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Abstract 

Background & justification for review 

Idiopathic toe-walking is a common condition affecting children. Persistent toe walking can significantly impact 

physical and social quality of life. Despite known social determinants for long-term health outcomes, little is 

currently known about the social characteristics of children and families participating in idiopathic toe-walking 

research.   

Specific objective for review 

This rapid scoping review aims to map the social characteristics of children participating in idiopathic toe-

walking research.  

Search criteria 

Characteristics to be examined include age, sex, ethnicity, socioeconomic status and neurodiversity. MEDLINE 

(Ovid), CINAHL, AMED & Embase were searched for quantitative and qualitative studies exploring outcomes 

or experiences of idiopathic toe-walking interventions. Studies excluded from inclusion were research syntheses, 

studies focused on children with underlying neurological, neuromuscular conditions or congenital foot deformity 

or those involving children aged under 2 or over 18 years Studies published in the last 20 years were included.  

Study appraisal & synthesis methods 

Single-reviewer study selection and data extraction were completed, with 20% independently reviewed. Studies 

were not appraised for quality in line with rapid scoping review methodology.  Age, sex, ethnicity, socio-

economic position, and neurodiversity of participants in idiopathic toe walking research were analysed using 

descriptive statistics. 

Results 

We identified 2416 titles and 52 texts were included in the final review. The age and sex of participants were 

reported in most studies. Mean age of participants ranged from 3-13 years and 58% were male. Neurodiversity 

was reported in only 37% of studies, ethnicity was reported in 6% and socioeconomic status in only 4% texts.  

Limitations 

In common with many rapid scoping review methods, this review was planned and carried out in a resource-

efficient manner. A focus on papers published in the past 20 years, limiting dual approaches to screening and 

data extraction, and the inclusion of poster and conference abstracts may have led to important study details 

being omitted.   

Conclusions 

Future research would benefit from considering both biological and social factors during data collection and 

reporting to avoid increasing health disparities and inefficiencies.   
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INTRODUCTION 

Idiopathic toe walking (ITW) gait is a term used 

to describe children who persist in walking on 

their toes after the age at which children typically 

develop a heel-toe pattern (Caserta et al., 2019). It 

is a diagnosis of exclusion, made when no other 

neurological or neuromuscular cause for the toe-

walking is identified. ITW is a relatively common 

condition, affecting up to 5% of typically 

developing children (Engström, Tedroff, 2012). 

The mechanisms underlying ITW are unclear 

(Donne et al., 2023, Bauer, Sienko & Davids, 

2022). One leading hypothesis for the cause of 

persistent toe-walking is that it could relate to 

sensory-processing challenges. Unfortunately, 

there is no clear evidence to support this theory 

at present (Donne et al., 2023).  ITW is 

particularly prevalent in neurodivergent 

children; studies suggest that between 8 and 68% 

of autistic children (Shetreat-Klein, Shinnar & 

Rapin, 2014, Leyden, Fung & Frick, 2019, Barrow, 

Jaworski & Accardo, 2011) and 20% of children 

with attention deficit hyperactivity disorder 

(ADHD) (Soto Insuga et al., 2018) persist in 

walking on their toes with no other medical cause 

present.  

Despite ongoing debate as to whether 

neurodivergent toe-walkers are truly 

“idiopathic” in nature, both neurodivergent and 

neurotypical children follow similar pathways of 

care in the United Kingdom (UK) (Gelfer, McNee 

et al., 2024) . Some children appear to return to a 

normal heel-toe gait spontaneously before they 

reach 10 years old  (Engström, Tedroff, 2018). 

However, 19% of neurotypical children and 63% 

of autistic children persist in toe-walking 10 years 

after their diagnosis (Leyden, Fung & Frick, 

2019), and some will continue to toe-walk into 

adolescence or adulthood (Santos et al., 2024). 

Persistent toe walking is associated with pain, 

physical impairments such as poor balance, trips 

and falls, and significantly reduced school, play, 

social, and emotional function compared to 

children with typical gait (Engelbert et al., 2011, 

Williams, Haines, 2015, Morrow et al., 2024, 

Caserta, Morgan et al., 2022, Lindsay et al., 2022). 

Even after perceived resolution of toe walking, 

adults who toe-walked in childhood report 

ongoing pain in the calf region, higher rates of 

skin pathology on the feet, and have kinematic 

and kinetic differences in gait (Stott et al., 2004, 

Williams, Haines, 2015). 

Children and families living in the UK frequently 

seek assessment and treatment for persistent toe 

walking. They can receive advice and 

intervention from health professionals in a range 

of settings, but paediatric physiotherapists will 

often lead initial (non-surgical) management  

(Harris et al., 2022). Treatments typically involve 

combinations of interventions, including 

stretching, strengthening, and motor-control 

exercises, orthoses (ankle foot orthoses, carbon-

fibre insoles, and resting splints), serial-casting, 

and some will require orthopaedic surgery 

(Caserta et al., 2019, van Kuijk et al., 2014). 

Despite several recent systematic reviews, 

studies flawed by poor methodological quality 

and small, non-diverse samples have made it 

challenging to determine clear evidence-based 

treatment pathways for both neurotypical and 

neurodivergent children with ITW gait (van 

Bemmel et al., 2014, Caserta et al., 2019, van Kuijk 

et al., 2014, Valagussa et al., 2024). Such 

challenges have contributed to significant 

variability in NHS care for children with ITW 

(Harris et al., 2022). Expert consensus among 

paediatric physiotherapists and orthopaedic 

surgeons on UK pathways of care acknowledges 

the need for flexibility in the delivery of non-

surgical interventions, to reflect the individual 

needs and characteristics of patients (Gelfer et al., 

2024). Parents of children with ITW also 

encourage health professionals (including 

paediatric physiotherapists) to appreciate every 

child's unique circumstances when planning 

their intervention (Williams et al. 2020). 

Awareness of the characteristics of children 

https://doi.org/10.59481/197317
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participating in research is, therefore, an 

important factor when considering the outcomes 

and experience of intervention.  

The likelihood of good health and a long life is 

closely linked to a variety of social determinants 

experienced in childhood. These include 

socioeconomic status and sex (Spencer, 2018, von 

Rueden et al., 2006). Socio-economic status (SES) 

is a theoretical construct, typically 

conceptualised through measures such as 

household income, education, and area-based 

indicators (Conway et al., 2019). SES in childhood 

is most often determined by the occupation, 

income, and education of the parents and the 

position society attributes to that individual 

(usually the family unit) (Sankar et al., 2019). 

There is clear evidence of growing health 

inequalities across and within European 

countries (Marmot et al., 2012) Such factors are 

also likely to impact the health outcomes and 

experience of children with ITW gait. Despite 

calls for researchers and editors of medical 

journals to take greater responsibility in 

reporting social characteristics, these are 

infrequently reported in a range of paediatric and 

general medical journals (Rees et al., 2023). A 

better understanding of the characteristics of 

participants represented in ITW research could 

help patients, clinicians, and researchers to 

navigate the individual needs and circumstances 

affecting children and young people with ITW 

gait. It will also highlight any groups who may 

be under-represented or excluded from the 

current body of literature, which could affect the 

generalisability of findings and impact 

individual outcomes  (Washington et al., 2023).   

A scoping review offers an ideal method to 

examine key characteristics or factors related to 

ITW (Munn et al., 2022, Peters, Marnie et al., 

2020). Scoping reviews offer the opportunity to 

synthesise both qualitative and quantitative data, 

creating a broader oversight of the current body 

of evidence related to children and young people 

(population), participating in research studies to 

examine the outcome or experience of 

intervention for idiopathic toe walking gait 

(concept) in any global healthcare setting 

(context). No current scoping or rapid scoping 

reviews on this topic were identified in a 

preliminary search of MEDLINE, the Cochrane 

Database of Systematic Reviews and JBI 

Evidence Synthesis, PROSPERO and Open 

Science Framework. This rapid scoping review 

aims to map the social characteristics of children, 

young people and/or their parents in idiopathic 

toe-walking research.  

Objectives 

Describe the social characteristics of children and 

young people participants in idiopathic toe 

walking research including age, sex, and 

ethnicity. 

Identify if studies report socioeconomic status, or 

neurodiversity in idiopathic toe walking and 

explore if participants in idiopathic toe walking 

research are representative of population norms.  

 

Review question 

What are the social characteristics of children and 

young people participating in idiopathic toe-

walking research? 

 

METHODS 

This rapid scoping review follows the JBI 

methodology for scoping reviews (Peters, 

Godfrey et al., 2020) with adaptations made in ine 

with rapid review principles (Speckemeier et al., 

2022). The   protocol for this review (Harris et al., 

2024) is published on Open Science Framework 

and available at:  

https://osf.io/8p25m/#:~:text=Description:%20Thi

s%20rapid%20scoping%20review,of%20ASD%2

0and%20/%20or%20ADHD. 

 

Search strategy 

The search strategy aimed to locate all relevant 

published studies. Searches took place between 

24th and 28th May 2024. An initial limited search 

https://doi.org/10.59481/197317
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of MEDLINE and CINAHL was undertaken on 

17th May 2024 to identify articles on the topic and 

relevant text and index terms were identified. A 

full search strategy was developed for MEDLINE 

(Ovid), CINAHL, AMED & Embase (see 

exemplar in table 1. The search strategy was 

reviewed by an Information Specialist/Librarian 

and piloted before use. Subject headings were 

adapted following the initial pilot. The search 

strategy, including all identified keywords and 

index terms, were adapted for each included 

database.   

 

For pragmatic purposes, grey literature was 

excluded from this study and only studies 

published after 2004 were included (Speckemeier 

et al., 2022). This offers an overview of published 

literature in the last twenty years, which is likely 

to contribute to current evidence-based practice, 

but within the limits of this study, it allowed for 

more time-efficient analysis. 

 

Eligibility criteria 

Participants 

Studies that included children and young people 

aged 2-18 years diagnosed with idiopathic toe 

walking gait were eligible for inclusion. 

Idiopathic toe walking gait is defined as bilateral 

toe walking from initiation of walking and is not 

associated with any known neurological or 

orthopaedic condition and persists beyond the 

age of two years (Gelfer, Harris et al., 2024). 

Neurodiversity (ASD/ADHD) can co-exist with 

ITW and is not an exclusion to the diagnosis  

(Gelfer, Harris et al., 2024) 

Children and young people with persistent toe 

walking as a result of neurodevelopmental or 

neuromuscular conditions (including Cerebral 

Palsy, Muscular Dystrophy or Charcot Marie 

Tooth Disease), with Clubfoot (congenital talipes 

equino-varus) or with skeletal dysplasia were 

excluded from this study. Research syntheses 

and repetition of primary data were excluded.  

 

Table 1 Exemplar search strategy 

 

Concept 

Research studies published in peer-reviewed 

journals focusing on outcomes or experience of 

idiopathic toe-walking intervention. 

 

Context 

Research carried out in any healthcare setting 

(worldwide). 

 

Types of Sources 

Quantitative studies, including experimental, 

analytic, observational, and descriptive 

observational study designs, were considered.  

Qualitative studies were considered if qualitative 

data focused on the experience of toe-walking 

intervention. Conference and poster abstracts 

published in peer-reviewed journals were 

included.  Evidence syntheses were excluded to 

avoid duplication of data. Commentaries and 

opinion papers were not considered for inclusion 

in this scoping review in line with rapid review 

processes (Speckemeier et al., 2022). 
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Epidemiological, psychometric, and clinimetric 

studies were also excluded.  

 

Study/Source of Evidence selection 

Following the search, all identified citations were 

collated and uploaded into Covidence 

(Covidence, 2024), and duplicates removed. 

Following a pilot test, titles and abstracts were 

screened by JDH for assessment against the 

inclusion criteria for the review, with 20% of 

abstracts independently reviewed by GAW.  

Potentially relevant sources were retrieved in 

full. The full text of selected citations was 

assessed in detail against the inclusion criteria by 

JDH, with 20% independently reviewed by 

GAW. Reasons for exclusion of sources of 

evidence in full text that did not meet the 

inclusion criteria were recorded in the results. 

Any disagreements arising between the 

reviewers at each stage of the selection process 

were resolved through discussion. Screening and 

extraction were carried out by one person, with a 

second reviewer consulted for 20% of studies, 

which is considered an acceptable approach to 

reduce resources and limit selection bias in rapid 

review methods (Taylor-Phillips et al., 2017). 

 

Data Extraction 

Data extracted included author, title, publication 

type, year, country, context, timeframe of data 

collection, intervention(s), and evidence source 

type. In line with the research question, the social 

characteristics of participants were collected and 

examined. These included the number of 

participants, the type of participant (i.e., children 

and young people, parents & carers or both), age 

of participants, sex, ethnicity, socio-economic 

position, and presence of neurodivergent 

disorder. Data were extracted using a data 

extraction tool developed in Covidence 

(Covidence, 2024). Data were extracted by JDH, 

with 20% of papers reviewed by GAW for data 

comparison purposes. Disagreements were 

resolved by consensus discussion, including 

SCM.  

Analysis 

Age, sex, ethnicity, socio-economic position, and 

neurodiversity of participants in idiopathic toe 

walking research were analysed using 

descriptive statistics. Basic frequencies and 

proportions are presented in tables and 

supplemented with graphic representation in pie 

charts, waffle charts, and world maps. 

Microsoft® Excel® for Microsoft 365 MSO was 

used for analyses.   

 

RESULTS 

Study selection 

A summary of evidence identification and 

inclusion decisions can be found in Figure 1 

(PRISMA flow diagram). A total of 2416 studies 

were identified (Covidence, 2024). Through 

manual and automated processes, 674 duplicates 

were removed. Title and abstract screen excluded 

1660 papers, and all full texts (n=82, including 

conference/poster abstracts) were retrieved. 

Twenty-eight studies were excluded on full-text 

screen; thus, 30 were included in the final results. 

Details on reasons for exclusion can be found in 

Figure 1.  

Data were extracted into a digital data extraction 

tool created on Covidence. The authors of 5 key 

texts were contacted via email to request further 

information. Two authors responded, and due to 

the rapid nature of this study, no further attempts 

were made.  

 

Characteristics of included studies 

A summary of the aims and participant numbers 

in the included studies can be found in Appendix 

1. Data from all studies, including study design, 

research report / abstract, population, and 

reporting of social characteristics, is summarised 

in the waffle chart (Figure 2). Descriptive studies 

were defined as those describing “characteristics 

or trends”, analytic as those “quantifying 

relationships” and experimental studies as those 

which included “manipulation of a population to 

examine its effects” (AJE Team, 2022). Study 

designs included analytic (n=28), descriptive 

https://doi.org/10.59481/197317
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observational (n=11), experimental (n=12), and 

one qualitative study. Only 4% (n=2) of included 

studies focused on the experience of parents of 

children with a diagnosis of ITW (one study 

included parents and children). Children were 

the subject of all other studies.
 

Figure 1 PRISMA flow diagram 
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Figure 2 Waffle chart summarising social characteristics of included studies  
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Study type and location 

Of the 52 included texts, 43 were research reports 

and 9 were abstracts (one presentation abstract, 

two poster abstracts, and six generic conference 

abstracts). Studies were conducted worldwide 

but the majority (n=28) took place in the United 

States. Study locations are presented graphically 

in Figure 3.  

 

Social characteristics 

A total of 1439 subjects participated in the 

included research studies. 

Age was reported in 94% (n=49) of studies 

conducted with children. The age of children 

participating in the included ITW studies ranged 

from 2 to 18 years. The average (mean) age of 

participants ranged from 3 to 13 years.  

The sex of participants was reported in 42 (81%) 

studies. Males represented 58% (n=386) of 

participants and females 42% (n= 278). One study 

(Shirel et al., 2022) reported a single non-binary 

participant.  

Neurodivergent status and learning differences 

were reported in 19 studies (37%). Four studies 

excluded children with a diagnosis of Autistic 

Spectrum Disorder (ASD) (McMulkin et al., 2006, 

Bartoletta, Tsao & Bouchard, 2021, Berger et al., 

2021b, Satila et al., 2016).  

Figure 3 World map showing geographical 

location of studies 

 

One study excluded children with learning 

differences (including ADHD and dyslexia) 

(Zapata et al., 2022b). 

Exclusion criteria for two other studies were 

more ambiguous but included statements such as 

“signs of … psychiatric disease” (Hirsch, 

Wagner, 2004) and “any other condition which 

may cause toe-walking” (Brasiliano et al., 2022). 

Eleven studies excluded children without a 

diagnosis of ASD. Despite a relatively high 

number of studies excluding participants 

without ASD, those focusing solely on the 

outcome or experience of children with ASD 

accounted for only 41 (3%) of total participants 

across all studies. Of the studies that reported 

neurodivergent status or other learning 

differences, 82% of participants were 

neurotypical, 10% were diagnosed with ASD, 2% 

with a hyperactivity disorder and 5% with a 

learning difficulty, developmental delay or 

speech and language delay.  

Figure 4 represents the proportion of 

neurotypical, ASD, ADHD and other learning 

differences diagnosed in participants within ITW 

research which were reported in included 

studies.  
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Figure 4 Treemap charting representation of neurotypical, neurodivergent and learning differences 

diagnoses reported in children participating in ITW research 

The reporting of participants' socio-economic 

status and/or ethnicity was particularly low 

among ITW studies. Only two studies reported 

data on socioeconomic factors. One (Wilder, 

Ingram & Hodges, 2022) stated all participants 

were “middle-income households”. The other 

(Barkocy, Schilz et al., 2021)stated that “4 out of 5 

participants were on Medicaid so would likely 

qualify either due to low socioeconomic status or 

due to ASD diagnosis”. Ethnicity was reported in 

only three studies (Barkocy, Muir et al., 2021, 

Bartoletta, Tsao & Bouchard, 2021, Wilder, 

Ingram & Hodges, 2022). Of the participants in 

these studies, 61% reported their ethnicity as 

Caucasian, 14% Hispanic, 6% Black, 5% Asian 

and the other 14% as “other” or “unknown”.  

DISCUSSION 

The treatment and management of idiopathic toe 

walking remains a controversial topic  

among clinicians and academics (Dietz, 

Khunsree, 2012, Freiman et al., 2022).  

 

However, awareness of the impact this condition 

can have on the quality of life of children and 

young people is increasing (Morrow et al., 2024, 

Caserta, Reedman et al., 2022). As paediatric 

physiotherapists strive to offer effective and 

efficient care, individualised to the needs of the 

patient, it is important to understand who is 

represented in the existing research evidence.  

 

This study demonstrates poor reporting of social 

characteristics in ITW research published over 

the past twenty years. Unfortunately, limited 

reporting of gender, ethnicity and socio-

economic status is a common theme in healthcare 

research (Routen et al., 2022, Beard et al., 2021, 

Alegria et al., 2021). Research into other common 

long-term health conditions, such as type 2 

diabetes, highlights that under-representation of 

minority ethnic and diverse social- economic 

backgrounds has resulted in important social and 

biological differences being missed (Campbell et 

al., 2012, Jhita et al., 2014). Similar issues were 

encountered during the Covid-19pandemic, 

which disproportionately affected people of 

Black and Asian Minority ethnic groups in the 

United Kingdon and Black and Hispanic in the 

United States. Many trials failed to report 

 

Neurotypical

ASD

Other

ADHD

Neurotypical ASD ADHD Other
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ethnicity or under-represented these ethnic 

groups during trial recruitments (Treweek et al., 

2020, Flores et al., 2021, Mathur et al., 2021, 

Morales, Ali, 2021). This impacted health 

outcomes and was a potential factor in, 

disproportionate rates of vaccination uptake 

(Sutton et al., 2022, Mathur et al., 2021).  

 

Buttery et al. (2022), conducted a targeted 

literature review of ten high-impact medical 

journals aiming to assess the frequency of 

reporting of ethnicity (or ‘race’) and 

socioeconomic status (SES) indicators in clinical 

research. They identified that only 35% of the 

selected articles published in 2021 reported 

ethnicity and 13% reported data on socio-

economic status. Similarly to the studies we 

reviewed, Buttery et al (2022) found participant 

sex was the social characteristic reported most 

frequently. However, even when sex and 

ethnicity are reported in clinical research, authors 

fail to distinguish biologically inevitable and 

social causes for any changes detected in sub-

group analyses (Geller et al., 2011). Males 

represented 58% of the participants in ITW 

studies included in this review. This figure 

appears representative of ITW reported in 

epidemiological studies. Engström and Tedroff  

(2018) analysed a cohort of over 1400 Swedish 

children and found 62% of children diagnosed 

with ITW at 5.5 years were male. This increased 

to 75% of children who were still toe-walking at 

10 years.  Leyden and colleagues (2019) analysed 

the medical files of over 2 million children under 

19 years living in the US. They found that 50% of 

neurotypical children with a diagnosis of ITW 

were male, but this increased to 67% in those with 

a concurrent diagnosis of ASD.  

Sex and gender affect many facets of society but 

are of particular importance when considering 

health research (Miles, 2020). Within the data 

examined in this study, most reports failed to 

distinguish between the biological classification 

of sex (male/female/intersex) and the 

sociocultural and behavioural concept of gender 

(boys/girls/non-binary/trans). This distinction 

was acknowledged in only one study (Shirel et 

al., 2022). Sex and gender have the potential to 

impact how an individual selects, responds to, 

and adheres to healthcare treatments and may 

affect what future studies to undertake and why 

(Clayton, Tannenbaum, 2016).  As referred to 

previously in relation to ethnicity, consideration 

of sex and gender issues within future research 

will ensure greater accuracy and precision in 

conclusions, reduce healthcare disparities, and 

promote diverse inclusion (Goldman, 2024). 

There is little agreement on standardised SES 

measures in childhood (Swift EK et al., 2002, 

Braveman et al., 2005) and no consistent 

indicators of SES were reported in the studies 

included in this review.  However, reporting 

socio-economic data, alongside sex (and gender) 

and ethnicity, presents an opportunity for 

authors and readers to consider the 

generalizability of results to low-status or 

marginalised groups and to balance biological 

and social factors influencing outcomes (Geller et 

al., 2011, Ogedegbe, 2020, Jaehn et al., 2020).  

In the studies reporting neurodivergence and/or 

learning differences, 10% of participants had a 

diagnosis of ASD, 2% had hyperactivity, and a 

further 5% had other learning differences. Only 

5% (n=484) of Leyden and colleagues (2019)  

American cohort of idiopathic toe-walking 

children had a concurrent diagnosis of ASD. In a 

smaller cohort of children diagnosed with ITW in 

the UK, 30% were diagnosed with ASD and 6% 

with ADHD.  However, in a five-year follow-up 

study conducted by Engström & Tedroff (2018)  

found that ten of the 26 children who still toe-

walk at 10 years old had received concurrent 

diagnoses of neurodevelopmental conditions.  

Although there is no suggestion of a causal 

relationship, this finding raises awareness of the 

relatively late diagnoses of many 

neurodevelopmental issues compared with the 

early presentation of childhood gait disorders 
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(Hrdlicka et al., 2024). With the mean ages of 

participants undergoing ITW intervention 

ranging from 3-13 years, there is potential for a 

proportion of subjects to receive diagnoses of 

ASD, ADHD or other learning differences after 

they start intervention for toe-walking. The 

potential for altered outcomes and/or 

modification to ITW intervention should, 

therefore, be considered early in the planning 

and delivery of non-surgical ITW intervention. In 

common with many clinical studies involving 

autistic people (Green, Garg, 2018) , studies 

focused on autistic children included in this 

review had small samples and limited rigour. 

Researchers conducting future studies on ITW 

would benefit from taking specific steps to 

involve children with both ASD and ADHD at all 

stages of research and ensure neurodivergent 

voices are heard when developing or trialling 

new ITW interventions (Sonuga-Barke et al., 

2024, Beasant et al., 2024) 

Studies relating to the experience or outcome of 

ITW intervention been conducted worldwide 

over the past 20 years. However, the ethnicity of 

participants was only reported in a small 

proportion of our included studies (3/52). Most 

participants described themselves as Caucasian. 

Under-representation of minority ethnic groups 

is an ongoing concern in the field of health 

research  (Smart, Harrison, 2017). Under-

representation of these groups could lead to the 

implementation of interventions with differing 

responses according to the target population 

(Routen et al., 2022). The only way to ensure 

healthcare interventions serve all ethnic groups 

within a population and represent a range of 

social characteristics within these subgroups is to 

ensure researchers recognise and target their 

recruitment (Routen et al., 2022).  

Limitations 

This rapid scoping review was planned and 

carried out in a resource-efficient manner. 

Restricting this study to papers published in the 

past 20 years could result in data from important 

foundational studies or highly influential grey 

literature being omitted from findings. Findings 

from studies including subjects younger than 

two years and older than 18 years could also 

result in key findings being omitted. The 

inclusion of conference and poster abstracts 

limited available data for extraction, and there 

was limited time available to contact authors for 

additional data. Limiting the dual approach to 

title and abstract screening and full-text 

screening increases the risk of missing important 

studies. However, this review necessitated 

agreement on 20% of papers before proceeding to 

the next stage of review. Single-reviewer data 

extraction could also increase the risk of bias or 

error in reporting (Buscemi et al., 2006). This risk 

is limited by introducing 20% independent 

review and limiting fields to those considered 

most important to answer the research question.  

 

CONCLUSION 

This study has mapped the social characteristics 

of participants in idiopathic toe-walking research 

published in the last twenty years. We identified 

low reporting rates for key characteristics, 

including ethnicity, socioeconomic status and 

neurodivergence/learning differences.  Lack of 

diversity amongst research participants affects 

the generalizability of results to the wider 

population, increases health disparities, and 

could lead to cost inefficiencies (Swartz et al., 

2019, Committee on Improving the 

Representation of Women and 

Underrepresented Minorities in Clinical Trials 

and Research, Committee on Women in Science, 

Engineering, and Medicine, 2022). The age, sex 

(and gender), ethnicity, socio-economic status 

and neurodivergent status of individuals all have 

the potential to impact outcomes and experiences 

of healthcare and to pose important questions for 

paediatric physiotherapists, researchers and 

policy-makers.  Although poor reporting of 

factors made it challenging to determine if gaps 

in representation exist, future research would 
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benefit from taking specific steps to support the 

recruitment and retention of such groups and to 

encourage diverse patient and public 

involvement throughout the research process.  

Understanding the social characteristics of 

participants in idiopathic toe-walking research 

will facilitate greater inclusivity and 

representation in future research and highlight 

essential gaps in our understanding.  
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Appendix 1: Summary of included studies 

Study ID Report/abstract Country  Aim of study Study design Total 

Participants 

Alvarado (2021) Abstract United 

States 

 Does the Toe Tamer protocol have a significant effect on decreasing the heel-to-floor 

distance of children 4-7 y/o who idiopathically toe-walk? 

Experimental 1 

Barkocy (2017) Report United 

States 

To evaluate the effectiveness of serial casting in a child with autism spectrum 

disorder (ASD) exhibiting a toe-walking gait pattern with equinus contractures. 

Descriptive  1 

Barkocy (2021) Report United 

States 

To determine the effect of a 2-step intervention, SC and AFOs, on walking kinematics 

and functional outcomes in Ch-ASD who toe walk. 

Analytical  5 

Barkocy (2021) Report United 

States 

To (1) explore and characterize PT ITW care experiences from the parent perspective 

to inform development of a CPG and (2) identify strengths and gaps in care perceived 

by this key stakeholder group to optimize PT care for children with ITW. 

Descriptive 98 

Bartoletta (2021) Report United 

States 

To examine the outcomes of commonly used nonoperative treatment techniques in a 

large cohort of children with ITW to better understand outcomes and rates of 

recurrence to inform management of this condition 

Analytic 204 

Benedetti (2013) Abstract  Italy To evaluate the effectiveness of the treatment with Botulinum Toxin A of calf muscles 

in children with Idiopathic Toe Walking 

Experimental 9 

Berger (2021a) Report  Germany To provide a retrospective evaluation of the treatment of ITW with the circular lower 

leg orthosis at our clinic.  

Analytic  22 

Bonnefoy-Mazure 

(2023) 

Abstract  

Switzerland 

The aims of this study were: 1) to observe gait parameters evolution for a group of 

patients with surgery and conservative treatment; 2) to compare these parameters for 

a group of matched patients with surgery and without; 3) to compare these 

parameters with a group of asymptomatic children 

Analytic 29 

Boyd (2023) Report United 

States 

To understand Smart Stepper (a new wearable system) from a human-factors 

perspective. Specifically, we were interested in understanding if Smart Stepper would 

work in a real-life context and if families would be willing to adopt the intervention 

as a practice. Areas we focused on were Acceptability, Implementation, Demand, 

Practicality, and Limited efficacy.  

Analytic 8 

Brasiliano (2022) Report  Italy To evaluate the effectiveness of the orthosis in restoring a physiological heel-to-toe 

gait pattern, by performing instrumented 3D gait analysis of children with ITW 

walking barefoot and while wearing it. 

Experimental 21 
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Study ID Report/abstract Country  Aim of study Study design Total 

Participants 

Brasiliano (2023) Report  Italy To evaluate the accuracy and precision of a selection of MIMU-based algorithms for 

foot strike estimation in children with ITW.  

Experimental 6 

Brierty (2018) Report Australia To investigate the effect of zone two calf-lengthening on post-operative gait in two 

clinical populations (ITW and CP). 

Analytic 17 

Brunt (2004) Report United 

States 

To determine the effects of botulinum toxin type A treatment on ankle muscle activity 

during gait of children who are idiopathic toe walkers 

Analytic 5 

Clark (2010) Report United 

States 

To (1) to develop a physical therapy motor control intervention protocol and (2) to 

evaluate the effects of this protocol on gait, motor skill development; and ankle 

mobility in 5 children aged 21/2 to 6 years with ITW. 

Analytic 5 

Engstrom (2010) Report  Sweden To investigate whether BTX treatment improves the walking pattern in children with 

ITW as examined with 3-D gait analysis and, secondarily, to classify the severity of 

the toe-walking pattern 

Experimental 15 

Engstrom (2013) Report  Sweden To evaluate whether botulinum toxin A improves the results of treatment of 

idiopathic toe-walking with below-the-knee walking casts. 

Experimental 47 

Fanchiang (2015) Report  Taiwan To test the following hypotheses: 

 (1) Typically developing children and/or children with idiopathic toe walking will 

show different velocity, cadence, step length, step width, and heel rise timing after a 

bout of vibration intervention. (2) Children with idiopathic toe walking will show 

hyper-sensitivity to vibration. (3) A dose of whole-body vibration will desensitize the 

perception to vibration 

Analytical  30 

Filippetti (2022) Report  Italy To explore the efficacy and the tolerability of incobotulinumtoxinA for the 

treatment of children with ITW 

Analytic 28 

Grant-Beuttler 

(2023) 

Abstract United 

States 

To determine if immediate and summary feedback in the natural environment retrain 

heel strike in children with ITW? 

Analytical  14 

Hemo (2006) Report United 

States 

To objectively compare outcomes between the AFO and FO with an attached rigid 

carbon fibre footplate in children with ITW. 

Experimental 18 

Herrin (2016) Report United 

States 

Aim of study Study design Total 

Participants 

Study ID Report/abstract Country     
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Hirsch(2004) Report  Sweden To report the outcome of ITW in children treated with non-surgical methods Descriptive  14 

Hodges (2018) Report United 

States 

 To evaluate the use of a wristband as a discriminative stimulus. In the presence of 

the wrist- band, appropriate walking was praised, and toe walking was reprimanded 

Analytic 1 

Hoffman (2022) Report United 

States 

To investigate whether CTP-AFOs would be comparable with serial casting in 

standardized outcome measures for range of motion, gait and motor skills amongst 

children with ITW and ankle equinus contracture 

Experimental 35 

Jadhav (2017) Abstract United 

States 

To evaluate the efficacy of treating ITW using botulinum toxin A (BtxA) injections 

into the gastrocnemii in conjunction with serial casting and ankle-foot orthosis 

(AFOs) versus serial casting and AFOs use alone 

Analytic 84 

Jahn (2009) Report United 

States 

To determine if muscle-tendon lengths increase following surgeries., if they were 

significantly different post-operatively, whether there were differences in outcomes 

between the surgery types or the diagnoses? 

Analytic 38 

Lara (2016) Report  Spain To verify the impact of a home exercise programme associated with the use of a 

noctornal orthosisin the management of idiopathic toe walking 

Analytic 88 

Manfredi (2022) Report  Italy To assess the clinical effectiveness of our protocol in ASD patients affected by ITW at 

long-term follow-up with ankle angle restore and non-pathological walking  

Analytic 22 

Marcus (2010) Report  Ireland To evaluate the effectiveness of a simplified habit reversal training with the use of 

GaitSpot speakers and differential reinforcement of incompatible behaviour to  

reduce the frequency of ITW and to train the participants to walk with an appropriate 

heel-to-toe gait 

Analytic 3 

McMulkin (2006) Report United 

States 

To comprehensively assess the quantitative outcome of idiopathic toe walkers that 

have been treated surgically with gastrocnemius/soleus lengthening procedures 

Analytic 14 

McMulkin (2016) Report United 

States 

To assess longer term kinematic and kinetic outcomes of children with idiopathic toe 

walking who were treated surgically to address gastrocnemius/soleus contractures 

  

Analytic 8 

Study ID Report/abstract Country  Aim of study Study design Total 

Participants 

Michalitsis (2019) Report Australia To determine the difference between barefoot, preferred footwear and combined 

treatment of footwear and orthoses on heel contact, spatiotemporal parameters of gait 

in children diagnosed with ITW 

Experimental 15 
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Persicke (2014) Report United 

States 

To evaluate the use of an acoustical conditioned reinforcer (TAG) in addition to 

minimal correction procedures to decrease toe-walking for a young child with 

autism.  

Analytic 1 

Pollind (2019) Report United 

States 

To determine the feasibility of customized wearable sensor-based insoles for gait re-

training in idiopathic toe walking adolescents 

Analytic 5 

Pomarino (2022) Report  Germany To study the results of percutaneous myofasciotomy in patients with idiopathic toe 

walking with severe foot deformity and no effect of conservative therapy. 

Analytic 50 

Rahnama (2021) Abstract United 

States 

To determine the long-term effects of a sensory-stimulating insole on walking in a 

child with ITW 

Descriptive  1 

Romero (2021) Abstract  Spain To investigate the safety and efficacy of botulinum toxin treatment in a large series of 

patients. 

Experimental 134 

Saraswat (2023) Report United 

States 

 To assess the change in walk-DMC index secondary to AFO use among CP and ITW 

patient  

Analytic 45 

Satila (2016) Report  Finland To evaluate the hypothesis that a combination of conservative treatment (night 

splints, firm shoes, physiotherapy, and home stretch program) and repeated BTX-A 

injections are more effective in decreasing toe-walking than conservative treatment 

alone at 24 months follow-up 

Experimental 30 

Shaw (2021) Report United 

States 

To discuss the treatment of idiopathic toe-walking utilizing cognitive-motor dual-

tasking and primitive reflex integration exercises. 

Descriptive  1 

Shirel (2022) Report United 

States 

To determine ROM changes with cast change intervals of one vs. two weeks, and the 

rate of ITW recurrence. 

Analytic 86 

Sidman (2018) Abstract United 

States 

To investigate the impact of using heel wedge inserts to decrease toe walking in a 

child with autism with insidious toe walking in a school setting 

Descriptive  1 

Stott (2004) Report  New 

Zealand 

To document the results at skeletal maturity of treatment of idiopathic toe-walking in 

a non-consecutive cohort of subjects treated by one pediatric orthopaedic surgeon.  

Analytic  13 

Study ID Report/abstract Country  Aim of study Study design Total 

Participants 

Szopa (2016) Report  Poland To determine if the combination of increased ankle dorsiflexion and inhibited 

hyperactivity of the foot reflexes (toe-grasping reflex of the foot and support reflex of 

the legs) can be use full in the treatment of young children with severe ITW by 

Descriptive  1 
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providing a persistent stretch to the gastrocnemius and soleus contractures and 

improving the gait pattern 

Thielemann 

(2019) 

Report  Germany To demonstrate improvement in the plantar heel force; and secondly, to describe 

changes in kinematics and kinetics during gait that occur after serial casting.  

Analytic 20 

Tuncer (2015) Abstract  Turkey To examine the acute effects of Kinesio-tapingÂ® (KT) in a child with ITW Descriptive  1 

Tuncer (2021) Report  Turkey To evaluate the acute effects of dorsiflexion-assisted functional bandaging applied in 

children with ITW to achieve heel strike at initial contact, gain heel contact at loading 

response, prevent premature heel-off at midstance, and investigate whether this 

application helps to improve gait quality, providing an alternative conservative 

intervention for children with ITW. 

Analytic 29 

Westberry (2021) Report United 

States 

To review the outcomes of surgical treatment (plantar flexor lengthening) in a 

population of patients with severe ITW who had failed prior conservative 

management. In addition, we sought to determine differences in outcomes based on 

the type of plantar flexor lengthening that was performed 

Analytic 26 

Wilder (2020) Report United 

States 

To replicate and extend previous research on the use of auditory feedback to decrease 

toe walking exhibited by 3 children with autism 

Descriptive  3 

Wilder (2022) Report United 

States 

To verify that toe walking exhibited by two young children with autism was 

maintained by automatic reinforcement.  

Descriptive  2 

Williams (2020) Report  USA and 

Australia 

To understand parent journeys while navigating  

diagnosis, assessment or treatment of their children with idiopathic toe walking 

(ITW). 

Qualitative 10 

Zapata (2022a) Report United 

States 

To assessing adherence to the current clinical serial casting protocols and the ultimate 

goal of deciding whether to change Scottish Rite for Children’s protocols and/or to 

further educate PTs regarding serial casting findings.   

Analytic 60 

 
How to cite this article: 

J.D. Harris, G. Whitley, K. Freeman, S.C. Morrison Social characteristics of children and 

families involved in Idiopathic Toe-Walking research:  a rapid scoping review. The 

Association of Paediatric Chartered Physiotherapists Journal 17 2026;00: 3 –25  

https://doi.org/10.59481/197317 

 

https://doi.org/10.59481/197317
https://doi.org/10.59481/197317

