted at a tertiary children's hospital located in Nanjing, Jiangsu Province, China. Using purposive sampling, medical staff from PICU were selected as interview subjects. Inclusion Criteria: Participants must have a minimum of three years of work experience in PICU, as well as experience in rehabilitation training and practical rehabilitation for critically ill children. Informed consent and voluntary participation in this study are also required. Exclusion Criteria: Individuals who are rotating or in training positions, as well as those who are not on duty during the survey period due to sick leave, travel abroad, or other reasons, will be excluded from the study. The sample size will continue to be collected until data saturation is achieved, indicating that no new themes are emerging.



2.4 Date collection

Our research team comprises seven members: one chief nurse with 30 years of clinical nursing and nursing management experience, one deputy chief nurse with 15 years of rehabilitation nursing experience, one nurse supervisor with expertise in qualitative research, and four nursing graduate students who have completed training in qualitative research courses. Team members created a preliminary interview outline utilizing the COM-B and TDF frameworks by reviewing evidence from both domestic and international literature and consulting with clinical experts. We selected three medical staff members for preliminary interviews. Based on the results of these interviews, we optimized and finalized the interview outline. The complete interview guide can be found in Supplementary Appendix 2.

The interview took place in the PICU office. Prior to the interview, the interviewer introduced themselves, explained the purpose of the research, informed the interviewee that the entire process would be recorded, and provided participant information and informed consent forms. Consent was obtained and signed upon agreement. Each interview was conducted by the first author, with durations ranging from 20 to 50 min. The interview was considered complete when all key points outlined in the interview guide had been discussed and the interviewee had no further questions. Within 24 h after the interview, two researchers independently used iFlytek voice transcription software to transcribe the recorded audio verbatim into text.



2.5 Date analysis

We used NVivo.11 software to organize and analyze the transcribed text. First, two researchers independently and repeatedly read the transcribed text to familiarize themselves with the data. They employed Colaizzi's seven-step phenomenological analysis method for initial coding to generate initial themes (14). Then, identify sub-themes related to the initial theme, and subsequently map the initial codes back to the TDF according to the categories of barriers and facilitators. In certain instances, these codes may be mapped to multiple domains and summarized using the more straightforward COM-B model. In addition, the frequency percentage of each TDF theoretical domain categorized as barriers and facilitators under each theme was calculated separately to assess their significance. The coding results were cross-checked, and any discrepancies were discussed and resolved with a third researcher.




3 Results


3.1 Demographic characteristics

A total of 14 healthcare professionals from PICU participated in the interview study. This group included 6 registered nurses (comprising 2 nursing managers, 2 critical care specialty nurses, and 2 registered nurses), 5 PICU physicians, and 3 rehabilitation therapists. The coding of participants was organized based on the order of the interviews, with “N” representing nurses, “D” for doctors, and “T” for therapists. Detailed demographic information about the respondents can be found in Table 1.


TABLE 1 General information of respondents (n = 14).

[image: A table lists individuals with columns for number, gender, age, job title, education level, years in PICU, and interview time. Roles include supervisor nurse, senior nurse, resident and attending physician, deputy chief physician, and supervisor technologist. Education levels are undergraduate, master, and doctor. Years in PICU range from four to eighteen; interview times range from twenty-three to forty-four minutes.]



3.2 Themes

The interview results revealed four initial themes and thirteen sub-themes: knowledge and skill requirements for PR, implementation experiences of PR in critically ill children, communication and collaboration within the PICU rehabilitation platform, and external support for PICU pulmonary rehabilitation (see Table 2). These themes encompass all behavioral domains of the TDF and the three main components of the COM-B model (see Figures 1, 2).


TABLE 2 Summary of barriers and facilitators.

[image: A table detailing knowledge and skill requirements for pulmonary rehabilitation (PR) in critically ill children, categorized into initial themes, sub-themes, examples of barriers, and examples of facilitators. Themes include ideas of early PR, basic concepts, evaluation systems, preparation, implementation experiences like physical and emotional feedback, role allocation, management quality control, and external support such as medical staff, equipment, labor power, and funding. Each theme lists specific barriers and facilitators, highlighting challenges and effective strategies for improving PR practices.]


[image: Flowchart depicting themes and sub-themes related to pulmonary rehabilitation (PR) in pediatric intensive care units. Key themes include knowledge requirements, implementation experiences, communication, and external support, with sub-themes like skill development, feedback, role allocation, and resource management. Percentage values represent focus areas, such as social influences, environment, skills, and knowledge, reflecting their significance in each category.]
FIGURE 1
Barriers and Facilitators related to the Theoretical Domain Framework (TDF). B, Barriers; F, Facilitators.



[image: Circular schema illustrating behavior influenced by factors: physical capability, psychological capability, social opportunity, and more. Each factor is labeled with descriptive text and percentage, indicating their contribution to behavior.]
FIGURE 2
Domains of the TDF within the COM-B model.



3.2.1 Knowledge and skill requirements for PR

“Knowledge” refers to the concept of early PR for critically ill children and the essential information that medical staff in PICU should possess. It is a multifaceted factor in decision-making behavior and holds a paramount position (42% of the barriers and 33.3% of the facilitators). Interviewees indicated that the primary reason PR is not currently implemented in clinical practice is the absence of relevant theories to guide practical work. There is a significant demand for knowledge regarding the concepts, assessment, and specific practices of early PR. Some interviewees also noted that although they possess a basic understanding of PR, there is minimal training available in PR skills and no certification for qualifications, which hinders the translation of knowledge into practical abilities. The deficiency of evidence-based knowledge and skills has resulted in a lack of confidence in transforming practice. In addition, the proactive efforts of the PICU medical staff to acquire knowledge and skills in PR can facilitate early decision-making behaviors regarding PR recommendations for critically ill children within the department.



3.2.2 Implementation experiences of PR in critically ill children

The experiences of PICU medical staff during the implementation of PR can significantly influence their decision-making behavior regarding future recommendations. Interviewees noted that the objective physical conditions of critically ill children—such as unstable vital signs, the presence of tubes, and the effects of medication—along with subjective emotional states like separation anxiety from parents, fear of the PICU, and concerns about safety risks, all contribute to the challenges of implementing PR. To prevent adverse events, the medical staff decided to postpone the rehabilitation intervention, disregarding the principle of “early.”. At the same time, the ambiguous delineation of responsibilities among doctors, nurses, and therapists impedes the progress of rehabilitation efforts. As assessors and decision-makers, doctors are seldom engaged in the subsequent implementation and evaluation processes. It is worth contemplating whether they can dynamically assess the overall changes in children during the early stages of pulmonary rehabilitation. The nurse who has the most contact with the child is also responsible for a portion of the PR program. An additional consideration is whether the nurse should assume the responsibilities of the rehabilitation therapist in their absence.



3.2.3 Communication and collaboration within the PICU rehabilitation platform

“Social influence” includes social support and group conflict, which are mixed factors that affect recommendation decision-making behavior and hold an important position (62.5% of barriers and 42.9% of facilitators). Interviewees indicated that the multidisciplinary collaboration platform for PR is inadequate. They also noted that information sharing is insufficient and that there are discrepancies in understanding among various specialties. These factors make it challenging to develop the most effective pulmonary rehabilitation plan for the children. Additionally, due to the young age of children, there are differences in cognition and communication compared to adults, which also impact the implementation of PR.



3.2.4 External support for PICU pulmonary rehabilitation

The limitations of hardware, professionals, and funding are significant factors that impact early PR in critically ill children. The majority of interviewees felt that the PICU has a high workload and that basic nurse duties, drug administration, and invasive treatments take precedence over rehabilitative exercises. There is a high expectation for having a professional rehabilitation team stationed in PICU to provide more specialized pulmonary rehabilitation activities for the children.The interviewees also said that the number of existing rehabilitation equipment was small to support the implementation of some rehabilitation activities, and the operation was complex. They hoped that there would be more labor-saving and convenient methods to help children complete the training.





4 Disscussion


4.1 Changing perceptions, increasing PICU medical staff's early PR awareness and evidence-based skills

Traditionally, the focus of treatment in the PICU has been on resuscitation, the management of critical illness processes, and the reversal of organ failure.Therefore, critically ill children often use sedatives and are bedridden for long periods due to the need for safety, comfort, and hemodynamic stability.In recent years, early pulmonary rehabilitation during intensive care has become increasingly common. PICU medical staff are participants and guides in pulmonary rehabilitation, and their knowledge and professional skill levels directly influence the implementation of pulmonary rehabilitation in PICU.According to the study's findings, medical staff, nurses, and technicians all have some knowledge about PR, but their lack of comprehensive knowledge and high-level, evidence-based medical support has made them less inclined to advocate for early PR for children in critical condition. This is consistent with the findings of Nardo et al.'s quantitative study (15). PICU medical staff also lack systematic training and evaluation, which results in a lack of competence and trust in their ability to perform. All medical personnel involved in patient care should get formal pulmonary rehabilitation training, according to the American Thoracic Society's policy statement on enhancing the implementation, use, and supply of pulmonary rehabilitation (16). Therefore, on the one hand, it is necessary to strengthen research and evidence-based training to increase PICU medical staff's awareness of evidence-based practice. This can be achieved through high quality clinical research, continuous practice and validation to increase the level of evidence, and the development of clinical practice guidelines. On the other hand, various forms of knowledge and skills training in early PR for critically ill children should be implemented to deepen the understanding and application of early PR and to continuously improve cognitive levels and evidence-based practice skills.



4.2 Stimulate motivation, enhance the willingness of PICU medical staff to recommend early PR

PICU medical staff's willingness to recommend PR is diminished by a lack of self-efficacy stemming from insufficient skills and a lack of intrinsic motivation influenced by external environmental factors. Therefore, effective intervention strategies should be implemented to enhance behavioral motivation (1). Changes in motivation are a process of calculating risks, and risk-benefit analysis can influence motivation (17). Once individuals acquire the ability to develop, they should create a targeted action plan grounded in a comprehensive understanding of the risks and rewards associated with their proposed decisions. They should implement a monitoring system, enhance the effectiveness of rewards and punishments, and strengthen positive experiences. This approach will empower individuals to transition from thinking to execution of the action plan, consistently derive positive outcomes, and confidently engage in their practice (2). Research indicates that PICU medical staff derive a sense of professional value and recognition from patients' recovery and affirmation from their peers. This recognition, in turn, positively influences their professional behavior and fosters the development of their skills (18). Therefore, managers should proactively identify best practices for early pulmonary rehabilitation in PICU and effectively guide and motivate the remaining staff. This approach will enhance the willingness and enthusiasm of the PICU team to implement early pulmonary rehabilitation (3). Clarify the roles and responsibilities of each discipline, establish workflows and protocols, and ensure the smooth progress of pulmonary rehabilitation work.



4.3 Optimize the environment, improve the atmosphere for early PR recommendations in PICU

The PICU environment can influence the prevalence of lung rehabilitation. Firstly, in previous studies, nursing staff play a central role in rehabilitation activities, with nurses conducting 37% to 48% of rehabilitation activities (19, 20). However, in this study, nurses may delay or refuse to implement lung rehabilitation due to staff shortages and heavy workloads. In addition, there is a negative correlation between nurses' work-related stress and patient safety; as stress levels increase, the likelihood of adverse events and disputes also rises (21). Therefore, determining how to adjust the existing staffing structure of the PICU in the future to achieve optimal human resource allocation is a pressing challenge that managers must address. Secondly, fostering a culture of multidisciplinary collaboration in the PICU is essential for the project's success (22). The implementation of early PR depends not only on nurses but also necessitates the active participation of physicians, rehabilitation therapists, respiratory therapists, and other disciplines. Research indicates that utilizing a Multidisciplinary Team (MDT) can enhance the implementation rate of rehabilitation programs and improve rehabilitation outcomes (23). This study emphasizes the urgent need for multidisciplinary collaboration platforms. Furthermore, the current lack of equipment hampers existing PR activities, and the training methods available are insufficient. Therefore, managers should proactively introduce advanced rehabilitation equipment to enhance the efficiency of PR activities. Finally, it is essential to further improve the medical system and support related to children's rehabilitation in the future, instilling greater confidence in medical staff and the families of patients, and encouraging their commitment to recommending early pulmonary rehabilitation.




5 Conclusion

This study examines the barriers and facilitators influencing decision-making behavior related to early lung rehabilitation recommendations among medical staff in PICU. Utilizing the COM-B theory and the TDF, data were collected across four main themes and thirteen sub-themes. The identified barriers and facilitators were categorized into fourteen TDF domains and three COM-B modules. This qualitative analysis addresses existing research gaps and can serve as a valuable reference for the development and implementation of early pulmonary rehabilitation intervention strategies for pediatric patients in the PICU in the future. The current study excluded children with severe medical conditions; subsequent research should consider conducting interviews with this population to obtain valuable insights into their experiences with pulmonary rehabilitation. This approach would enhance the understanding necessary to confidently advocate for lung rehabilitation in the future.
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Introduction: Cerebral Palsy (CP) refers to a heterogeneous group of disorders resulting from early brain injury during development. The clinical and functional consequences are variable, but primarily characterized by motor and postural deficits that limit independence in activities of daily living, impacting child's and family's quality of life. There is consensus on the effectiveness of rehabilitative interventions when started early and administered intensively, leveraging neuronal plasticity. The Hand-Arm Bimanual Intensive Training Including Lower Extremities (HABIT-ILE) rehabilitation approach was developed to improve motor skills in children with CP, focusing on bimanual activities with integration of the lower limbs. The aim of this study is to present an intensive, individualized motor training protocol, based on HABIT-ILE principles, tailored for children and adolescents with CP.



Methods: To develop the protocol, we conducted a review of literature on HABIT-ILE applications. Additionally, we carried out multidisciplinary focus groups with professionals from three Italian Centers. These discussions focused on therapeutic setting, identifying materials, structuring play activities, to define strategies to enhance applicability and impact of the protocol.



Results: An intensive intervention protocol based on HABIT-ILE was developed. It consists of 30 h over 10 consecutive days, with daily sessions of 3 h. The intervention, structured around bimanual activities and lower limb involvement, was personalized according to clinical and motivational profile and conceived to be administered in pairs to children aged 6–17 years with CP and upper limb asymmetry. Sessions are divided into three components: bimanual tasks, occupational activities, and gross-motor activities, ensuring a global approach and enhancing neuroplasticity. Daily activities are selected by patients from a predetermined pool chosen by therapists, based on individual profiles and adapted progressively.



Discussion: The HABIT-ILE model represents an intensive and individualized approach for improving motor abilities in these patients. Our protocol, including personalization in an ecological context and pairwork, could increase motivation, adherence, and ultimately therapy effectiveness. We plan to verify feasibility, clinical effectiveness and sustainability of this model in multicenter contexts. Ongoing trials will provide evidence of applicability and efficacy, combined with non-invasive brain stimulation (NIBS) techniques such as transcutaneous vagus nerve stimulation or transcranial alternating current stimulation.



Clinical Trial Registration: ClinicalTrials.gov, Identifiers NCT06372028 and NCT06372041.
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Introduction

Cerebral palsy (CP) is a group of disorders that affects an individual's movement, posture and balance (1) caused by early brain damage during development, affecting mainly motor development and overall functional independence. Moreover, motor disorders are often accompanied by impairments in sensation, perception, intelligence, communication, behavior, epilepsy, and secondary musculoskeletal problems (2).

CP has a significant impact on the quality of life (QoL) of children and their families, affecting a child's ability to manage daily self-care tasks and participate in recreational and learning activities (3) primarily because of reduced manual abilities and gross motor function (4).

Given its impact, CP represents one of the most common causes of childhood disability. A recent systematic review and meta-analysis by McIntyre and colleagues (5) provided an updated prevalence rate of CP: the authors outlined a slight decreasing trend in pre/perinatal cases, likely due to improvements in medical care, reporting a prevalence of 1.6 cases per 1,000 live births, while post-neonatal cases remained relatively stable at 0.8 per 10,000 live births.

Considering the complex nature of these conditions and the implications in daily activities, it is necessary to develop a multidimensional rehabilitative treatment tailored to individual needs (6, 7). Current approaches include pharmacological treatments and surgical interventions, complemented by innovative rehabilitation approaches (8). A growing body of evidence highlights the importance of intensive, early, and targeted rehabilitation interventions to promote neuroplasticity during critical developmental periods and improve motor and functional outcomes, achieving long-term benefits (7–10). Among the most effective experimental approaches, goal-directed training models have shown superior efficacy compared to simple isolated movement repetitions. These models encourage children to engage in complex motor activities that integrate into daily life, thereby enhancing functional autonomy (9, 11).

In recent years, intensive motor rehabilitation protocols for children with CP have achieved notable success, particularly those focusing on upper limb function, such as Constraint-Induced Movement Therapy (CIMT) and bimanual intensive therapy, which have gained traction for their demonstrated efficacy in improving upper-limb functionality in children with unilateral CP. These therapies emphasize the necessity of high-intensity, repetitive, goal-directed practice to foster motor learning and neural adaptations (12). Systematic reviews further support the idea that interventions combining intensity, task specificity, and individualized goals are more likely to achieve meaningful improvements in motor and functional outcomes (13).

Within the most studied motor training models, a particular approach is represented by the Hand-Arm Bimanual Intensive Therapy (HABIT) model, currently integrated into clinical rehabilitation practice. Through intensive motor training, HABIT aims to improve coordination and functional use of the upper limbs (6). Given that children with unilateral CP often experience limitations not only in their upper limbs but also in their lower limbs, the HABIT model has been adapted over time to include lower-extremity training, leading to the development of Hand-Arm Bimanual Intensive Therapy Including Lower Extremities (HABIT-ILE). This approach integrates upper and lower limb exercises to improve postural control and walking abilities (14). The HABIT-ILE approach is grounded in motor learning principles and has been shown to significantly enhance motor skills across all four limbs while promoting greater functional independence (6, 15). It also leads to improvements in visuospatial skills and brain structure and connectivity, such as in corticospinal tract fibers or in the fronto-parietal network underlying motor skill learning (16–18). The development of these structures is highly dependent on activity. Structured and repetitive motor training, such as in the HABIT-ILE approach, improves synaptic refinement, strengthens appropriate connections, and facilitates motor cortex reorganization, with positive effects on brain plasticity and motor learning (19–21). By integrating bimanual coordination with lower extremity training, HABIT-ILE takes a comprehensive approach to motor rehabilitation, targeting both upper and lower limb functions to address motor control and functional limitations holistically (6).

Despite the proven efficacy of intensive motor training approaches, there remains a need for rehabilitation protocols that are both highly individualized and capable of addressing the complex motor impairments associated with CP. HABIT-ILE's unique integration of upper and lower limb training offers a promising avenue for enhancing neuroplasticity and functional outcomes. This study aims to develop a customized intensive motor training protocol inspired by the HABIT-ILE approach, specifically tailored for children with CP.



Materials and methods

Starting from an analysis and review of the literature concerning the HABIT-ILE approach, a multidisciplinary group of healthcare professionals, including rehabilitation therapists, child neuropsychiatrists, psychologists and researchers from three Italian Centers — I.R.C.C.S. Medea in Bosisio Parini (Lecco), I.R.C.C.S. Mondino in Pavia, and ASST Spedali Civili in Brescia — conducted focus groups to define materials, settings, and play-based tasks for different severity levels of motor functional impairments.

Throughout this process, the protocol was tailored for children and adolescents diagnosed with unilateral or bilateral spastic cerebral palsy, exhibiting significant upper limb involvement and asymmetry, and aged between 6 and 17 years.

More specifically, individuals with upper limb disabilities classified at levels I-III on the Manual Ability Classification System1 (MACS), and associated motor deficits classified at levels I-III on the Gross Motor Function Classification System2 (GMFCS) will be included.

Exclusion criteria will comprise children and adolescents classified at levels IV and V on the MACS and those with associated motor deficits classified at levels IV and V on the GMFCS. Furthermore, other exclusion criteria will include subjects with severe visual impairment, defined as levels IV and V on the Visual Function Classification System3 (VFCS), and those with severe cognitive disabilities, defined as an Intelligence Quotient (IQ) ≤ 50. We also defined that children will be treated in pairs and matched based on demographic and clinical-functional criteria, focusing on the severity of the upper limb impairment, intellectual functioning, and/or age, meeting at least two of these three criteria. These three aspects allow clinicians to propose rehabilitative activities that are adequate to clinical features and suitable for both the patients of the pair. Moreover, during the training period, each proposed activity can be further personalized based on individual interests. Participants' upper limb motor performance will be classified using MACS, with levels ranging from low to moderate impairment (I–II) or moderate to severe (II–III). Regarding gross motor abilities, they are considered in the patients’ selection and also in the clinical assessment of included participants but they don't represent a matching variable, according to the upper limb focus in our training protocol.



Results

The protocol, based on the principles of the HABIT-ILE model, focuses particularly on the involvement of the upper limbs in bimanual activities for patients with CP.

The rehabilitation intervention spreads over two consecutive weeks, with 5 weekly sessions, each lasting 3 h, for a total of 30 therapy hours. The training activities are led by a rehabilitation therapist (Neurodevelopmental Therapist, Occupational Therapist, or Physical Therapist), within a 1–2 therapist model, ensuring that the intervention remains personalized and goal-oriented.

The activities in the protocol are specifically designed and tailored to the clinical (MACS level) and demographic profiles of the participants, with the aim of improving treatment adherence and promoting greater engagement. This personalized approach ensures that each session is adjusted according to the individual needs of each patient, thus optimizing the overall effectiveness of the treatment. Each daily session is structured in three components: the first one involves fine motor activities, the second one focuses on daily life tasks chosen by the participants to stimulate motivation, and the third one includes gross motor activities, particularly adapted sports that promote postural control and the use of the lower limbs. These components are designed to offer a balanced and gradual approach, optimizing the benefits of rehabilitation. The rehabilitative activities designed in the study are based on principles of motor learning and problem-solving, with the patient being involved in finding strategies to reach a predefined goal. These strategies involve a complex interaction between perceptual, cognitive, and motor systems to carry out daily life activities. The repetition of actions and movements, along with a progressive increase in the complexity of tasks, stimulates mechanisms of brain plasticity, optimizing the benefits of the intervention and improving overall outcomes.

To ensure the effectiveness of the treatment and maintain motivation, it is crucial that the environment in which it takes place is ecological, highly motivating, play-conducive, comfortable, and suitable for children and adolescents. On the first day of activities, there will be a 30-minutes session for caregivers and children. This session is aimed at identifying their main interests and the main difficulties they encounter in their daily lives that have the greatest impact on their quality of life. Patients will then select activities from a pool of options proposed by the therapist and tailored to their clinical characteristics.

It starts with a focus on bimanual activities and then gradually introduces exercises for the lower limbs, which require postural control, balance, and gross motor movements. During the two weeks of treatment, the activities are modified to maintain an appropriate level of difficulty, stimulating motivation without causing frustration or dissatisfaction. Each task is designed to give the child the opportunity to achieve success, encouraging participation.

The activities are personalized based on the functional limitations of the upper limbs and differentiated according to the child's MACS level, organized in increasing order of difficulty. This approach ensures a targeted and effective treatment, improving tolerability and overall outcomes. Moreover, to maintain high motivation, daily activities can be framed within a broader theme, such as a trip around the world or a magical adventure.

The components of the three-hour daily treatment are detailed below.


Component 1 - fine bimanual motor skills activities (50% of the daily session)

The first component of the daily session includes exercises of bimanual and fine motor tasks performed at a table, alternating complex tasks, such as cutting, with simpler repetitive movements, such as grasping an object with both hands. Depending on the patient's specific clinical characteristics and the progress observed, progressive integration of lower limb activities may occur from the early stages.

Examples of activities proposed for this session, and fully reported in Table 1, are subsequently adapted to the child's age, interests, motor functional and cognitive level, as well to the theme of the day.



TABLE 1 Examples of fine bimanual motor skills activities.



	Session 1 (50% of the session) – Examples of fine bimanual motor skills activities



	MACS level I
	MACS level II
	MACS level III





	1. Manipulating playdough and kinetic sand
	1. Applying paint with stamps
	1. Applying paint with sponges



	2. Using finger paints
	2. Manipulating playdough
	2. Exploring figures covered with sensory materials, such as shaving foam



	3. Assembling puzzles and dominoes
	3. Manipulating kinetic sand
	3. Manipulating playdough



	4. Ripping pieces of crepe paper or alternative materials, forming spherical shapes and transferring them between containers with tools (hands, cups, spoon)
	4. Creating handprints on paper
	4. Transferring flour and similar substances between containers using big tools or plastic glasses



	5. Using tongs or wooden sticks to pick up objects of different shapes, sizes, and textures (plastic or cork caps, aluminum or polystyrene balls), hidden in sand or immersed in liquid containers
	5. Coloring with finger paints (initially with the whole hand, then with fingertips)
	5. Assembling large puzzles and tangrams



	6. Participating in activities like building with Lego bricks
	6. Transferring colored liquids between containers using sponges and various tools
	6. Stripping colorful paper and inserting it into designated slots



	7. Reproducing models using small beads or magnets
	7. Assembling medium-sized puzzles
	7. Creating spheres of colored paper and gluing them to form 3D designs



	8. Threading a malleable wire through a perforated board
	8. Using bowls and spoons to recover objects scattered in various containers or immersed in flour or water
	8. Stringing medium-sized beads onto rigid thread



	9. Executing figure outlines and adhering them to cardboard supports
	9. Formulating mixtures and solutions (like simulated potions) by combining various compounds
	9. Performing magic tricks



	10. Formulating mixtures and solutions, like simulated potions
	10. Reproducing 2D and 3D models with medium-sized beads
	10. Reproducing 2D and 3D models using large beads



	11. Manipulating screws and bolts through rotary movements
	11. Participating in card games and memory
	11. Tracing pre-defined figures in flour or foam using fingers



	12. Reproducing patterns with colored elastics on a pinboard
	12. Cutting and gluing colorful geometric shapes to recreate complex forms, like mosaic compositions
	12. Manipulating figurines immersed in a sensory bag with liquid, using digital manipulation



	13. Recreating specific configurations by inserting colored elastics between fingers
	
	



	14. Participating in shanghai game
	
	







For instance, the puzzle activity will be proposed using larger pieces for children with greater upper limb impairment, and progressively using smaller pieces for individuals with milder motor impairment. In cases of more severe limitation in upper limb use, the required task is to employ the most affected hand as a passive support to the activity, after which the task will require greater involvement of the hand in the manipulation and interlocking of the pieces.

For subjects in the lower age group, the puzzles will consist of colorful and engaging pictures and drawings, depicting animals, for example, while for older children more complex and realistic images may be employed.

Furthermore, the images to be reconstructed will be adapted to the chosen theme, for example, animals of the savannah, a seascape, or a famous monument for the world tour theme, or musical instruments for the music theme.

Another example of an adapted activity is dominoes, which can be modified into multiple themes in accordance with the child's interests and intellectual functioning, from cartoon characters, to superheroes, to syllables to form words.

According to the HABIT-ILE approach, the same task can be repeated over the course of the treatment weeks, varying the requests and the difficulty in terms of upper limb involvement, from a lower level, which involves its use as a passive stabilizer, to a gradually higher level, which encourages its more complex and active use.

Depending on the difficulties exhibited by the child, a gradual involvement of the lower limbs can already be introduced in this first session, by altering the support on which the child will be sitting during bimanual tasks, from the chair or other stable support, to the more or less inflated fitness ball, to the roller, to the balance board. The upper limb activities in which the child demonstrates more difficulty will be introduced in a stable sitting position, while those in which the child appears and is perceived as more skilled and confident will be performed under more challenging conditions that also involve the lower limbs, to an increasing extent.

During the activities, the therapist should verbalize the movement as it is performed and the goal to be achieved. He should also provide feedback on patient's performance and encourage interaction with the physical and relational environment. This helps sustaining attention and motivation, ensuring that motor, sensory, cognitive and emotional-relational skills are all engaged in building the rehabilitation project.



Component 2 - daily-life activities (30% of the daily session)

The activities in this second component are highly variable and selected together with the child and his/her family during the initial assessment. During this part of the daily training session, indeed, participants are involved in performing activities that promote the child's autonomy, chosen based on what they have identified as relevant and challenging. These tasks are designed to stimulate motivation and respond to the child's personal needs and are expected to be easily transferable to the child's daily life.

Some examples of this component's activities are listed in the Table 2.



TABLE 2 Examples of daily-life and autonomy-related activities.



	Component 2 (30% of the session)– Examples of daily-life activities



	Activity
	Description





	Snack preparation
	Children participate in selecting ingredients and perform activities like cutting fruit, spreading jam, opening snack packages, or juicing an orange



	Dressing and underdressing
	Role-play activities with costumes, such as wizard, gladiator, Hawaiian, or ninja, based on the day's theme



	Clothing practices
	Activities involving fastening different types of closures, such as laces, zippers, bucklets, buttons and velcro



	Personal hygiene
	Activities like combing hair, tying hair, or brushing teeth









Component 3 - gross motor activities (20% of the daily session)

The third component of the daily training session consists of the execution of gross motor exercises, focusing on adapted sports activities (such as basketball, tennis, and golf) progressively involving a greater engagement of the lower limbs and requiring complex postural control.

A number of sports activities were designed and adapted for this session, including basketball, tennis, golf, darts, football, archery, and, additionally, exergames.

In Table 3 are described, as examples, the steps related to adapted basketball and tennis.



TABLE 3 Examples of gross motor activities included in the training protocol.



	Component 3 (20% of the session)– Examples of gross motor activities



	Activity
	Description





	Basketball
	Passing the ball with both hands simultaneously and alternately, gradually increasing the ball size.



	
	Performing passes while sitting on an unstable surface (e.g., fitness ball), bouncing the ball on the ground before catching it.



	
	Dribbling the ball alternating the use of upper limbs.



	
	Performing passes while standing on a balance board.



	
	Managing the ball on a balance board.



	
	Introducing an obstacle course (hoops, cones, chairs) to pass through while dribbling.



	
	Shooting at the basket from a standing position.



	
	Attempting a jump shot at the basket.



	Tennis
	Bouncing the ball on the racket from a seated position.



	
	Hitting the ball with the racket bouncing it off the wall, first from a seated position, then from a standing position.



	
	Simulating a ping-pong table, hitting the ball with the racket to bounce it in the other half of the court.



	
	Hitting the ball with the racket to bounce it off the wall and catching it with the racket.



	
	Simulating a ping-pong table, hitting the ball to bounce it in the other half of the court.



	
	Performing passes from a standing position without support from the table, trying to move within their half of the court.







Regarding the progression of difficulty in lower limb involvement during the training sessions, we adopted the indicators proposed by the HABIT-ILE model, fully described by Bleyenheuft & Gordon (6).

For instance, if the daily theme is “trip around the world”, patients can take part in activities such as painting the flags of different countries as a bimanual activity, preparing typical meals from various cultures during an autonomy-related activity, and play a typical sport from a selected country (e.g., basketball for U.S.A. or soccer for Italy) at the end of the daily session.

The defined protocol, together with specific materials, was shared with all the participating centers to standardize training practices and mitigate potential biases associated with non-homogeneous interventions.

To improve the engagement and participation of children and families, thereby fostering adherence to the study, specialized informational materials were developed. These materials include a brochure and a video presentation, which provide a comprehensive and simplified explanation of the proposed trial and its phases.




Discussion

Cerebral Palsy is a leading cause of childhood disability, affecting motor function and overall independence. Given its lifelong impact, early and intensive interventions are critical in maximizing motor recovery and functional potential (25, 26). Furthermore, research by Novak and colleagues (8) highlights the necessity of combining high-intensity practice with targeted functional goals to induce neural adaptation and maximize therapeutic outcomes.

In this study, we presented a structured training protocol, created in a multicentre and multidisciplinary context which follows the well-established HABIT-ILE model, originally designed for unilateral CP rehabilitation. The combination of upper and lower limb training within daily functional tasks makes HABIT-ILE as an innovative approach in pediatric CP rehabilitation. It has shown evidence in promoting improvements in whole-body functioning, by incorporating lower-limb training and bimanual coordination (6). Our intensive rehabilitation program integrates upper- and lower-limb exercises into game-based and daily functional tasks, within a motivating and ecological framework, fostering both adherence and functional improvements.

While original HABIT-ILE model was designed for 60 h intervention, recent studies (21, 27, 28) have shown that clinical meaningful goals can be also achieved with lower dose intensive treatments. Specifically, in a review by Jackman et al. (29), the authors demonstrated that interventions characterized by individualization, patient-centred goals and active participation of children require fewer hours, with individual goals achievable within 14–25 h of practice. Furthermore, according to the authors (29), a threshold dose of 30–40 h can lead to improvements in unilateral motor skills. Given these evidences, we considered the dose of 30 h as a balance, ensuring at the same time clinical improvements and also training's feasibility and sustainability. However further research is necessary to investigate and define optimal intensity levels.

A fundamental aspect of the protocol is the high level of personalization in the proposed activities: the intervention is specifically tailored to the clinical and demographic profiles of each child, ensuring that tasks align with their motor abilities and cognitive capacities. By prioritizing motivation and personalization, as recommended by most recent evidence (30) and guidelines (31), our protocol not only enhances motor function but also fosters greater independence in daily activities, ultimately improving quality of life. This dual focus aligns with evidence supporting interventions that prioritize functional goals and environmental adaptation (32). Its emphasis on motivation-driven and personalized therapy ensures broad applicability and potential scalability across different, clinical and home-based, settings. The progression of motor request through the training period is also an important element to address neuroplasticity (18) and, at the same time, to maintain high levels of motivation and challenge.

While our protocol shows promise, its implementation faces several challenges. It is essential to involve specifically-trained practitioners to ensure accurate evaluation and consistent application of therapeutic techniques, thereby improving adherence to the protocol and maintaining constancy of the intervention. Furthermore, the intensive nature of the intervention may create logistical difficulties for families, as it requires balancing therapy with everyday and academic commitments. As many authors highlight, finding an equilibrium between therapy intensity and family needs demands careful planning and adaptability (33). In this regard, it will be important to consider patients' and their parents' feedback to evaluate the study's overall feasibility.

Group training are described in scientific literature as very useful, especially in promoting motivation (30, 34, 35), but the group setting may not always be sufficiently challenging or meet the specific needs of all children (34). Considering this, we hypothesize that a pair work training could be an optimal strategy to sustain motivational aspects and, simultaneously, guarantee an appropriate personalization of the treatment itself. We also believe that sharing activites between two individuals can be an effective way to motivate and support each other, and to make an intensive and demanding programme more feasible. In this respect, the compatibility in terms of personality traits and interaction styles within each couple, emotional and competition-related aspects may play a crucial role in ensuring a positive therapeutic experience. Therapists must cultivate an engaging and dynamic environment where activities are perceived as enjoyable and rewarding, thus promoting sustained participation both individually and in group settings. During pairwork sessions, elements of rivalry or frustration may emerge, necessitating therapist-led interventions to foster collaboration and encourage positive social interactions.

The three-hour daily session length may also pose a challenge, requiring thoughtful time management to sustain children's engagement and prevent drops in attention or motivation.

Importantly, to enhance the effects on motor plasticity, the HABIT-ILE protocol may be combined with Non-Invasive Brain Stimulation (NIBS) techniques, such as transcutaneous vagus nerve stimulation or transcranial alternating current stimulation, which stimulate the motor system respectively in a bottom-up and top-down fashion (3). The potential for innovations such as NIBS and digital tools to complement HABIT-ILE is an exciting avenue for exploration. Scientific evidence outlines the need for emerging technologies that could further enhance the efficacy and accessibility of intensive rehabilitation protocols, paving the way for broader implementation and greater impact (36).



Conclusion

In conclusion, the designed protocol represents an innovative and highly targeted approach for the treatment of children with CP, focusing on intensity, personalization, and functionality. Although the application results are beyond the scope of this study, its potential is significant, considering the growing body of evidence supporting the effectiveness of intensive and early rehabilitation interventions. We plan to verify feasibility, clinical effectiveness and sustainability of this model in multicenter contexts. The next step will be the conduction of clinical trials to validate the effectiveness of the protocol in practical settings, but the prospects for improving the quality of life for children and adolescents with CP are promising.

The continuous evolution of rehabilitation techniques, combined with more personalized approaches, could lead to a significant shift in the management of CP, enhancing not only children's motor skills but also their independence in daily activities, with a positive and lasting impact on their lives. The adoption of this protocol could become a crucial element in pediatric rehabilitation, helping to meet the needs of a growing population that faces challenges related to severe motor disabilities.

The future of rehabilitation lies at the intersection of targeted treatments, innovative technologies, and an increasing focus on the individual needs of patients and their families, paving the way for increasingly effective and accessible solutions.
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1Manual Ability Classification System (MACS) is a classification system developed to assess how children with cerebral palsy (CP) use their hands when handling objects in daily activities. It describes the child's typical manual performance rather than their maximal capacity, considering the collaborative use of both hands (22).

2Gross Motor Function Classification System (GMFCS) is a five-level classification system used to describe global motor function limitations in children with CP (23).

3Visual Function Classification System (VFCS) is a classification system to classify visual abilities of children with CP (24).
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Paradoxes

1. Recognizing the intertwined biological and
environmental influences on a child’s well-being leads
o better functional outcomes than focusing primarily
on medical diagnoses and biological risks.
Conclusion: Biology and experience are transactional.

2. High-intensity, high-cost interventions that are well-
timed, wholistic, and multi-domain can be less
expensive (i.e., yield higher “returns on investment”)
and better optimize life course outcomes than
treatments that initially appear less costly, easier, and
narrower.

Conclusion: More-intensive treatments may cost less in
the long run by improving multiple functional and
health outcomes.

Principles about development
Conditions at birth, including genes, brain injury, and
medical conditions, do not strongly predict long-term
outcomes, unless the child's immediate and cumulative
environmental conditions are considered.

Prognoses about a child’s future usually are based on
prior clinical observation and reports. These can be
limited and sometimes wrong, because many children in
the past did not receive effective early treatment.

Children learn best when they initiate transactions that

Treatment implications
At birth, and sometimes prior to and during pregnancy,
clinicians and parents should assess potential risks, the
child's early learning opportunities, and specialized
health supports.
Measuring a child’s progress should portray the child’s
overall health & functional outcomes, even by specialists
focused on biomedical conditions.
Treatment approaches plus child/family supports and
risks should be shared promply and fully with key
individuals.
‘Traditional delivery of pediatric rehabilitation and early

produce immediate, clear responses (resp g
learning).

High levels of varied practice and adult-guided shaping
produce higher performance than lower levels.
Treatment-induced neuroplasticity, including overcoming
injury and adversity, can be stimulated by intensive
interventions.

Treatment's full impact cannot be adequately measured
solely at end-of treatment or by relying only on currently
available general measures of child development.

in the U.S. will need to
change to permit implementing proven effective high-
intensity and multi-domain treatments.

Many therapists and early educators will need
specialized training in the rationale and specific
techniques to implement many of the newer and proven
treatments across health, home, education, and
community settings.

Insurance and clinic administrators need to be partners
to help eliminate financial barriers to delivering EBPs.

3. Treatments can be individualized for a child while
also adhering to systematic, evidence-backed treatment
protocols.

Conclusion: Individualized treatment and RCT
protocols are compatible.

Treatment planning should engage the parents and child
from the start, and consider their availability, treatment
goals, communication preferences, & cultural/family
priorities.

Clinicians require clear guidelines to deliver EBPs with
high fidelity to the tested protocols.

Implementing EBPs yields optimal results when
therapists document the EBPs, the dose and treatment
duration, and measures of progress toward goals.
‘Treatment goals and how treatment is individualized
should be recorded across health, rehabilitation and
education systems.

4. A dlearly presented conceptual framework can be
remarkably practical, comprehensive, and powerful for
improving outcomes, rather than merely an exercise in
abstract theorizing.

Conclusion: A shared conceptual framework can
benefit families, therapists, health and educational
pracitioners, and scientists by providing a shared
vision for their partnership.

Understanding needs of a child & family require clear and
open sharing of assumptions about their current
biobehavioral status, the family's supports & risks, and
contextual influences of home, neighborhood and culture.
Both visual and written forms of a conceptual framework
can help with sharing data among key decisionmakers
when planning and monitoring treatments.

For research, a conceptual framework identifies which
components of the child’s and family’s life are being
targeted and measured at specified intervals.

A total-child framework (see text for definition) offers a
flexible strategy for both the family and the health and
education systems to view a child’s progress over time
(ideally, multi-year).

Since children's transactions with others and the
environment directly change their biobehavioral status,
frequent and timely sharing of information as well as
adjusting treatment are imperatives to achieve positive
outcomes and supports for flourishing.
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Demographics
Age (mean, SD)

142 (£06.45)

Gender

Male

26 (54)

Female

22 (46)

Years using wheelchair (mean, SD)

38 (2.48)

First language

Arabic

33 (69)

English

15 (31)

Primary diagnosis

Cerebral palsy

19 (40)

Spina bifida

16 (33)

Muscular dystrophy

13 (27)
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WOTA 1 WOTA 2 Swim Skills
Checklist

Average (95% Cl)
Control time 1 367 (33.6, 39.7) | 25.6 (19.8, 31.4) 13.4 (9.8, 17.0)
Control time 2 | 37.8 (349, 408) | 26.4 (208,320) | 150 (115, 18.5)
Pre-AquOTic 37.1 (342, 40) | 27.8 (222,334) | 156 (12.1,19.1)

PostAquOTic | 429 (40.1, 456) | 368 (31.4,421) | 232 (200, 26.5)
Effect size®
Post-pre AquOTic 0.87 0,63 086

"Mean standardized differences (Cohen’s D) of scores post vs. pre-AquOTic intervention.
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Swim Skills Checklist items Cohen's D

Touches water

Breath control
Blows bubbles
Visual location & retrieval of item

Kicking leg motion
Kicking arm position

Jumping in from side
Prone gliding

Tread water
Independent locomotion

Change directions while swimming
Rest breaks

Combined swim skills
Freestyle for 5 m (15 ft)

Bold values are considered to be large (>0.80) effect sizes.
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Skills Baseline | Post-aquOTic
(n =37) (n =34)
Entry* 28 (75.7%) 30 (88.2%)
Total submersion 9 (24.3%) 22 (64.7%)
Recovery to surface with 1 min of floating/ | 0 (0%) 129%)

treading
Change in body orientation (180° rotation & | 2 (5.4%) 5 (14.7%)
face exit)
Propulsion for 25 yards* 0 (0.0%) 0(00%)

Exit water’ 22 (59.5%) 28 (82.4%)

*Items were from WOTA 2. All remaining items were from the swim skills checklist.
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Activities
Rules

Time
5min

Location
Pool deck
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“Use walking feet”, “Jump where it's

‘Water adjustment
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e ’
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Caregiver feedback
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Week 10: caregiver in water
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AquOTic Waitlist
first (1 =12) | control®
(n = 25)
D
Age (in years), median (IQR) | 6(57)
Male, n (%) 9 (75.0%)
Race, n (%)

Asian 0 (0.0%) 4(16.0%)
Black 2 (16.7%) 4(16.0%)
White 6 (50.0%) 11 (44.0%)
More than 1 race 4(333%) 6 (24.0%)
Hispanic/Latino, n (%) 2 (16.7%) 1 (4.0%)
WOTA 1 total score [median (IQR)]
WOTA 1 total | 360842

WOTA 2 Scores [median (IQR)]

6(6,7)
19 (76.0%)

37 (30, 45)

Section A—mental adjustment 2(2,3) 3(2,3)
Section B—breathing control 1(0,5) 2(0,6)
Section C—functional goals 18 (11, 30) 20 (15, 29)
Section D—functional goals 0 (0, 0) 0 (0, 0)
Total 23 (14, 35) 24 (17, 35)
Swim Skills Checklist, median (IQR)

Touches water 2(13) 2(2,3)
Breath control 0(0, 1) 1(0,3)
Blows bubbles 3(0,5) 2(1,4)
Visual location & retrieval of item 00,0 0(0,2)
Kicking leg motion 22,2 22,2
Kicking, arm position 2(1,2) 1(0,3)
Jumping in from side 3(2,3) 3(1,5)
Prone gliding 1(0,2) 1(0,1)
Tread water 0 (0, 0) 0 (0, 0)
Independent locomotion 0 (0, 0) 0 (0, 0)
Change directions while swimming 0 (0, 0) 0 (0, 0)
Rest breaks 0 (0, 0) 0 (0, 0)

Combined swim skills 0 (0, 0) 0 (0, 0)
Freestyle for 5m (15 ft) 00,0 00,0
Total 12 (6, 19) 13 (11, 18)
Number of sessions attended, median (IQR) 9.9, 10) 9(8, 10)

*2/25 waitlist controls did not attend AquOTic intervention.
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Initial themes
Knowledge and skill
requirements for PR

Sub themes
Ideas of early PR

Basic concepts of
PR

Examples of barriers
N5: The time the child spent on the ventilator was short,
and he recovered quickly.
N5: Doctors don't pay much attention to recovery, either.
DI: Preserving life is important; recovery is a matter for
later once you've survived,
D2: In the early stages, he couldn't cooperate with the
sedatives, but later on, the dosage was reduced, and he could
‘move around on his own in bed. He's not far from being
taken off the ventilator, so no additional rehabilitation is
needed.
Di: I've looked into this research, and there are still more
studies on adults than on children. The results are
inconsistent; some say it benefits lung function, while others
say there's no difference. Although I think it should be
usefi, there’s no evidence.
N2: Position change, pat back suction sputum what I still
do, other rehabilitation is the doctor and rehabilitation
division to do, complex I akso won't ah.
N4: Some doctors do not know that there are some measures
such as vibration sputum discharge meter.
N4: PR contains too many things, usually we do some
nursing is pulmonary rehabilitation content, such as some
sputum vest, and then our back, such as a variety of
positions, but many people do not know that this belongs to
pulmonary rehabilitation.
N6: Has our department talked about the PPT of PR, seems
10 say, o, forget.

Examples of facilitators
NI: Rehabilitation this thing, slow effect, but it is certainly
useful, do is certainly good.
D3: I think pulmonary rehabilitation is beneficial for
weaning off the ventilator.
D5: Why do we advocate early rehabilitation now? Still,
there are more and more ventilator-related syndromes, such
as ICU-AW and VAP. The purpose of rehabilitation is to
reduce their occurrence and improve the prognosis.
T1: Early rehabilitation is a hot spot now, now there are
more and more children in the rehabilitation clinic. We are
also trying to promote the ICU, and our director is also very
supportive.

NI: I've seen adult lung rehabilitation, they use breathing
instruments with threshold pressure, give him a pressure
when inhaling, can exercise the inspiratory strength, we can
adjust the parameters of the ventilator to do this.

Ni: As for the recowry of breathing or breathing muscles,
I heard that Shanghai is doing it. I think one day our
leaders can send us to have a look.

T3: I often go to read the literature on PR, and if there is
relevant training, if I can go, I will apply to our director.

PR evaluation
system

Preparation for
PR

Na: I remember in Shanghai, they used the diaphragm
electric potential to measure the diaphragm function, but we
did not for now.

N5: It was all decided by the rehabilitation therapist.

N6: There are individual differences in the doctor's
evaluation of children, some of whom do not know whether
they need PR, such as prone position, can it be
implemented?

DI: As for the assessment, it's usually done by the
rehabilitation department coming over for  consultation
and then proceeding with it.  have a rough idea of what the
assessment is about, but I'm not very clear on the specifics of
how it’s done.

NI: Pulmonary rehabilitation, we are not as standardized
as adults. There is no guidance for children to do this, like
guidelines, consensus or something.

N6: We also went out for further studies, and after a few
days of learning, we were given therapist certificates. As for
the professionalism, we don't even know if we can go into
clinical practice.

D3: Right now, everything is based on adults, and then we
rely on our own clinical experience to figure things out.
There's nothing specifically for children. What should we do
if we make a mistake?

Di: What we learned was too superficial and vague, o
when it came time to do it, we didn't know where to start.

N5: We have to assess the strength of his respiratory
muscles.

Di: For exampl, if there is an assessment form for children,
who evaluates it, right? There is a specific value, to tell us

patient needs to do p y at

this time.

Ni: VAP, because now there are SOPs in place, they are all
bundled managements, we definitely have to check every
day whether these measures are being implemented one by
one.

NB: If you want to implement it, you must have to pass
some professional training, or where to go for further study.
T2: There can be a guiding process, such as what training
needs to be done, who is responsible for it, and how long it
should take.

T3: I'm doing clinical research on this recently and want to
do a project.

Implementation experiences of
PR in critically ill children

Physical feedback

NI For example, he has venous catheterization in his lower
limbs, which may affect his functional exercise.

N3: ICU has acute factors involved; sometimes, his
condition may not be able to handle your PR.

D2: When he goes on the ventilator, wil give him sedatives,
which he can't cooperate with.

D5: There are many pulmonary rehabilitation programs
that children cannot complete; they don’t know how and
can’t do them.

T1: For example, if he has a lumbar puncture today, he
won't be able to recover for the rest of the day.

T2:Doing it for babies with a history of epilepsy, they might
have seizures, so how can we continue?

T3: The baby is not willing to do it, they feel tired, no
strength.

TI: I remember, the last time there was a big girl, she was
not the first time in hospital, we gave her a bed bicycle, very
cooperative, she knew what to do, she put the foot in.

Emotional
feedback

N5: Because nurses sometimes have concerns, if this patient
has a risk of fracture and something goes wrong, the nurse
will be responsible.

D2: The older child, he has a psychological condition. For
example, if I want to train his respiratory function,

I disconnect the ventilator and let him breathe on his own.
He becomes very anxious, and then his respiratory function
becomtes chaotic, and he even stops breathing altogether,
holding his breath.

D5: The ICU environment can be strange for children,
especially when they are without their parents. Some
children may be restless and uncooperative, while others
‘may appear to comply verbally but do not follow throtgh
with actions.

T1: Throughout the entire process, you must remain highly
vigilant, monitor his vital signs, his tubes, and watch for any
adverse reactions. Every time I finish a rehabilitation
session, I'm drenched in sweat.

T3: If the experience is not good once, it will be diffcult for
the baby to cooperate with you next time.

N3: Previously, a baby got out of bed with a ventilator, and
everyone was overjoyed, rushing over to say “keep it up.”
T1: The child feels great after riding the bike. Originally, it
was just once a day, but later I started doing it for her in the
morning and afternoon.

Role allocation

Management
quality control

N5: Regarding training for respiratory muscles, such as
diaphragm electrical stimulation, this is done by the
rehabilitation department. We can’t just do it casually; we
need to have the proper qualifications, right?

N6: The boundaries between medical care and
rehabilitation are quite blurry. Doctors think I'm only
responsible for issuing medical orders, while nurses feel it's
extra work. If they do too much, there’s no extra pay. The
allocation of costs in this area is a big problem that the
leadership needs to solve; there’s nothing I can do about it.
D4: We are responsible for issuing the rehabilitation
consultation orders, and the implementation is mainly done
by nurses and rehabilitation therapists.

D3: I saw the physiotherapist come over and do it, but they

Sfnished it quickly. Is this quality even usefud?

T2: There can be a guiding process, such as what training
needs to be done, who is responsible for it, and how long it
should take.

N6: Like VAP prevention, someone needs to be in charge,
and sensitive indicators need to be measured to take
responsibility.

‘Communication and
collaboration within the PICU
rehabilitation platform

Medical staff

Ni: Some doctors, when you ask them if this patient needs a
rehabilitation consultation, they agree at the moment, but
then they turn around and quickly forget.

N5: The interdisciplinary collaboration is insuffcient.

D3: Every time we apply for something from above, it takes
100 long, Doesn't this affect the progress of our rehabilitation
work?

T1: We will buy equipment to put in their monitoring room,
but the peaple in PICU don'’t even know about this
equipment.

T2: We definitely need to receive a consultation request to
know which baby needs rehabilitation. If their ICU doesn’t
issue a medical order, we won't be able to come over and do
it.

T3: Some rehabilitation prescriptions can'’t be issued, and
we have to apply to the higher authorities.

N3: In terms of nursing, we might report o the doctor based
on the amount of sputum, blood gas analysis results, and
ventilator parameters, to discuss whether our child's lungs
have more sputum and whether some measures need to be
taken.

N5: We invited the rehabilitation department over to work
with them. Originally, for a patient like this, we would have
to handle it ourselves. Without professional guidance, it
might take us two or three weeks, but now this child was
discharged in two weeks.

N5: Sometimes the director also wants to get the patients
moving, but just talking about it isn't enough; we need to
establish platforms and create a multidisciplinary
mechanisn.

Di: We have a disconnect with the rehabilitation
department. Our two departments should hold regular
meetings to discuss activity plans and rehabilitation
outcomes; otherwise, we are just working separately.

D5: We often invite some rehabilitation specialists to
provide therapy for the children.

N2: Many of us are very young children; you can't expect
them to engage in physical activity on their own. They not
only don't understand but are also very likely unwilling to
cooperate.

T3: Today the child is willing to cooperate with you, but
tomorrow he might suddenly refuse to cooperate.

D2: Usually, some psychological counseling will be done.
T3: Some children, if you tell them, “If you pedal the bike
more and breathe on your own, you can get this tube out of
your mouth sooner and see your mom and dad earlier,”
they might be motivated.

External support for PICU
pulmonary rehabilitation

Equipment

NI: We don't scem to have such a device for respiratory
training,

Na: I remember in Shanghai, they used diaphragm
electromyography to measure diaphragm function, but we
haven't implemented it here yet.

N5: The rehabilitation department conducts passive training
in bed, focusing on the limbs, but not on the diaphragm.
N5: After the patient is put on a ventilator, there is a loss of
muscle strength, but there is no specific instrument to
measure it.

D2: There is no quantitative assessment. There is a
ventilator called NAVA that measures diaphragm potential,
but we are currently just applying for it and it is not in use.

T1: I am currently rescarching lung rehabilitation in the
ICU. Our director is quite supportive of me; he approves all
the equipment applications I submit, and then I bring them
to the ICU.

T3: You can ask the manufacturers for sponsorship; they
also need clinical data to support the promotion of their
equipment.

Labour power

N2: Our department currently does not have a respiratory
therapist.

N4: Now, because there weren't enough staff and it was
quite busy before, and you're managing more patients,
under the limited time, it's definitely not going to be
executed well.

DI: It will increase the workload of clinical staff, and if he
has too many patients to manage, he won’t have time to do
it
D5: For a lightweight baby, you need at least three peaple to
get him out of bed for activities. We doctors have to
supervise, the nurses and therapists help him out of bed, and
you say for a heavier one, more people are needed. What
about the other patients?

N2: I think there should be a professional respiratory
therapist.

N: First of all, without professionals in this field, he
wouldn't know how to proceed, right? Professional matters
should be handled by professionals: this way, things should
be able to get started.

N5: Our doctors are not specialized rehabilitation doctors.
The ICU actually needs professional respiratory therapists
and specialized rehabilitation doctors. Then, they would be
completely immersed in the ICU all day, working on this
together with the nurses.

Ni: The department has no money; we have to spend money
10 buy assessment instruments and rehabilitation
equipment, right?

D3: Originally, ICU is quite expensive, so many families are
unwilling to proceed with rehabilitation.

D2: Now the equipment is too expensive; that bed bike was
even a gift.

T2: Now many rehabilitation programs are covered by
health insurance, and the government is very supportive.
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Characteristics

Age group, n (%)

Total
(n = 45)

Derivation
(n=28)

Validation
(n=17)

>2 and <6 years

15 (33.3)

9 (321)

6 (35.3)

26 and <12 years 19 (422) 14 (50.0) 5(29.4)
212 and <17 years 11 (24.4) 5(17.9) 6 (353)
Female sex, n (%) 26 (57.8) 15 (53.6) 11 (64.7)

BMI, median (IQR)

167 (147, 18.3)

160 (1438, 17.5)

176 (146, 19.7)
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Cohort or Sensitivity (95% Specificity (95%
[elelglelq] confidence interval) | confidence interval)
subset

Derivation cohort: discrimination of moderate or vigorous physical
activity

Entire cohort 0.76 (069, 0.82) 091 (089, 0.94)
>2 and <6 years 0.77 (065, 0.89) 0.90 (0.86, 094)
26 and <12 years 080 (072, 0.88) 091 (0.86, 0.95)
0.63 (045, 0.80) 0.95 (0.93, 0.97)

212 and <17 years

Derivation cohort: discrimination of sedentary behavior

Entire cohort 0.88 (085, 0.91) 0.93 (091, 0.95)
>2 and <6 years 0.90 (085, 0.95) 0.94 (089, 0.98)
26 and <12 years 086 (081, 0.91) 0.94 (0.92, 096)
212 and <17 years 089 (088, 0.91) 0.89 (0.86, 0.92)

activity
Entire cohort 0.78 (0.69, 0.88) 0.95 (0.90, 0.97)
>2 and <6 years 0.74 (059, 0.89) 094 (0.89, 0.98)
26 and <12 years 081 (065, 0.98) 0.92 (085, 0.99)
212 and <17 years 080 (062, 0.99) 0.98 (0.95, 1.00)

Validation cohort: discrimination of sedentary behavior

Entire cohort 091 (087, 0.95) 0.98 (098, 0.98)
>2 and <6 years 0.89 (080, 0.98) 0.99 (0.99, 0.99)
26 and <12 years 089 (085, 0.93) 0.98 (0.95, 1.00)
212 and <17 years 095 (0.91, 1.00) 0.98 (0.96, 1.00)

\
Validation cohort: discrimination of moderate or vigorous physical ‘
|
|
|
|
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Cohort or Sensitivity (95% Specificity (95%
cohort confidence interval) | confidence interval)
subset

Discrimination of moderate or vigorous physical activity
Entire cohort 053 (047, 0.58) 0.89 (0.85, 0.93)
>2 and <6 years 081 (0.72, 091) 0.82 (0.76, 0.88)
26 and <12 years 050 (0.4, 0.56) 0.98 (096, 1.00)
212 and <17 years 0.43 (0.34, 052) 1.00 (1.00, 1.00)
Discrimination of sedentary behavior
Entire cohort 094 (091, 0.97) 0.71 (068, 0.73)
>2 and <6 years 0.92 (0.8, 0.96) 080 (0.76, 0.85)
6 and <12 years | 093 (0.87, 0.98) 0.67 (0.64, 0.70)
212 and <17 years 100 (1.00, 1.00) 0.6 (0.63, 0.69)

*Pasticipants wore ActiGraph Accelerometer on the waist (<6-years-old) or wrist (>6-years-old).
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OLFACTORY- O1 miint scent; O2 cinnanion scent O3 lemon scent
Directions: Without touching the nose, place 1 of Sanford Mr. Sketch Scented
Marker beneath the nostrils of the child for 30 s Remove stimulus once response
occurs. Complete for 4 markers. Allow a 30 s rest between scents.
Mint scent
Cinnamon scent
Lemon scent
Scoring:

o response OR commonly observed motor response
2= Localized response: nasal flaring, increased inhalation depth, increased
inhalation rate, lip smacking, teeth grinding, chewing, tongue thrust, increased
drooling, increased sucking, increased swallowing, smiling, pouting, grimacing,
quieting or exaggeration of movement, appears o attend
VISION - V4 visual threat red pompom
Directions: Pinching a small red pompom, draw a *+" within 1 inch of the right eye.
Enter and exit from lateral aspect of right eye. Do not touch eyelashes or create a
breeze.
Scoring:
0= No response OR commonly observed motor response
2= Increased blinking, look towards or away from stimulus, tum head toward or
away from stimulus
AUDITORY - A2 70 dB conversational intensity sound

Directions: Have the nurse, parent, or available individual stand behind the child so
he/she cannot see the individual. Approximately 12 inches from right ear, ask the
individual to clearly child’s name in an indoor conversational voice.

Scoring:

0=No response

1=Commonly observed motor response

2= Turns eyes or moves head in direction of sound, quieting of common motor
response, appears 1o attend

GUSTATORY - G5 secking taste lip gloss

Directions: Apply lip-gloss to lips with a clean Q-tip. Observe for 30 s and score.
Scoring:

0=No response OR commonly observed motor response

2= Tongue seeks stimulus on lips

TACTILE - T3 monofilament touching face; T4 monofilament touching hand

Directions: Apply 431 (protective sensation) filament to locations. Apply pressure
to facilitate bending of the filament and maintain bend for 15 s. Monitor response
for 30s. If no response, apply 3 consecutive repetitions of filament. Monitor
response for 30's.

Right face

Left face

Right hand

Left hand
Scoring:

o response OR commonly observed motor response

2= Smiling, frowning, grimacing, pouting, blinking, eyes open or close,
vocalizations, withdrawal or seeking of stimuli, quieting of movement, appears
to attend

This table shows examples of administration and scoring directions for select PASMA items
from each sensory domain.
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Performance (for stimuli Observed side preference PASMA score (participant’s

on each side of body)® best response)
T feather touching face No preference
a. Right side 2.0,2 Right preference T feather touching face =2
b. Left side b.0,2 Left preference
T2 feather touching hand No preference
2. Right side 2.0,2 Right preference T2 feather touching hand =0
b. Left side b.0,2 Left preference
T3 monofilament touching face No preference
a. Right side 2.0,2 Right preference T3 monofilament touching face =2
b. Left side b.0,2 Left preference
T4 touching hand No preference
a. Right side 2.0,2 Right preference T4 touching hand =2
b. Left side b.0,2 Left preference
Of the 30 PASMA items, 17 items i both left side of the body. participant’s d scores on items T1-T4

(in bold) to illustrate (1) how observed side preferences were documented for clinical use and (2) how PASMA scores used for this analysis were derived. For example, tactile items Tla and T1b
each receive their own performance rating: 2 for the right side and 0 for the left side, respectively. The PASMA score for T1 is a 2, representing the participants best performance, and the right
preference observed for this ifem is documented on the assessment score sheet.

T L Ty T S T ——
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Age (months) 22.1(6.5)

Sex

Boy 20 (54.1%)
Girl

Ethnicity

Not Hispanic 32 (86.5%)
Hispanic 4(108%)
Not reported 1(2.7%)

White 21 (56.8%)
Black 9 (24.3%)
Asian 2 (5.4%)
Asian + White 2 (5.4%)
Black + White 1(2.7%)
American Indian + Black + White 1(2.7%)

Not reported 1 (2.7%)

Gross motor function classification system level

5 (13.5%)
12 (32.4%)
11 (29.7%)
9 (24.3%)
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Olfactory items

O1 mint scent

02 cinnamon scent

03 lemon scent

04 preferred scent motor response”

Visual items

V1 pupillary light response®
V2 blink in response to light”
V3 visual threat finger”

V4 visual threat red pompom”

V5 near vision upper quadrants™”

V6 near vision lower quadrants™”

V7 horizontal tracking'

V8 vertical tracking"

V9 preferred quadrant vision with sound”
V10 visually guided reach

Auditory items
Al 40 dB low intensity sound™”
A2 70 dB conversational intensity sound™

Gustatory items
Gl sweet taste
G2 salty taste
G3 sour taste

Ga cold temperature on lips
G5 secking taste lip gloss
G6 anticipatory mouth opening

Tactile items

T1 feather touching face”

T2 feather touching hand®

T3 monofilament touching face”

‘T4 monofilament touching hand®

T5 pin prick on hand”

T6 pin prick on foot”
T7 ice touching face”
T8 ice touching hand®

*Denotes the seven items that use a three-point rating scale (0, 1, 2). The other 23 items use a
2-point rating scale (0, 2).

"Denotes items that are tested on both sides of the body. In PASMA scoring for these items,
only the higher score counts (ic.,score from testing on the preferred side), but performance
on both sides and observed side preferences are also recorded on the score sheet for
R g





OPS/images/fped-12-1473328/fped-12-1473328-g001.jpg
Assessed for Eligibility (n=41)
Excluded (n=4)
- 2excluded due to ability to float

Randomized (n=37) - 2excluded due to age
+ '
Allocated to Control Groups (n=25) _ Allocated to Intervention Group (n=37)
Loss to follow-up (n=1; vacation) _ Loss to follow-up (n=2; vacation; moved)
Discontinued intervention (n=1; injury
outside of study)

Analyzed (n=24) _ Analyzed (n=34)
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Demographics

Age

Enrolled

Number of
students
(%/27)

Completed
program

Number of
students (%/21)

3-4 years old

11 (40.7%)

9 (42.9%)

5-6 years old

8 (29.6%)

7 (33.3%)

7-8 years old

6 (22.2%)

4(19%)

9-10 years old

1(3.7%)

1 (48%)

Unknown

1 (3.7%)

0

Gender

Male

22 (81.5%)

17 (80.9%)

Female

5 (18.5%)

4 (19.1%)

Race

‘White/Caucasian

16 (59.3%)

12 (57.1%)

Black/African American

4 (14.8%)

4 (19.1%)

Hispanic/Latino

3 (11.1%)

3 (14.3%)

Asian

3(11.1%)

2(95%)

Other/Unknown

1(3.7%)

0 (0%)

Ambulatory status

Independent ambulator

26 (96.3%)

20 (95.2%)

Ambulates with assistive device

0

0

‘Wheelchair user

1 (3.7%)

1 (4.8%)

Diagnoses

Developmental delay

9 (33.3%)

9 (42.9%)

Cerebral palsy

0

0 (0%)

Autism

13 (48.1%)

9 (42.9%)

Genetic disorder (Down Syndrome,
Williams Syndrome, etc.)

4 (14.8%)

3 (14.3%)

Unknown

1(3.7%)
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1st session Last session

Pedal assistance levels n (%)

No assistance 6 (29%) 13 (62%)
Minimum assistance 4 (20%) 2 (10%)
Moderate assistance 4 (20%) 4 (19%)
Maximum assistance 7 (33%) 2 (10%)
Steering assistance levels n (%)

No assistance 0 (0%) 3 (14%)
Minimum assistance 1 (5%) 3 (14%)
Moderate assistance 7 (35%) 5 (24%)
Maximum assistance 13 (62%) 10 (48%)
Cycling duration mean (SD)

In minutes [ 1831 (463) 21.25 (7.57)
Overall impression of program: n (%)

Strongly disagree 0.(0%)
Disagree 0 (0%)
Neutral 1(3.2%)
Agree 11 (355%)
Strongly agree 19 (61.3%)
Overall i ion of school n (%)°

Strongly disagree 0 (0%)
Disagree 0 (0%)
Neutral 3 (15.8%)
Agree 13 (68.4%)
Strongly agree 3 (15.8%)
Overall of n (%)
Strongly disagree 0 (0%)
Disagree 1(83%)
Neutral 0 (0%)
Agree 10 (83.3%)
Strongly agree 1(8.3%)
Overall i ion of physical activity tolerance n (%)*

Strongly disagree 0 (0%)
Disagree 0 (0%)
Neutral 4(129%)
Agree 19 (61.3%)
Strongly agree 8 (258%)

, number of students;%, percentage of students.
31 parent/caregiver and teacher/therapist responses.
°19 teacher/therapist responses.
s LA —
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Barrier
Cost of gas

Distance from the clinic/hospital

Hours of operation of facilities

Inability to find childeare for siblings

Insurance coverage

Lack of equipment

Lack of reliable transportation

Lack of social support

Personal or family work schedule

“Time it takes to receive packages to arrive (containing medications or
equipment)

8 (30.8)
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Category
Background

Questions

How would you describe the area you live in? Are you currently working? What medical conditions does your child
have?

Understanding of their child’s medical diagnosis and
management of their disability

How long ago was your child diagnosed with [conditions]? How do you work with your child to manage their health?

Insurance coverage

What are the pros and cons of your health insurance coverage? From a parent’s perspective, is there anything you
would do to improve your child's health insurance? Do you feel you are easily able to find a doctor or specialist to
meet the needs of your child?

Barriers to receiving healthcare

Have you ever experienced barriers to care due to your distance from the hospital or other health clinics? How far are
you typically driving for an appointment? Do you feel like the care your child receives is adequate?

Social support

Where do you receive social support and from whom? What do teachers do to help manage your child's welfare? Does
your child’s coaches or gym teachers make accommodations for your child?






OPS/images/fped-13-1472743/fped-13-1472743-t002.jpg
Parent participant
Age (years)

Sex (male)

Mean + SD (Range)

1(59)

White

1(59)
16 (94.1)

Ethnicity

Hispanic

1(59)

Not Hispanic

16 (94.1)

Education

Did not complete high school

1(59)

High school diploma or GED

6(35.3)

Vocational or Associate’s degree

1(59)

Bachelor's degree

2(11.8)

Master's degree
Doctoral degree

5(29.3)
2(11.8)

Marital status

Not married

1(59)

Separated or divorced

1(59)

Married

15 (882)

No

9 (529)

Yes, part-time

2(11.8)

Yes, full-time

6 (35.3)

No spouse or partner

1(59)

No

3(176)

Yes, part-time

2(118)

Yes, full-time

11 (64.7)

Income (annual)

<$50,000

6(35.3)

$50,000-$74,999

4(235)

$75,000-§99,999

3(17.6)

$100,000-$149,999

2(118)

$150,000-$199,000

1(59)

>$200,000

Child
Age (years)

Sex (male)

17 (65.4%)

Race

Asian

1(38)

Biracial or multiracial

1(38)

White

24 (924)

Ethnicity

Hispanic

1(38)

Not Hispanic

25 (962)

Health insurance coverage

Medicaid

10 (38.4)

Private

8(30.7)

Both

6(23.1)

Other

2(7.8)
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Study qualifying medical diagnosis

ADHD

6 (23.1)

ASD

12 (46.2)

ADHD and ASD

Pending neurodevelopmental diagnosis, suspected ADHD
or ASD

1(38)
7 (26.9)

Other medical diagnoses

Anxiety

5(192)

Depression

1(38)

Epilepsy/seizures

2(77)

Global developmental delay

3(115)

Obsessive compulsive disorder
Oppositional defiant disorder

1(38)
138)

Rett syndrome

1(38)

Sensory processing disorder

4 (15.4)

Parent reported delays or disabilities (domains)

Cognitive

7 (26.9)

Learning

7 (26.9)

Motor

8 (30.8)
13 (50.0)

Social/emotional

Age of child at diagnosis of neurodevelopmental diagnosis
(years)

6 (23.1)
Mean + SD
(Range)
43£27 (15-15.0)

Age of the child when the parent suspected a
problem/delay

Parent perceives the diagnosis was late

2319 (03-7.0)

17 (65.4)

8 (30.8)

1(3.8)
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Service
Total children

26 (100)

Behavioral therapy

Number of children
receiving this therapy (%)

Not receiving services

2(7.7)

Once a year or less
Once a month

9(347)
3 (115)

Every other week

2(7.7)

Once a week

7 (269)

More than once a week

3 (115)

Occupational therapy

Number of children
receiving this therapy
(%)

Not receiving services

Once a year or less

Once a month

4 (15.4)
15 (57.7)
0(00)

Every other week

0(0.0)

Once a week

4(154)

More than once a week

3 (11.5)

Physical therapy

Number of children
receiving this therapy (%)

Not receiving services
Once a year or less

7 (26.9)
16 (61.6)

Once a month

0(0.0)

Every other week

0(0.0)

Once a week

2(77)

More than once a week

1(38)

Speech therapy

Not receiving services

Number of children

_ receiving this therapy (%)

4 (15.4)

Once a year or less

9 (347)

Once a month

0 (0.0)

Every other week

0 (0.0)

Once a week

7 (26.9)

More than once a week

6 (23.0)

Parent perception of frequency of services

therapy

Parent believes their child should be going less
Parent believes the frequency is appropriate

Parent believes their child should be going more

Occupational therapy

Parent believes their child should be going less

Parent believes the frequency is appropriate

Parent believes their child should be going more

Physical therapy

Parent believes their child should be going less

Parent believes the frequency is appropriate
Parent believes their child should be going more

Speech therapy

Parent believes their child should be going less

Parent believes the frequency is appropriate

Parent believes their child should be going more
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Frequency Observed Infit Outfit

count (%) average mean- mean-
square
0 198 (17) -070 100 099
1 427 (36) 035 | 086 075
2 570 (48) 185 0% 091
Missing 444

This table shows the rating scale structure for PASMA items and demonstrates that the
measures advance monotonically, represented by increasing observed average value
associated with. higher scores. Associated infit and outfit mean square values are shown
sl thise valngs it S Rating Scale Moddl.
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Measure

V10 visually guided reach

Model standard error

Infit Outfit

Mean square | z-score | Mean square | z-score

121

V8 vertical tracking

070

V7 horizontal tracking

073

G6 anticipatory mouth opening

092

V3 visual threat finger

L1l

Vi visual threat red pompom

125

V6 near vision lower quadrants

092

V2 blink in response to light*

141

T4 touching hand

088

‘T2 feather touching hand

097

‘TS5 pin prick on hand

119

Al 40 dB low intensity sound

111

O4 preferred scent motor response

087

V9 preferred quadrant vision with sound

124

T8 ice touching hand

091

T touching face

088

V5 near vision upper quadrants

078

G5 seeking taste lip gloss

134

T feather touching face

082

“T6 pin prick on foot

120

VI pupilary light response

126

T7 ice touching face

085

02 cinnamon scent

095

G sweel taste

097

03 lemon scent

1.00

A2 70 dB conversational intensity sound

114

G4 cold temperature on lips

1.00

G2 salty taste

095

G3 sour taste

133

Ol mint scent

103

This table presents fit statistics for all PASMA items.

with

at the t items at the bottom of the table. The one item

that misft the Rating Scale Model is noted below (V2 blink in response to light) with outft values that caused misfit.

‘ltem misiit the Rating scale model.

bOutfit mean square and z-score values that caused item misfit (>1.4 and

1.0, respectively).
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Total Sample n = 36 (100)
Age (years)

Mean

Range

Mode

Sex

Female

11.(31)

25 (69)

American Indian

103

Asian

13

Native Hawaiian or Other Pacific Islander 0(0)
American 7(19)
White 19 (53)

Unknown/not specified

8 (22)

Ethni

Hispanic/Latino

7(19)

Not Hispanic/Latino | 29 (81)
Co-occurring and supports

Seizures 15 (42)
Tracheostomy 4 (11)

Wheelchair propelled by caregiver

36 (100)

Gastrostomy tube (G-tube)

Cerebral Palsy (CP)
Subgroup n =20 (56)*

GMFCS Level

Ability levels by CP
classification systems

\
19 (95)

MACS Level 2 (10) 15 (75)
CECS Level 0(0) 2 (10) 18 (90)
EDACS Level 15 4 (20) 15 (75)

Continuous variables are presented as frequency count (percentage). GMECS, gross motor
classification system; MACS, manual ability classification system; CFCS, communication
function classification system; EDACS, eating and drinking ability classification system. Al
Cerebral Palsy (CP) Classification Systems listed include five distinct levels of abilit
(I to V). For each classification system, Level I represents the most ability (least
impairment) and Level V represents the least ability (most impairment). Participants with
CP in this sample had ability levels between 11T and V on all CP classification system scales.
“Primary health conditions for the 16 participants without CP (4%) included traumati
brain injury, hypaxic encephalopathy, and genetic diseases.





