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Abstract

Background: Modified ride-on cars (MROC) are a low-cost option to provide self-directed 

mobility to children with mobility limitations, in lieu of or as a precursor to other powered 

mobility devices.

Objectives: We appraised evidence to (1) describe and categorize MROC study characteristics, 

(2) synthesize existing knowledge of children’s use of MROCs and (3) frame outcomes within the 

International Classification of Functioning, Disability and Health (ICF) framework.

Methods: Articles were identified through four electronic databases: Medline, CINAHL, 

PsycNET, and Web of Science. We included all published, peer-reviewed studies involving MROC 

use. Relevant data were extracted, and articles were appraised using the American Academy of 

Cerebral Palsy and Developmental Medicine criteria for group and single-subject designs.

Results: 23 studies met inclusion criteria of 204 titles identified from 1980 to 2021. Study 

designs included case studies, case series, group designs, and qualitative research, but only 

three studies were rated evidence level III or higher. Children with a range of disabilities used 

MROCs across multiple settings, including the home, hospital, and community, though use and 

adherence varied widely. Positive impacts were reported on a range of outcomes related to the ICF 

framework, with an emphasis on activity and participation.

Conclusions: MROC studies have primarily addressed activity and participation, with most 

studies suggesting increased functional mobility and social interactions due to MROC use. More 

robust research designs with larger samples are needed in order to develop evidence-based 

strategies for MROC use.
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Introduction

Self-directed mobility is mobility controlled by an individual, including (a) ambulation 

(e.g., crawling, walking), (b) use of non-powered technology (e.g., prosthetics, walking 

aids, manual wheelchairs), and (c) use of powered technology (e.g., motorized wheelchairs, 

battery-powered ride-on toy cars) [1]. But self-directed mobility is more than a means of 

moving from one place to another—mobility also supports individual function, activity, 

and community participation across the lifespan [2]. For children with disabilities, the 

introduction of powered mobility devices is associated with gains in peer interaction, 

communication, environmental exploration, and some cognitive processes, such as increased 

understanding of cause-and-effect relationships [3–7]. Growing acknowledgement of the 

importance of self-directed mobility over the past decade, contrasted with the relative 

inaccessibility of options like motorized wheelchairs for children, has increased the 

provision of modified ride-on cars (MROCs) to children with disabilities for engagement 

in self-directed mobility [2].

Rationale

MROCs are off-the-shelf, battery-operated toy cars that are fitted with a large, easy to press 

activation switch and additional, customized seating using common materials such as PVC 

pipe, foam noodles, and foam kickboards. MROCs are an affordable alternative to traditional 

powered mobility devices, which may not be valued, promoted, or widely utilized due 

to numerous access barriers. Barriers include high cost, lack of insurance coverage, poor 

environmental access, difficulty transporting devices, negative social stigma, and pervasive 

medical beliefs viewing powered mobility devices as a “last resort,” thereby discouraging 

families and clinicians from use [2,8]. MROCs address many of these barriers, and offer 

one strategy to provide mobility and play opportunities for children with disabilities [1,9]. 

Published technical reports, publicly available how-to guides, and online discussion forums 

are available to assist in the modification process (www.gbgconnect.com) [10,11]. MROCs 

are small, low-cost ($200–300), lightweight, and portable [12]. MROCs may offer an 

opportunity to facilitate self-directed mobility experiences, both in rehabilitation and in 

family and community life.

To date, one scoping review paper has been published on children’s MROC use. The 

current systematic review builds on this work and contributes new knowledge in four 

key ways [13]. First, 14 additional studies are included in this review. Second, this 

review is structured using PRISMA (Preferred Reporting Items for Systematic review and 

Meta-Analyses) guidelines, and uses a more rigorous set of article inclusion criteria to 

ensure that all included studies were peer-reviewed [14]. Finally, the current systematic 

review synthesizes MROC outcomes and knowledge gaps within the clinically relevant 

International Classification of Disability, Functioning and Health (ICF) framework; the ICF 

frames disability as a dynamic interaction between body structure and function, activity, and 

participation, influenced by environmental and personal factors, and is a useful therapeutic 

tool for conceptualizing the synergistic nature of human functioning.
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Objectives

We conducted a systematic review with three primary aims: (1) describe and categorize 

study characteristics of published MROC research (with no limitations placed on 

interventions, comparisons, outcomes, and study design); (2) synthesize existing knowledge 

of children’s use of MROCs (with no limitation on the age of the child or type of disability); 

and (3) frame outcomes of MROC use within the context of the International Classification 

of Functioning, Disability and Health (ICF), a conceptual, bio-psychosocial framework for 

disability [15].

Materials and methods

Study design

This study is a systematic review that followed the PRISMA (Preferred Reporting Items for 

Systematic review and Meta-Analyses) statement [14].

Eligibility criteria

We used the following inclusion criteria: (1) included primary data collection of MROC 

use by children with disabilities; (2) published in peer-reviewed journals; (3) available 

in English to ensure accessibility to authors; and (4) published between January of 1980 

and January of 2021. Consistent with our primary aims, no limits were placed on the 

type of MROC, the age of the child, the type of disability, or design methodology. We 

used the following exclusion criteria: (1) did not involve primary data collection (e.g., 

technical reports, reviews, perspectives, government documents, or policy statements); (2) 

not published in peer-reviewed journals (e.g., theses, dissertations, or conference abstracts); 

(3) not available in English; (4) full-text not available.

Information sources, search, and study selection

We searched four medical electronic databases: Medline, CINAHL, PsycNET, and Web of 

Science. We developed an initial search strategy through Medline and adapted the search 

strategy for the other three databases. The primary keywords were “ride on car” and “toy 

car” (see Supplemental Table 1 for full search strategy for each database). The search was 

limited to the dates specified and results were filtered to identify peer-reviewed journal 

articles. We purposefully kept search terms broad to enable comprehensive coverage; the 

relative uniqueness of the terms kept returned results to reasonable numbers. Titles and 

abstracts were independently reviewed by two authors (CH and SL). Full text was obtained 

if the abstract appeared relevant and consensus was achieved without the need to involve 

a third reviewer. We also performed a manual “snowball search” of the reference lists of 

included articles, reviewed the first ten pages of Google Scholar results, consulted a working 

bibliography created by a leading powered mobility researcher, and each author confirmed 

inclusion of relevant studies based on their knowledge of the literature.

Data collection process and data items

After assembling the final list of studies included in this review, the first author extracted 

theoretically and/or methodologically relevant characteristics. A data extraction form was 
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developed iteratively in consultation with all authors. The following items were extracted 

by the first author, per the objectives of this review: (1) author(s), year of publication, 

and country of origin, (2) research design and aims/purpose, (3) study population and 

sample size, (4) intervention type, duration, and frequency, (5) outcomes assessed and 

measures used, (6) suggested use and reported use, and (7) any outcomes relevant to the ICF 

framework. Articles were appraised using the McMaster critical review form for quantitative 

studies and the SRQR for qualitative studies [16,17]. The quality of articles was assessed 

using the Levels of Evidence (I-V scale, I = highest evidence, V = lowest evidence) provided 

by the American Academy of Cerebral Palsy and Developmental Medicine (AACPDM) 

criteria for group and single-subject designs [18]. Studies rated as Level I-III per AACPDM 

criteria qualified for quality ratings; the quality of studies rated as Level IV or V were 

summarized using data from the McMaster quantitative review form. Qualitative studies 

were not eligible for review per the AACPDM criteria and were instead analysed for 

rigour using the Standards for Reporting Qualitative Research (SRQR) [17]. Extracted 

items, article appraisals, and quality ratings were reviewed by a second author; in case of 

disagreement, items were discussed until agreement was reached.

Synthesis of results

The heterogeneity and largely descriptive nature of identified studies precluded a 

quantitative synthesis and use of summary measures. Data were organized in tables and 

summarized narratively to synthesize findings to the extent possible.

Results

Study selection

Of the 204 titles initially identified, following the removal of duplicate articles and irrelevant 

titles, 32 full-text articles were assessed for eligibility (Figure 1). Following full-text review, 

23 articles met the inclusion criteria, and 100% agreement for article inclusion was reached 

by two authors (CH, SL) These 23 articles represented 19 individual research studies, with 

four instances of a single study producing two articles focusing on distinct outcomes (see 

superscript letters in Table 1).

Study characteristics

Sample—To date, MROC research has included a total of 164 children ranging in ages 

from 7-months to 6-years. Most studies involved children 7- to 21-months old (Table 1). Of 

note, 74 of the 164 children were from one study that examined families’ device preferences 

at a one-day event [19]. Apart from this study, sample sizes were small, ranging from one to 

29 children, with the maximum belonging to a group study where only 15 children were in 

the treatment group and therefore actually used a MROC (n = 15 used in the calculation for 

total number of children) [20,21]. Children had a wide range of disabilities and/or medical 

conditions, but the most represented were cerebral palsy (n = 81), Down syndrome (n = 18), 

unspecified developmental delay (n = 16), and neurologic or neural tube diagnoses (e.g., 

spina bifida, n = 15). Other diagnoses accounted for four or less children per diagnosis.
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Setting—Research was conducted primarily in the home (n = 12) [1,12,23–31], but was 

also conducted in hospitals (n = 5) [20,21,32–34], a clinic (n = 3) [19,35,36], a pre-school 

(n = 2) [37,38], and an inclusive playgroup (n = 1) [9]. Studies classified as home-based 

often extended into the community, with families using MROCs in schools, parks, and other 

community locations.

The majority of studies were conducted in the United States, with the exception of four 

hospital-based studies in Taiwan [20,21,33,34], one community-based study in Colombia 

[36], and one community-based study in Canada [19].

Research design—Case series were the most common research design, including both 

single-subject AB case series designs (n = 3) [1,9,32], single-subject ABA case series 

designs (n = 3) [23,24,37], and group design case series (n = 7) [19,26,28–30,35,36]. 

Other designs included case reports [22,27,38], pretest-posttest control group designs 

[20,21,33,34], and qualitative studies [12,25,39].

MROC models—All but three studies used a seated MROC with the switch placed in 

an accessible location for the child to activate in a seated position (Figure 2(A)). The 

other three studies utilized a more recent model called a sit-to-stand MROC (Figure 2(B)) 

[26,30,38]. In this model, a reverse-activated pressure switch is embedded in the seat of 

the MROC, so the child must pull to stand and remain standing to power the MROC. 

This model was created to incorporate dynamic balance and pull-to-stand experiences 

while simultaneously providing self-directed mobility. One of the three studies included 

an additional power-push mode, where the child could hold onto a bar on the back of the 

MROC and step to keep up with the slowly moving vehicle [30].

Level of evidence and study quality—Level of evidence and study quality were 

variable, though the majority of studies (n = 17) were consistent with criteria describing 

evidence level IV or V (lowest level of evidence) per AACPDM protocol [18]. Only three 

studies were identified as Level III, and only these studies were assigned quality ratings 

[20,33,34].

Level IV and V studies clearly stated the purpose of the study and included appropriate 

literature review with theoretical and clinical rationale. Study designs ranged from case 

reports to Single Subject Research Design (SSRD) AB case series. Outcome measures were 

clearly defined, although reliability and validity of measures was not always included. For 

studies that used video coding of data, reliability information for coders was included. 

The largest sample size in studies of Level IV and V was 20 children (with only 10 

children in the treatment group and therefore using the MROC) [21]. None of the studies 

explicitly justified the sample size, but methods were clearly defined in all studies. Given 

the small sample sizes, analyses were limited, and none included effect size information. 

Most studies did not include statistical significance, given the small sample sizes, but all did 

provide a conclusion, with the majority including clinical applications. All studies included 

a statement about ethics and informed consent.
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The three Level III studies were rated as weak based on AACPDM conduct ratings 

[20,33,34]. They provided inclusion and exclusion criteria, clearly described valid and 

reliable outcome measures, and blinded assessors. However, while the intervention was well 

described, the adherence to the intervention included less detail, no power calculations were 

included, dropout was not reported, and the children were not randomized to treatment 

and control groups due to geographical reasons, which may have introduced uncontrolled 

confounders.

SRQR assessment of the three qualitative studies indicated high levels of qualitative rigour 

as measured by the authors’: definition and description of the qualitative approach, research 

paradigm, and positionality of the researcher; use of thick, rich descriptions of the context 

and inclusion of quotes or images as primary source data; demonstration of step-by-step 

data analysis and thematic coding processes; and description of how study participants were 

engaged and how data was triangulated, to ensure the credibility and trustworthiness of the 

data [12,25,31].

MROC use

Goal use—Only six studies provided a recommended goal for MROC use (Table 2); all 

six studies were interventions, with five in the home [1,23,24,26,30] and one in the hospital 

[32]. Five of these six studies recommended 20–30 min per day for at least five days per 

week; the sixth gave a recommendation of eight minutes per day for five days per week 

[26]. Of the remaining 17 studies that did not provide a goal, seven studies described natural 

use and/or the family’s experience of acquiring a device [12,22,25,28,29,39,40]; five studies 

used MROCs only in specific clinician- or researcher-administered sessions and were not 

left for use outside of the prescribed sessions [9,20,21,33,34]; three studies reported only a 

single session or day of use [19,35,36]; and two studies were described like interventions but 

did not report in text whether a goal was provided [27,37].

Reported use—A limited number of studies provided actual use data (n = 7) 

[1,23,24,26,28–30]. Five of the six studies that provided a recommended goal provided use 

data; only the hospital-based study provided a recommendation but did not report use data 

[26]. Two studies that did not provide a recommended goal nonetheless provided detailed 

use data [28,29]; these studies specifically did not provide families with a recommendation 

in order to capture natural use, but it was an explicit aim to quantify use. Reported use 

data suggests that children typically engage in MROC sessions of approximately 20–25 min. 

There were no adverse events reported related to MROC use.

Adherence—Only five studies that provided both a recommended goal and use data 

included adherence rates [1,23,24,26,30]. Adherence rates varied widely, ranging from 2% 

to 100%. All five studies included education and training to promote adherence, including 

researcher visits to families’ homes either weekly [1,23,24] or every other week [26,30]. 

Education and training topics included safe use of the MROC, a pamphlet with suggested 

driving activities, researcher facilitated driving sessions, and conversations between the 

researcher and family to discuss the child’s past driving experiences, and co-creation of new 

driving activities.
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Outcomes across domains of the ICF

The domains of the ICF include: body structures/functions (physiological and psychological 

functions and anatomical parts of the body), activity (tasks or actions), participation 

(involvement in life situations), environmental factors (physical, social, and attitudinal 

environment), and personal factors (particular background of an individual’s life) [15]. 

Most studies included outcome measures related to activity (n = 19), participation (n 
= 17), and environmental/personal factors (n = 18; Table 3). Findings indicate that 

children can learn how to use MROCs, resulting in gains in mobility and increased social 

interactions. Children demonstrated high enjoyment, through positive facial expressions and 

communicative sounds or gestures, while using the MROC. Further, MROC use resulted 

in positive changes in environmental and personal factors. Parents who participated in a 

MROC intervention had significantly decreased stress scores, and questionnaires suggest 

that the use of MROCs positively impacts families’ understanding of their child’s abilities 

and can change perceptions regarding powered mobility device use. Few studies (n = 8) 

targeted body structure and function outcomes, though some reported varied patterns of 

visual attention to the activation switch. Only two studies specifically targeted physical skills 

through use of the sit-to-stand model of the MROC, reporting preliminary positive changes. 

Some studies described anecdotal changes (e.g., increased crawling outside of the MROC, 

improved head and trunk position, etc.) in children’s physical ability, but these were not 

formally measured. There were no reported negative effects of children’s MROC use on ICF 

domains.

Discussion

The purpose of this systematic review of MROC research was to (1) describe and categorize 

past study characteristics; (2) synthesize existing knowledge of children’s use of MROCs; 

and (3) frame outcomes within the context of the International Classification of Functioning, 

Disability and Health (ICF). Evidence from the 23 included studies indicates that the 

majority of study designs did not contribute strong quality of evidence. As a result, it 

is important to interpret the findings of the current systematic review with caution. A 

lack of strong quality of evidence makes it difficult to make confident conclusions about 

the true effect of MROC interventions for children with disabilities. However, based on 

the peer-reviewed research articles that met our inclusion criteria, evidence suggests that 

MROCs are feasible for use with different populations and across settings, though reported 

use and adherence to researcher suggestions varies widely. Further, MROC use has primarily 

addressed activity and participation domains for children with disabilities, with outcomes 

largely reflecting a focus on functional mobility and social interactions.

Summary of evidence

Study characteristics

Sample.: Studies typically included a small sample of young children (<24 months), with a 

range of function across studies. Children’s disabilities most often included cerebral palsy, 

Down syndrome, and general developmental delay, although a range of unique disabilities 

and diagnoses were represented across studies. It is unclear whether level of functional 

ability (i.e., severity of disability) relates to the efficacy of MROC use, but findings suggest 
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MROC use is feasible for young children with a variety of disabilities. When determining 

if children with disabilities are strong candidates for powered mobility, factors considered 

include a child’s age, physical skills (e.g., child’s ability to sit with support and reach 

in midline), cognitive abilities (e.g., child’s understanding of cause and effect), future 

potential for motor skill development (e.g., expectation of walking, delayed walking, or 

future mobility device use), and perceptions of powered mobility (e.g., opportunity versus 

‘last resort’) [8]. This systematic review indicates that MROC interventions are feasible 

for children with disabilities who may not be considered typical candidates for powered 

mobility, such as young children under 12 months of age [1,26,28,30,32], and children with 

a wide range of physical skills and cognitive abilities [24,32].

Setting.: MROC studies were conducted mainly within the home (n = 12), but were also 

conducted in the hospital (n = 5) and community setting (n = 6). Home-based interventions 

align with the birth-to-three early intervention service model’s emphasis on providing 

services in the child’s primary natural environment [41,42]. However, environmental barriers 

may also prevent MROC use in the home setting. For example, in Taiwan, most homes 

lack the necessary space to use MROCs. Because of this, four of the five hospital-based 

studies occurred in a paediatric care facility in Taiwan for the main purpose of minimizing 

environmental barriers to home MROC use. Although many of the home-based and hospital-

based studies include community elements, only three studies occurred exclusively in 

community environments for extended periods of time; all three examined changes in 

social play behaviours: Deitz et al. assessed children’s interactions with peers and adults 

when using MROCs in school settings (gym and recess) [37]; Logan et al. compared the 

interactions of one child in an inclusive pre-school classroom, gym, and playground while 

using forearm crutches or a MROC [38]; and Ross et al. examined play behaviours of 

children with and without disabilities during an inclusive playgroup where MROCs were 

available for use [9]. The three additional community-based studies were one-day clinic 

visits designed to determine the feasibility of MROC use. Two of the qualitative studies that 

examined caregiver perceptions of powered mobility technology and identity development 

in children were identified as home-based studies for the purpose of this review, but also 

largely took place in school environments [12,25]. Community settings, particularly school-

based settings, may be especially important for promoting outcomes related to participation 

and for exploring the relative physical accessibility and capacity for universal design in 

schools.

Level of evidence and study quality.: Our findings indicate that the level of evidence is 

generally weak in support of MROC interventions. While three studies were rated as Level 

III, the majority of studies were rated as level IV and V. This is not surprising given the 

indicated purpose of studies as exploratory or descriptive rather than experimental. Case 

reports and single-subject research designs also introduce sample bias that may affect study 

quality—parents who self-select to participate in MROC studies are likely very proactive 

with therapy in general, so it is impossible to conclude that observed changes were not due 

to other factors. Further, the amount of time spent using a MROC and its effect on the 

observed changes in children’s behaviours and development remains unclear. Most studies 

did not use the same outcomes, or did not measure them identically, which makes outcomes 
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difficult to compare. However, two studies from the same data source directly compared 

the provision and use of a MROC to a more traditional paediatric powered mobility 

device, and one study examined children’s learning of and parents’ preference for different 

mobility devices [12,19,25]. These results suggest a complex interplay amongst device 

characteristics, such as size and usability features, child ability levels, family dynamics, and 

the physical and social environments where the devices were used on a regular basis.

MROC use

Goal use and reported use.: Our findings indicate that families were infrequently provided 

with a use goal and actual use was either not reported or was highly variable. Even though 

setting realistic and achievable goals is related to behaviour change and success, the majority 

of studies did not provide families with a use goal [9,12,19–22,25,28,29,31,33–38]. The 

most commonly reported use goal was 20–30 min for at least five days per week—but this 

goal was only based on pilot feasibility. It remains unknown whether this goal is the optimal 

amount of dosage for positive developmental or participation outcomes. Further, MROC 

use was substantially higher in research studies where families were provided weekly or 

bi-weekly, in-person support compared to when no ongoing support was provided. This 

suggests that providing ongoing support may be crucial to encourage use, and further 

highlights the need to define optimal dosage with powered mobility technology in young 

children with disabilities [29].

Adherence.: Adherence rates were either not provided or were calculated differently across 

studies based on varied recommendations provided to families. Reported adherence ranged 

from 2% to 100%. Recent studies suggest that perceived barriers related to the environment 

and device inhibit MROC use and adherence [31,39], similar to other forms of assistive 

technology [43–45]. Qualitative studies highlighted freedom and independence provided 

by the MROC, even when reporting relatively infrequent use [12,25]. Low adherence may 

also be due to child-related perceived barriers regarding health, tolerance, and abilities, 

and caregiver-related perceived barriers regarding physical requirements, lack of time, and 

motivation [39]. Given the range in adherence and differences in recommendations, more 

research is needed to identify optimal dosage, both in terms of achieving independent 

switch activation and providing a realistic recommendation of MROC use for families. In 

combination with dosage, it is also important to consider the quality of driving experiences 

that may facilitate positive outcomes. The quality of driving experiences may be related to 

the type of driving activities that are encouraged, such as open exploration, goal-directed 

driving, and play in enriched environments with family and peers. It is critical that paediatric 

physical and occupational therapists collaborate with families to develop strategies for using 

a MROC, overcoming perceived barriers to use, and to create feasible use goals to optimize 

adherence.

Outcomes across domains of the ICF—Outcomes of MROC studies were primarily 

related to activity and participation. Some studies included environmental and personal 

factors, and limited studies focussed on body structure and function. MROCs directly impact 

activity by providing mobility, which was primarily assessed through behavioural coding of 

video recordings to assess children’s mobility behaviours. Positive impacts on participation, 
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such as social interactions and play behaviours, were measured by assessing family-directed 

goals and benchmarks, conducting semi-structured interviews, and collecting activity logs, 

surveys, and photo narratives. However, researchers noted challenges in capturing some of 

the anecdotal or unanticipated participation outcomes that emerged from MROC use, such 

as the development of more complex play interactions noted by pre-school staff [38], a 

perceived ‘first’ father-son play interaction [23], or the continued friendships that developed 

outside researcher-initiated playgroups [9]. Improvements in environmental and personal 

factors suggest that MROCs may provide a good fit between device, family and environment 

[12,28].

Although MROC interventions most explicitly impact activity, increased activity can propel 

advancement of all domains of the ICF, and can also exert ecological, bidirectional ripples 

on the family, community, and society (Figure 3). However, future research is necessary to 

investigate these potential connections.

Future directions

Based on our synthesis of peer-reviewed research articles that met our inclusion criteria, we 

offer four specific directions for future research:

1. Larger sample sizes of children, diagnosed with one type of disability and within 

a narrow age band, are needed. Limiting the heterogeneity of future samples can 

increase the external validity of results and lead to greater confidence in findings.

2. Research must use more robust research designs that increase the level of 

evidence of findings. To date, no randomized controlled trials (RCTs) of 

MROC interventions were conducted, and only one RCT exists of a powered 

mobility intervention for young children with disabilities [3]. Other experimental 

designs, such as randomized crossover trials, or longitudinal studies that include 

longer intervention periods and follow-up assessments to track changes in 

developmental outcomes over time, may also be beneficial.

3. Evidence-based strategies are needed to support families and children in using 

MROCs on a regular basis. MROC use varies extensively from study to study, 

and is often very low [29], which parallels findings of low adherence to home 

exercise programs [46–49], and low use of assistive technology [43–45], despite 

positive perceptions of the benefits. Research highlights families’ perceived 

barriers to providing their child with opportunities to use a MROC [31,39]. 

Effective strategies to support families and children are needed to successfully 

implement RCTs; reciprocally, RCTs are needed to characterize

4. the dose-response relation between MROC use and outcomes, which would 

inform evidence-based recommendations for use.

5. Research is needed to determine the effect of MROC use on outcomes 

across the ICF framework. MROC primarily targets activity and participation 

through mobility, but better outcome measures should be used to capture 

these changes. The PEDI is the only standardized assessment used in 

included studies that targeted the activity and participation domain of the 
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ICF [1,20,23,24,33]. Future studies could include other outcome measures, 

such as the Childhood Assessment of Participation and Enjoyment (CAPE) 

[50], Canadian Occupational Performance Measure (COPM) [51], or Child 

Engagement in Daily Life- Participation and Recreation subscale [52]. Although 

initial work with the sit-to-stand MROC examined effects related to body 

structure and function outcomes, this research is limited, and additional research 

using clinically-relevant and appropriate outcome measures is needed [13].

Limitations

Several limitations are present in this systematic review. One limitation is our narrowly 

defined inclusion criteria. For example, studies had to be published in peer-reviewed 

journals for inclusion. Our intent with this inclusion criterion was to ensure a minimal 

level of study quality and prevent double counting of data from scholarly outcomes such as 

conference presentations that were later published as articles. It is possible that research 

included in this systematic review is due to publication bias where only articles with 

significant or meaningful results were published. Further, eight of the articles included 

in this review use data from the same initial study design (i.e., four instances of two 

papers being published from the same dataset). We included all articles to more precisely 

assess the number of papers that report specific outcomes, but this slightly overestimates 

the total number of unique MROC research studies. Another limitation is that authors 

of this systematic review are contributors to MROC research, which may introduce bias 

in interpreting the studies. However, 12 studies (52%) included in this systematic review 

were from other research groups, which suggests some degree of independent verification 

of results. We included two raters throughout the study selection and data collection and 

involved a third rater as necessary to ensure agreement and mitigate potential bias. We 

were not able to include studies published in a language other than English due to lack 

of resources. However, only three studies were excluded for this reason. We mitigated 

bias by critically evaluating our own position within this topic area as we evaluated the 

evidence. It is important for other researchers to continue to explore the effect of MROCs 

and independently validate or repudiate previous research findings.

Conclusions

This systematic review suggests three conclusions: (1) MROCs have been used by young 

children with a variety of disabilities across settings, including the home, hospital, and 

schools, with no adverse events reported; (2) Children with disabilities were able to activate 

MROCs as young as 7-months old, and a majority of children enjoyed using MROCs; (3) 

MROCs increase children’s activity and participation, and positively impact family life and 

parent outcomes; (4) The overall low quality of evidence across studies precludes strong 

inferences regarding direct outcomes of MROC use. Future research is needed to further 

investigate the outcomes of MROC use for children with disabilities and their families.
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Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS FOR REHABILITATION

• Physical and occupational therapists may consider using MROCs as 

a therapeutic tool or accessible play opportunity as part of a multi-

modal approach to increase children’s mobility, family engagement, and 

participation in community life.

• Personal (e.g., child’s enjoyment) and environmental factors (e.g., caregiver 

attitudes and stress) must be considered when developing plans of MROC 

use.
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Figure 1. 
PRISMA flow diagram of study search and selection.
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Figure 2. 
One version of a (A) seated modified ride-on car and (B) sit-to-stand modified ride-on car.
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Figure 3. 
Intervention model for MROCs, displaying nested levels of influence (inspired by 

Bronfenbrenner [53]). Activity (bolded) is the main focus of MROC interventions because 

they provide an immediate source of mobility. Increased mobility may more immediately 

increase participation compared to traditional interventions, where participation is often a 

downstream effect. The sit-to-stand MROC concurrently targets body structure and function, 

along with activity. Personal factors (e.g., disability severity, enjoyment of MROC) can 

influence the relation among child factors. MROC interventions principally aim to impact 
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the child, and ripple outwards, which may result in additional benefits (e.g., child’s 

increasing mobility improves parents’ perceptions of child’s abilities, so parents provide 

more opportunities to use the MROC in the community, thereby increasing community 

engagement and participation).
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