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Idiopathic Toe Walking: A Gait Laboratory Review

Abstract:

R O sSullivan, T O Brien
Gait Laboratory, Central Renmedial dinic, Vernon Ave, Contarf, Dublin 3

Abstract

I di opathic toe walking (ITW is defined as one who is neurologically normal but denonstrates a preference for wal ki ng
on the toes. It is a diagnosis of exclusion so differential diagnoses such as cerebral pal sy, neuropathy or myopathy
must be ruled out. A review of 102 patients attending a gait |aboratory with a presunptive di agnosis of | TWfound that
gait analysis data agreed with this diagnosis in 81 (79.4% of cases while the remaining 21 (20.6% were not typica

of this diagnosis. The features found to be significantly different between the groups were Babi nski response, fast
stretch of the gastrocnem us, knee flexion at initial contact and asynmetry at the ankles during gait. This study
highlights that clinical gait analysis can be a useful, non-invasive neans of diagnosing idiopathic toe walking and
reconmendi ng appropriate intervention based on clinical and dynam c assessnent of calf tightness

I nt roduction

Toe-wal king is the jnability to heel strike during the initial contact of gait and the absence of fuJl foot contact
during stance phase’. Toe-walking is regarded as a normal variation in children up to 3 years of age”. Beyond this a
di agnosi s of idiopathic toe-walking (I TW nust be considered. Hall et al” first described a group of 20 neurologically
normal patients who presented with tightness of the tendo-achilles and a tendency to wal k on their toes. Subsequent
reports docunented nmany cases of | TWwithout static contracture and so the classic presentation of |ITWis now
described as one who is otherw se neurologically normal, possegses normal nuscle strength and selective control, and
denonstrates a prefegence for walking on the balls of the feet'. 1TWis estimted to occur in 7%to 24%of the
chi | dhood popul ation”. A review of eighty.children with ITWfound that 32%had a fanmily history of ITW 28%were born
prematurely and 16% had psychonotor del ay .

ITWis a diagnosis of exclusion so other known causes of toe-walking such as nild cerebral -palsy (CP), neuropathy,

spi nal dysraphi smand myopathy nust be ruled out before this diagnosis can be assigned. Wl king history can be 8
inportant as generally children with CP begin walking at a | ater age whereas those with | TWwal k at appropriate tines .
Inportantly, toe-wal king that begins after a mature heel -toe pattern has been established is not typical of ITW Wile
wal ki ng history can be informative, definitively ruling out the range of differential diagnoses can be difficult and

m ght involve significant investigation. Sone investigations such as brain and spine MRl require the child to remain
nmotionless for a significant period of time which nay prove difficult. Qthers such as nerve conduction studies and
fine-wire el ectromyography can be distressing and unconfortable. Gait analysis (GA) has been shown to be hel pful in

di agnosing | TWand kinematic, kinetic and EMG features associated with this condition have been described. Kelly et a
report normal sagittal plane knee kinematics in | TWbut significant disruption in those with mld spastic diplegia

The ITWankle pattern was characterised by initial dorgiflexion in swing phase followed by sudden plantarflexion to
preposition the foot for toe-contact”. Westberry et al confirnmed a normal knee kinematic and found that while there
were abnornalities in ankle kinematics and kinetics a diagnosis of ITWcan bg confirmed by the ability to nornalise
these deviations. Surface EMSG can assist in differentiating ITWfrommnild CP. On resisted knee extension those with CP
denonstrate co-contraction in the gastrocnem us which is absent in ITW This information conplements a conplete
assessment of the presenting toe-wal ker. Those not fitting the typical presentation are referred for further
investigation and GA serves as a baseline agai nst which deteriorati on or changes can be nonitored

For those who match the features associated with ITW gait analysis can help guide intervention based on the degree of
calf contracture neasured both clinically,and dynamically with GA. Wile it is thought that | TWeventually resolves
spontaneously in the majority of children™ it appears that there may be a relationship between persistent toe-walking
and the devel opment of ankle equinus™™ and excessive external tibial rotation and so interventions should be
considered to inhibit these progressions. The original GA acts as a baseline agai nst which treatnment outcomes can be
measured. In this study we reviewed all patients presenting to the gait |aboratory with a presunmed or queried

di agnosis of idiopathic toe wal king over a ten year period. We |ooked at the characteristics of those felt to be
typical of ITWversus those with an atypical presentation

Met hods

A retrospective study of all patients who had attended the Gait Laboratory between 2003 and 2013 was conduct ed
Criteria for inclusion were a proposed or queried diagnosis of |TW no previous surgical history and a full barefoot
3-di nensi onal GA using the CODA npx-30 system Application of these criteria produced a study sanple of 102. Based on
GA, clinical examand patient history the original gait |aboratory report concluded whether the patient was typical of
I TWor not. The study sanple was subdivided into two groups on this basis. Cinical and dynamic gait variables were
retrospectively examned in each group. The variables selected were those relevant to | TW The clinical variables
exam ned were gastrocnem us |length on fast and slow stretch, hanstring | ength and Babi nski reflex. Based on these
measurenments the presence of spasticity in the gastrocnenius was defined as a difference between a sl ow and fast
stretch of el0 . The dynamic gait variables exam ned were- ankle ground-contact position, knee ground-contact position
maxi mum ankl e dorsi-flexion in stance and nmaxi num knee extension in stance. In addition the degree of asymmetry in
maxi mum ankl e dorsiflexion between left and right | egs was assessed. Significant differences were exani ned using a
two-tailed t-test with significance |evel set at p<0.05. Prevalence was tested for significance using a chi-square
test with significance level also set at p<0.05

Resul ts

A total sanple of 102 patients was reviewed. The average age of those referred was 7.6-3.2 (range 4-16 years). The
majority were nale (74 nale, 28 fenale). Gait analysis agreed with a diagnosis of I TWin 81 cases (79.4% while 21
(20.6% were felt to be not typical of the diagnosis. Referrals to the gait laboratory were from consultant

ort hopaedi c surgeons, consultant neurol ogi sts, consultant paediatricians, general practitioners or physiotherapists
The breakdown of ITWreferrals by profession along with how often the gait |aboratory assessnent agreed with the

di agnosis of ITWis summarised in Figure 1. The clinical and dynanic differences between those felt to be typical of

| TWversus those who had an atypical presentation are summarised in tables one and two. Cinically, those who were not
a typical | TWpresentation were nore likely to have a positive Babinski response and had a tighter range of nobvenent
on a fast stretch of the gastrocnem us. However, neither group was nore likely than the other to present with defined
gastrocneni us spasticity. Dynamically the non typical-1TWgroup had a nore flexed knee at ground contact and increased
asymmetry at the ankles during gait. The recommended treatnment for typical | TWis summarised in Figure 2. Conservative
managenent through stretching and/ or physiotherapy was the nobst common recomendati on

Di scussi on

The average age and the doninance of males in the study popul ation are consistent with previous studies™ ™. The
br eakdown of those referring potential ITWto the laboratory is probably reflective of the condition and popul ati on

i nvol ved. Treatnent of these children often involves stretching or |engthening of the calf nuscles so it Is not
surprising that orthopaedi c and paediatric consultants were the nost common source of referrals. The genera
practitioner is often the first point of contact for parents concerned about their child s wal king pattern so
referrals fromthis profession would be expected. There are a nunber of differential diagnoses which nmust be ruled out
before a diagnosis of | TWcan be assigned I ncluding neuropathies and cerebral palsy and so neurologists will sonetines
be involved in a small nunber of cases where there are persisting concerns. This is reflected in the | owest over-al
referral nunbers from neurol ogists. Gait analysis findings were consistent with a diagnosis of | TWin the majority of
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those referred (81/102). In this group planning appropriate treatnment and nonitoring the outcone is the priority.
Parents can al so be assured that the child presents as a typical | TWand baseline gait data is recorded agai nst which
any persisting concerns can be neasured.

The treatment recomrended following GA is consistent with published protocols. Treatnent typically begins
conservatively with stretching of the plantar flexors, casting and/or botulinumtoxin and for those who do not respond
surgi cal |engthening of the gastro-soleus complex is often performed . The advantage of treatnent recommendati ons post
gait analysis is that intervention can be individualised to the degree of ankle tightness assessed both clinically and
dynamically during gait. This avoids unnecessary surgery for those without a significant contracture and conversely
identifies those unlikely to respond to conservative managenment and appropriate intervention can be expedited. It also
provides a baseline to assess outcomes of intervention particularly in the case of a return to toe-walking. This is
important as outcones followi ng treatment are variable in the literature ang, it is reported that, while short-term
results may be positive, relapse may occur follow ng conservative treatnent . ldentifying those with a typical |ITW
presentati on and those with suggestions of a nore sinister differential diagnosis can be difficult in light of the
range of potential differential diagnoses and particularly in a busy clinical setting. Diagnosis based on GA is made
after careful consideration of clinical examin conjunction with kinematic, kinetic and surface el ectromyography. Qur
clinical data highlights the difficulty of assigning a diagnosis on this basis alone. Both groups were equally tight
on a stretch of the gastrocnem us and there was no difference between the groups in hanstring range. The presence of
abnor mal neurol ogi cal signs is often assessed using the Babi nski response and assessing for spasticity in a nuscle
(increased tightness on a fast stretch versus slow). Wile those with non typical-ITWpresentations were nore |ikely
to have a positive Babinski response, the mpjority had a normal response suggesting that on its own this sign is not
sensitive enough. The non typical -1 TWgroup were significantly tighter on a fast stretch of the gastrocneni us.

However, while statistically significant the 3.9 difference is unlikely to be clinical meaningful and the non

typical -1 TWgroup were no nore likely to present with spasticity.

There were significant differences in the kinematics between the groups. Interestingly there was no difference between
the groups in terms of the degree of toe-wal king (ankle ground contact, nexi mal ankle dorsiflexion in stance) though
the symetry of toe-wal king was a sjgnificant feature. Those with a typical-ITWpresentation did so nore symetrically
than the non-typical group. The 6.2 of asymmetry would be difficult to appreciate on visual inspection of gait but is
readily assessed and apparent on kinenmatic graphs. The non typical-1TWgroup had nore fl exed knees at ground contact
conpared to typical-1TW This is consistent with previous work which found that ITWtypically denmonstrate nornal knee,
patterns whereas those with a differential djagnosis of spastic diplegia were nore likely to denonstrate knee flexion".
Again the difference between the groyps (6.6  versus 13.1) would nost likely be difficult to appreciate on visual

i nspection. EMG and kinetic features” associated with | TWhave al so been described and these are al so consi dered as
part of a clinical gait analysis but are not described in this study. The diagnosis of I TWin this study was

establ i shed based on GA and clinical data only. A Follow up study of those thought to be typical |TWis reconmended
both to exam ne | ong-term outcones post treatnent but also to examine the sensitivity of the initial GA in diagnosing
I TWand establish if any subsequent differential diagnoses were nade.

This study highlights the contribution clinical GA can make in confirmng a typical |ITWpresentation and reconmendi ng
treatment based on the degree of ankle tightness on both clinical and dynamic gait assessment. The gait analysis also
serves as a baseline against which any future concerns can be neasured.
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Gait Laboratory, Central Renmedial Cdinic, Vernon Ave, Contarf, Dublin 3
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