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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effects of conservative and surgical interventions on gait normalisation, ankle range of motion, and pain in children with
idiopathic toe walking (ITW), identifying adverse effects of the interventions and the frequency of recurrence.
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B A C K G R O U N D

Description of the condition

Idiopathic toe walking (ITW) is a diagnosis given to healthy chil-
dren who persist in walking on their tiptoes after they should typ-
ically achieve a heel-toe gait. The estimated prevalence of ITW
varies from 5% to 12% of healthy children (Engström 2012b), and
commonly affects boys more than girls (Bernhard 2005; Engelbert
2011).

Children progress through a number of stages when learning to
walk. Toddlers initially walk with stilted leg shuffling, then cruise
around furniture before starting to walk flat-footed. As children ma-
ture, they walk with a heel-toe gait (Hallemans 2003; Norlin 1981),
which comprises three distinct phases: initial heel strike, midfoot
contact, and toe-oD. During the development of heel-toe gait, some
children walk on their tiptoes. However, toe walking is not a manda-
tory stage that all children will progress through and heel strike
is present in most children by the age of 18 months (Sutherland
1980). A toe walking gait is described by authors as a normal vari-
ant in motor development for healthy children up to the age of 18
months (Sala 1999; Sutherland 1980), two years (Fox 2006; Hemo
2006; Stricker 1998), five years (Westberry 2008), and even until sev-
en years of age (Kalen 1986). Some children continue to walk on
their toes and parents are encouraged to seek advice from health
professionals when toe walking persists. However, a lack of consen-
sus remains on when to seek advice.

ITW is an exclusionary diagnosis given to otherwise healthy chil-
dren who continue to toe walk. Many conditions are associated
with a toe walking gait and exclusion of these often make the
diagnosis of ITW challenging for health professionals (Engelbert
2011; Williams 2010). Toe walking may result from an inability to
make heel strike due to an underlying neurological or neuromus-
cular disease. Conditions commonly associated with a toe walking
gait include cerebral palsy (Wren 2010), muscular dystrophy (Hyde
2000), and orthopaedic problems, such as congenital talipes equi-
nus (Caselli 1988). Toe walking is also commonly observed in chil-
dren with autistic spectrum disorders (Barrow 2011; Ming 2007),
and in children with intellectual disabilities and developmental
speech and language disorders (Accardo 1989; Accardo 1992).

Persistent toe walking in healthy children was first defined by Hall
1967 as "congenital short tendo calcaneus". This definition was giv-
en because the population in this study demonstrated Achilles ten-
don tightness. This diagnosis was later changed to 'habitual toe
walking' (Griffin 1977), and subsequently the term 'idiopathic toe
walking' was introduced in 1980 (Conrad 1980). Most authors agree
that ITW is a diagnosis of exclusion, made when children persist in
walking on their toes with no signs of a neurologic, orthopaedic,
or psychological condition (Armand 2006; Brouwer 2000; Eastwood
1997; Engstrom 2010; Griffin 1977; Hall 1967; Hemo 2006; Hicks
1988; Hirsch 2004; Kalen 1986; Kogan 2001; McMulkin 2006; Pa-
pariello 1985; Pendharkar 2012; Shulman 1997; Solan 2010; Stott
2004; Williams 2010).

The aetiology of ITW continues to be investigated. Many theories
exist as to why healthy children continue to toe walk, including a
hereditary genetic disorder with an autosomal dominant pattern of
inheritance with variable expression (Katz 1984), an increase in the
proportion of type I muscle fibres (Eastwood 1997), sensory pro-
cessing difficulties (Williams 2012), and the use of infant walkers

(Engelbert 1999). Some authors describe children with ITW as hav-
ing the ability to walk with a heel strike, but preferring to walk on
their toes (Crenna 2005; Williams 2010), and children who have ITW
gait often also have limited ankle dorsiflexion (Brouwer 2000; Hall
1967; Hicks 1988; Williams 2013a).

The consequences of persistent and untreated toe walking are un-
clear. Untreated toe walking may lead to a higher chance of trip-
ping or falling (Caselli 1988), or have a social or cosmetic impact
(Gormley 1997; Pendharkar 2008); however, these statements are
not based on systematic observations. Many authors believe inter-
vention for ITW should be undertaken to improve any restriction in
ankle range of motion, and that if no treatment is undertaken, chil-
dren with ITW are at a greater chance of developing more severe
limitations in this range (Bernhard 2005; Brunt 2004; Gormley 1997;
Hemo 2006; Sobel 1997). However, no longitudinal studies support
this supposition. On the contrary, one study that followed 80 chil-
dren, of whom 48 did not receive active intervention (but under-
went observation, wore modified footwear, or performed gastroc-
nemius and soleus stretching exercises under parental or health-
care professional supervision) concluded that persistent toe walk-
ing did not result in significant functional disturbance, foot defor-
mities, or pain (Stricker 1998). Similarly, Hirsch 2004 found, in a
study involving a small number (N = 11) of adolescents and adults,
limited long-term structural impact of toe walking, with a small per-
centage continuing to toe walk in the long term (N = 3, 27%). Taussig
2001 also found a spontaneous correction of ITW associated with
age in 32 out of 41 children aged between three and eight years.
This evidence has led authors to postulate that ITW is a benign con-
dition that resolves spontaneously in most instances and causes a
child (but not necessarily their parents) little concern while it lasts.

Description of the intervention

Treatments for ITW vary; the literature advocates conservative and
surgical interventions. Young children and children without a lim-
itation in ankle dorsiflexion are commonly treated with conserv-
ative interventions. Older children who continue toe walking and
present with limitations in ankle dorsiflexion are sometimes treat-
ed with surgical procedures.

Researchers have studied many types of conservative interven-
tions, including observation (Eastwood 2000; EiD 2006; Strick-
er 1998), muscle stretching exercise programmes targeting gas-
trocnemius, soleus, or both (Stricker 1998), motor control inter-
vention (Clark 2010), auditory feedback (Conrad 1980), footwear
(Caselli 2002), ankle-foot or foot-only orthoses (Caselli 2002; Her-
rin 2015; Sala 1999; Stricker 1998), serial casting (Brouwer 2000;
Eastwood 2000; Griffin 1977; Katz 1984; Stott 2004; Stricker 1998),
different flooring surfaces (Fanchiang 2016), and botulinum tox-
in A (Engstrom 2010; Engström 2013a; Gormley 1997). Surgical
interventions include percutaneous Achilles tendon lengthening
(Caselli 2002; Hemo 2006; Jahn 2009; Kogan 2001; McMulkin 2006;
Stott 2004), open Achilles tendon lengthening via a Z-lengthen-
ing or slide technique (Hemo 2006), Baker’s gastrocnemius-soleus
lengthening (Stott 2004), and the Vulpius procedure (gastrocne-
mius recession surgery) (Jahn 2009; McMulkin 2006). Most surgical
interventions aim to achieve at least 10° of ankle dorsiflexion (Mc-
Mulkin 2006).
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How the intervention might work

Apart from simple observation, most interventions aim to length-
en the Achilles tendon, increase dorsiflexion of the ankle joint, and
thereby facilitate a typical heel-toe gait pattern. Other interven-
tions have aimed to inhibit the gait pattern, facilitate heel contact,
and challenge the sensory system of the child. A short description
of the mechanisms behind interventions for ITW follows.

• Observation (regular review) is used to monitor any developing
limitation in ankle dorsiflexion (EiD 2006), and identify the need
for intervention.

• Stretching exercises are often prescribed in the presence of re-
duced ankle dorsiflexion. The Cochrane Review on 'Stretch for
the treatment and prevention of contractures' describes the
general theory of stretching and presents detailed evidence
(Katalinic 2010).

• Ankle-foot-orthoses, full-length foot orthoses, footwear, and se-
rial casts may prolong the time of a stretching intervention (ac-
cording to the theory about stretching presented by Katalinic
2010). These devices may also physically inhibit the child from
getting up on their tiptoes. These interventions are commonly
used in children with good ankle dorsiflexion range of motion for
gait re-education, motor control, or both (Brouwer 2000).

• Motor control intervention is based on the premise that a toe-
walking gait in children older than three years may be due to
motor control deficiency (Clark 2010). The motor control inter-
vention aims to facilitate an erect standing and walking posture,
and to secure a ground reaction force relative to the ankle axis.

• Augmented auditory feedback is a device that produces an audi-
tory signal when the foot-switch is closed on heel contact (Con-
rad 1980). The device aims to establish a normal muscle re-
sponse and heel strike gait.

• Footwear therapy utilises footwear with a rigid sole and straight
last (Caselli 2002). This shoe design is thought to limit dorsiflex-
ion at the metatarsal-phalangeal joint and thereby prevent toe
walking.

• Different flooring surfaces have been utilised to challenge sen-
sory processing abilities with different plantar tactile input
(Fanchiang 2016).

• Intramuscular botulinum toxin type A injection into gastrocne-
mius, soleus, or both, to reduce the ability to develop plan-
tarflexion torque, especially at the end of swing phase (Brunt
2004). Botulinum toxin type A is commonly used in children with
cerebral palsy who walk on their toes. The Cochrane Review
'Botulinum toxin type A in the treatment of lower limb spasticity
in cerebral palsy' describes this in detail (Ade-Hall 2000).

• Percutaneous and open Achilles tendon lengthening are surgi-
cal techniques to treat a fixed contracture of the Achilles ten-
don. Moreau 1987 described the procedure in more detail. Per-
cutaneous lengthening of the Achilles tendon is generally pre-
ferred over open lengthening, because less scar formation and
less pain occur (Kogan 2001).

• The Vulpius procedure for lengthening of the Achilles tendon
consists of an incision of the gastrocnemius and, commonly,
also the soleus fascia. The Baker procedure is a variation of
the Vulpius procedure with the gastrocnemius fascia cut in a
tongue-and-groove fashion instead of more transversely (Yngve
1996).

Why it is important to do this review

This systematic review is required to evaluate the evidence for any
intervention for the treatment of ITW. The conclusions of this re-
view may guide clinicians in tailoring care for children with ITW. As
many of the treatments employed have financial implications for
parents or healthcare services, this review also aims to highlight
any deficits in the current research base.

O B J E C T I V E S

To assess the effects of conservative and surgical interventions on
gait normalisation, ankle range of motion, and pain in children with
idiopathic toe walking (ITW), identifying adverse effects of the in-
terventions and the frequency of recurrence.

M E T H O D S

Criteria for considering studies for this review

Types of studies

This systematic review will include randomised controlled trials
(RCTs) and quasi-RCTs (using methods of allocation which are not
strictly random, for example, hospital numbers or date of birth).

Types of participants

Any study involving participants diagnosed with ITW gait in the ab-
sence of a medical condition known to cause toe walking, or be as-
sociated with toe walking. As there is no universally accepted age
group for ITW, this review includes ITW at any age, who have been
toe walking for more than six months, who can and cannot walk
with a heel-toe gait, and who may or may not have limited dor-
siflexion of the ankle joint (a definition based on Eastwood 1997,
Hemo 2006, Hirsch 2004, Kalen 1986, Kogan 2001, McMulkin 2006,
Sala 1999, Shulman 1997, Stricker 1998, Stott 2004, and Westberry
2008).

Types of interventions

We will define conservative treatment as watchful waiting, stretch-
ing exercises (guided either by a health professional within the
clinical setting and implemented within the home environment),
footwear, orthoses, serial casting (with or without botulinum toxin
treatment), botulinum toxin treatment (with or without serial cast-
ing), external stimulation aimed at tactile input, and feedback de-
vices in footwear. Surgical interventions are operationally defined
as all percutaneous and open procedures aimed at improving dor-
siflexion of the ankle joint and regaining a typical heel-toe gait pat-
tern. We will consider comparisons of any intervention versus an-
other, or versus no intervention (or watchful waiting).

Types of outcome measures

These are outcomes of interest in whichever studies are included
but we will not use them as criteria for selecting studies for the re-
view.

Primary outcomes

The primary outcome will be the improvement (majority or greater
than 50%) of time spent toe walking, measured by either quantifi-
able judgement from the child, parent, or healthcare professional,
or by kinetic or kinematic gait analysis. Time frame: six months.
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Secondary outcomes

1. Active range of motion of the ankle joint, measured by goniom-
etry, degree change from baseline. Time frame: six months.

2. Passive range of motion of the ankle joint, measured by goniom-
etry, degree change from baseline. Time frame: six months.

3. Pain, measured by different scales, e.g. visual analogue scale
(VAS). Time frame: six months (change).

4. Recurrence of ITW post-treatment. Time frame: 12 months.

5. Adverse events (whereby 'any adverse events' are those which
lead to discontinuation of treatment, and 'serious adverse
events' are those which are fatal, life-threatening, or require
prolonged hospitalisation). Depending on the type of interven-
tion, adverse events are likely to include injuries, rupture of the
Achilles tendon, weakness of the lower limb muscles due to
over correction or adverse effects of botulinum toxin type A,
compartment syndrome, pressure wounds from serial casting,
swelling, and infection.

Search methods for identification of studies

Electronic searches

We will search the Cochrane Neuromuscular Specialised Register,
the Cochrane Central Register of Controlled Trials (the current is-
sue of the Cochrane Library), MEDLINE (1966 to the present), Em-
base (1980 to the present), CINAHL Plus (1937 to the present), PEDro
(1929 to the present). The MEDLINE strategy is given in Appendix 1.

We will search registers of clinical trials for ongoing and recent-
ly completed trials: the World Health Organization (WHO) Inter-
national Clinical Trials Registry Platform (ICTRP, apps.who.int/tri-
alsearch), the metaRegister of Controlled Trials (mRCT, con-
trolled-trials.com/mrct), and ClinicalTrials.gov (clinicaltrials.gov).
We will search conference proceedings and other grey literature in
the BIOSIS databases and System for Information on Grey Litera-
ture in Europe (OpenGrey, opengrey.eu). We will search guidelines
via the Turning Research into Practice database (TRIP, tripdata-
base.com) and National Guideline Clearinghouse (guideline.gov).
We will not apply language restrictions or restriction of search strat-
egy to specific trial designs.

Searching other resources

We will check reference lists of included studies and journals citing
the article. We will contact trial authors to identify any additional
published or unpublished data.

We will contact experts in the field and trial authors for ongoing tri-
als. There will be no limitations as to publication status (i.e. pub-
lished or unpublished) or language.

Data collection and analysis

Selection of studies

Two review authors (AC and PbD) will independently screen titles
and abstracts of the citations from the literature search to deter-
mine if they meet inclusion criteria. We will obtain the full-text of
studies that possibly or definitely fulfil our criteria according to
the abstract. We will resolve disagreements through discussion and
when necessary, consult a third review author (CW). We will arrange
translation of trials published in languages other than English and
Dutch. We will document the study selection process in sufficient
detail to complete a PRISMA flow diagram (Moher 2009).

We will give details of reasons for exclusion of studies that appear
eligible, but which fail to meet our criteria in a 'Characteristics of
excluded studies' table.

Data extraction and management

Two review authors (CW and KG) will carry out the data extraction
independently. They will resolve discrepancies through discussion
and when necessary, consult a third review author (VP). The re-
view authors will use a standard data extraction form. Because of
the diversity of potentially eligible studies and the ways in which
they are reported, we may develop the data collection form fur-
ther in the course of reviewing a sample of primary studies. We will
use the form to record: information on eligibility of the study in re-
lation to the research question, information on the methods, the
population, the intervention, comparison interventions, the out-
comes, the results, any adverse events, and miscellaneous infor-
mation (such as funding and conflicts of interest). One review au-
thor (CW) will enter data into the Cochrane authoring and statistical
software Review Manager 5 (RevMan 2014). A second review author
(RE) will check the accuracy of the outcome data entry and spot-
check study characteristics against trial reports.

We will document the outcome of efforts to obtain missing infor-
mation from trial authors.

Assessment of risk of bias in included studies

Two review authors (VP and RE) will independently assess the risk
of bias in included studies using the Cochrane 'Risk of bias' tool
for each different outcome (Higgins 2011). We will resolve disagree-
ments through discussion and, when necessary, consult a third re-
view author (CW). We will attempt to obtain the information neces-
sary for 'Risk of bias' assessment from the trial authors if it is not
available in published reports. We will report the source of any such
information in the review.

We will assess the risk of bias according to the following domains:

1. random sequence generation;

2. allocation concealment;

3. blinding of participants and personnel;

4. blinding of outcome assessment;

5. incomplete outcome data;

6. selective outcome reporting; and

7. other bias.

We will grade each potential source of bias as high, low or unclear
and provide a quote from the study report together with a justifica-
tion for our judgment in the 'Risk of bias' table. We will summarise
the risk of bias judgements across different studies for each of the
domains listed.

Assessment of bias in the review process

We will conduct the review according to this protocol and report
any deviations from it in the 'Differences between protocol and re-
view' section of the published review.

Measures of treatment e8ect

Continuous outcomes: changes in amount of toe walking to heel-
toe gait for participants will comprise the main outcomes. If the
same measurement instrument or scale is used across studies, we
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will use the mean difference (MD) to pool and compare post-treat-
ment mean scores, with the weight given to each study determined
by the precision of the estimate of effect. If different instruments or
scales are used across studies, we will calculate the standardised
mean difference (SMD) with a 95% confidence interval (CI) to pool
and compare post-treatment mean scores.

As a rule of thumb for the interpretation of Cohen’s SMD, we will use
the criteria discussed in Higgins 2011 in the Cochrane Handbook for
Systematic Reviews of Interventions:

• < 0.40: small effect;

• 0.40 to 0.70: moderate effect; and

• > 0.70: large effect.

For dichotomous outcomes, we will calculate a risk ratio (RR) with
a 95% CI.

Unit of analysis issues

Randomisation will need to be conducted at the level of the indi-
vidual, as study outcomes will be assessed per participant not per
foot. Where data on individual feet are reported, we will seek appro-
priate statistical analysis to assess and account for any correlation
between feet. We will include cluster-randomised trials only when
the intervention and control groups are totally comparable except
for location and recruitment. In addition, we will include cross-over
trials when all participants have received the interventions in a se-
quence with the participant then acting as their own control.

Dealing with missing data

We will contact trial authors to gather or clarify missing data. If we
are unable to obtain these data, we will describe strategies for im-
puting missing data and assess the effects of these in sensitivity
analyses.

Assessment of heterogeneity

We will assess heterogeneity by visual inspection of the forest plots,
and the I2 statistic. We will define significant heterogeneity as I2 >
50% because this may represent substantial or considerable het-
erogeneity (Higgins 2011).

Assessment of reporting biases

If there are more than 10 trials in a single analysis, we will create
funnel plots to assess publication bias; we will interpret this with
caution.

Data synthesis

We will use the Review Manager 5 for data analysis and follow the
guidelines of the Cochrane Handbook for Systematic Reviews of In-
terventions (Higgins 2011; RevMan 2014). We will use a fixed-effect
analysis and perform a sensitivity analysis using a random-effects
model if there is evidence of significant statistical heterogeneity.
When a meta-analysis cannot be performed, we will describe the
effects of interventions narratively in a qualitative synthesis.

Summary of findings and GRADE

We will create a 'Summary of findings' table using the following
outcomes: disturbed gait pattern, limitation in range of motion of
the ankle joint, pain, percentage of time toe walking, recurrence of
ITW, and adverse effects. We will use the five GRADE considerations
(study limitations, consistency of effect, imprecision, indirectness,
and publication bias) to assess the quality of a body of evidence
(studies that contribute data for the prespecified outcomes) (Atkins
2004). We will use methods and recommendations described in
Section 8.5 and Chapter 12 of the Cochrane Handbook for Systemat-
ic Reviews of Interventions (Higgins 2011), using GRADEproGDT soft-
ware (GRADEpro GDT). We will justify all decisions to down- or up-
grade the quality of studies using footnotes, and we will include
comments to aid readers' understanding of the evidence grading
where necessary.

Subgroup analysis and investigation of heterogeneity

Where possible, we will conduct subgroup analyses for the severi-
ty of contracture (range of joint motion of dorsiflexion of the ankle
joint of more than 10°, 0° to 10°, and less than 0°). We will use ITW
gait pattern as the outcome measure for subgroup analyses and
use the formal test for subgroup interactions in Review Manager 5
(RevMan 2014).

Sensitivity analysis

We will consider sensitivity analyses during the review process, and
if required we will:

1. repeat the analysis, excluding unpublished studies (if there are
any);

2. repeat the analysis, excluding studies at high risk of bias;

3. repeat the analysis if there is one or more very large study/stud-
ies, excluding them to look at how much they dominate the re-
sults;

4. repeat the analysis to assess the effects of imputing missing da-
ta.

A C K N O W L E D G E M E N T S

The review authors would like to thank the editorial team of the
Cochrane Neuromuscular Group, particularly Ruth Brassington for
her assistance in preparing this protocol and Angela Gunn for as-
sisting in developing the search strategy. The review team would
also like to thank Jan WH Custers for input into protocol develop-
ment.

This project was supported by the National Institute for Health
Research (NIHR) via Cochrane Infrastructure funding to Cochrane
Neuromuscular. The views and opinions expressed herein are those
of the review authors and do not necessarily reflect those of the Sys-
tematic Reviews Programme, NIHR, National Health Service, or the
Department of Health. Cochrane Neuromuscular is also supported
by the MRC Centre for Neuromuscular Diseases.

Interventions for idiopathic toe walking (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

5



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

R E F E R E N C E S
 

Additional references

Accardo 1989

Accardo P, Whitman B. Toe walking. A marker for language
disorders in the developmentally disabled. Clinical Pediatrics
1989;28(8):347-50. [PUBMED: 2474401]

Accardo 1992

Accardo P, Morrow J, Heaney MS, Whitman B, Tomazic T.
Toe walking and language development. Clinical Pediatrics
1992;31(3):158-60. [PUBMED: 1547588]

Ade-Hall 2000

Ade-Hall RA, Moore AP. Botulinum toxin type A in the
treatment of lower limb spasticity in cerebral palsy.
Cochrane Database of Systematic Reviews 2000, Issue 1. [DOI:
10.1002/14651858.CD001408; PUBMED: 10796784]

Armand 2006

Armand S, Watelain E, Mercier M, Lensel G, Lepoutre FX.
Identification and classification of toe-walkers based on
ankle kinematics, using a data-mining method. Gait & Posture
2006;23(2):240-8. [PUBMED: 16399521]

Atkins 2004

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S,
et al. GRADE Working Group. Grading quality of evidence and
strength of recommendations. BMJ 2004;328(7454):1490.

Barrow 2011

Barrow WJ, Jaworski M, Accardo PJ. Persistent toe walking in
autism. Journal of Child Neurology 2011;26(5):619-21. [PUBMED:
21285033]

Bernhard 2005

Bernhard MK, Töpfer M, Vogler L, Merkenschlager A. Prevalence
of toe-walking in childhood. Neuropediatrics 2005;36(02):P116.

Brouwer 2000

Brouwer B, Davidson LK, Olney SJ. Serial casting in idiopathic
toe-walkers and children with spastic cerebral palsy. Journal of
Pediatric Orthopedics 2000;20(2):221-5. [PUBMED: 10739286]

Brunt 2004

Brunt D, Woo R, Kim HD, Ko MS, Senesac C, Li S. EDect of
botulinum toxin type A on gait of children who are idiopathic
toe-walkers. Journal of Surgical Orthopaedic Advances
2004;13(3):149-55. [PUBMED: 15559690]

Caselli 1988

Caselli MA, Rzonca EC, Lue BY. Habitual toe-walking: evaluation
and approach to treatment. Clinics in Podiatric Medicine and
Surgery 1988;5(3):547-59. [PUBMED: 3293753]

Caselli 2002

Caselli MA. Habitual toe walking: learn to evaluate and treat
this idiopathic childhood condition. Podiatry Management
2002;21(9):163-74.

Clark 2010

Clark E, Sweeney JK, Yocum A, McCoy SW. EDects of motor
control intervention for children with idiopathic toe walking: a
5-case series. Pediatric Physical Therapy: the o+icial publication
of the Section on Pediatrics of the American Physical Therapy
Association 2010;22(4):417-26. [PUBMED: 21068642]

Conrad 1980

Conrad L, Bleck EE. Augmented auditory feed back in the
treatment of equinus gait in children. Developmental Medicine
and Child Neurology 1980;22(6):713-8. [PUBMED: 7450297]

Crenna 2005

Crenna P, Fedrizzi E, Andreucci E, Frigo C, Bono R. The heel-
contact gait pattern of habitual toe walkers. Gait & Posture
2005;21(3):311-7. [PUBMED: 15760747]

Eastwood 1997

Eastwood DM, Dennett X, Shield LK, Dickens DR. Muscle
abnormalities in idiopathic toe-walkers. Journal of Pediatric
Orthopedics. Part B 1997;6(3):215-8. [PUBMED: 9260653]

Eastwood 2000

Eastwood DM, Menelaus MB, Dickens DR, Broughton NS,
Cole WG. Idiopathic toe-walking: does treatment alter the
natural history?. Journal of Pediatric Orthopedics. Part B
2000;9(1):47-9. [PUBMED: 10647110]

Ei8 2006

EiD MP, Steiner E, Judkins DZ, Winkler-Prins V. Clinical inquiries.
What is the appropriate evaluation and treatment of children
who are "toe walkers"?. The Journal of Family Practice
2006;55(5):447-50. [PUBMED: 16670043]

Engelbert 1999

Engelbert RH, van Empelen R, Scheurer ND, Helders PJ,
van Nieuwenhuizen O. Influence of infant-walkers on motor
development: mimicking spastic diplegia?. European Journal of
Paediatric Neurology: o+icial journal of the European Paediatric
Neurology Society 1999;3(6):273-5. [PUBMED: 10595672]

Engelbert 2011

Engelbert R, Gorter JW, Uiterwaal C, van de Putte E, Helders P.
Idiopathic toe-walking in children, adolescents and young
adults: a matter of local or generalised stiDness?. BMC
Musculoskeletal Disorders 2011;12:61. [PUBMED: 21418634]

Engstrom 2010

Engström P, Gutierrez-Farewik EM, Bartonek A, TedroD K,
Orefelt C, Haglund-Åkerlind Y. Does botulinum toxin A improve
the walking pattern in children with idiopathic toe-walking?.
Journal of Children's Orthopaedics 2010;4(4):301-8. [PUBMED:
21804891]

Engström 2012b

Engström P, TedroD K. The prevalence and course of
idiopathic toe-walking in 5-year-old children. Pediatrics
2012;130(2):279-84. [PUBMED: 22826572]

Interventions for idiopathic toe walking (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6

https://doi.org/10.1002/14651858.CD001408


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Engström 2013a

Engström P, Bartonek A, TedroD K, Orefelt C, Haglund-
Akerlind Y, Gutierrez-Farewik EM. Botulinum toxin A does not
improve the results of cast treatment for idiopathic toe-walking.
The Journal of Bone and Joint Surgery 2013;95(5):400-7.
[PUBMED: 23467862]

Fanchiang 2016

Fanchiang HD, Geil MD, Wu J, Ajisafe T, Chen Y. The eDects of
walking surface on the gait pattern of children with idiopathic
toe walking. Journal of Child Neurology 2016;31(7):858-63.

Fox 2006

Fox A, Deakin S, Pettigrew G, Paton R. Serial casting in the
treatment of idiopathic toe-walkers and review of the literature.
Acta Orthopaedica Belgica 2006;72(6):722-30. [PUBMED:
17260610]

Gormley 1997

Gormley ME, Herring GM, Gaebler-Spira DJ. The use of
botulinum toxin in children: a retrospective study of adverse
reactions and treatment of idiopathic toe-walking. European
Journal of Neurology 1997;4 Suppl 2:827-30.

GRADEpro GDT [Computer program]

GRADE Working Group, McMaster University. GRADEpro GDT.
Version accessed 1 September 2016. Hamilton (ON): GRADE
Working Group, McMaster University.

Gri8in 1977

GriDin PP, Wheelhouse WW, Shiavi R, Bass W. Habitual toe-
walkers. A clinical and electromyographic gait analysis.
The Journal of Bone and Joint Surgery. American Volume
1977;59(1):97-101. [PUBMED: 833184]

Hall 1967

Hall JE, Salter RB, Bhalla SK. Congenital short tendo calcaneus.
The Journal of Bone and Joint Surgery. British Volume
1967;49(4):695-7. [PUBMED: 6073187]

Hallemans 2003

Hallemans A, D'Août K, De Clercq D, Aerts P. Pressure
distribution patterns under the feet of new walkers: the first
two months of independent walking. Foot & Ankle International
2003;24(5):444-53. [PUBMED: 12801204]

Hemo 2006

Hemo Y, Macdessi SJ, Pierce RA, Aiona MD, Sussman MD.
Outcome of patients aEer Achilles tendon lengthening for
treatment of idiopathic toe walking. Journal of Pediatric
Orthopedics 2006;26(3):336-40. [PUBMED: 16670545]

Herrin 2015

Herrin K, Geil M. A comparison of orthoses in the treatment
of idiopathic toe walking: A randomized controlled trial.
Prosthetetics and Orthotics International 2016;40(2):262-9.
[PUBMED: 25628380]

Hicks 1988

Hicks R, Durinick N, Gage JR. DiDerentiation of idiopathic toe-
walking and cerebral palsy. Journal of Pediatric Orthopedics
1988;8(2):160-3. [PUBMED: 3350949]

Higgins 2011

Higgins JP, Green S, editors. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March
2011). The Cochrane Collaboration, 2011. Available from
www.handbook.cochrane.org.

Hirsch 2004

Hirsch G, Wagner B. The natural history of idiopathic toe-
walking: a long-term follow-up of fourteen conservatively
treated children. Acta Paediatrica 2004;93(2):196-9. [PUBMED:
15046273]

Hyde 2000

Hyde SA, FlŁytrup I, Glent S, Kroksmark AK, Salling B,
SteDensen BF, et al. A randomized comparative study of
two methods for controlling Tendo Achilles contracture in
Duchenne muscular dystrophy. Neuromuscular Disorders
2000;10(4-5):257-63. [PUBMED: 10838252]

Jahn 2009

Jahn J, Vasavada AN, McMulkin ML. Calf muscle-tendon
lengths before and aEer Tendo-Achilles lengthenings and
gastrocnemius lengthenings for equinus in cerebral palsy
and idiopathic toe walking. Gait & Posture 2009;29(4):612-7.
[PUBMED: 19200730]

Kalen 1986

Kalen V, Adler N, Bleck EE. Electromyography of idiopathic
toe walking. Journal of Pediatric Orthopedics 1986;6(1):31-3.
[PUBMED: 3941176]

Katalinic 2010

Katalinic OM, Harvey LA, Herbert RD, Moseley AM, Lannin NA,
Schurr K. Stretch for the treatment and prevention of
contractures. Cochrane Database of Systematic Reviews 2010,
Issue 9. [DOI: 10.1002/14651858.CD007455.pub2; PUBMED:
20824861]

Katz 1984

Katz MM, Mubarak SJ. Hereditary tendo Achillis contractures.
Journal of Pediatric Orthopedics 1984;4(6):711-4. [PUBMED:
6511899]

Kogan 2001

Kogan M, Smith J. Simplified approach to idiopathic toe-
walking. Journal of Pediatric Orthopedics 2001;21(6):790-1.
[PUBMED: 11675556]

McMulkin 2006

McMulkin ML, Baird GO, Caskey PM, Ferguson RL.
Comprehensive outcomes of surgically treated idiopathic toe
walkers. Journal of Pediatric Orthopedics 2006;26(5):606-11.
[PUBMED: 16932099]

Interventions for idiopathic toe walking (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7

https://doi.org/10.1002/14651858.CD007455.pub2


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Ming 2007

Ming X, Brimacombe M, Wagner GC. Prevalence of motor
impairment in autism spectrum disorders. Brain & Development
2007;29(9):565-70. [PUBMED: 17467940]

Moher 2009

Moher D, Liberati A, TetzlaD J, Altman DG, The PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA Statement. BMJ 2009;339:2535.

Moreau 1987

Moreau MJ, Lake DM. Outpatient percutaneous heel cord
lengthening in children. Journal of Pediatric Orthopedics
1987;7(3):253-5. [PUBMED: 3584437]

Norlin 1981

Norlin R, Odenrick P, Sandlund B. Development of gait in the
normal child. Journal of Pediatric Orthopedics 1981;1(3):261-6.
[PUBMED: 7334104]

Papariello 1985

Papariello SG, Skinner SR. Dynamic electromyography analysis
of habitual toe-walkers. Journal of Pediatric Orthopedics
1985;5(2):171-5. [PUBMED: 3988918]

Pendharkar 2008

Pendharkar G, Lai DT, Begg RK. Detecting idiopathic toe-walking
gait pattern from normal gait pattern using heel accelerometry
data and Support Vector Machines. Conference proceedings:
Annual International Conference of the IEEE Engineering in
Medicine and Biology Society. IEEE Engineering in Medicine and
Biology Society 2008:4920-3. [PUBMED: 19163820]

Pendharkar 2012

Pendharkar G, Percival P, Morgan D, Lai D. Automated method
to distinguish toe walking strides from normal strides in the
gait of idiopathic toe walking children from heel accelerometry
data. Gait & Posture 2012;35(3):478-82. [PUBMED: 22300731]

RevMan 2014 [Computer program]

Nordic Cochrane Centre, The Cochrane Collaboration. Review
Manager (RevMan). Version 5.3. Copenhagen: Nordic Cochrane
Centre, The Cochrane Collaboration, 2014.

Sala 1999

Sala DA, Shulman LH, Kennedy RF, Grant AD, Chu ML. Idiopathic
toe-walking: a review. Developmental Medicine and Child
Neurology 1999;41(12):846-8. [PUBMED: 10619285]

Shulman 1997

Shulman LH, Sala DA, Chu ML, McCaul PR, Sandler BJ.
Developmental implications of idiopathic toe walking. The
Journal of Pediatrics 1997;130(4):541-6. [PUBMED: 9108850]

Sobel 1997

Sobel E, Caselli MA, Velez Z. EDect of persistent toe walking on
ankle equinus. Analysis of 60 idiopathic toe walkers. Journal
of the American Podiatric Medical Association 1997;87(1):17-22.
[PUBMED: 9009544]

Solan 2010

Solan MC, Kohls-Gatzoulis J, Stephens MM. Idiopathic toe
walking and contractures of the triceps surae. Foot and Ankle
Clinics 2010;15(2):297-307. [PUBMED: 20534357]

Stott 2004

Stott NS, Walt SE, Lobb GA, Reynolds N, Nicol RO. Treatment for
idiopathic toe-walking: results at skeletal maturity. Journal of
Pediatric Orthopedics 2004;24(1):63-9. [PUBMED: 14676536]

Stricker 1998

Stricker SJ, Angulo JC. Idiopathic toe walking: a comparison
of treatment methods. Journal of Pediatric Orthopedics
1998;18(3):289-93. [PUBMED: 9600550]

Sutherland 1980

Sutherland DH, Olshen R, Cooper L, Woo SL. The development
of mature gait. The Journal of Bone and Joint Surgery. American
volume 1980;62(3):336-53. [PUBMED: 7364807]

Taussig 2001

Taussig G, Delouvée E. Idiopathic toe walker child. Diagnosis
and spontaneous evolution [La marche en equin idiopathique
de l'enfant. Diagnostic et evolution spontanee]. Annales de
Réadaptation et de Medecine Physique 2001;44(6):333-9.
[PUBMED: 11587675]

Westberry 2008

Westberry DE, Davids JR, Davis RB, de Morais Filho MC.
Idiopathic toe walking: a kinematic and kinetic profile. Journal
of Pediatric Orthopedics 2008;28(3):352-8. [PUBMED: 18362803]

Williams 2010

Williams CM, Tinley P, Curtin M. The Toe Walking Tool: a novel
method for assessing idiopathic toe walking children. Gait &
Posture 2010;32(4):508-11. [PUBMED: 20692159]

Williams 2012

Williams CM, Tinley P, Curtin M, Nielsen S. Vibration perception
thresholds in children with idiopathic toe walking gait. Journal
of Child Neurology 2012;27(8):1017-21. [PUBMED: 22433426]

Williams 2013a

Williams CM, Tinley PD, Curtin M, Nielsen S. Foot and ankle
characteristics of children with an idiopathic toe-walking
gait. Journal of the American Podiatric Medicial Association
2013;103(5):374-9. [PUBMED: 24072365]

Wren 2010

Wren TA, Cheatwood AP, Rethlefsen SA, Hara R, Perez FJ,
Kay RM. Achilles tendon length and medial gastrocnemius
architecture in children with cerebral palsy and equinus gait.
Journal of Pediatric Orthopedics 2010;30(5):479-84. [PUBMED:
20574267]

Yngve 1996

Yngve DA, Chambers C. Vulpius and Z-lengthening. Journal of
Pediatric Orthopedics 1996;16(6):759-64. [PUBMED: 8906648]

 

Interventions for idiopathic toe walking (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

8



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

Database: Ovid MEDLINE(R) <1946 to January Week 4 2016>

Search Strategy:

--------------------------------------------------------------------------------

1 randomized controlled trial.pt. (407225)

2 controlled clinical trial.pt. (90103)

3 randomi?ed. (610202)

4 placebo.ab. (173759)

5 drug therapy.fs. (1893645)

6 randomly.ab. (216000)

7 trial.ab. (899359)

8 groups.ab. (1483867)

9 or/1-8 (3791407)

10 Limit 9 to humans (3127296)

11 toe$ (29340)

13 Achilles Tendon/ (7813)

14 Ankle / (49990)

15 (toe$1 or tiptoe$1 or tip toe$1 or achilles tendon$ or ankle joint$).tw. (76547)

16 or/12-15 (84145)

17 Walk$/ (129828)

18 Gait/ (38461)

19 Gait Disorders, Neurologic/ (4552)

20 Contract$/ (309141)

21 Equinus Deformity/ (516)

22 congenital.fs. (281344)

23 (idiopathic or habitual or walk$ or gait$ or congenital or stiD$ or equinus).tw. (587427)

24 or/17-23 (881549)

25 (infan$ or newborn$1 or new born$1 or baby$ or babies or neonat$ or perinat$ or postnat$ or child$ or schoolchild$ or kid or kids or
toddler$).tw,sh. (2763088)

26 (adolesc$ or teen$ or boy$ or girl$ or minors$ or underag$ or under ag$ or juvenil$ or youth$).tw,sh. (2059906)

27 (puber$ or pubescen$ or prepubescen$ or prepubert$ or pediatric$ or paediatric$ or peadiatric$).tw. (809566)
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28 (((kindergar$ or schools or nursery) adj1 school$) or preschool$ or pre school$ or primary school$).tw,sh. (891055)

29 (elementary school$ or secondary school$ or highschool$ or highschool$ or schoolage$ or school age$).tw,sh. (26782)

30 or/25-29 (3989397)

31 11 and 16 and 26 and 32 (1112)

32 remove duplicates from 31 (1104)
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