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Abstract

Introduction
There is diversity in outcome measures used during monitoring and treatment of the exclusionary
diagnosis idiopathic toe walking (ITW) in children. This diversity makes synthesis of treatment effects
di�cult. The primary aim of this research was to develop a core set of outcome measures identi�ed by
health professionals for use when undertaking treatment with children who have ITW. The secondary
aims were to understand if parents agreed with this core set, and if parents believed they could undertake
any of these measures in the absence of the clinician.

Methods
Study 1 was the development of consensus and agreement through the modi�ed Delphi technique with
10 expert health professionals. The �rst round gathered questions and assessments for consensus, the
second and third round enabled agreement with these questions and assessments. Study 2 was an
online survey where parents of children who toe walked were invited to provide opinions on the
importance of these measures and if they believed they may be able to collect the data about their child
without the health professional being present.

Results
Ten health professionals provided 21 questions and assessments in Round 1 to measure treatment
effectiveness for ITW in children. Following consensus and agreement by health professionals over the
three rounds, there were nine questions and assessments presented to parent participants in Study 2.
There were 34 parents who provided information about their satisfaction with toe walking assessments
and treatments. There 27 parents provide detailed responses about the outcome questions and
assessments, most parents in support of the core set identi�ed by the experts. Parents also expressed a
willingness to self-complete questions or be taught assessments to monitor their child’s progress.

Conclusion
This research developed a core set of questions and measures clinicians, and researchers could
implement during health care provision and any research of children with ITW. Use of these measures will
enable consistent data collection regardless of the setting and provide the foundation for large data
pooling in future treatment research.

Background
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Idiopathic toe walking (ITW) is an exclusionary diagnosis, given when children display an absence of heel
strike throughout the stance phase of gait [1]. The severity of toe walking height varies from a mid-foot
strike at the start of stance phase, to weighting bear solely through the metatarsal heads throughout the
whole gait cycle [2]. The prevalence of idiopathic toe walking is estimated to be 5% of healthy children,
with presentations in both sexes [3]. Research about idiopathic toe walking is commonly grouped into
studies trying to understand why the gait pattern occurs, or studies into treatment effectiveness when the
gait pattern persists [4]. ITW has associations with sensory challenges [5–7], tight
tendoachilies/gastrocnemius and soleus complex [8] and gross motor impacts [6, 9]. Researchers are
starting to debate that the presence of any of these features cast doubt on the gait pattern being
idiopathic in nature [9]. Yet outcome data supporting many constructs other than ankle range of motion
or toe walking presence, are not commonly considered when recording treatment success [1].

Interventions used during treatment of ITW are varied across countries and professions, including
conservative (e.g., observation or inactive treatment [10], serial casting [8], or different types of orthoses
[11, 12]) or surgical (e.g., lengthening of the Tendo Achilles [13]) treatments. These treatment methods
may be used in isolation or in combination (e.g., surgical intervention with follow-up ankle foot orthoses
use compared to serial casting only approaches). Yet these treatments lack high quality trials supporting
their implementation and are commonly subject to recruitment and limited follow up timeframe bias [1,
14]. The primary outcome measures of many of these studies are ankle range impairment data or some
form of measurement of the height of toe walking, together with any adverse treatment impacts such as
skin blisters [1].

A recent systematic review identi�ed 27 diverse types of outcome questions or assessments used in
studies about ITW [4]. These outcome measures ranged from simple and inexpensive clinical measures
(e.g., ankle range of movement testing) to complex and technically based data collection (e.g., laboratory-
based gait analysis). Furthermore, this review reported including many studies with limited reliability and
validity of the cited assessments. Yet when children continue to toe walk after treatment, and clinicians
continue to apply these similar treatments [15], the de�nition of toe walking treatment success may need
to be revisited and re�ned. Outcome measures commonly collected may not fully identify where gains
have been made during treatment. For example, if the outcomes clinicians are collecting are actually
valued by individuals and their families and tell the full story of any treatment successes.

Developing consensus-based core sets of reliable and valid outcome measures are becoming
commonplace for many childhood conditions such as Charcot Marie Tooth Disease [16] or Juvenile
Idiopathic Arthritis [17]. Core sets of outcome measures enable clinicians to collect data across different
healthcare settings to understand meaningful clinical outcomes, and for researchers to collect consistent
data to evaluate treatment effectiveness. A set of core set of outcome measures does not exist to
understand treatment effectiveness in children with ITW.

Therefore, the primary aim of this research was to develop a set of core outcome measures identi�ed by
expert health professionals for use when monitoring or undertaking treatment with children who have
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ITW. The secondary aims were to understand if parents agreed with this core set, and if parents thought
they could answer any questions or perform any of these outcome measures with training in the absence
of the clinician.

Methods
Research methodology was approved by The Sydney Children’s Hospital’s Network Human Research
Ethics Committee (LNR/15/SCHN/296) and Monash University Human Research Ethics Committee
(30310) with no deviation to set protocols. This research comprised of two studies with different
methodologies. Study 1 used an online modi�ed Delphi technique to gain consensus and agreement on
the core set of outcome measures. Study 2 was an online survey of families with lived experience of
treatment from health professionals for their children’s toe walking gait. Both studies were performed in
accordance with relevant guidelines and regulations. All participants provided written informed consent
through either return of a paper consent form or through indication on an online check box.

Participants
Study 1 participants were Australian health professionals with identi�ed expertise in assessment and
treatment of children with toe walking gait. Expertise was considered by the investigators as additional
training (such as medical fellowships or credentials received through peak health professional bodies),
holding a senior position with a children’s hospital in a team providing treatment to children with toe
walking gait or leading research speci�c to toe walking gait, and published in the past �ve years.

Study 2 participants were parents or primary care givers of children, and the children had been treated for
toe walking gait within the past six months.

Procedure
Study 1 potential participants were identi�ed through hospitals, health professional department networks,
and recent publications found by the research team google scholar. Potential participants were sent
individual email invitations. Following return of a signed consent form, participants were provided with a
unique number to link responses, and a survey link to complete the online Round 1 of the Delphi survey.
This purpose-built survey was trialed prior to use with two health professionals that were not invited to
participate, and wording modi�ed as suggested (Appendix 1). Participants were asked their quali�cations,
profession, gender, recency of practice, practice settings, asked to estimate the percentage of children
they worked with clinically, or during research (compared to adults), and an estimated number of children
treated annually who had ITW. Participants were continually reminded of the research aim relating to
treatment outcome measurement rather than diagnosis, to minimise statements relating to investigations
that aid condition speci�c diagnosis (e.g., medical imaging), or to focus on treatment outcomes relating
to ITW, to minimise mention of assessments speci�c to other conditions known to cause toe walking
such as spasticity.
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Participants were guided through a series of multichoice and open-ended response boxes about the types
of questions they asked parents during treatment. Survey logics were used when a participant indicated
in a multichoice box response (e.g., when the participate identi�ed pain as a question domain), they were
then asked to specify how that data should be collected. Participants were also provided free text for
additional questions that did not align to domains. Participants were then asked to describe physical
assessments used to understand treatment success, with domains aligning to joint ranges of motion,
balance, gait, strength. Again, participants were able to select none of those domains or provide further
details if they collected different measures. Where a domain was chosen, they were asked to specify how
that information was collected from the child.

Where 70% or greater participant responses in Round 1 were similar, these statements were accepted.
Consensus responses were fed back to participants in Round 2 for con�rmation on wording or display of
any scale. Questions or assessments described by 50-69% of participants were re�ned and re-presented
to participants in Round 2 for agreement rating. Where questions or assessments were described by less
than 50% of participants, they were discarded.

In Round 2, participants were asked to provide agreement on the generated statements using a 5-point
Likert scale (Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree). Participants were also requested
to comment about question phrasing. Similar to Round 1, any questions or assessments with 70% or
greater agreement were included within �nal core set. Questions where 50-69% of participants agreed
were re-phrased based on any feedback and re-presented to participants in Round 3. Any questions were
less than 50% agreed were removed. This process was replicated in Round 3 and any outstanding
questions meeting 50-69% agreement at the end of Round 3 were presented to parent participants in
Study 2, and questions 50% or less were removed.

In Study 2, a purpose-built online survey (Appendix 2) was advertised through social media, online parent
forums and through clinical networks of authors to pass on to potential participants. Parents of children
who toe walked from any reason, were invited to provide online feedback on what outcome questions and
assessments were important to them during toe walking treatment.

Parent participants were initially asked about which country they lived in, their relationship to the child
who toe walks, how many children (<18 years) were in the family, how many children (<18 years) toe
walked, reason given by health professional for toe walking gait, health professional/s accessed for
treatment within past six months, overall satisfaction with questions and assessments about treatment
and toe walking treatments offered, refused, or recently undertaken.

The online survey displayed the questions or assessments developed in Study 1 to parent participants.
Survey logic supported parent participants to indicate importance of each question or assessment based
on their treatment experiences. Where a parent provided a response of “not at all important” or “slightly
important’, they were asked why, then presented with the question or assessment developed in Study 1
and asked to indicate agreement with it being used given the expert health professionals found this
important.
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Where parent participants responded “moderately important” or “very important’ to a question or
assessment, they were presented with how it was described in Study 1 and asked the four questions of
the validated Intervention Appropriateness Measure (IAM) [18]. Parent participants were also asked to
indicate their level of agreement in their own ability to answer the question without a health professional
being present for coaching purposes or if they could be taught to take the measurement without the
health professional being present. Parent participants were provided with open-ended questions to
provide further information if there were additional questions or assessments, they considered important.

Analysis
Descriptive statistics and analysis of responses of both Study 1 and 2 were undertaken in Microsoft Excel
2018 (Microsoft Corp, Redmond Washington). The authors made a priori decision in Study 1 to recruit 10
experts and that the Delphi would conclude if the total participant response rate dropped below 70%, or at
the end of Round 3, irrespective of agreement.

Study 2 data were cleaned for partial responses and only retained in analysis if the minimum data
provided both demographic information and satisfaction with questions and assessments. Qualitative
responses were themed against the question or assessment domain. This was done by a single
researcher with (CW) with an additional researcher’s oversight as required (VP).

Results
There were 14 health professionals identi�ed by the team with expertise in paediatric neurology,
orthopaedic surgery, physiotherapy and podiatry. Health professionals were sequentially invited until 10
agreed to participate in Study 1. These health professionals included one orthopaedic surgeon, four
physiotherapists and �ve podiatrists, all completed the three rounds. There were seven participants
identify as female (70%), six (60%) had 11 or greater years of clinical experience, eight (80%) were
currently enrolled or had completed a higher degree by research or coursework with a substantial
component being paediatric related. The median (interquartile range) percentage of children in their case
load was 82.5% (65–100%) and six (60%) participants treated between 10-50 children annually with ITW,
two (20%) treated >51 children with ITW annually.

Consensus
Round 1 took participants approximately 40 minutes to complete. Participants generated 21 statements
about questions and assessments to understand the impact of treatment for toe walking gait. Questions
reaching consensus in Round 1 were related to gait (the presence of toe walking) and pain (amount of
pain using a visual analogue scale). Participants reached consensus that ankle range of movement
should be assessed, but not on how this assessment should occur. Similarly, participants reached
consensus the clinical observation of gait should consider strength and ankle range of movement, but
not how this could be collected or quanti�ed in the absence of gait analysis equipment. Table 1 presents
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all statements generated by participants, and the frequency of participants who provided the same
response.

Agreement
Round 2, took most participants (90%) less than 10 minutes to complete and in Round 3, all participants
took less than 5 minutes to complete the survey. Table 1 provides the statements from Round 1
progressing to Rounds 2 and 3 using the same frequency coding system as Round 1. In Round 2,
adherence to recommended treatments, ankle range of motion measures and clinical gait measures were
presented to participants. The authors provided peer reviewed published information about methods for
measuring ankle range of motion [19, 20] to support participants decisions on which ankle range of
motion measurement they agreed most with. Authors also used the statements provided in Round 1 to
develop and present a pictorial clinical gait scale using a numerical rating of 0-4 (Figure 1) with varied
heel position and forefoot during 10 steps. No questions were discharged from Round 3.

A proforma was developed for Study 2 consisting of visual analogue scales relating to the amount of toe
walking during the week, satisfaction with treatment, adherences to treatment plan and pain on day of
assessment and pain during activity in the prior week. Measures included two ankle range of motion
measurement techniques. While the weight bearing lunge test was considered as the most reliable when
the child was able to place their heel on the ground, the non-weight bearing ankle range of motion
measure was referenced when this was not possible. The 6-minute walk test was considered by health
professionals as useful as per protocol [21], without consensus on how often it should be collected
during the treatment journey.
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Table 1
Statements developed and accepted through Delphi rounds.

Statement Method Round
1

Round 2 Round
3

Questions asked of the parent and/or child

Toe walking
presence

Reported by parent/child using percentage of
time on toes or a binary yes/no

90%   Taken
to
parent
survey

Pain
presence

Report by parent/child using age-appropriate
VAS on day and over the week

70%   Taken
to
parent
survey

Treatment
adherence

Measured by % of week or days of the week the
treatment was followed through log or star chart

60% 50% 50% -
Taken
to
parent
survey

Satisfaction Satis�ed with treatment approach 70%   Taken
to
parent
survey

Injury Number of injuries associated with gait pattern 10%    

Toe walking
impact

Shoe wear 20%    

Assessments performed by the clinician on the child

Ankle range
of motion

No speci�c method 70%   Taken
to
parent
survey

Ankle range
of motion

Weight bearing lunge test [19] 60% 80% Taken
to
parent
survey

Ankle range
of motion

Non-weight bearing goniometry with leg straight
and knee bent [22]

60% Considered
on a clinical
basis if a
child is
unable to put
heel to
ground

Taken
to
parent
survey

Knee range
of motion

Hamstring length 10%    
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Statement Method Round
1

Round 2 Round
3

Gait Responses describing the ability to heel walk
combined with the strength of ankle dorsi�exor
muscles with consideration of timing such as
the 6-minute walk test (6MWT) [21].

Scale presented in Round 2 for 10 steps prior to
6-minute walk test:

0 - Unable to get heel or mid foot to ground.
Walks on metatarsal heads

1 - Unable to get heels to ground. Midfoot strike
present.

2 - Able to get heels to ground. Unable to walk
10 steps with great toe dorsi�exed

3 - Able to get heels to ground and walk 10 steps
with great toe dorsi�exed. However, plantar
surface of forefoot remains on ground.

4 - Able to get heels to ground and walk 10 steps
with the plantar surface of the forefoot off the
ground.

60% 90% Taken
to
parent
survey

Gait Video and count percentage of toe walking
steps

10%    

Gross
motor

Gross motor ability (no formal measure) 10%    

Gross
motor

Functional di�culties that are task dependent 10%    

Gross
motor

Static or dynamic balance 40%    

Gait Gait analysis equipment within treatment space 10%    

Gait Clinician modi�ed version of Edinburgh gait
scale

10%    

Quality of
Life

Oxford Ankle Foot Questionnaire [23] 10%    

There were 72 parent participants consent in Study 2 with 34 parents providing data included for
treatment outcome satisfaction. Table 2 provides the demographics of participants. All participants had
one child who toe walked.



Page 10/21

Table 2
Demographics of parent participants and treatment opinions (n=34)

  N (%)

Median
(IQR)

Survey completed by mother of toe walking child 31
(91%)

Country  

United States of America (USA) and Canada 15
(41%)

United Kingdom and Ireland 8 (19%)

Australia and New Zealand 8 (22%)

Other * 3 (9%)

Number of children <18 years in family 2 (1 to
3)

Age of child with toe walking gait  

≤ 5 years 8 (24%)

6 to 10 years 18
(52%)

>10 years 8 (24%)

Reason for toe walking gait  

Idiopathic toe walking 21
(62%)

Cerebral Palsy 2 (6%)

Charcot Marie Tooth 1 (3%)

Unknown or still under investigation 10
(29%)

Health professionals were consulted in past 6 months for toe walking treatment  

Pediatrician 15
(44%)

Neurologist 8 (24%)

Rehabilitation physician or physiatrist 1 (3%)

*Other includes India, Saudi Arabia, United Arab Emirates
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  N (%)

Median
(IQR)

Orthopaedic surgeon 20
(59%)

Physiotherapist or physical therapist 23
(68%)

Podiatrist 6 (18%)

Orthotist 5 (15%)

Occupational therapist 10
(29%)

Level of satisfaction relating to the questions health professionals asked to understand
treatment progression

 

Very dissatis�ed or dissatis�ed 9 (26%)

Neither satis�ed nor dissatis�ed 3 (9%)

Satis�ed or very satis�ed 22
(65%)

Level of satisfaction relating to the assessment's health professionals undertake to
understand how treatment is progressing

 

Very dissatis�ed or dissatis�ed 16
(47%)

Neither satis�ed nor dissatis�ed 3 (9%)

Satis�ed or very satis�ed 15
(44%)

Recommend treatments either undertaken, waitlisted or refused  

Surgery for the calf, ankle or foot 9 (26%)

Botulinum Toxin 6 (18%)

Serial casting 17
(50%)

Ankle foot orthoses, supramalleoli orthoses or full-length foot orthoses 19
(56%)

Exercises to strengthen muscles 29
(85%)

Stretches 27
(79%)

*Other includes India, Saudi Arabia, United Arab Emirates
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  N (%)

Median
(IQR)

Night splints 13
(38%)

Monitoring or no treatment 9 (26%)

*Other includes India, Saudi Arabia, United Arab Emirates

There were 27 of the 34 parents provide opinions on the importance of the questions and assessments
identi�ed by health professionals. Figure 2 displays responses indicating most parents felt the domains
were moderately or extremely important. There were seven comments on other outcome domains. These
included additional commentary supporting some of the question such as �t and use of ankle foot
orthoses, which would �t into the adherence question, pain at different parts of the body, which would �t
in the pain questions and �exibility of the calf muscles, which would �t in the ankle range of motion
assessments. Additional comments not �tting into the questions and assessments included balance,
height of toe walking and participation in activities at home and school.

Parents who rated the questions or assessments as not at all important, or slightly important provided
qualitative information about their responses. Four parents responded the amount of toe walking was not
at all important, indicating they had accepted their child had a condition where toe walking would always
be present and treatment was focused on minimizing its impact (e.g., their child had cerebral palsy). Two
parents re�ected being challenged if were asked to rate by a percentage and were concerned about how
accurate it would be. Two of four parents still went on to agree the rating scale would be appropriate for
some children who toe walked.

Four different parents indicated pain was not at all important, but re�ected their responses were
in�uenced by their child’s absence of pain, one parent describing their child as “He was a happy toe
walker (p4)”. Most parents (n=3 of 4) agreed with the use of the pain scales and anchor quests as
present, the other remained neutral. One parent described ankle range was not at all important, as they
experienced their child’s measures �uctuating with growth and disease progression, yet they described
the measures suggested by the health professionals being appropriate for other children who toe walked.
This same parent responded similarly for strength and walking distance measures. An additional two
parents also described their child never having di�culties with walking long distances and remained
neutral on the use of a timed walk test.

Table 3 provides summary IAM and intention data about the self-use of questions and measures from
parents who positively rated importance of these items. Parents provided re�nement comments on
wording or instructions on how to complete the scale. One parent expressed concern about self-
measurement, indicating lack of training. Whereas two parents pondered if their child would get bored
during the 6-minute walk test (6MWT).
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The �nal toe walking treatment core set of questions and measures are provided in Appendix 3.
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Table 3
Median (interquartile range (IQR)) scores from a 5-point Likert scale (0 = Completely disagree to 4 =
Completely agree) from parents who viewed the domain as important using the IAM and intention

questions.
The scale or
assessment

How
often
has
your
child
toe
walked
in the
last
week

n=19

Median
(IQR)

How
satis�ed
you are
with the
amount
of toe
walking
your
child is
currently
doing

n=18

Median
(IQR)

How well
you have
been able
to follow /
do any of
the
treatment
prescribed

n=19

Median
(IQR)

Worst
pain
felt in
legs
today /
being
active

n=17

Median
(IQR)

Measurement
of ankle
range of
movement
(picture of
weight
bearing
lunge)

n=17

Median (IQR)

Use of
the
visual
gait
scale
with
score
of 0-4

n=16

Median
(IQR)

Use of
a timed
walk
test for
velocity
(speed)
such
as the
6-
minute
walk
test

n=16

Median
(IQR)

…seems
�tting

4 (3 to
4)

3 (2 to 4) 3 (3 to 4) 4 (3 to
4)

3 (3 to 4) 3 (3 to
4)

3 (3 to
4)

seems
suitable

4 (4 to
4)

3 (2 to 4) 3 (3 to 4) 4 (3 to
4)

4 (2 to 4) 3 (3 to
4)

3 (3 to
4)

seems
applicable

4 (4 to
4)

3 (2 to 4) 3 (3 to 4) 3 (3 to
4)

4 (2 to 4) 3 (3 to
4)

3 (3 to
4)

seems like a
good �t

4 (3 to
4)

3 (2 to 4) 3 (2 to 4) 4 (3 to
4)

4 (2 to 4) 3 (3 to
4)

3 (3 to
4)

Self-
completion
intention:

             

I could
complete this
question
about my
child and their
toe walking
without my
health
professional

4 (4 to
4)

3 (2 to 4) 3 (2 to 4) 3 (3 to
4)

N/A N/A N/A

I could be
taught to do
the
measurement
in the picture
at home to
monitor my
child between
appointments

N/A N/A N/A N/A 4 (3 to 4) 4 (3 to
4)

3 (3 to
4)
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Discussion
This is the �rst consensus-based set of outcome questions and assessments speci�cally collated for use
during treatment for children with ITW. The expert health professionals considered measuring treatment
outcomes through more domains than are typically captured within research about ITW treatment, such
as understanding the parent satisfaction with treatment method, treatment adherence, daily or activity-
based pain and ankle strength. Ankle range of motion measures are consistent within research studies
about ITW [1], and the expert health professionals and parents agree with the importance of continuing to
use these assessments. Gait velocity was also highlighted by health professionals and parents as
important. Velocity is commonly collected in laboratory-based trials; however, this measure is rarely
included in clinical audits or trials in health service environments [4]. This is despite a test such as the 6
minute walk test being inexpensive and reliable to complete, even with children under 10 years of age
[21]. Despite parental concerns about the mundane nature of this assessment, we note the health
professionals did not provide an alternative such as the 2-minute walk test (2MWT) [24]. This shorter
version also has established normative values for children but may be limited in its ability to capture
fatigue. All questions and assessments were strongly supported by parents of children being treated for
ITW, while parents of children who toe walked for other reasons, also found most questions and
measures appropriate.

This research is the �rst step to consistency in measuring treatment outcomes for ITW. The importance
and variety of questions and assessments highlighted by the expert health professionals, in contrast to
those in published research, may provide valuable insights into why some treatments report variable
success. That is, the treatment may be reported as unsuccessful if the outcome measure is not sensitive
enough to detect change, such as a binary construct of presence or absence of toe walking gait. Whereas,
if alternate data were routinely collected, these may identify important outcomes which demonstrate
treatment success to parents, such as resolution of pain or a child being able to walk faster during the
treatment journey. The scales identi�ed by health professionals and supported by parents could also
enable the development of minimally important clinical differences across the difference questions and
assessments. Visual analogue scales have long been used in this manner, and despite criticism, continue
to perform well with the correct anchor questions [25]. For example, in the pain domains, most parents
agreed with health professionals that pain should be collected during both physical activity and on the
day of assessment rather than at just a singular time point. Collecting pain information at two timepoints
may provide valuable indicators of the toe walking gait impact on the child’s ability to participate with
peers. Visual analogue scales are inexpensive and readily integrated into paper or electronic health
records during active or inactive treatment.

There is commonly an element of inactive treatment during some point of the ITW treatment journey [15].
Inactive treatment or watching and waiting is commonly encouraged when a child toe walks without
structural or functional impact [10]. Determining parents' support and willingness to be taught
assessments may assist with home monitoring and this is a novel �nding. Home monitoring provides
opportunities to minimise health care wastage through shorter consultations that may be offered through
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telehealth. This could also be used within a monitoring portal with a parent uploading information and a
clinician checking and providing feedback or an earlier appointment. Training parents as assessors in
simple measures with known validity and reliability, such as the ankle weight bearing lunge, has
demonstrated success for children with other foot conditions known to relapse [26]. The hesitancy in one
parent’s response highlights any implementation of any self-completion or assessment requiring parent
training to be scaffolded with adequate support. There is little research known to the authors about
supporting parents as physical assessors, but this novel �nding should prompt further research with
parents who wish to play this role during their child’s health care journey.

The hybrid strength and range of motion scale developed by the research team and agreed on by the
expert health professionals should be implemented with caution at this time. Despite the clinician
researchers within the authorship the team informally trialing it within clinical settings during
development, and parents supporting its use, it has not been subjected to rigorous testing. This is the next
essential stage during implementation of this core set of outcome measures. That said, heel walking is a
simple measure, and commonly utilised in paediatric musculoskeletal screening tools such as the
peadiatric Gait Arms and Legs Screen (pGALS) [27]. Use of heel walking during these types of screening
tools commonly prompts clinicians to record binary (able/unable) or qualitative observations of ability.
Expert health professionals agreed that simple scaling of the forefoot position in relationship to the
ground, to be both an indicator of the ankle range of motion and the strength of the foot dorsi�exor
muscles. Both range and strength are known to be impacted with ongoing toe walking gait [2, 28]. Future
research should determine how reliably both clinicians and parents can score this scale in combination
with the age that children can con�dently undertake the heel walking task.

One limitation of this research was having parents indicate functional or participation tasks being
important yet not indicated on the proforma or identi�ed by the expert health professionals. This
highlighted the importance of a core set of measures being underpinned by goal-based care. This is a
clear limitation of our study. Goal based care enables parents and children to actively participate in
treatment based on what is important to them, however, it does not always enable clinicians to
understand any elements that may have factored into the reasoning of when the goal has not been
achieved. Using scaled questions and assessment in combination with functional goals can assist
clinical decisions. An additional limitation to this research was the expert health professionals being only
located in Australia. We would counter that this core set of outcome measures are not uniquely
Australian, nor are they worded in such a way that health professionals in other English speaking
countries could not be able to apply these universally. We acknowledge some health services may require
different tests to be performed based on culture or funding models. These simple, and inexpensive
measures expert health professionals identi�ed, and parents supported, could universally be adopted as
the core set of measures, and region-speci�c sets could be an option if that were jurisdictionally required.

Lastly future research should also develop recommendations for optimal reassessment time frames. The
majority of questions and scales within this core set may be collected at every appointment, however any
timed walking tests may only be performed at key treatment direction changes or new goal setting. While
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all agreed that walking speed and endurance were important to collect, we did not consider asking health
professionals on how often this could be clinically applied.

Conclusion
This research developed a core set of questions and measures clinicians, and researchers could
implement during health care provision and any research with children who have ITW. Use of these
measures will enable consistent data collection regardless of the setting and provide the foundation for
large data pooling in future treatment research. While other outcome measures may be considered based
on the aim of any research or health service requirements, we recommend this core set always be applied
to enable consistently collected treatment outcome data.

Abbreviations
ITW
Idiopathic toe walking
SD
Standard deviation
6MWT
6 Minute Walk Test
2MWT
2 Minute Walk Test
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Figures

Figure 1
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Hybrid gait scale considering heel height, ankle range of motion and strength

Figure 2

Parent rated level of importance ascribed to domains identi�ed by health professionals.
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